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Introduction 

Henrikson, H., M. Jensen-Waem and G. Nyman: Anaesthetics for general anaesthesia 
in growing pigs. Acta vet. scand. 1995, 36, 401-411. - A comparison was made between 
different anaesthetics for general anaesthesia in growing pigs, with focus on minor sur­
gery under field conditions and for experiments in clinical research. Healthy cross­
breed pigs (HampshirexYorkshirexSwedish Landrace) weighing 20-45 kg were used. 
The anaesthetics combinations compared were 1) azaperone plus metomidate (AM), 
2) Zoletil® (zolazepam + tiletamine) plus xylazine (ZX), and 3) Zoletil® plus xylazine 
plus ketamine (ZXK). Parameters measured were: heart rate, respiratory rate, blood 
pressure, body temperature, and depth of analgesia (pin-prick). Minor surgery was per­
formed to test the reliability of the "pin-prick" tests. 
It was clearly shown that AM produces anaesthesia with good cardiovascular stability 
and is a drug combination that is suitable for minor surgery. ZX also produces a good 
anaesthesia characterized by reliable and rapid induction. Good cardiovascular func­
tion is maintained, and the laryngeal relaxation makes intubation possible. These char­
acteristics are very useful in a laboratory environment, as easy handling to avoid stress 
is necessary for research. Although it is difficult to evaluate the quality of analgesia 
from this study, it is concluded that ZX did not provide a superior anasthesia and anal­
gesia compared to AM in crossbreed pigs. However, these drugs are too expensive for 
regular use in ambulatory practice. The effects of ZXK resemble those of ZX, but the 
ZXK-drug combination has no anaesthetic advantages and is more laborious to work 
with. 

azaperone; metomidate; Zo/etil®, xylazine; ketamine. 

General anaesthesia in growing swine is 
mainly used for surgery under field conditions 
and in clinical research. Most surgical proce­
dures on pigs, such as hernias, are performed 
in the growing period. Surgery under field 
conditions requires an anaesthetic drug which 
can be given either intramuscularly (im) or 
intraperitoneally (ip), since intravenous (iv) 
drug administration may be difficult when 
skilled assistance is not available. Neither is 
advanced monitoring nor the use of inhalation 

agents feasible under field conditions. There­
fore, drugs used for anaesthesia in ambulatory 
practice should be easy to administer, allow 
smooth induction, have a wide margin of 
safety, and provide sufficient analgesia for 
surgery. Further, they should permit rapid re­
covery and be economically favourable. Tak­
ing all these requirements into consideration, 
the choice of anaesthetic drug is difficult for 
many veterinarians. 
The pig is an excellent experimental animal in 
comparative physiology and has thus been 
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widely used in clinical research (Beglinger et 
al. 1975, Hastings et al. 1982). The anaesthet­
ics used for laboratory experiments need in 
some respects to have qualities different from 
those to be used in veterinary practice. To al­
low calm induction without elevation of stress 
hormones and a negative influence on cardio­
pulmonary function, quick intramuscular ad­
ministration with a small volume would ap­
pear to be less stressful than the restraint 
required for iv injection. Ideally, the an­
aesthetic should give rapid, smooth induction 
and laryngeal relaxation sufficient for intuba­
tion. Commonly, the anaesthesia is main­
tained with either inhalation or intravenous 
injection or infusion. 
Because of the consumers' demand, most pigs 
in the Nordic countries used to be castrated. 
The drug combination azaperone and metom­
idate (AM) has been widely used for castra­
tion of male pigs with hernias. Although this 
method produces light general anaesthesia 
which can be combined with local analgesia, it 
is safe for minor surgery under field condi­
tions (Raekallio 1991). Azaperone is adminis­
tered intramuscularly, followed by an ip or iv 
injection of metomidate. 
The dissociative anaesthesia has been widely 
used in most mammals, including man. Keta­
mine, which is the most common dissociative 
anaesthetic, has several side effects in humans 
such as hallucination, catalepsy and excite­
ment. Fear seems to occur in animals (Muir et 
al. 1989). To minimise these negative effects, 
the dissociative agent requires good sedation, 
and an agonist has therefore 
been used prior to ketamine in pigs. Recently, 
in an attempt to find suitable anaesthetic al­
ternatives for minor surgery in growing pigs, 
Henrikson (1992) evaluated various types of 
general anaesthesia and found that anaesthe­
sia with ketamine in combination with various 
sedatives did not provide sufficient analgesia. 
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Further, it is rather expensive for use in farm 
animals. 
A new and promising drug combination, 
Zoletil® and xylazine (ZX), is available for 
intramuscular use in growing swine. Zoletil® 
consists of the benzodiazepine zolazepam and 
the cyclohexamine tiletamine. Thurmon et al. 
(1988a, 1988b) and Braun (1993) reported 
that ZX provided both effective and safe in­
duction and maintenance of general anaesthe­
sia in swine. Further, addition of ketamine to 
the ZX combination, (ZXK), has been re­
ported to produce excellent induction of an­
aesthesia in potbellied pigs (Ko et al. 1992). 
The present study was undertaken to evaluate 
these new anaesthetic alternatives, ZX and 
ZXK, in comparison with AM for short-term 
anaesthesia in growing pigs. 

