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Abstract: Nowadays, because of increasing employment of swine for experimental studies and
medical training, it is hopeful to investigate novel and effective anaesthetic protocols for preserving
the animal welfare in medical investigation and concurrently improving the quality of research.
Therefore, the aim of this study was to investigate a novel and effective anaesthetic protocol in swine
undergoing major surgery, by translating know-how of combined anaesthesia from human protocols.
Seven landrace swine were anaesthetized for three hours by a combined trial anaesthetic protocol
(sedation: medetomidine, acepromazine, atropine and tramadol; induction: propofol, medetomidine
and acepromazine; anaesthesia: isofluorane, propofol, medetomidine and acepromazine) and both
clinical and haemodynamic parameters were compared with those of five swine anaesthetized with
a control protocol (sedation: diazepam, ketamine and atropina; induction: diazepam and ketamine;
anaesthesia: isofluorane). Both cardiac frequency (CF) and mean blood pressure (MBP) were
significantly (P<0.05) more stable in trial protocol (CF: 78.3 £ 4.6-81.1 £ 5, MBP: 63.9 + 10.7-96.4 +
13.0) compared to control protocol (CF: 93.7 + 5.5-102.5 £ 8.5, MBP: 71.0 + 6.6-108.7 + 7.2). The
body temperature remained stable in trial protocol (°C: 36.9 + 0.7-37.2 + 0.3) compared to control
anaesthesia (°C: 36.4 + 0.3-37.3 + 0.2, P<0.05). Haematosis improved undergoing combined
anaesthesia (+2%, P<0.05) whereas did not change in control animals. There were no differences
in respiratory rate between trial and control protocols. This study demonstrates that the proposed
balanced intravenous-inhalant protocol permits to carry out a very effective, stable and safe anaesthesia
in swine undergoing deep anaesthesia.
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Introduction

Swine are suitable experimental animals for many
surgery techniques such as liver, kidney, heart, blood
circulation and intestine. In effect, pigs have a significant
morphological and functional similarities compared to
human. Therefore, innovative surgical techniques have
been firstly investigated in pigs for their feasibility,
safety and efficacy. Furthermore, also pathophysiologi-
cal investigations such as organ failure and sepsis have
high validity in animal model based on swine [32]. In
addition, the role of swine as a model employed in train-
ing for basic surgical techniques and for innovative
procedures, such as new laparoscopy devices applica-
tion, has also to be highlighted [32, 53]. In fact, even
though the research and training in pigs may present
management and logistic complexity compared to small
laboratory animals, the importance of these training
procedures in swine has been broadly confirmed during
the last decade [2, 13, 26, 32, 33, 46].

Even though the state-of-art of human anaesthesia
has reached significant levels and it is continuously
developing, the knowledge of swine anaesthesia in sub-
jects undergoing surgery for medical research intents
appears to be quite static [3, 60]. Furthermore, as an
increasing employment of swine for experimental stud-
ies and medical training, it seems to be necessary to
investigate new and effective anaesthetic protocols for
preserving animal welfare in medical investigation and
concurrently improving the quality of research [2, 13,
26, 33, 46].

In our opinion, the best way for investigating new
anaesthetic protocols in swine is represented by a trans-
lational process of understanding from human anaes-
thetic protocols. Nevertheless, it has also to be addressed
that a main actual issue to the research in veterinary
anaesthesia is represented by law restrictions concerning
many drugs that are commonly used in human but offi-
cially not allowed in animals, or for those drugs that
requires specific permission for their use in animals such
as opioids and dissociative compounds.

Therefore, the aim of this study was to investigate a
novel and effective anaesthetic protocol in swine under-
going deep surgery, by translating and adapting the
know-how of combined anaesthesia from human proto-
cols, and exclusively employing drugs that are not under
law restrictions in Europe. The rational of the proposed
protocol was to elicit potential synergistic interaction

among medications in order to reduce drug concentra-
tions and, thus, to prevent adverse events.

