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ABSTRACT.	 The aim of this study was to examine whether 2.16% hypertonic saline solution (HSS) 
is useful for the treatment of diarrheic calves with hyponatremia. Eleven of 13 female Holstein 
calves exhibiting moderate diarrhea and hyponatremia received 1,250 ml of 2.16% HSS over 15 
min regardless of body weight. The remaining two calves that were unable to stand and had severe 
hyponatremia received 2,500 ml of 2.16% HSS intravenously over 30 min. As a result, hyponatremia 
in all diarrheic calves was significantly improved by the administration of 2.16% HSS from 122.2 
± 7.0 mEq/l at pre to 134.8 ± 3.7 mEq/l at post, which was above the threshold of 132 mEq/l for 
hyponatremia. Therefore, 2.16% HSS may be useful for hyponatremia in calves with diarrhea.
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Diarrhea remains the major problem and common cause of death in both beef and dairy calves [12, 18]. Although pathogens and 
failed feeding cause diarrhea in calves, its main effects are dehydration, metabolic acidosis, pre-renal uremia and hyponatremia 
[13]. It is widely accepted that intravenous (IV) fluid therapy is important for reducing the mortality associated with diarrhea 
in calves. Smith and Berchtold [23] recommended intravenously administering 5 l of physiological saline and 250 ml of 8.4% 
hypertonic sodium bicarbonate (total 66 g of NaCl) to calves with diarrhea, dehydration and moderate to severe acidosis. Slower 
infusion rates of 30 to 50 ml/kg/hr are often used to avoid overhydration and pulmonary edema in calf practice. Therefore, a 
40-kg calf with 10% dehydration requires 2.5 to 4 hr to be rehydrated following the above regimen [23]. On the other hand, the 
administration of small volumes of hypertonic saline solutions (HSS) provides major advantages over large volumes of isotonic 
crystalloid solutions and has been recommended for diarrheic calves [10, 18, 30]. HSS are suitable for use in the field because 
they do not require intravenous catheterization or periodic monitoring. The benefits of HSS include the rapid increase in preload 
and transient decrease in afterload [11, 12]. Commercially available HSS for treating calves have a concentration of 7.2% or 7.5%. 
Many bovine practitioners and researchers [10, 17, 24, 30] began using 7.2% or 7.5% HSS to treat diarrheic calves after Constable 
et al. [11, 12] demonstrated the efficacy and safety of 7.5% HSS on the hemodynamic and biochemical parameters in an endotoxin 
shock model. Several studies [6, 10, 18, 28] suggested that the combination of a small amount of intravenous 7.2% HSS infusion 
and oral electrolyte solution rather than conventional isotonic crystalloid fluid improves dehydration and acid-base abnormalities in 
a shorter time in diarrheic calves with moderate dehydration and metabolic acidosis. However, Suzuki et al. [25] reported that the 
serum sodium (Na) concentration increased to 157 ± 3.5 mEq/l when 7.2% HSS was administered intravenously to normovolemic 
heifers weighing 260 ± 7.0 kg according to the manufacturer’s recommendations in Japan (5 ml/kg, over 15 min). Hypernatremia 
is defined as an increase in the serum Na concentration to above 160 mEq/l [3] and is an uncommon complication in diarrheic 
calves [3, 13, 28]. In these rare cases, hypernatremia develops when excess Na-containing salts are ingested [1, 21]. The 3-fold 
dose of 7.2% HSS was reported to exceed the threshold of hypernatremia of 160 mEq/l [25]. Therefore, the development of 
adverse events due to rapid changes in the Na concentration should be carefully monitored when using HSS.

Recently, the United States [29] and Europe developed treatment guidelines [15, 24] for hyponatremia in humans. Severe 
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symptoms are treated by 2-ml/kg 3% HSS bolus infusions irrespective of the duration of hyponatremia [20]. A 3% hypertonic 
saline solution was demonstrated to be a safe infusion for correcting blood Na abnormalities and dehydration without significant 
adverse events or rapid hemodynamic changes [7, 19, 20, 22]. However, in some cases, even 3% HSS administration causes 
hypernatremia in humans [5].

