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Diarrheic Calves with Hyperkalemia

M. Ozbek"®, C. Ozkan?®, Y. Altan2®

!Afyon Kocatepe University, Bayat Vocational School, Department of Laborant and Veterinary Health, 03780, Afyon,
Turkey

“Van Yuzuncu Yil University, Faculty of Veterinary Medicine, Department of Internal Medicine, 65080, Van, Turkey

ABSTRACT: The purpose of this study was to evaluate the effect of oxygen therapy on clinical, hematological, bio-
chemical and venous blood gases in diarrheic calves with hyperkalemia in addition to routine diarrhea and fluid-elec-
trolyte therapy. Animal material consisted of 20 diarrheic and hyperkalemic calves, of different ages. Diarrheic calves
with serum potassium levels greater than 6 mmol/L were included in the study following the clinical examination and
analysis results. The calves were divided into two groups. Calves in the 1*group (n=10) received routine diarrhea and
fluid-electrolyte treatment and calves in the 2™group (n=10) received routine diarrhea and fluid-electrolyte treatment
as well as oxygen applications by mask. Blood samples were taken from the animals for blood gas, hematological and
biochemical analyses. The decrease in heart rate and respiratory rate was more significant in the 2™ group when com-
pared to the 1% group. When statistically comparing the same time periods of both groups, heart rates were lower in
the oxygen applied group and this decrease was statistically significant (p < 0.05). In the 2" group; decrease in WBC,
Lym, RBC, Het%, Hb, MCH, MCHC and MCYV levels and increase in Neu and THR levels were statistically significant
(p <0.05). Increase in pH, pO,, sO,, Na, Cl, cHCO, and decrease in pCO,, K, Lac, cBaseEcf and AnionGap were de-
tected. When comparing the same time period of 1% and 2™ groups, statistically significant differences (p < 0.05) were
determined on the 5™ hour in K, on the 24" hour in pH and pO, values. Particularly in the oxygen applied group; there
were statistically significant alterations in pH, pCO,, pO,, sO,, K and Lac (p < 0.05). Among biochemical parameters;
decrease in LDH and TP in the 2™ group, and decrease in TP and ALB in the 1% group were found to be statistically
significant (p < 0.05). As a result, oxygen administration in addition to routine diarrhea treatment is thought to have
positive effects on pH, pO,, pCO,, sO,and K. Based on the results obtained in this study, it was concluded that oxygen
therapy would be beneficial for calves with diarrhea and hyperkalemia.
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INTRODUCTION
Diarrhea is a symptom of various infectious and
non-infectious diseases which is characterized
by frequent and loose stool. Diarrhea is common in
calves particularly during the neonatal period, and
can lead to mortality and growth failure which also
causes significant economic losses in the cattle indus-
try (Ozkan and Akgul, 2004; Ocal et al., 2006; Sen
et al., 2013). Despite the improvements in scientific
studies and treatment methods, calf diarrhearemains a
challenge due to its complex etiology and high mor-
tality rate. Nevertheless, appropriate fluid-electrolyte
therapy is necessary in most cases of calf diarrhea
(Ozkan and Akgul, 2004; Baser and Civelek, 2013).

In calves suffering from diarrhea, significant
amounts of fluid and electrolyte losses occur and with
eventual dehydration, metabolic acidosis and hyper-
kalemia worsen the situation (Kalinbacak, 2003).
Finally, if a proper treatment is not applied, the con-
sequences due to acute kidney failure, bicarbonate
deficiency as well as metabolic acidosis and hyperka-
lemia lead to an inevitable death. Therefore; dehydra-
tion, electrolyte and acid-base imbalance, metabolic
acidosis and hyperkalemia need to be compensated
for effective treatment(Sahal, 1994; Senturk, 2001;
Ozkan and Akgul, 2004; Zeybek and Civelek, 2014).

Blood gases and related parameters are useful for
revealing acid-base balance and fluid-electrolyte lev-
els in animals, and are important for the diagnosis,
treatment and evaluation of the prognosis of various
diseases (Nagy et al., 2002; Kurtdede, 2004; Nagy et
al., 2006).In calves with diarrhea, in addition torou-
tine and fluid-electrolyte therapy, the need for addi-
tional supportive treatments is reported. To this end,
oxygen therapy is indicated (Cambier et al., 2001).