Materials and methods 
Animals 
Twenty-seven healthy crossbreed pigs 
(HampshirexYorkshirexSwedish Landrace) 
weighing between 20-45 kg were used. All of 
them originated from a herd with a good 
health status, under the supervision of swine 
specialists from the Faculty of Veterinary 
Medicine. They were housed in conventional 
pens at the Department of Medicine and Sur­
gery and fed on a standard feeding scale with 
a barley-based diet. Every pig was anaesthe­
tized only once with each drug combination, 
but could be used for testing a different an­
aesthetic combination later on during the ex­
perimental period. The period between 2 
drug-tests was at least 72 h. 

Experimental design 
The experimental design was approved by the 
Ethical Committee for Animal Experiments, 
Uppsala, Sweden. The pigs were divided into 
3 experimental groups, as described below. 
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All animals were given atropine 0.05 mg/kg im 
as premedication to avoid salivation and la­
ryngeal spasm. 
1) Eight pigs were anaesthetized with azape­

rone (Stresnil® 40 mg/ml, Janssen Phar­
maceutica, Beerse, Belgium) in a dose of2 
mg/kg body weight (bw) im followed di­
rectly by metomidate (Hypnodil® 50 
mg/ml, Janssen Pharmaceutica, Beerse, 
Belgium) in a dose of 10 mg/kg bw ip. 

2) Twelve pigs were anesthetized with a com­
bination of xylazine (Rompun® 20 mg/ml, 
Bayer AG , Monheim, Germany) in a dose 
of 2 mg/kg im followed by Zoletil® 6 
mg/kg, im. Zoletil® (100 mg/ml, Virbac, 
Carros, France) is a mixture of tiletamine 
(50 mg/ml) and zolazepam (50 mg/ml). 
The ZX mixture given per kg bw consisted 
of 3 mg tiletamine, 3 mg zolazepam and 2 
mg xylazine. 

3) Seven animals were used in this group and 
were anaesthetized with Zoletil®, xylazine 
and ketamine. The ZXK mixture is made 
by adding 2.5 ml ketamine (Vetalar® 100 
mg/ml, Parke-Davis, New Jersey, USA) 
and 2.5 ml xylazine (Rompun® lOOmg/ml) 
to Zoletil® powder (5 ml vial). The result­
ing ZXK mixture consists of 250 mg tileta­
mine, 250 mg zolazepam, 250 mg xylazine 
and 250 mg ketamine. This mixture was 
given intramuscularly at a dose of 0.1 
ml/4.5 kg bw. The ZXK mixture given per 
kg bw consisted of0.55 mg tiletamine, 0.55 
mg zolazepam, 0.55 mg xylazine and 0.55 
mg ketamine. 