As severe hypernatremia is a serious condition associated with high mortality not only in humans [9], but also in calves [21, 
28], less than 3% HSS may be safer for the treatment of diarrheic calves with hyponatremia than 7.2% HSS, which causes rapid 
hemodynamic changes. There are many reports on the therapeutic effects of 7.2% or 7.5% HSS in diarrheic calves [6, 17, 18, 23, 
26, 30], but to the best of our knowledge, there are no reports on the efficacy of less than 3% HSS. In addition, it is important to be 
able to dispense the solution easily in the field because the saline solutions commercially available are 0.9% and 7.2%. Therefore, 
we formulated a commercially available 0.9% physiological saline solution and 7.2% HSS at a ratio of 4: 1 to conveniently 
administer 2.16% HSS. In the present study, we examined whether 2.16% HSS, which can be easily prepared from commercially 
available 0.9% and 7.2% saline solution, can safely improve hyponatremia in calves with diarrhea.

This study was conducted for clinical purposes at commercial farms in the jurisdiction of the Hokushin Veterinary Medical 
Center, Nagano Prefectural Federation of the Agricultural Mutual Aid Association. Thirteen female Holstein calves, with a mean 
age of 21.4 ± 10.9 days old, exhibiting moderate diarrhea and depression were enrolled in the study. The clinical parameters 
posture, behavior, and palpebral reflex were closely correlated to base excess and d-lactate concentrations, respectively [27]. 
Especially, standing ability is important as a clinical finding of hyponatremia in calves [4]. In this study, thirteen calves were 
divided to mild (n=6: stand unassisted), severe (n=5: stand assisted) and critical groups (n=2: inability to stand) depending on their 
ability to stand.

On the first consultation day, a 14-gauge catheter (Surflo® I.V. Catheter SR-OT1451C, Terumo Co., Tokyo, Japan) was implanted 
percutaneously into the right jugular vein for infusion of the 2.16% HSS. The 2.16% HSS was conveniently prepared by mixing 
250 ml of commercially available 7.2% HSS (Nihon Zenyaku Kogyo Co., Ltd., Fukushima, Japan) with 1 l of 0.9% physiological 
saline (Nihon Zenyaku Kogyo Co., Ltd). Eleven hyponatremic calves, except the two in the critical group, received 1,250 ml of 
2.16% HSS over 15 min regardless of body weight (total 27 g of NaCl). The remaining two calves in the critical group received 
2,500 ml of 2.16% HSS intravenously over 30 min on the first consultation day (total 54 g of NaCl). In all calves, 20 mg/kg of 
cefazolin sodium (Cefazolin-injection, Fujita Pharmaceutical Co., Ltd., Tokyo, Japan) was added to 2.16% HSS, but no other 
supportive therapy was given except oral electrolytes solution until after 24 hr. Commercial oral electrolytes solutions (Calf-right S, 
Nihon Zenyaku Kogyo Co., Ltd.) were given twice per day between pre and post sampling.

Whole blood was collected from the jugular vein using a 1-ml heparinized syringe before (pre) and on the day after fluid therapy 
(post). Immediately after blood sampling, blood Na, potassium (K), chloride (Cl) and blood urea nitrogen (BUN) concentrations, 
and blood pH were measured using i-STAT200A and EC8+ cartridge (Abbott Lab. North Chicago, IL, USA). The measured blood 
pH was automatically corrected by rectal temperature. The serum total protein (TP) concentration was quantified by a refractometer 
method according to a standard method.

Statistical analyses were conducted using commercial statistical software (SPSS® Statistics version 25., Armonk, IBM Corp., 
NY, USA). Normally distributed data are reported as means ± standard deviations (SD). The difference between pre and post values 
after 2.16% HSS administration in each calf was evaluated using the paired t-test. The difference between the mean values of 
each measured value in the mild and severe groups classified according to the standing ability was evaluated using the Student’s 
t-test or Mann-Whitney U-test after assessing the variance. In addition, receiver operating characteristic (ROC) curves were used 
to characterize the sensitivity and specificity of each parameter related to the ability to stand in this study. Derived indexes of 
accuracy, in particular area under the curve (AUC) has a meaningful interpretation for disease classification from healthy subjects 
[14]. The optimal cut-off point was calculated using the Youden index [2]. The Youden index (J) is defined as the maximum vertical 
distance between the ROC curve and the diagonal or chance line, and is calculated as J=maximum [sensitivity+specificity-1]. 
The cut-off points on ROC curves that correspond to J were considered the optimal cut-off points [1]. The significance level was 
P<0.05.

