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Abstract: 

 Cardiopulmonary effects of detomidine, ketamine, guaifenesin total intravenous anaesthesia 
was evaluated in cattle undergoing surgery. 18 cattle were randomly divided into 3 groups of 6 
each. Group I, II and III cattle were premedicated with intravenous injection of 10, 20 and 30 µg/kg 
b.wt. detomidine respectively and anaesthetic induction and maintenance was done with 
intravenous administration of the mixture containing 2 mg ketamine hydrochloride + 50 mg 
guaifenesin per ml of 5 per cent dextrose solution at the rate of 1 ml /kg b.wt. Heart rate reduced 
significantly at peak sedation, increased after induction and decreased during maintenance in all 
the animals. Arterial pressure increased at peak sedation and after induction but decreased during 
maintenance. Respiratory rate increased after sedation, decreased  after induction and during 
maintenance. Hypercapnia occured in all the cattle at all the stages. But all the changes in the 
parameters studied were within the clinically acceptable range. In conclusion, the detomidine, 
ketamine, guaifenesin combination was a clinically useful anaesthesia in cattle and will be useful in 
field conditions for cattle.  
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I. INTRODUCTION 

 Detomidine, an α2 - adrenergic agonist is commonly used as a sedative and as a premedicant in 
cattle and horses. Detomidine sedation is directly proportional to dose and has a wide margin of safety (5 
to 300 /µg/kg body weight) as reported by Vainio (1985). It does not cause abortion and regurgitation 
even in unfasted animals (Alitalo, 1986; Jedruch and Gajewski, 1986 and Schatzmann et al., 1994). 

Ketamine-guaifenesin mixture in 5 per cent dextrose solution as an induction and maintenance 
agent was reported in cattle (William, 1993) and calves (Gnanasekar et al., 2013). Ketamine as an 
induction and maintenance agent, maintains the cardiovascular functions by stimulating the sympathetic 
nerve trunks (Thurmon et al., 1973), inhibiting the vagal component of the baroreceptor reflex (McGrath 
et al., 1975) and selective positive inotropic influence on heart muscle (Adams et al., 1977) with an 
increase in epinephrine level (Craft et al., 1983). 

Guaifenesin, a centrally acting muscle relaxant depresses the transmission of nerve impulses at 
the spinal cord, brain stem and subcortical areas of the brain (Roberts, 1968). But this agent alone cannot 
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provide good anaesthesia in cattle (Takarkhede et al., 1973). It does not affect the cardiovascular and 
respiratory functions. 

Hence, the present study was undertaken with detomidine as a premedicant to ketamine (for 
cardiostimulatory induction) and guaifenesin (an ancillary drug as a maintenance agent) total intravenous 
anaesthesia in cattle to find out the efficacy of the combination to use in the field conditions based on 
cardiovascular and pulmonary functions. 

II. MATERIALS AND METHODS 

 18 cattle were randomly divided into groups I, II and III consists of 6 cattle each. All the cattle 
were withheld of feed and water for 36 and 12 hr respectively. All the three groups were premedicated 
with atropine sulphate at the rate of 0.04 mg/kg b.wt, intramuscularly. After 20 minutes, detomidine was 
administered at the dose rate of 10, 20 and 30 µg/kg b.wt, intravenously in group I, II and III respectively. 
At peak sedation, the anaesthetic mixture (2 mg ketamine + 50 mg guaifenesin/ml of 5 per cent dextrose 
solution) was given intravenously to attain induction and maintenance of anaesthesia.  

The parameters studied were heart rate, mean arterial pressure, respiratory rate, the blood gas 
parameters like PaO2 and PaCO2. Heart rates were recorded by direct auscultation and mean arterial 
pressures were recorded in mm of Hg by non-invasive blood pressure cuff of the vital signs monitor 
applied over the fore cannon. Respiratory rates were recorded by observing the abdominal movements 
and blood gas analysis were done by the blood gas analyser (IL system 1312) using the arterial blood 
samples. The parameters were studied before sedation, at peak sedation, after induction, during 
maintenance, at the end of the anaesthetic maintenance and after recovery.  

III. RESULTS AND DISCUSSION 

The results of all the parameters during various stages of anaesthesia were shown in Table.1. The 
mean heart rate decreased significantly in a dose dependent manner following detomidine administration 
in all the groups. Flavahan and McGrath (1982) and Sarazan et al. (1989) attributed the bradycardia of 
detomidine to the direct negative chronotropic effect on the heart. Wagner et al. (1991) reported more 
persistent duration of bradycardia with detomidine particularly at high doses. The findings concurred with 
Gnanasekar et al. (2019). 