Currently, there are numerous studies on the effect
of oxygen therapy on blood gas parameters,particu-
larly in respiratory system disorders (Wilson et al.,
2006; Ersoy and Topeli, 2016). Furthermore, despite
the presence of several studies concerning calf diar-
rhea and different therapeutic methods, there arenot
enough studies associated with the application of ox-
ygen in calf diarrhea for supportive therapy.

The purpose of this study was to evaluate the effect
of oxygen therapy on clinical, hematological, bio-
chemical and venous blood gases in diarrheic calves
with hyperkalemia in addition to routine diarrhea and
fluid-electrolyte therapy.

MATERIALS AND METHODS

Animal Material

This study was performed with permission of the
Animal Experiments Local Ethics Committee, Rec-
torship of Van Yuzuncu Yil University (April 29th,
2021 - 2021-04/33). Animal material of this study
consisted of 20 diarrheic and hyperkalemic calves, of
different ages (0 - 7 days) that were brought to the
clinics of Van Yuzuncu Yil University, Faculty of Vet-
erinary Medicine, Department of Internal Medicine.
Diarrheic calves with hyperkalemia and serum po-
tassium levels greater than 6 mmol/L were included
in the study following the clinical examination and
analysis results.

Clinical Examination

General examination of all diarrheic animals was
performed. While performing general examinations,
animals with cardiac arrhythmias were suspected of
hyperkalemia, and blood samples were obtained into
syringes containing heparin strips from jugular veins
for blood gas analyses, and into tubes with EDTA and
coagulant-free tubes for hematological and biochem-
ical analyses, respectively. According to blood gas
analyses, 20 animals with higher than 6 mmol/L po-
tassium levels were considered hyperkalemic and in-
cluded in the study. Then these animals were recorded
on the individual examination form and consent from
animal ownerswas received. ECG, oxygen saturation
and body temperatures of the calves were monitored
by a patient monitoring device (Compact 7, Medical
Econet).

Grouping animals

The calves were divided into 2 groups. The aver-
age ages of the calves in the 1* group was 6.29+0.94
and in the 2" group, it was 5.75+0.82 (Table 1).Calves
in the 1*group (n=10) received routine diarrhea and
fluid-electrolyte treatment and calves in the 2™group
(n=10) received routine diarrhea and fluid-electrolyte
treatment as well as oxygen applications by mask.

Collecting blood samples

For venous blood gas analyses, blood samples
were taken from the animals on the 0%, 5% and 24%
hours (2.5 mL) in syringes containing heparin strips.
For hematological parameters, blood samples were
collected from jugular veins of the animals on the
0tand 24" hours into tubes with EDTA; for biochemi-
cal parameters on the 0™, 5™ and 24™ hours into coagu-
lant-free tubes. Blood gas and hematological analyses
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were performed immediately after collecting blood
samples, and blood samples in coagulant-free tubes
were centrifuged (Rotofix 32% Hettich) at 3000 RPM
for 10 mins and the sera were extracted. These sera
were stored at -20 C° until the biochemical analyses.

From the collected samples, blood gas parame-
ters such as pH, partial carbondioxide (pCO,), partial
oxygen (pO,), oxygen saturation (sO,), sodium (Na),
potassium (K), chloride (Cl), lactate (lac), bicarbon-
ate concentration (cHCO,), base deficit (cBaseEcf),
anionic gap (AnionGap) were measured in blood gas
device (ABL-80®Basic). From the blood samples tak-
en into tubes with EDTA; hematological parameters
such as total white blood cell count (WBC), lympho-
cyte (Lym), monocyte (Mon), neutrophil (Neu), eo-
sinophil (Eo), red blood cell (RBC), hematocrit (Hct),
hemoglobin (Hb), mean corpuscular volume (MCV),
mean corpuscular hemoglobin (MCH), mean corpus-
cular hemoglobin concentration (MCHC), throm-
bocyte (THR) were measured in hematology device
(MS4-S®Haematology Analyzer, France). Serum
biochemical parameters such as lactate dehydroge-
nase (LDH), total protein (Tp) and albumin (ALB)
were measured in biochemistry analyser (FUJI DRI-
CHEM NX500I).