Materials and Methods

The study was approved by the Institutional Animal
Care and Use Committee (IACUC) of the University of
Rome “Tor Vergata”, Rome, Italy. All experiments were
performed in accordance with European and Italian rules
on animal experimentation (D.L.vo 116/92; 86/609/
CEE). The drugs and medications have been managed
and administered by a veterinary doctor (DVM, PhD)
specialized in surgery and anaesthesiology, with the sup-
port of a theatre assistant. The surgical procedures have
been performed by a specialized medical doctor (MD)
research team specialized in surgery. The scientific
level and the adequacy for carrying out the trial have
been approved by IACUC. Animal care, before and after
experiments, were made only by trained personnel.

Animals

Twelve healthy landrace swines (11 female, 1 male),
weighed 40.9 = 7.5 kg and 5.1 = 0.9 months old, were
obtained from an authorized and high quality breeding
farm in the district of Rome and moved into the animal
farm of the Department of Biology STA University of
Rome “Tor Vergata” (Rome, Italy) ten days before the
surgery sessions. Animals were randomly chosen from
a homogeneous group in order to avoid significant indi-
vidual variations concerning anatomy and physiology.
Animals had not access to the water and feed 12 and 24
h before the surgery, respectively.

Drugs

The drugs used in the study were: acetylpromazine
(ACE, 10 mg/ml), atropine (ATR, 1 mg/ml), diazepam
(DIA, 5 mg/ml), isofluorane (ISO), ketamine (KET,
100 mg/ml), medetomidine (MED, 1 mg/ml), lidocaine
(LID, 2%), propofol (PRO, 10 mg/ml) and tramadol
(TRA, 50 mg/ml). In the paper the term “MIX” is re-
ferred to a mixture 50/50 (volume/volume) of MED/
ACE. All drugs were stored at room temperature and
were bought by Demas S.r.L (Rome, Italy).

Triage

The body temperature (38.4 + 0.4°C), the cardiac fre-
quency (CF) expressed as beats per minute (BPM, 88.6
+ 18.9), the respiratory rate (RR) expressed as acts per
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Table 1. Piglet population and triage

Number (gender) 12 (11 F; 1 M)
Age (months) 5.1+09
Body weight (kg) 409+75
Body temperature (°C) 38.4+04
Cardiac frequency (BPM) 88.6 +18.9
Gingival refill time (seconds) 2.7+04
Respiratory rate (APM) 17.6+1.9
ASA 1.6+04

Each value is the mean + CI of n=12 different subjects.
BPM: beats per minute, APM: act per minute, ASA:
physical status classification by American Society of An-
aesthesiologists.

minute (APM, 17.6 £ 1.9) and the gingival refill time
(2.7 £ 0.4) were in the normal range at the pre-surgery
clinical visit [32, 60]. The physical status classification
by American Society of Anaesthesiologists (ASA) was
1.6 £ 0.4 since some subjects were very sensitive to the
handling-induced stress [23] (Table 1).

Anaesthesia
1) Depth of anaesthesia

The depth of anaesthesia has been continuously mon-
itored during the trial and, in agreement with the surgical
procedures performed on animals, pigs have been con-
stantly maintained at a level of surgical anaesthesia, in
agreement with the latest guidelines proposed for anaes-
thesia in laboratory animals and swine [24, 46]. In par-
ticular, the depth of anaesthesia has been regulated to
perform “type I1I” procedures, in agreement with recom-
mendations suggested by Boschert and colleagues for
major surgery in pigs [8].

2) Trial group

Seven pigs were enrolled for studying the trial anaes-
thetic protocol as follows:

Preanaesthetic sedation

The preanaesthetic medication was intramuscular (IM)
in the region of neck, injecting through one syringe ATR
0.02 mg/kg, TRA 2.3 mg/kg and MIX 0.04 ml/kg
31.0 £ 7.8 min before the induction of anaesthesia
(Table 2).