Following induction with guaifenesin and ketamine hydrochloride, the heart rate increased 
significantly above the before sedation values. Guaifenesin as an adjunct to ketamine hydrochloride did 
not alter the cardiovascular functions (Lester, 2008). The increase in the heart rate in detomidine 
premedicated cattle could be attributed to the effect of ketamine hydrochloride on stimulating 
sympathetic nerve trunk (Kumar et al., 2014), inhibiting the vagal components of baroreceptor reflex 
(McGrath et al., 1975), selective positive inotropic influence on heart muscle (Adams et al., 1977), 
increase in epinephrine level (Craft et al., 1983) and indirect stimulation of cardiovascular function. The 
findings of the current study concurred with the results of Verstegen et al. (1991) and Afshar et al. 
(2005). 
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The heart rate at maintenance on lateral recumbency revealed significant reduction which could 
be attributed to myocardial hypoxia due to compression atelectasis (Gillespie et al., 1969), increased AV 
shunt (Millar, 1979), poor venous return due to increased ruminal tympany (Hall, 1984) and to the 
ventilation perfusion mismatch (Nyman and Hedenstierna, 1989). The values after recovery were 
comparable with the before sedation values.  

The present study revealed increased mean arterial pressure following detomidine sedation in 
all the groups. The increase in the mean arterial pressure following detomidine sedation could be 
attributed to the increased systemic vascular resistance (Gasthuys et al., 1990) and maintenance of 
cardiac output (Wagner et al., 1991) due to its effect on cardiac afterload (Nichols et al., 1987). The 
findings concurred with the results of Tiwari et al. (1999), Yamashita et al. (2000) and Gnanasekar, 
(2019). 

Table 1: Mean ± SE values of Heart Rate, Mean Arterial Pressure, Respiratory Rate, Partial 
Pressure of Arterial Oxygen and Carbondioxide 

Para 
meters 

Group Before 
sedation 

At peak 
sedation 

After 
induction 

During 
maintenance 

End of the 
maintenance 

After 
recovery 

 
 
Heart rate 
/min 

I 52.84g  
± 1.51 

50.35f  
± 1.21 

78.69i  
± 1.41 

48.37e  
± 1.45 

42.20b  
± 1.39 

58.11e  
± 1.34 

II 50.81f  
± 1.17 

48.79e  
± 1.28 

80.26i  
± 1.58 

47.46d  
± 1.52 

40.39a  
± 1.81 

52.37g  
± 1.82 

III 46.24d  
± 1.61 

44.36c  
± 1.70 

70.43h  
± 1.09 

42.33b  
± 1.23 

39.85a  
± 1.79 

50.18f  
± 1.86 

Mean 
arterial 
pressure 
mm of Hg 

 
I 

113.34d  
± 2.96 

121.35f 

 ± 1.65 
122.26f  
± 1.54 

110.98d 

 ± 1.77 
100.66b 

± 2.78 
113.49d 

 ± 2.23 
 
II 

120.81f  
± 1.51 

129.38g 

 ± 2.11 
130.71g 

± 1.37 
110.87d 

 ± 2.01 
100.82b 

 ± 3.10 
116.23e  
± 2.86 

 
III 

111.32d 

 ± 1.34 
115.74e 

 ± 2.17 
116.50e  
± 2.25 

100.99b  
± 1.99 

93.54a 

± 2.73 
105.81c  
± 2.38 

 
 