Planning treatment protocol

For routine diarrhea treatment; sulfadoxin + trime-
tophrim (Bakteral® injectable solution, Topkim, Tur-
key, 40 + 200 mg/ml)(30 mg/kg, im, 5 days), neo-
mycin sulfate + bismuth subcarbonate (Cesamolin®
oral suspension granule, Topkim, Turkey, 40 + 400
mg/gram) (15 g/50 kg, per os, BID, 3 days), vitamin
C (Tioned-C® %20 injectable solution, ICA, Turkey,
200 mg/ml) (20 mg/kg, im, 5 days), combination of
vitamin A, D, and E (ADEMAX®" injectable solution,
ICA, Turkey, 100000 IU, 50000 IU, 50 mg) (1 mL/50
kg, im, single dose) were administered.

For_intravenous fluid-electrolyte therapy: dehy-
dration degrees and base deficits of the animals were
determined and administered intravenously. For this
purpose, NaCl 0.09% and NaHCO, 8.4% were used.
These solutions were given to animals by using the
formula below:

Fluid requirement Value x

(100/33.6)-100

(mL/kg)=Hct

NaHCO, (mmol/L) = Body weight (kg) x Base
deficit (mmol/L) x0.6

For oxygen therapy; oxygen was administered to
the animals promptly with flow rate of 5 L/min, for
30 mins by using a face mask that was connected to
a portable oxygen concentrator (HealthTime OC-5).
Oxygen administrationwas ceased for 15 mins and re-
peated. This application was continued for 3 hrs.

Statistical analyses

The data obtained from the study were analysed
by using SPSS for Windows 22.0 E. version, Armonk,
NY: IBM Corp. A general linear model for repeated
measures analysis was performed for comparing the
mean values of the same groups over different time
periods, and the mean values of different groups with-
in the same time period.Significance level was taken
as 5% in all performed analyses and pairwise compar-
isons were adjusted by the Bonferroni method.

RESULTS

Heart rates, respiratory rates, body temperatures
and mean ages, and their statistical comparisons are
given in Table 1. The decrease in normal heart and
respiratory values was determined in the 1** and 2™
groups in different time periods at the 24™ hour. Body
temperature increased to normal levels at the 24™ hour
in both groups and hypothermia that was present at
the 0™ hour was healed. The decrease in heart rate and
respiratory rate was more significant in the 2™ group
when compared to the 1% group. When statistically
comparing the same time periods of both two groups,
heart rates were lower in the oxygen applied group
and this decrease was statistically significant.

Mean hematological parameters and statistical
comparisons of 1%t and 2™ group in the different time
periods are given in Table 2. Decreases in WBC, Lym,
Mon, Eo, RBC, Hct%, Hb, MCH and MCHC levels
were determined at the 24™ hour compared to 0™ hour,
and these decreases were statistically significant. In-
crease in Neu was also statistically significant, how-
ever alterations in THR and MCV values were not
statistically significant. In the 2" group; WBC, Lym,
Mon, Eo, RBC, Hct%, Hb, MCH and MCHC levels
decreased on the 24™ hour when compared to 0% hour,
and decreases in WBC, Lym, RBC, Hct%, Hb, MCH,
MCHC and MCYV levels were statistically significant.
Increase in Neu and THR levels was also statistically
significant. When comparing the same time period of
I’ and 2™ group; there was no statistical significance
on the 0™ hour, however on the 24" hour, statistically
significant increases in WBC, MCV and THR levels
were detected.
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Table 1. Statistical comparison of clinical findings according to groups and time periods

1% group (Routine treatment)

2"group (Routine treatment +Oxygen)