Induction of anaesthesia

When animals were in sternal or lateral recumbency,
a 22 standard wire gauge cannula was placed in the mar-
ginal auricular vein through which fluids (NaCl 0.9% at
the rate of 8 ml/kg/h) and drugs were subsequently in-
jected. The anaesthesia was inducted with intravenous
(IV) MIX 0.02 ml/kg followed by PRO 3.2 mg/kg. LID

2% was sprayed on the larynx and the endotrachel intu-
bation by 8.0-9.0 mm diameter tube was carried out
(Table 2).

Maintenance of anaesthesia

After the induction of anaesthesia and tracheal intuba-
tion, automatic lung ventilation in a semi-closed circle
was performed, setting the operation mode as assist
controlled of intermittent positive pressure ventilation
(IPPV-AC), the I/E ratio (1:2), the volume of gas inhaled
and exhaled during one respiratory cycle (Tidal Volume,
14.5 ml/kg), the positive end expiratory pressure (PEEP,
20 cmH,0) and the RR (>10 APM) by an AM Major
5000 anaesthesia machine combined with an Alpha
Delta Lung Ventilator and a Siare Isofluorane Vaporizer.
The fraction of inspired oxygen in the gas mixture (Fi02)
was continuously monitored (Table 2).

The anaesthesia continued 180 minutes and main-
tained with ISO (from 1.3 to 2.4%) vaporized in oxygen
(from 1.8 to 2.2 1/min) plus MIX (from 5.7 to 15.6 ul/
kg/hour, IV) and PRO (from 0.9 to 2.2 mg/kg/hour, V)
(Fig. 1, Table 3).

3) Control group

Five pigs were included into the control group and
they were anaesthetised with a control anaesthetic pro-
tocol as previously reported by Tranquilli and colleagues,
in agreement with the “Recommendations of the Con-
sensus meeting on Ketamine Anaesthesia in Pigs” [8, 60].
Briefly, animals were sedated IM by injecting through
one syringe DIA 1.5 mg/kg plus KET 14.0 mg/kg plus
ATR 0.04 mg/kg. After that, animals were inducted IV
with DIA 1.0-2.0 mg/kg plus KET 10.0-18.0 mg/kg to
effect and the anaesthesia was maintained with ISO 4%
in oxygen 2 1/min (Tables 2 and 3).

Surgical procedure

The anaesthesia was performed in animals undergoing
bloodless kidney resection and partial nephrectomy by
an incremental, bipolar radiofrequency generator with
multi electrode probe, as previously described [53, 54].
In particular, animals were supine for laparotomy surgery
by performing intestinal loops mobilization for partial
nephrectomy after artery and vein isolation. At the end
of surgical procedure, animals were managed in accor-
dance with the European guidelines (86/609/CEE) and
Italian laws (D.L.vo 116/92) concerning the animal test-
ing regulation and welfare [29].
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Table 2. Main clinical records, procedures, anaesthetics devices setting and drugs administration

Pre-anaesthesia Sedation Anaesthesia Induction Anaesthesia
Trial Control Trial Control Trial Control
protocol protocol protocol  protocol protocol  protocol
Recumbency 19.0+3.7 18.5+4.1 Endotracheal  2.6+04* 39+0.1  Anaesthesia 180 180
time (min) intubation duration (min)
1: very easy
4: very difficult
Vomiting ND, ND, Apnoea 1 event* ND IPPV, mini- 10 10
no ptialism***  ptialism in all mum rate set
subjects (APM)
ATR 0.02 £0.007* 0.04 PRO 32+0.6 / IPPV, maximal 20 20
(mg/kg, IM) (mg/kg, IV) pressure set
(cm/H20)
TRA 23402 / MIX 19.6 £0.9 / Tidal Volume 145+32 148+39
(mg/kg, IM) (ul/kg, IV) (ml/kg)
MIX (ul/kg, IM) 41.1+9.93 / DIA (mg/kg) / 1.0-2.0 Recovery Time 17.2+3.9* 289+24
(to effect) (min)
DIA (mg/kg) / 1.5 KET (mg/kg) / 10-18
(to effect)
KET (mg/kg) / 14.0

Each value is the mean + CI of control (n=5) and trial (n=7) protocols. ATR: atropine, DIA: diazepam, IPPV: intermittent positive pressure
ventilation, KET: ketamine TRA: tramadol, MIX: a mixture 50/50 (volume/volume) of MED (0.1%) / ACE (1%), ND: not detected, PRO:
propofol, IPPV: intermittent positive pressure ventilation; Tidal Volume: the volume of gas inhaled and exhaled during one respiratory
cycle, ND: not detected TRA: tramadol; *P<0.05, ***P<0.001 vs. control group.