According to human medical guidelines [15], hyponatremia is defined as a serum Na concentration of less than 136 mEq/l and 
that less than 125 mEq/l is defined as “severe hyponatremia” by the United States guidelines [29], and as “marked hyponatremia” 
by the European guidelines [15, 24]. In cattle, hyponatremia is defined as a serum Na concentration of less than 132 mEq/l and that 
less than 120 mEq/l is defined as “severe hyponatremia” [4]. In this study, all calves were diagnosed with hyponatremia because 
their blood Na concentrations were less than 132 mEq/l.

As a result of classification into mild and severe groups according to their standing ability, no significant differences were 
observed between the two groups in all measurement parameters except blood Na concentration. The blood Na concentration in 
calves in the severe group (121.2 ± 3.8 mEq/l) was lower than that in the mild group (127.2 ± 4.2 mEq/l, P=0.038). Based on 
ROC analysis, hyponatremic calves with blood Na concentrations of <121 mEq/l were diagnosed as “stand assisted” with 100% 
sensitivity and 80% specificity (AUC=0.937, P=0.018). In the calves with hyponatremia, the clinical findings associated with the 
ability to stand were consistent with the range of blood Na concentrations according to hyponatremia guidelines in humans [15, 24, 
29]. Therefore, this study suggested that clinical findings related to the ability to stand can diagnose mild and severe hyponatremia. 
Statistical analysis was unable to be performed for comparison with the other groups because there were only two calves in the 
critical group aged both 30 days-old, but they were diagnosed with critical hyponatremia, hyperkalemia and hypochloremia 
because their blood Na, K and Cl concentrations were 110.0 ± 0.0, 6.8 ± 0.3 and 75.5 ± 3.2 mEq/l, respectively.

Of the 13 hyponatremic calves administered 2.16% HSS, one calf died of severe hypokalemia, but twelve had a good prognosis 
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and were cured (cure rate=92.3%). A died calf whose serum potassium concentration was 4.4 mEq/l at pre presented hypokalemia 
of 1.9 mEq/l on the day after administration. The changes in blood Na, K and Cl concentrations in the diarrheic calves with 
hyponatremia that received 2.16% HSS are shown in Table 1. The administration of 2.16% HSS significantly increased the blood 
Na (P<0.01) and Cl concentrations (P<0.01), and reduced the blood K (P<0.01) and BUN concentrations (P<0.05) in hyponatremic 
calves. In particular, the concentrations of blood Na in all diarrheic calves, including dead calves, were significantly increased by 
the administration of 2.16% HSS from 122.2 ± 7.0 mEq/l at pre to 134.8 ± 3.7 mEq/l at post, which was above the threshold of 
132 mEq/l for hyponatremia. Although Blood Na concentrations of 1 (128 mEq/l) and 2 calves (both 130 mEq/l) in the mild and 
severe groups, respectively, were not exceed 132 mEq/l at 24 hr after giving a 2.16% HSS, all hyponatremia calves except 1 died 
calf could stand themselves. Our study demonstrated that intravenous administration of 2.16% HSS is useful to correct the Na 
concentration in diarrheic calves with hyponatremia. On the other hand, in a dead hyponatremic calf aged 14 days-old in the severe 
group, the blood Na and Cl concentrations were low at 119.0 and 87.0 mEq/l, respectively, but the K concentration was normal 
at 4.4 mEq/l on the first consultation day. After the administration of 2.16% HSS, the blood Na concentration recovered to 138.0 
mEq/l, but the blood K concentration was 1.9 mEq/l, which resulted in severe hypokalemia. At the sampling the day after 2.16%-
HSS was administered (post), the calf presented an inability of standing and a severely depressed and died several hours after 
sampling. Jafari et al. [16] reported hypokalemia as the most frequent adverse event of HSS in human randomized clinical trials. 
A sudden increase in the circulating plasma volume with an osmotic pressure gradient causes a decrease in the blood component 
concentration due to the significant dilution of plasma. A rapid increase in the extracellular Na concentration does not induce a 
rapid decrease in the extracellular K concentration due to the exchange of extracellular Na with intracellular K [16]. However, one 
calf who died may have had a low total K content due to chronic diarrhea, resulting in hypokalemia. Therefore, it may be necessary 
to pay attention to chronic or acute diarrhea when using 2.16% HSS for diarrheic calves with hyponatremia. One calf that died 
became comatose during the administration of 2.16% HSS. However, no clinical signs, such as arrhythmia, jugular distension, 
pulmonary edema or collapse, were observed in all animals except the dead calf during and after the administration of 2.16% HSS. 
This clinical study is limited by the lack of positive and negative controls. Further studies will need to compare the safety and 
efficacy of 2.16%-HSS to controls receiving general fluid therapy with isotonic polyelectrolyte fluids with or without bicarbonate. 
In addition, further studies are necessary to assess of optimal administration rate of 2.16%HSS for dehydrated calves. Berchtold [8] 
suggested that a maximum rate of 80 ml/kg/hr for intravenously (iv) fluid administration has been used without inducing significant 
overhydration and hypertension. This rate was equivalent to a maximum fluid volume of 4.0 l for a 50 kg severely dehydrated calf. 
In this study, no adverse effects due to fluid therapy such as overhydration, hypertension and pulmonary edema were observed 
during and immediately after administration of HSS, but the infusion rate was 100 ml/kg/hr that was faster than the maximum rate 
shown by Berchtold [8].