(X +SX) (X £ SX)
Parameters (n=10) (n=10)
0™ hour 5" hour 24™ hour 0™ hour 5% hour 24" hour
Heart rate (BPM) 124.43+7.89 112.86+4.24 107.429+4.540¢ 120.38+6.21¢ 108.75+4.36¢ 94.13+5.20°F
Respiratory rate (RPM)  38.86+5.55% 32.14£3.75® 27.5714+2.379° 37.38+4.72¢ 30.63+3.15¢ 24.88+2.61f
Body temperature (C°)  36.74+0.23* 37.53+0.16° 38.100+0.323> 35.74+0.53¢ 37.96+0.20° 38.63+0.14¢
Average age (Days) 6.29+0.94 5.75+0.82

- a, b, ¢: in-group comparison of 1** group according to different time periods (0", 5" and 24%)
- d, e, f: in-group comparison of 2™ group according to different time periods (0™, 5" and 24™)
- For comparing the values of group 1 and 2 in the same time period;

- A: 0" hour, B: 5" hour, C: 24" hour

Different capital letters indicate significant differences between different groups in the same time period (p<0.05). Different lower-
case letters indicate significant differences between the different time periods of the same group (p < 0.05).

Table 2. Comparison of hematological parameters according to groups and time periods

1#'Group (Routine treatment)

2™Group (Routine treatment + Oxygen)

X + SX X + SX
Parameters ((n=1 0)) ((n=1 O))
0™ hour 24 hour 0™ hour 24" hour
WBC(m/mm?) 17.31£2.04° 8.49+0.97°" 20.566+2.77° 12.96+1.12
Lym(m/mm?) 4.92+0.85° 2.90+0.46° 5.379+0.54¢ 3.74+0.33¢
Mon(m/mm?) 1.01+0.18° 0.52+0.08° 1.405+0.33¢ 0.80+0.12¢
Neu(m/mm?) 9.4242.732 12.62+3.90? 12.833+2.44¢ 15.37+2.814
Eo(m/mm?) 0.65+0.31¢ 0.33+0.22° 1.78+1.31¢ 0.38+0.11¢
RBC(M/mm?) 9.66+0.52? 8.11+0.41° 9.268+0.34¢ 7.98+0.37¢
Het(%) 42.40+2.48* 30.42+1.94° 42.725+1.76¢ 31.90+1.18¢
Hb(g/dl) 14.42+0.842 10.34+0.66° 14.526+0.60° 10.85+0.401
MCV(fl) 37.43+0.832 37.50+0.82:8 37.138+1.86° 35.49+1.639P
MCH(pg) 14.73+£0.722 10.59+0.66° 14.413+£0.61°¢ 10.81+0.561
MCHC(g/dl) 35.78+4.69* 25.84+3.49° 39.138+1.06° 30.08+1.51¢
THR(m/mm?) 332.67+£61.53? 238.67+34.908 303.125+34.13¢ 456.25+51.404

WBC: Total leucocyte count; Lym: Lymphocyte; Mon: Monocyte; Neu: Neutrophil; Eo: Eosinophil; RBC: Red blood cell count; Het:
Hematocrit; Hb: Hemoglobin; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular

hemoglobin concentration; THR: Thrombocyte

- a, b: in-group comparison of 1* group according to different time periods (0" and 24")
- ¢, d: in-group comparison of 2" group according to different time periods (0™ and 24™)
- For comparing the values of group 1 and 2 in the same time period;

- A: 0" hour, B: 24" hour

Different capital letters indicate significant differences between different groups in the same time period (p<0.05). Different lower-
case letters indicate significant differences between the different time periods of the same group (p < 0.05).

Mean values and statistical comparison of blood
gas parameters in different time periods (0", 5" and
24™ hour) of 1*tand 2™ group are given in Table 3. In-
crease in pH, PO,, sO,, Na, Cl, cHCO, and decrease in
pCO,, K, Lac, cBaseEcf and AnionGap were detect-
ed. When comparing the same time period of 1* and
2" groups, there was not any statistical significance in
the values of 0™ hour; however statistically significant
differences were determined on the 5" hour in K, on
the 24" hour in pH and pO, values. Particularly in the

oxygen applied group; there were statistically signif-
icant alterations in pH, pCO,, pO,, sO,, K and Lac.