1) Hemodynamic monitoring

The electrocardiogram, the respiration, the non-inva-
sive blood pressure, the temperature and the oxygen
saturation (SpO,) were continuously monitored by a
Mindray patient monitor MEC-1200.

2) Statistic analysis

Statistical analysis was performed by using the soft-
ware GraphPad Prism version 5.00 for Windows. All
values are presented as mean + CI and the statistical
significance was assessed by Student’s ¢ test or one-way
analysis of variance (ANOVA), with Dunnett’s or Bon-
ferroni post-tests when necessary. Appropriate curve-
fitting to polinomial models were used to graph the re-
sults. The level of statistical significance was defined as
P<0.05 compared to control group [48].

Results

The preanaesthetic sedation permitted an adequate
placement of the IV catheter in the ear veins of all pig-
lets. Nor vomiting nor nausea was detected and animals
lay down softly in 19.0 + 3.7 min without differences to
control group (P>0.05) (Table 2). In trial protocol ani-

mals did not manifested ptialism compared to subjects
of control group where this symptom was often detected
(P<0.001).

All piglets of trial protocol had a soft and rapid induc-
tion of anaesthesia. One event of apnoea was detected
through PRO induction and it was successfully managed
by mechanical ventilation. On the contrary, the sedation
of control group was characterized by muscular rigidity
and tremors.

The intubation difficulty was 2.6 + 0.74 for trial group,
in a range-scale from 1 to 4 (1: very easy, 2: normal, 3:
difficult and 4: very difficult intubation) and it was sig-
nificantly easier compared to control group (3.9 + 0.1,
P<0.05). Furthermore, the swallowing reflex was mani-
fested in one subject of the trial group during the intuba-
tion procedure, and deepening the level of anaesthesia
with PRO effectively abolished it.

The CF did not significantly change, ranging from
78.3 £4.6 to 81.1 = 5.5 BPM during the anaesthesia
maintenance in the trial group and was significantly
(P<0.05) more stable compared to control group.

The mean blood pressure significantly (P<0.001) de-
creased from 96.45 = 13.00 mmHg (1%t hour) to 63.90 +
10.72 mmHg (3" hour) in absence of bleeding. The
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Fig. 1. Timetable for administrating MIX, PRO, ISO and oxygen
along three hours of anaesthesia with the balanced protocol.
Each value is the mean + CI of n=7 different subjects. MIX:
a mixture 50/50 (volume/volume) of MED (0.1%)/ACE
(1%), PRO: propofol, ISO: isofluorane.

systolic and diastolic blood pressures also shown a sig-
nificant (P<0.001) reduction during anaesthesia. Even
though the blood pressure decreased in the trial group,
values were always maintained into the normal range for
an adequate cerebral, renal and coronary perfusion and
did not show any significant (P<0.01) peak as that de-
tected at 2" hour in control group (maximal pressure
145.0 £ 5.0 mmHg) [60] (Table 4).

The SpO, value significantly (P<0.05) increased dur-
ing anaesthesia of trial group, whereas it did not im-
proved during anaesthesia in control group and FiO,
remained unchanged in both groups (Table 4).

The body temperature was 37.2 £ 0.3 °C at the begin-
ning of anaesthesia and remained stable in the trial group,
whereas the temperature slightly dropped out at 3" hour
in control animals (P<0.05) (Table 4).

The RR ranged from 14.95 + 1.80 APM (1% hour) to
12.15 £2.25 APM (3" hour) in trial group and was not
significantly different to control anaesthesia (P>0.05)
(Table 4).