In conclusion, clinical findings can estimate the severity of hyponatremia due to the correlation between the blood Na concentration 
and standing ability. This study demonstrated that 2.16% HSS can be easily prepared by adding 250 ml of commercially available 
7.2% HSS to 1 l of commercially available 0.9% saline solution, and can improve hyponatremia in calves with diarrhea. Since 
the treatment of hyponatremia using 2.16% HSS can be performed in about 15 to 30 min, it is more time, labor, and economically 
advantageous than traditional fluid therapy using isotonic saline. In addition, since 2.6% HSS has a lower Na concentration in the 
formulation than 7.2% HSS, it is considered to be safer in calves with less developed renal and heart functions than mature cattle. 
Although the side effects of hypokalemia should be taken into consideration when administering 2.16% HSS, it was suggested to 
be a convenient and useful mildly hypertonic solution for the intravenously treatment of diarrheic calves with hyponatremia.
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Table 1.	 Comparison of blood Na, K and Cl concentrations immediately before and 24-hr after 2.16% hypertonic 
saline solution (HSS) administration in diarrheal calves with hyponatremia

Parameter Unit Total (n=13) Mild (n=6) Severe (n=5) Critacal (n=2)
Age days 21.4 ± 10.9 17.0 ± 10.5 22.2 ± 11.2 30
Na+ mEq/l pre 122.2 ± 7.0 127.2 ± 4.2 a) 121.2 ± 3.8 b) 110.0 ± 0.0

post 134.8 ± 3.7 ** 134.7 ± 3.8 ** 133.4 ± 3.4 ** 139.0 ± 0.0
K+ mEq/l pre 5.1 ± 1.5 4.8 ± 1.4 4.9 ± 1.6 6.8 ± 0.3

post 3.8 ± 1.0 ** 4.1 ± 0.6 ** 3.7 ± 1.4 ** 3.6 ± 0.2
Cl− mEq/l pre 87.2 ± 7.3 90.7 ± 6.3 87.8 ± 3.6 75.5 ± 3.2

post 95.9 ± 5.6 ** 96.3 ± 4.8 ** 94.2 ± 7.6 ** 99.0 ± 0.0
venous pH 1 pre 7.357 ± 0.034 7.346 ± 0.038 7.363 ± 0.033 7.376 ± 0.012

post 7.388 ± 0.031 * 7.388 ± 0.032 * 7.392 ± 0.035 * 7.375 ± 0.013
Total Protein (TP) g/dl pre 5.9 ± 0.8 6.0 ± 0.8 5.9 ± 1.4 5.9 ± 0.4

post 6.0 ± 1.7 5.9 ± 1.5 6.7 ± 3.0 5.3 ± 0.2
Blood Urea Nitrogen 
(BUN)

mg/dl pre 28.5 ± 22.9 18.3 ± 10.1 23.0 ± 15.6 72.6 ± 6.6
post 16.3 ± 13.5 * 11.3 ± 6.4 * 13.2 ± 11.3 * 39.1 ± 7.7

Mild (stand unassisted), Severe (stand assisted) and Critical groups (inability to stand) depending on their ability to stand. Pre vs. 
Post; *P<0.05, **P<0.01 by paired t-test. Mild vs. severe; a) vs. b) P=0.038 by Student’s t-test. Statistical analysis was not performed 
in the Critical group due to only two animals.
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