Anaesthetic parameters 
All pigs were examined 5, 10, 15, 20, 25, 30, 35, 
45 and 60 min after recumbency, and the fol­
lowing parameters were chosen to reflect the 
cardiorespiratory function and the quality of 
the anaesthesia. The respiratory rate was 
measured by observing the costo-abdominal 

movements. Heart rate and mean arterial 
blood pressure were monitored non-inva­
sively with an oscillometric technique (BP 
103, Nippon Collin Co. Ltd, Japan) with cuffs 
no.13, width 5 cm, for pigs below 25 kg and 
no.14, width 7 cm, for larger pigs. The cuffs 
were placed above the carpal joint. The non­
invasive bloodpressure measurement was in 
good agreement with an invasive method car­
ried out in 8 pigs. The invasive pressure was 
measured through an indwelling catheter in 
the auricular or saphenous artery connected 
via a fluid-filled line to a pressure transducer 
(Baxter, Deerfield, IL, USA ) and was moni­
tored on a pressure monitor (Sirecust 730, Sie­
mens AB, Stockholm, Sweden). Rectal tem­
perature was measured with an electronic 
thermometer. The reflexes tested were the 
corneal reflex, by a gentle touch with a pen, 
and pin-prick, by pinching with forceps in the 
coronary band, tail and skin. The criteria pro­
posed by Thurmon et al. (1988a) were used to 
evaluate anaesthetic induction, recovery, and 
analgesia and are shown in Table 1. However, 
the results from the present study are pre­
sented as induction, anaesthesia including 
muscle relaxantia, analgesia, and recovery. 
To relate the body movements following the 
pin-prick test to signs of pain from surgery for 
umbilical hernias or inguinal hernias, opera­
tions were performed on 4 pigs anaesthetized 
with AM and on 4 pigs anaesthetized with 
ZX. In an attempt to interpret response to 
pain, blood pressure was measured invasively 
to find out if body movements were corre­
lated to a simultaneous rise in blood pressure 
was interpreted as response to pain. Surgery 
was not performed on any pig in group 3, be­
cause of the poor quality of analgesia as meas­
ured by the pin-prick test. 

Intubation 
All the animals undergoing surgery were intu-
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Tab I e 1. Criteria used to evaluate anaesthetic induction, anaesthesia & analgesia and recovery (Thurmon et 
al. 1988a). 

Anaesthetic induction 

Anaesthesia & Analgesia 

Reco ery 

Good 

No outward signs of 
excitement; rapidly 
assumes sternal 
recumbency and easily 
accepts tracheal 
intubation. 

No response to pin 
prick. 

Pig assumes sternal 
position with little or 
no struggling; stands 
and walks in a 
reasonable amount 
of time. 

bated with the guide-wire technique de­
scribed by Thurmon & Benson (1987). 

Statistical analyses 
All data are presented as mean values and 
standard error of the mean (SEM) unless oth­
erwise indicated. Analysis of variance for re­
peated measures was used to examine differ­
ences in respiratory rate, heart rate, and blood 
pressure over time. If ANOVA indicated a 
significant (p<0.05) difference, further analy­
sis was carried out using the Wilcoxon signed­
rank test to compare the values obtained dur­
ing anaesthesia with the initial values. Also, 
the different methods of anaesthesia were 
compared at each time-point by the Wilcoxon 
rank-sum test. 
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Drug effect 
Fair 

Mild signs of 
excitement, continuous 
movement, numerous 
attempts to arise 
immediately after 
assuming recumbency, 
poor muscle relaxation, 
responsive to tracheal 
intubation. 

Mild response to pin 
prick (mild muscle 
fasciculations only). 

Some struggling, 
requires assistance to 
stand. 

Results 

Poor 

Hyperkinesis, 
obvious signs of 
excitement, does not 
become recumbent or 
does so only briefly, 
poor muscle relaxation. 

Very responsive to pin 
prick (moderate to 
severe muscle 
fasciculations). 

Prolonged struggling, 
unable to stand even 
with assistance. 

The animals remained healthy throughout the 
experimental period. All the pigs were toler­
ant to the different drugs included in the an­
aesthetic experiments, and no side-effects 
were observed. 

General anaesthesia with azaperone and me­
tomidate 
This drug combination fulfils the require­
ments for anaesthesia for minor surgery in­
cluding intubation. The 8 pigs (group 1) as­
sumed recumbency within 150 to 240 sec. As 
shown in Table 2, the anaesthetic induction 
and recovery were of good quality in all pigs. 
The sternal position was resumed after 65-120 
min. According to the criteria for analgesia 
suggested by Thurmon et al. (1988), the anal­
gesia was fair in 6 pigs and poor in 2 animals 
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Table 2. The number of pigs were characterized as good, fair and poor responders to the various anaesthetic 
drugs in this study. The results were graded according to Table 1. 