Mean values and statistical comparison of bio-
chemical parameters belonging to 1* and 2™ groups
on different time periods (0™ and 24" hour) are giv-
en in Table 4. Decrease in LDH, TP, ALB and BUN
levels was determined after treatment when compared
to the pre-treatment values. Among these parameters;
the decrease in LDH and TP in the 2™ group, and the
decrease in TP and ALB in the 1% group were found
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Table 3. Statistical comparison of blood gases according to groups and time periods

1'group (Routine treatment)

2" group (Routine treatment + Oxygen)

(X +SX) (X £ SX)
Parameters (n=10) (n=10)
0™ hour 5™ hour 24" hour 0™ hour 5% hour 24" hour
pH 7.07+0.032 7.31+£0.01° 7.37+0.01¢¢ 6.99+0.07¢ 7.334+0.03¢ 7.41+0.017
pCO, (mmHg) 44.36+2.68  39.76+1.03 37.74+€1.70 43.36+1.22¢ 37.91+1.15° 33.74+1.9°
pO, (mmHg) 18.88+1.08*  26.75+1.13%> 28.00+1.18°C 18.13+1.03¢  29.13+£1.26° 34.63+0.89T
sO, (%) 29.10£6.34*  50.56+2.44> 51.78+£2.99* 26.35+4.38¢  52.04+3.75¢ 49.38+7.63¢
Na (mmol/L) 132.00+£2.63* 137.25£1.59° 140.88+1.94° 131.38+3.38¢ 135.38+4.28¢ 140.25+4.20°"
K (mmol/L) 7.56+£0.38*  5.43+0.31°®  4.594+0.27° 8.04+0.324 6.11+0.20°F 4.254+0.10"
Cl (mmol/L) 92.50+2.04* 96.88+2.75* 100.13+1.65° 92.88+4.45¢ 95.75+£5.09¢ 98.88+4.92¢f
Lac (mmol/L) 4.78+0.68?2 3.36+0.43*  2.45+0.42% 5.98+0.854 4.65+0.82¢ 2.54+0.55¢
cHCO, (mmol/L) 14.80+£1.92*  20.95+1.68> 21.44+1.73> 11.35+£1.97¢ 18.50+2.32¢ 19.81+2.85¢
cBaseEcf (mmol/L) -12.65£2.44*  -3.89+£1.91° -3.34+2.03> -17.54£2.619 -6.69+£2.90° -4.86+3.38°
AnionGap 32.17£1.61  2631+1.82  27.31£1.58 35.19+£1.21¢ 28.10+2.03° 27.38+2.90¢

pH: Power of hydrogen; pCO,;Partial carbondioxide amount; pO,: Partial oxygen amount; sO,:Oxygen saturation; Na: Sodium; K:

Potassium; Cl: Chloride; Lac: Lactate; cHCO,: Bicarbonate concentration; cBaseEcf: Extracellular base deficit
- a, b, ¢: in-group comparison of 1* group according to different time periods (0%, 5" and 24")

- d, e, f: in-group comparison of 2™ group according to different time periods (0", 5* and 24)

- For comparing the values of group 1 and 2 in the same time period;

- A: 0%hour, B: 5"hour, C: 24" hour

Different capital letters indicate significant differences between different groups in the same time period (p<0.05). Different lower-
case letters indicate significant differences between the different time periods of the same group (p < 0.05).

Table 4. Statistical comparison of biochemical parameters according to groups and time periods

1** group (Routine treatment)

2% group (Routine treatment + Oxygen)

X £ SX X £+ SX
Parameters ((n: | 0)) ((n: | 0))
0™ hour 24™ hour 0™ hour 24" hour
LDH /U/L) 1301.88+378.35 1007.86+:124.60 1350.67+£318.96°¢ 991.334+205.801
TP (g/dl) 7.17+0.68° 6.17+0.49° 7.27+0.38¢ 6.37+0.33¢
ALB (g/dl) 3.00+£0.18 2.78+0.18> 3.25+0.20 3.01£0.09
BUN (mg/dl) 85.17£17.43 75.50+15.71 95.75+13.39 76.63+8.95

LDH: Lactate dehydrogenase; TP: Total protein; ALB: Albumin; BUN: Blood urea nitrogen
- a, b: : in-group comparison of 1* group according to different time periods (0" and 24™)

- ¢, d: : in-group comparison of 2™ group according to different time periods (0" and 24)

- For comparing the values of group 1 and 2 in the same time period;

- A: 0" hour, B: 24" hour

Different capital letters indicate significant differences between different groups in the same time period (p<0.05). Different lower-
case letters indicate significant differences between the different time periods of the same group (p < 0.05).

to be statistically significant. There was no statistical
significance between the groups in the same time pe-
riod.