Respiratory 
rate /min 

I 14.35d  
± 0.50 

16.57e  
± 0.70 

11.45b  
± 0.46 

10.89b  
± 0.34 

10.13a  
± 0.52  

11.12b  
± 0.45 

II 14.86d  
± 0.41  

19.67f  
± 0.49 

11.82b  
± 0.47 

10.32a  
± 0.31 

9.98a  
± 0.43 

10.56b  
± 0.62 

III 17.83e  
± 0.65 

22.83g  
± 0.80 

14.82d  
± 0.61 

13.33c  
± 0.34 

12.22b  
± 0.56 

13.52c  
± 0.61 

 
PaO2 

mm of Hg 

I 90.52d  
± 3.86 

68.29b 

± 4.91 
80.71c 

± 4.47 
70.17b 

± 3.98 
60.18a 

± 4.66 
89.93d 

± 4.21 
II 92.67d 

± 2.27 
66.30b 

± 5.12 
81.22c 

± 4.06 
70.89b 

± 3.45 
62.19a 

± 5.11 
91.65d 

± 3.41 
III 91.43d 

± 2.47 
69.80b 

± 5.89 
81.93c 

± 4.93 
68.11b 

± 4.01 
61.36a 

± 4.58 
90.08d 

± 2.91 
 
PaCO2 

mm of Hg 

I 34.25 
± 5.23 

34.97 
± 5.51 

34.86 
± 5.47 

36.09 
± 4.21 

38.83 
± 5.48 

34.25 
± 5.23 

II 32.61 
± 4.69 

33.74 
± 4.85 

33.12 
± 4.74 

36.98 
± 4.14 

38.96 
± 5.24 

32.89 
± 5.22 

III 33.12 
± 4.93 

34.59 
± 5.18 

33.57 
± 5.04 

38.09 
± 4.65 

40.88 
± 5.71 

33.21 
± 4.57 

Means bearing different superscripts in a parameter differ significantly (P<0.01) 
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Hubbell et al. (1980) reported that guaifenesin did not induce any alteration in the mean 
arterial pressure. The increased mean arterial pressure following ketamine administration was attributed 
to the depressed baroreceptor and external negative inotropic effect on myocardium, increased cardiac 
output and myocardial contractile force (Short, 1987) and sympathomimetic action (White et al., 1982). 
During recumbency under ketamine-guaifenesin maintenance, the mean arterial pressure decreased, 
which could be attributed to the effect of recumbency. Trim (1987) reported the lack of autoregulation of 
ventilation - perfusion in anaesthetised animals. After recovery the mean arterial pressure returned to 
before sedation values. 

Following sedation with detomidine the mean respiratory rate increased in all the groups. 
These findings concurred with Gnanasekar, (2019), Gnanasekar et al. (2019) and Malhi et al. (2015). 
Short (1992) reported elevated respiratory rate during high doses of detomidine which could be attributed 
to the stimulation of chemoreceptors due to elevated carbondioxide tension. The reduction in the 
respiratory rate following administration of ketamine hydrochloride in α2- adrenergic agonists 
premedicated horses was reported by Jain et al. (2006) and Vende et al. (2006).  

The blood gas studies revealed decreased PaO2 level during sedation. The mean PaCO2 level 
did not show any significant increase apart from a slight elevation during sedation. Detomidine 
maintained the PaCO2 level which could be attributed to the maintenance of cardiac output (Wagner et 
al., 1991 and Short, 1992) and maintenance of arterial blood pressure due to increase in the systemic 
vascular resistance (Gasthuys et al., 1990 and Short, 1992). The findings concurred with Gnanasekar, 
(2019). Following induction with ketamine-guaifenesin the mean PaO2 level statistically increased when 
compared with the sedative values. The mean PaCO2 level remained unaltered. 

The increased PaO2 level following ketamine-guaifenesin induction was attributed to the 
cardiac stimulatory property of ketamine. Lundy et al. (1974) and Short, (1987) reported decreased PaO2 
and increased PaCO2 following ketamine induction due to the direct bronchial smooth muscle relaxation 
resulting in increased pulmonary dead space leading to hypoventilation. 

In the present study, ketamine induced increase in PaCO2 level was moderated by the adjunct 
effect of detomidine by way of increased respiratory rate (Vainio, 1985 and Singh et al., 1994). During 
anaesthetic maintenance, the PaO2 level significantly decreased with corresponding significant increase in 
PaCO2 level. The hypoxia, hypercarbia and compensatory metabolic alkalosis during anaesthetic 
maintenance could be attributed to the recumbency rather than the drug action. 

Maldistribution of pulmonary perfusion due to the gravitational force gradient, hypoventilation 
of the lower lung (Robinson, 1991), development of atelectasis (Gillespie et al., 1969), increased AV shunt 
and increased transdiaphragmatic pressure gradient due to the pressure of gastrointestinal content on the 
diaphragm (Benson, 1982 and Hall, 1984) were the contributing factors to induce ventilation - perfusion 
mismatch (Nyman and Hedenstierna, 1989) in anaesthetized recumbant animal. The respiratory acidosis 
caused by hypoventilation during recumbency was compensated by metabolic alkalosis. 
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IV. CONCLUSION 

 Detomidine, ketamine and guaifenesin combination total intravenous anaesthesia provides 
good and clinically effective general anesthesia in cattle while preserving cardiovascular and pulmonary 
functions. Hence this regimen can very well be used for cattle in field conditions. 
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