Drug effect 
Good Fair Poor 

Azaperone + metomidate Anaesthetic induction 8 
(group 1) Anaesthesia & Analgesia 6 2 
n=8 Recovery 8 
Zoletil + xylazine Anaesthetic induction 12 
(group 2) Anaesthesia & Analgesia 2 6 4 
n = 12 Recovery 12 
Zoletil + xylazine + ketamine Anaesthetic induction 2 5 
(group 3) Anaesthesia & Analgesia 6 
n = 7 Recovery 

(Table 2). The respiratory rate was stable, at 
about 20 breaths per min (Fig. 1). A slight de­
crease in heart rate was noted with time dur­
ing anaesthesia, from a mean of 100 beats per 
min initially to a mean of 85 beats per min af­
ter 60 min (Fig. 2). The slight body move­
ments in response to pain in the additional 4 
pigs studied under surgery did not result in 
any simultanous rise in blood pressure. The 
mean arterial blood pressure was stable dur­
ing anaesthesia, at about 70 mm Hg (Fig 3). In 
all pigs, the rectal temperature fell by l.5-3°C 
as measured after 60 min of anaesthesia. The 
pigs showed good muscle relaxation during 
surgery. The duration of anaesthesia was suf­
ficient, and no further administration of the 
drugs was required during surgery for inguinal 
or umbilical hernias. 

General anaesthesia with Zoletil® and xylazine 
This group showed the smoothest and most 
reliable induction of anaesthesia. After injec­
tion of ZX, all pigs were recumbent within 90 
to 150 sec and possible to intubate. The an­
aesthetic induction and recovery were good in 
all pigs. The pigs were back in the sternal po­
sition after 65-90 min. Within this group, all 
pigs had good muscle relaxation, but only 2 

7 

pigs showed good analgesia (Table 2). The 
respiratory rate was stable at about 65 breaths 
per min (Fig.1). A decrease in heart rate with 
time, from a mean of 150 beats per min to a 
mean of 100 beats per min occurred during 
anaesthesia (Fig. 2). The body movements, as 
a result of pin-prick or surgery, did not result 
in any rise in blood pressure. The mean arte­
rial blood pressure was stable at about 75 mm 
Hg (Fig. 3). A fall in temperature of about 2°C 
was observed in all the animals after 60 min of 
anaesthesia. 

General anaesthesia with Zoletil®, xylazine 
and ketamine 
In this group, all pigs assumed recumbency 
within 90 to 150 sec. In the majority of the 
pigs, the anaesthetic induction was fair, and 
only in 2 animals was it considered good (Ta­
ble 2). Recovery was good in all pigs and they 
were in the sternal position no later than 40-45 
min after induction. Only in 1 pig was the 
analgesia of fair quality, while the rest of the 
pigs showed analgesia of poor quality. The 
analgesia in this group was too poor for sur­
gery. The respiratory rate was significantly 
lower in the ZXK group than at the ZX group 
in the first 6 measurement times. No signifi-
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Figure 1. Respiratory rate examined 5, 10, 15, 20, 25, 30, 35, 45 and 60 min after recumbency. The anaesthe­
sia was induced with azaperone and metomidate (AM), Zoletil® and xylazine (ZX) and Zoletil®, xylazine and 
ketamine (ZXK). The number of pigs was 8, 12 and 7, respectively. 

cant difference was noted at the last measure­
ment time, as the ZXK animals were close to 
recovery and the respiratory rate was increas­
ing (Fig. 1). The heart rate pattern was similar 
to that in group 2 (Fig.2). As shown in Fig. 3, 
the blood pressure was stable at about 75 mm 
Hg throughout the anaesthesia. A fall in tem­
perature occurred in this group also, amount­
ing to 0.5-l.2°C after 25 min of anaesthesia. 