The muscle relaxation and the intra-operatory analge-
sia induced by the trial protocol were good as detected
by surgeons and by vital sings [60]. On the contrary, an
IV administration of DIA (bolus to effect) was required
in the control group at both 60 and 120 min of anaesthe-
sia since the muscle relaxation induced by control an-
aesthesia was not adequate [15, 37].

The recovery time, calculated as the period of time
between the end of all anaesthetic drugs administration
and the restore of the mandibular muscle tone, was 17.20
+ 3.90 min for the trial protocol, significantly shorter than
that relived for the control protocol (P<0.05) (Table 2).

Discussion

The present study demonstrated that the proposed
novel balanced intravenous-inhalant protocol for anaes-
thesia was effective, haemodynamically stable and safe
in swine undergoing a medium-long term major surgery
session. These goals have been gained by exclusively
employing drugs that are not under law restriction in
Europe.

Even though some drugs used in this protocol usually
produce depressant effects of the cardio-respiratory sys-
tem when administered under different conditions or
alone [7, 15, 30, 38, 39, 49, 51, 58], paradoxically our
combined anaesthetic protocol was very effective in
maintaining the hemodynamic homeostasis along all the
time of surgery. In effect, the cardiac frequency was
constant, neither hypotension nor hypertension was re-
corded and the body temperature did not alter. The
unique adverse event was an episode of apnoea during
anaesthesia induction that was easily managed [35].

Specifically, the surgical procedure, requiring very
small laparotomy, provided the isolation of renal pedicle
and clamping artery and veins about 75 min after begin-
ning of anaesthesia for partial nephrectomy. We highlight
that, undergoing our anaesthetic protocol, this surgical
procedure did not induce any evident haemodynamic
modification compared to previous findings that docu-
mented an increasing of CF followed by a harmless
compensatory decline of the blood pressure [2, 55]. In
addition, the body temperature did not decreased, al-
though this finding might be correlated with the short
laparotomy.

Another attractive result concerns the improvement
of haematosis induced by our protocol. The SpO, en-
hanced of about 2% along the anaesthesia session and
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Table 3. Gas and drugs administration for anaesthesia maintenance

Trial protocol

Control protocol

15t hour 2 hour 3" hour 15t to 3" hour
Oxygen (I/min) 22403 20+0.1 1.840.1 2.0
1SO (%) 24403 % 1.8+0.1 * 13+0.1 % 4
MIX (ul/kg/hour, IV) 15.62+0.11 9.60+0.13 5.74+0.19 /
PRO (mg/kg/hour, IV) 2.15+0.01 1.46 £ 0.01 0.86 % 0.02 /

Each value is the mean + CI of control (n=5) and trial (n=7) protocols. ISO: isofluorane, MIX: a mixture
50/50 (volume/volume) of MED (0.1%) / ACE (1%), PRO: propofol; “P<0.05 vs. control group.

Table 4. Vital parameters recorded along three hour of deep anaesthesia

Trial protocol

Control protocol

15 hour 20d hour 3 hour 1 hour 27 hour 3 hour
Cardiac Frequency (BPM) 783+4.6 80.7+5.08 81.1+5.5% 93.7+5.5 102.5+8.5" 96.2 £1.25™
Systolic Blood Pressure (mmHg) 116.9+9.6 98.6+83"% 912+89™  [1112+3.1 133.7+£55" 107.5+4.8"
Mean Blood Pressure (mmHg) 96.4+13.0 75.1+9.5%  63.9+10.7"  78.7+£51 108.7+£72"  71.0+6.6
Diastolic Blood Pressure (mmHg) 80.4+£12.7 61.1+104™ 529+124™ 612+£3.1 863+24™ 563+3.7
Respiratory Rate (ATM) 149+1.8 13.0+23 12.1+£22 14.0+2.0 13.5+£25 125+2.1
SpO, (mmHg) 96112 98.0+08"% 976406  953+09 955+0.7  949+18
FiO, (%) 88.8+3.7 903+3.1 91.1+29 90.2£3.1 89.7+3.0 89.5+3.7
Body Temperature (°C) 37.2+03 37.1+0.5 36.9+0.7 37.3+0.2 36.9+0.5 36.4+0.3"