DISCUSSION

Diarrhea is one of the most common problems of
calves and it particularly leads to mortality and se-
rious economic losses during the neonatal period
(Ocal et al., 2006; Ozkan and Akgul, 2004; Sen et al.,
2013). Dehydration, electrolyte imbalance, metabolic
acidosis and hyperkalemia are major complications in
calves with diarrhea (Kalinbacak, 2003). Thus, fluid

and electrolyte therapy is reported to be crucial along
with routine treatment. On the other hand, it is also
stated that oxygen therapy could also be useful for
supportive treatment (Cambier et al., 2001).

In calf diarrhea, excessive amounts of H" ions ac-
cumulate in plasma and cross into the intracellular
fluid, and eventually lead K* ions to cross into the
extracellular fluid, resulting in hyperkalemia. Potassi-
um is the major cation in the intracellular fluid where
98% of its total amount is present. While intracellular
concentration of K is 150-160 mmol/L, in the extra-
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cellular fluid it is 3.5-5.5 mmol/L. When the concen-
tration of serum potassium exceeds 5.5 mmol/L, this
is known as hyperkalemia (Demirel et al., 2006; Oz-
kan et al., 2016). In this study, diarrheic calves with
serum K concentrations greater than 6 mmol/L were
included. Hyperkalemia was detected in both groups
and normal potassium concentrations were detected
following the treatment.

In calves with hyperkalemia, it is crucial to correct
hypovolemia, fluid-electrolyte loss, metabolic aci-
dosis and hyperkalemia. For this purpose, using iso-
tonic saline is reported to be useful. Besides, the use
of sodium bicarbonate in combination with isotonic
saline solution is also extensively used (Sahal et al.,
1994; Senturk, 2001; Ocal et al., 2006; Ozkan, 2011;
Kizil and Baspinar, 2016). Nevertheless, in several
studies similar to ours (Groutides and Michell, 1990;
Senturk, 2001; Suzuki et al., 2002; Ocal et al., 20006;
Sen et al., 2013), the importance of fluid-electrolyte
therapy in calf diarrhea was emphasized. In this study,
fluid-electrolyte therapy in both groups with hyperka-
lemia was also determined to be effective and consis-
tent with the findings of the previous researches.

The evaluation of blood gases and related param-
eters is important for the diagnosis, treatment and
prognosis of acid-base and fluid-electrolyte imbal-
ances, and respiratory system disorders in animals.
In order to determine proper electrolyte therapy, the
evaluation of parameters such as pH, BE, total CO,,
HCO,, Na, K, Cl, Ca and Mg in the blood is very im-
portant in deciding the appropriate therapy (Nagy,
2006; Zeybek and Civelek, 2014; Aygencel, 2014).
Blood gas analysis is important in acid-base balance
and respiratory system disorders.Thus, it is required
to measure blood pO, (partial oxygen pressure), pCO,
(partial carbon dioxide pressure), pH values and sO,
(oxygen saturation), HCO, and BE (base excess)
(Sarnaik and Heidemann, 2007; Polat, 2016). In the
analysis of blood gases for the definitive diagnosis
of metabolic acidosis in calves with diarrhea,it is im-
portant to evaluate parameters such as pH, pCO,, pO,
and BE(Kurtdede, 2004). Blood gas analysis is also
indicated for the diagnosis and treatment of metabolic
and respiratory acidosis and alkalosis, for determin-
ing the type of respiratory failure, for monitoring the
outcome of the treatment,for following up on the ef-
fect of oxygen therapy, and for identifying the sudden
onset of unexplained dyspnea(Nagy et al., 2006).