Discussion 
All pigs in the present study, irrespective of 
the choice of anaesthetic drugs, were good 
subjects for general anaesthesia. Even though 
pigs are easily mentally stressed, as reflected 
in their hormonal and metabolic responses 
(Hiiggendahl et al. 1988,Jensen-Waern & Ny­
berg 1993), both the induction of general an­
aesthesia and the recovery were smooth and 
calm (Table 2). 
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Administration of anaesthetics 
General anaesthesia is an alternative to local 
anaesthesia, even for minor surgery, since the 
restrained pig will create a lot of struggling 
and squeals. A number of methods for an­
aesthesia in the growing pig have been used 
over the years. Inhalation with trichloroethy­
lene, ether or chloroform through an open 
face mask was previously used quite com­
monly in field practice. Although these inhal­
ants worked very well from an anaesthetic 
point of view, they are rarely used today be­
cause of the strong occupational health haz­
ards involved in the use of volatile agents 
without waste gas scavenging. Today, inhala­
tion anaesthetics are used under research con­
ditions where sophisticated equipment is 
available and the question of expense does 
not limit the choice of anaesthetic technique. 
However, caution must be observed in stress­
susceptible pigs with the genotype Hal" Hal" 
(Webb et al. 1982), since the pharmacogenetic 
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Figure 2. Heart rate monitored in 3 experimental groups of pigs 5, 10, 15, 20, 25, 30, 35, 45 and 60 min after 
recumbency. For abbreviations see Fig. 1. 

disorder malignant hyperthermia may be trig­
gered by inhalation anaesthetics such as halo­
thane (Eikelenboom & Minkema 1974). 
Injectable anaesthetic agents may be given by 
the intravenous, intraperitoneal or intramus­
cular route. Although an excellent way of in­
ducing general anaesthesia in the pig, a disad­
vantage of intravenous administration is the 
difficulty in venepuncture and injection into 
the auricular vein, especially if the animal is 
small and struggles. Also, tissue necrosis of 
the ear may occur after intravenous injection 
of anaesthetic agents. Barbiturate anaesthet­
ics, such as pentobarbitone sodium, have been 
widely used for general anaesthesia in pigs, 
administered either intraperitoneally or intra­
venously. Even though these drugs are less ex­
pensive than most anaesthetic agents, disad­
vantages such as respiratory depression and 
prolonged recovery may limit their usefulness 
for field anaesthesia (Hall & Clarke 1991). 
Intraperitoneal injection may be cumber-

some, since it requires skilful handling of the 
pig and technical assistance. Moreover, im­
proper administration into fat, urinary blad­
der, intestines or other organs will cause an 
unpredictable uptake of the drug (Hall & 
Clarke 1983). Problems of irregular induction 
of anaesthesia often arise from the ability of 
the pig to use adipose tissue as a depot for an­
aesthetics, and complications such as perito­
nitis have also been reported after intraperit­
oneal injections (Hall & Clarke 1991). Quick 
and smooth intramuscular administration of 
the anaesthetic agent without a need for re­
straining the animal would be an ideal method 
of induction. 

General anaesthesia with injectable anaesthet­
ics 
Although the present study showed that both 
AM and ZX gave excellent induction (Table 
2), the latter combination is to be preferred 
because of its shorter induction time, 90-150 

Acla ve1 . scand. vol. 36 no. 3 - 1995 



408 H. Henrikson et al. 

I)() 

:c: 90 

e 80 
5 
.; 70 
I- • AM 
:I 

"' 60 • zx 
"' a ZXK I-
Q, 50 
"O 
0 
0 40 :c 
-; 30 'i: 

t: 20 
o:I 

c 10 o:I 

0 
5 1 0 1 5 20 25 30 35 45 6 OTime, min 

Figure 3. Mean arterial blood pressure monitored in 3 experimental groups of pigs 5, 10, 15, 20, 25, 30, 35, 45 
and 60 min after recumbency. For abbreviations see Fig. 1. 