Each value is the mean + CI of control (n=5) and trial (n=7) protocolsEach value is the mean + CI of n=7 different subjects. BPM: beats
per minute, ATM: acts per minute, SpO,: oxygen saturation, FiO,: fraction of inspired oxygen in the gas mixture; * P<0.05 vs. 1% hour,
"P<0.01 vs. 1%t hour, " P<0.001 vs. 1%t hour; $P<0.05 and ¥$P<0.01 vs. control group.

this effect might be referred to the potent peripheral
alpha receptor antagonism induced by the tranquilizer
ACE. In effect ACE, a central dopaminergic receptor
blocker at level of basal ganglia, forebrain, chemorecep-
tor trigger zone and hypothalamus, could improve the
arterial oxygenation by inducing vasorelaxation in the
pulmonary vascular bed and by reducing the pulmonary
arteriovenous shunt in swine as previously suggested for
different species [5, 9, 45]. In fact, it was demonstrated
that during anaesthesia, the impaired arterial oxygen-
ation can be attributed to an increased shunt and venti-
lation-perfusion ratio mismatch [45]. Therefore, the
administration of ACE as a pre-anaesthetic drug could
permit to prevent some of the anaesthesia-induced ven-
tilation-perfusion ratio mismatch.

The improvement of haematosis might also be related
to the peculiar approach provided by our protocol, which
consist of a mixture of inhalant and IV drugs. In effect,
it has been reported that volatile anaesthetics decrease
the arterial SpO, by inhibiting hypoxic pulmonary va-
soconstriction. This autonomic regulatory mechanism
of pulmonary circulation diverts blood flow away from
poorly aerated lung areas, thereby improving ventilation-
perfusion ratio [6, 20, 36]. Therefore, the inhibition of
this local vasoconstriction by volatile anaesthetics

modifies the distribution of blood flow in the lung, mis-
matching the ventilation-perfusion ratio [36]. In our
anaesthetic protocol, the gas exchange disturbances was
probably less considerable because of the low dose of
inhalants, balanced by the IV anaesthetics for maintain-
ing an adequate level of anaesthesia required for major
surgery.

In human, the popularity of TIVA by PRO is now a
very attractive alternative compared to volatile anaes-
thetics. It has some advantages such as hemodynamic
stability, stable depth of anaesthesia, predictable and
rapid recovery, lower total dose of drug, reduced post-
operative nausea and vomiting, less pollution and toxic-
ity than that produced by volatile agents [19, 22, 42].
Furthermore, it was confirmed that PRO decreases
plasma catecholamine concentrations reducing the ad-
renergic response to surgical stress [40, 41]. In addition,
it has been also demonstrated that PRO may be effective
in preventing bronchospasm in human during sedation
[52]. Unfortunately, even though PRO has a good safe-
ty profile, it may also induce side effects that, in very
sporadic cases, might be really dangerous for the health
of patients. Particularly, the respiratory depression and
apnea, the dose-dependent hypotension, the hypertri-
glyceridemia-associated pancreatitis and the generation
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of oxygen free radicals have been reported. In addition,
high doses of PRO infusion have been associated with
severe metabolic acidosis and circulatory collapse [14,
27, 28, 44]. Therefore, the concomitant use of ISO in
our combined anaesthetic protocol permitted to reduce
the concentrations of PRO, preserving its haemodinamyc
advantages and avoiding potential side effects.

The rational for using the potent and highly selective
a2 adrenoreceptor agonist MED in this balanced anaes-
thetic protocol was related to its sedative, analgesic and
muscle relaxant characteristics. The administration of
ATR, a non-selective anticholinergic drug, and of ACE,
characterized by antiemetic and antiarrhythmic effects,
permitted to completely avoid the potential cardiopul-
monary dysfunction related to the administration of
MED [9, 12, 57]. In fact, in no animal arrhythmias, hy-
per/hypotension, vomiting and nausea were detected.
Moreover, together with PRO, MED induced an excel-
lent muscle relaxation [15, 57].