In a study performed in neonatal calves, Baser and
Civelek (2013) reported a decline in HCO, value be-

low 20 mmol/L with blood pH of 7.28, which they
associated with metabolic acidosis.In another study
performed on newborn calves with diarrhea; Sahal et
al. (1994) reported low levels of venous blood pH,
HCO, and BE values. They measured the pre-treat-
ment blood pH value as 6.833 and BE as 1.2 mmol/L.
Also, they found elevation in blood pH, pCO,, HCO,
and BE values following NaHCO, treatment. On the
other hand, Zeybek and Civelek (2014) reported that
increased lactate level is also a major cause of met-
abolic acidosis in calves with acute diarrhea.Since
serum lactate level was higher in the animals prior
to treatment compared to post treatment findings. The
findings reported by the researchers above correspond
to the findings of this study carried out on diarrheic
calves with hyperkalemia.

Certain supportive treatments should be applied
in addition to fluid-electrolyte treatment and routine
treatment in calves with diarrhea. Oxygen therapy was
also recommended for supportive treatment (Cambier
et al., 2001).The primary objective of oxygen thera-
py is to correct tissue hypoxia. As with all treatment
methods, it has been reported that it is extremely im-
portant to use oxygen therapy for the appropriate pa-
tient, to consider its economic cost and risk of oxygen
toxicity (Bellini, 2002; Topeli et al. 2012). Oxygen
therapy is required in cases of arterial hypoxemia
(s0,<90%, pO,<60 mmHg), tissue hypoxia, hypoten-
sion, metabolic acidosis and respiratory distress(Kall-
strom, 2002; Topeli et al., 2012). The limit value of
pO, for supplemental oxygen therapy is acceptable at
60 mmHg. The purpose of oxygen therapy is to main-
tain pO, above 60 mmHg and sO, above 90%(Ersoy
and Topeli, 2016). The decision to begin oxygen ther-
apy is made by considering both blood gas analysis
and clinical signs. To this end, the animal is checked
for signs of systemic hypoxia such as tachycardia,
dyspnea, cyanosis of the mucous membranes(Kall-
strom, 2002; Topeli et al., 2012).

Based on the blood gas analysis, it is recommend-
ed to switch to oxygen therapy when PvO, falls below
40 mmHg and pO, falls below 60 mmHg (Fitzpatrick
and Crowe, 1986). In studies regarding the changes
in blood gases after oxygen administration (Wilson et
al., 2006; Bleul et al., 2007),elevations of pO,, PvO,,
blood pH value and sO, was reported. Furthermore,
Hawkins et al. (1989) reported that oxygen applica-
tion in cattle with a mask increased blood O, concen-
tration up to 50%. Loukopoulos and Reynolds (1997)
suggested that giving oxygenvia a mask at a flow rate
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of 0.5 liters per minute to small animals is more ben-
eficial than other routes of administration.Besides,
when administering oxygen by mask, Ersoy and
Topeli (2016) suggested the flow rate as 4-6 L/min to
avoid carbondioxide accumulation inside the mask. In
this study, in addition to routine and supportive treat-
ment, oxygen was given by mask to calves suffering
from metabolic acidosis and hyperkalemia. Following
oxygen application, increase in blood pH, pO,, sO,;
and decrease in pCO, were detected in all groups at
the 5" hour of the study. Furthermore, in the 2™ group
of animals those received oxygen; alterations in blood
pH and pO, were statistically significant (p<0.05).

There are a variety of clinical findings in calves
with diarrhea. These may appear in different degrees
and can be severe (Groutides and Michell, 1990; Sa-
hal et al., 1994; Altug et al., 2013). In this study, the
heart rate, respiratory frequency, body temperatures
and mean age values of the 1% and 2™ group animals
according to the clinical findings are given in Table 1.
The mean age of the animals in both study groups was
similar. After the treatment, it was determined that
the heart rate and respiratory rate decreased in both
groups of animals, while the decreased body tem-
perature increased after the treatment and returned to
normal levels. After oxygen administration, there was
recovery in the 2™ group, yet this was not statistically
significant (p>0.05). Nevertheless, there was a more
significant decrease in heart rate in the animals in the
2" group at the 24" hour, which was also statistically
significant (p<0.05). The clinical findings observed in
this study were consistent with the findings obtained
in other studies (Groutides and Michell, 1990; Sahal
et al., 1994; Altug et al., 2013), which were recovered
after the treatment.