sec, and the small volume that needs to be in­
jected intramuscularly. Induction of anaesthe­
sia with AM is safe but requires more han­
dling of the animals than ZX, since 
metomidate must be administered by the 
intraperitoneal or intravenous route. For 
proper induction, the pigs also have to be kept 
in an environment with little disturbance. In 
contrast to the results obtained in potbellied 
pigs by Ko et al. (1992), the ZXK-drug combi­
nation Zoletil®, xylazine and ketamine failed 
to give proper induction of anaesthesia in 5 
pigs out of 7. This may be explained by the 
fact that growing crossbreeds can respond dif­
ferent to anaesthetics than fullgrown potbel­
lied pigs. The injection of ZXK resulted in a 
chemical restraint with continuous move­
ments and mild excitement. 
The induction, muscle relaxation and recov­
ery were judged to be good after injection of 
AM or ZX. However, the analgetic effect of 
both combinations was only considered to be 
of fair quality. Nevertheless, the results ob-
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tained in our study clearly show that the com­
bination of Zoletil and xylazine can be used in 
pigs to produce satisfactory general anaesthe­
sia for minor procedures, but it is recom­
mended that the pigs should be intubated and 
that the anaesthesia be maintained with addi­
tional injectable or inhalation anaesthetic 
agents during prolonged anaesthesia and ad­
vanced surgery. The anaesthesia after admin­
istration of ZXK was only judged as fair. Fur­
ther, the considerably shorter duration of 
anaesthesia with ZXK could be explained by 
a lower total dose of the cyclohexamines tilet­
amine and ketamine as compared with the 
dose of tiletamine in the ZX combination. Re­
cently, and during the course of our investiga­
tion, Ko et al. (1993) reported that approxi­
mately 4 times higher doses of tiletamine, 
zolazepam, xylazine and ketamine, compared 
with those previously administered to potbel­
lied pigs (Ko et al. 1992), produced similar an­
aesthesia to a combination of tiletamine, zo­
lazepam and xylazine in swine. They further 
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concluded that ZXK had no advantage over 
ZX and that the ZXK-drug combination is 
more laborious to handle. Thus, the variation 
in response in relation to the administered 
dose is possibly explained by the use of differ­
ent breeds. 
Both the heart rate, arterial blood pressure 
and respiratory rate were well maintained 
during anaesthesia with AM. A marked and 
persistent tachycardia was noted after induc­
tion with ZX and ZXK. This response is prob­
ably caused by a central sympathetic nervous 
stimulation, which is well known after admin­
istration of cyclohexamines. Premedication 
with atropine given to all pigs could partly be 
responsible for the tachycardia during an­
aesthesia with ZX and ZXK, but no cardio­
vascular effects from atropine were registered 
during anaesthesia with AM. Despite the in­
crease in heart rate, the mean arterial blood 
pressure did not differ from that in anaesthe­
sia with AM. The significantly higher respira­
tory rate observed after administration of ZX 
and ZXK, compared with AM, is characteris­
tic for cyclohexamines (Short 1987). The 
higher total dose of cyclohexamines in ZX 
than in ZXK is probably responsible for the 
difference in respiratory rate between these 
drug combinations. Also, a high respiratory 
rate at the expense of a decreased tidal vol­
ume has been shown in other species (Short 
1987). The decrease in rectal temperature was 
most pronounced during anaesthesia with 
AM and least with ZXK. The lack of body 
hair and the peripheral vasodilation of the cu­
taneous vessels, especially after sedation with 
azaperone, is probably responsible for the hy­
pothermia during anaesthesia in pigs. 
The drug combination AM has been reported 
to produce a basal narcosis with limited anal­
gesia for surgery (Hall & Clarke 1991), while 
dissociative anaesthesia with ketamine or ti­
letamine in combination with proper sedation 