This novel anaesthetic protocol also included the ad-
ministration of TRA, an analgesic drug with mixed opi-
oid and nonopioid activities used both in humans and
animals as a pre-medication compound [1]. The IM
administration of TRA permitted to reduce the stress, to
facilitate intubation, to reduce the dose of induction
agents and to improve the recovery time, as previously
reported in different anaesthetic protocols in piglet
[1, 41]. Moreover, it has been reported that TRA pro-
duces synergistic interaction with MED on analgesia and
with ACE on sedation [1, 9, 57]. Furthermore, a practice
advantage of TRA is that in many countries the regula-
tion concerning its use is less strict than for other opioids
[43].

Although some authors reported the presence of re-
flexes at a superficial/mild level of anaesthesia in swine,
even proposing a checklist of reflexes [32, 33], we did
not monitor the level of anaesthesia by evaluating re-
flexes. In fact, it has been proved that somatic reflexes
could be ineffective to adequately establish the depth of
surgical anaesthesia in swine [60]. Also the corneal-
palpebral reflexes is not a good indicator for evaluating
the depth of anaesthesia, being it often absent during
anaesthesia and even weak in deep sedation
[13, 25, 26, 58]. Therefore, we did not evaluate somatic
reflexes during the surgery sessions. On the other hand,
our findings are consistent with those of other Authors
that consider the increase of heart/respiratory rate and
blood pressure the most sensitive indicators of a light

plane of anaesthesia and pain in swine [13, 24-26, 46, 58].
Effectively, this monitoring approach permitted to con-
stantly maintain the depth of anaesthesia at the level of
surgical anaesthsia, in agreement with the most recent
guidelines proposed by Flecknell and Swindle for an-
aesthesia in laboratory animals and swine [24, 46].
Therefore, our protocol has been validated in animal
undergoing surgery sessions, also providing effective
analgesia during all the surgery procedures.

The main issue of this experimental protocol was re-
lated to a long-lasting time for recumbency after IM
sedative mixture administration (~17 min), which prob-
ably might interfere with the workflow of clinical prac-
tice in a laboratory animal farm. However, the knowl-
edge of the recumbency time allows optimizing the
procedure timing for managing the patient before the
induction of anaesthesia.

All hemodynamic variations recorded throughout the
three hours of anaesthesia were completely into a normal
range of physiological parameters for swine. Further-
more, we did not record adverse events related to hyper-
thermia [32, 60]. On the contrary, the proposed balanced
anaesthetic protocol improved the haematosis in all
swine undergoing major surgery.

In the last decade, the development of new protocols
for balanced anaesthesia has been carried out in human
[17, 18,21, 34,47, 50], whereas the last two papers about
balanced anaesthesia in swine were from 90 years
[16, 56]. Effectively, in veterinary practice inhalant an-
esthetic agents are the preferred method for maintenance
of general anaesthesia since they are easy to be admin-
istered, the depth of anaesthesia can be rapidly and pre-
dictably modulated, and the recovery time is rapid [31].

Specifically in large laboratory animals such as swine,
inhalant drugs are usually administered alone to maintain
anaesthesia, and balanced anaesthetic techniques are
rarely used. Unfortunately, cardiopulmonary function is
reduced in dose-dependent fashion by inhalant drugs,
and deepening the level of anaesthesia to modify auto-
nomic responses to noxious stimuli may increase mor-
bidity and mortality [11, 31]. In fact, although the inhal-
ants induce a state of unconsciousness, deep levels of
anaesthesia may not block many of the reflex responses
to noxious stimuli which occur during surgery. The at-
tempts to inhibit these responses by increasing the inhal-
ant concentrations might induce severe cardiovascular
and respiratory depression that, in turn, induce inade-
quate perfusion of vital organs even in young healthy
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Table 5. Practical guidelines for combined anaesthesia in a 40 kg swine