In calves with diarrhea, hematological parameters
were reported to be susceptible to change (Kalinba-
cak, 2003). In a study performed by Ocal et al. (2016)
on calves with diarrhea, hematological changes, par-
ticularly on RBC, WBC and Hct values were report-
ed. On the other hand, Kumar et al. (2010) performed
a study on neonatal calves with diarrhea and reported
that Het and Hb values were elevated prior to treat-
ment and declined to normal levels after the treatment.
This was attributed to an increase in hemoconcentra-
tion, which was recovered by fluid-electrolyte thera-
py. Sahal et al. (1994) reported similar results in their
study, in which they examined hematological findings
in neonatal calves with diarrhea. In our study, RBC,
Hct and Hb levels were elevated prior to treatment in

animals in the 1*' and 2™ groups due to dehydration,
and decreased after fluid-electrolyte treatment. The
hematological changes obtained in our study are in
parallel to previous studies (Sahal et al., 1994; Kumar
et al., 2010; Ocal et al., 2016) which were performed
on calves with diarrhea.

Changes in biochemical parameters in calves
with diarrhea have been reported in previous studies
(Groutides and Michell, 1990).Elevation of TP, ALB,
urea and creatinine levels which occurred because of
dehydration in diarrhea decrease to normal levels af-
ter treatment (Kalinbacak, 2003; Ozkan and Akgul,
2003). In this study; TP, ALB, BUN and LDH levels
were high before the treatment and decreased after the
treatment in both groups which occured due to de-
hydration. The findings obtained are consistent with
previous studies with calves with diarrhea (Groutides
and Michell, 1990; Kalinbacak, 2003; Ozkan and Ak-
gul, 2003).

Metabolic acidosis, hyponatremia and prerenal
uremia due to dehydration and various changes in
blood gas parameters can be observed in calves with
diarrhea (Groutides and Michell, 1990; Kalinba-
cak, 2003).Kizil and Baspinar (2016) reported high
potassium levels in calves with neonatal diarrhea,
andSahal et al. (1994) and Ocal et al. (2016) report-
ed low levels of pH, pCO,, pO, and HCO, in calves
with diarrhea which returned to normal levels after
the treatment. Ozkan and Akgul (2003) reportedlow
levels of Na, Cl and HCO,and high K concentrations
in calves with diarrhea. Groutides and Michell (1990)
stated that changes in Na, K, CI, pCO, and pH levels
are important in calves with diarrhea.In this study, as
in other studies, pH, pO,, sO,, Na, CI, cHCO, values
were high, and low levels of pCO,, K, Lac, cBaseEcf,
and AnionGap were detected. Also, the alterations
in K, pH and pO, levels were statistically significant
(p<0.05).

In this study, higherlactate levels were associated
with lactate production due to the activation of an-
aerobic metabolism in calves with diarrhea. Addition-
ally, Sezer et al. (2013) reported that, in addition to
metabolic acidosis, in cases where there is not suffi-
cient oxygen in the tissues, metabolic acidosis maybe
exacerbated by lactate production in anaerobic metab-
olism.In this study, the blood gas levels detected were
consistent with previous studies in calves with diar-
rhea(Groutides and Michell, 1990; Sahal et al., 1994;
Kalinbacak, 2003; Ozkan and Akgul, 2003; Sezer et
al., 2013; Kizil and Baspinar, 2016; Ocal et al., 2016).
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CONCLUSIONS

As a result, oxygen administration in addition to
routine diarrhea treatment is thought to have positive
effects on pH, pO,, pCO,, sO, and K. Based on the
results obtained in this study, it was concluded that
oxygen therapy would be beneficial for calves with
diarrhea and hyperkalemia.
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