and muscle relaxation has been regarded as a 
light general anaesthesia sufficient for surgi­
cal manipulation in pigs (Thurmon et al. 
1988b). The response to pain, observed as 
body movements following the pin-prick test 
or surgical stimulation, was similar during an­
aesthesia with AM and ZX. Thus, and some­
what unexpectedly, both the present and a 
previous report by Henrikson (1992) do not 
indicate that cyclohexamines combined with 
sedatives results in less response to pin-prick 
or surgery compared with AM. Mild re­
sponses to pin-prick or surgery were ob­
served, but did not result in a simultaneous in­
crease in arterial blood pressure. Although it 
is difficult to evaluate the quality of analgesia 
from this study, we decided, based on the cri­
teria of Thurmon et al. (1988a), to describe 
analgesia as fair in these groups. The ZXK­
drug combination failed to produce sufficient 
analgesia in the present study. A very distinct 
response to the pin-prick test was seen in the 
pigs, and surgery was not carried out in this 
group. 
The question of whether the analgesia pro­
duced by AM or ZX is sufficient for surgery 
or whether additional sedation or local anal­
gesia are necessary to enable surgery to be 
carried out still remains to be answered. Fur­
ther evaluation of analgesia requires monitor­
ing of the CNS by EEG after a painful stimu­
lus (Fors/id 1987, on Waldmann et al. 1994). 
However, with this limitation in mind it is con­
cluded from the present study that ZX did not 
provide a superior anaesthesia and analgesia 
compared to AM in crossbreed pigs. 
In this study, the recovery from all drug com­
binations was good, as judged by the criteria 
of Thurmon et al. (1988a). The pigs should be 
provided with a calm, warm and comfortable 
environment during recovery. Thus, it is ad­
visable to use a heating pad or heating lamp 
during prolonged anaesthesia to prevent a fall 
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in temperature during the recovery period. 
The use of dissociative anaesthesia without 
sufficient sedation will greatly enhance the 
risk of struggling during recovery. 
In conclusion, the present study has shown 
that AM produces anaesthesia with good car­
diovascular stability. It is also an economically 
favourable drug combination that is suitable 
for minor surgery. The ZX combination pro­
duces a good, reliable and rapid induction and 
fair anaesthesia, but is more expensive. Good 
cardiovascular function is maintained, and the 
laryngeal relaxation makes intubation pos­
sible. These characteristics are very useful for 
induction of anaesthesia in a laboratory envi­
ronment, as easy handling to avoid stress is 
necessary for the further research. 
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Sammanfattning 
£11 jlimforande studie a olika anestetika id al/miin 
anestesi pt'! iixande grisar. 

Denna fOrsoksstudie iir gjord med utgAngspunkt 
frAn 2 olika anviindningsomrAde for allmiin anestesi 
pA gris. A) anestesi for kirurgi under faltmiissiga 
forhAllande och B) anestesi med liingre duration for 
experimentell kirurgi. Djuren delades in i 3 olika 
forsoksgrupper. En grupp sovdes med azaperon (St­
resnil®) och metomidat (Hypnodil®), en grupp med 
Zoletil® i kombination med xylazin (Rompun®) och 
den sista gruppen med Zoletil®. xylazin och ke­
tamin (Vetalar®). 
Foljande parametrar undersoktes pA varje gris: hjiir­
tfrekvens, andningsfrekvens, blodtryck med blodtry­
cksmanschett, anestesidjup oeh temperatur. 
Anestesikvaliteten och anestesidjupet mattes med 
hjiilp av grisens svar pA smiirtsamma stimuli sAsom 
nyp i kronrand, svans och hud med pincett. Mindre 
omfattande kirurgi med samtidig blodtrycksmiitning 
utfOrdes p11 Atta grisar fOr all kunna utviirdera om 

sambandet mellan smiirtsamt stimuli och reaktion 
hos grisen 11tftlljdes av blodtrycksstegring. lnget 
klart samband kunde noteras. 
Av de i studien ingAende anestesikombinationerna 
fungerar azaperon och metomidate samt Zoletil® 
och xylazin likviirdigt for kirurgi under fiiltmassiga 
fOrhAllanden. BAda kombinationerna ger en god in­
duktion, bra muskelavslappning och bra uppvak­
nande ur anestesin. Den analgetiska effekten iir 
emeUertid sv11rbedomd, men torde vara tillfyllest for 
mindre kirurgi. Ftlr niirvarande stiiller sig alternati­
vet AM mer ftlrdelaktigt ur ekonomisk synvinkel. 
For anvandning inom experimentell kirurgi med 
liingre tids anestesi iir det biista alternativet Zoletil® 
och xylazin. Denna kombination ger snabb och till ­
fOrlitlig induktion av anestesi, iir Hitt alt administrera 
dA volymen iir liten och allt injiceras intramuskullirt. 
Intubering kan med liitthet genomfOras efter induk­
tion med ZX och darefter kan anestesi med inhala­
tion av t.ex halothan eller isofluran anvandas for un­
derh1111. 

(Recei ed No ember 4, 1994; accepted May 24, 1995). 

Reprints may be obtained from: G. Nyman, Department of Medicine and Surgery, Faculty of Veterinary Med­
icine, Swedish University of Agricultural Sciences, P.O. Box 7037, S-750 07 Uppsala, Sweden. 

Acta vet. scand. vol. 36 no. 3 - 1995 