Anaesthesia maintenance

Pre-anaesthesia  Anaesthesia
sedation induction Ithour 2" hour 3% hour
ATR (ml) 0.7
TRA (ml) 1.9
MIX (ml) 1.6 0.6 0.4 0.2
PRO (ml) 12.7 8.6 5.8 34
ISO (%) 2.4 1.8 1.3

patients. In ASA 3 and 4 subjects, also light levels of
inhalant anaesthetics may be too depressant and hemo-
dynamic responses, such as tachycardia and hyperten-
sion, may occur even when anaesthetic concentrations
of inhalant agents are high enough to prevent sensory,
motor, and respiratory responses [4, 31]. Furthermore,
there are findings suggesting that while halothane was
able to block the cardiovascular response to incision in
dose-dependent manner, increasing the concentrations
of ISO did not necessarily suppress this response [61].
Moreover, inhalant agents administered alone are unable
to suppress any of the immunologic responses to stress,
resulting in alteration of cellular immunity in patients
undergoing deep surgery, with increased risk of sepsis
and mortality [31, 59].

On the other hand, balanced intravenous inhalant an-
aesthesia can partially or completely suppress both he-
modynamic and immunologic responses to surgical
stimuli and balanced anaesthetic techniques are benefi-
cial in offering a multidimensional approach to pain
management. In fact not only do they block autonomic
responses to surgical stimuli intraoperatively and provide
analgesia during the postoperative period, but they may
preempt the postoperative pain hypersensitivity state
which potentially allows better pain management with
lower doses of analgesics. Therefore, balanced anaes-
thesia performed at low concentrations of inhalant an-
aesthetics, combined with other drugs which modify
reflex responses to noxious stimulation, may be effective
in reducing patient morbidity and mortality and provide
the veterinarian with smoother operating conditions [31].

These evidences offer the scientific rationale for using
the proposed balanced intravenous-inhalant anaesthetic
protocol in swine undergoing deep anaesthesia. Unfor-
tunately, the lacking of scientific data on balanced an-
aesthesia carried out in laboratory animals and in swine
makes very tough comparing our balanced intravenous-
inhalant protocol with other anaesthetic methods that do
not involve a balanced approach, also because one of

our aims was to validate a novel protocol by employing
exclusively unrestricted drugs. In any case, we can in-
directly speculate that the outcomes of our protocol were
at the least equal/non-inferior compared with those of
balanced protocols proposed by Sims and colleagues and
by Dyess and colleagues in swine [16, 56]. Certainly,
the effectiveness and safety of our novel protocol was
significantly superior compared with the balanced an-
aesthetic protocol used as control in this study, based on
the administration of KET plus DIA and followed by
inhalant ISO, at the least for performing type III surgical
procedures [8].

The lacking of novel evidence-based protocols for
balanced anaesthesia in pigs suggests a strong medical
need in laboratory animals investigations, also consider-
ing the relevance of swine as a model for surgery tech-
niques that will be translated in medical applications for
humans.

The rational of the proposed anaesthetic protocol was
to obtain the best drug effectiveness associated with the
fewest side effects, via combining low doses of medica-
tions in order to produce synergistic interaction between
agents and, thus, reducing adverse events [10]. The small
amount of drugs administered adds the further advantage
of reducing the potential interference of anaesthetic
drugs with experimental results. Although this approach
might increases the complexity of the anaesthetic pro-
tocol, certainly the outcomes (safety and the effective-
ness) of the proposed protocol are of higher level com-
pared with those of a conventional anaesthesia induced
with the combination of dissociative medications plus
benzodiazepines and maintained with inhalant agents.
Therefore, in order to simplify the comprehension and
the feasibility of our protocol, in Table 5 we suggest the
practical guidelines for applying our anaesthetic protocol
in swine of about 40 kg.

Concluding, our findings demonstrate that the pro-
posed balanced intravenous-inhalant protocol permits to
obtain a stable and safe anaesthesia, that is effective for
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experimental procedures in swine undergoing major

surgery.
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