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Fracture repair in a sheep. Ethical
dilemma: is it possible to provide
adequate intra-operative pain relief
within the law?

Lampaan olkaluun murtumaleikkaus. Onko tuotantoeldimen intraoperatiivinen
kivunlievitys mahdollista lain puitteissa?

> SUMMARY

16-year-old, female Suffolk sheep weig-
hing 46.3 kg was referred for humeral
fracture repair. The anaesthetic protocol
was managed using either drugs licensed
for sheep (European Regulation 37/2010)
or administered under the ‘cascade’ (Di-
rective 2004/28/EC) with the appropriate
withdrawal period applied. Multimodal
balanced analgesia was provided with

an electrostimulation-guided cervical
paravertebral block using a combination
of lidocaine and detomidine and with
intravenous ketamine infusion, meloxi-
cam and butorphanol. The local block was
successful, but after 8o minutes a sym-
pathetic response to surgical stimulation
was observed, most likely due to waning
effects of lidocaine. A paravertebral block
with lidocaine was not adequate for the
whole duration of the fracture repair and
detomidine did not prolong its duration of
effect. The shortage of licensed analgesic
drugs in food-producing animals make
the provision of efficient and long-lasting
analgesia challenging in sheep.

> YHTEENVETO

16-vuotias uuhi tuli Iahetteella olkaluun
murtumaleikkaukseen. Anestesiasuunni-
telmaan valittiin joko ladkeaineita, joilla
on Euroopan komission asetuksen N:o
37/2010 mukainen myyntilupa lampaille,
tai kaskadisaannosta soveltaen ja vaadit-
tavia varoaikoja noudattaen laakeaineita,
joilla on myyntilupa toiselle tuotanto-
eldinlajille. Multimodaalinen intraopera-
tiivinen kivunlievitys koostui seka kaulan
paravertebraaliaulueen puudutuksesta
lidokaiinin ja detomidiinin yhdistelmalla
etta suonensisaisesta ketamiini-infuu-
siosta, meloksikaamista ja butorfanolista.
Puudutus onnistui, mutta sen vaikutus
alkoi halveta 8o minuuttia myohem-
min. Paravertebraalipuudutus lidokaiinia
kayttaen ei ollut tarpeeksi pitkakestoinen
riittaakseen koko leikkauksen ajan eika
detomidiini pidentanyt lidokaiinin vai-
kutusta. Tuotantoelaimille tarkoitettuja
kipulaakkeita on rajoitetusti, mika vaikeut-
taa murtumaleikkausten kivunlievitysta.
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INTRODUCTION

In the European Union, drugs for ovine
species must be administered under the
European Commission Regulation (EU)
37/ 2010 of allowed and prohibited sub-
stances. Pharmacologically active substanc-
es are classified according to their maxi-
mum residue limits (MRL) in foodstuff of
animal origin in order to protect public
health. Allowed substances may have an
established or provisional MRL, or they
may not require one. Drugs for which MRL
cannot be established should never be ad-
ministered to food-producing animals. By
law, a veterinarian may only prescribe drugs
listed in the table of allowed substances to
a food-producing animal. Target species,
indications for use and MRL of a veter-
inary medicinal product are outlined in
the table and are under regulation of the
National Competent Authorities. In the
event that there is no authorised veterinary
medicinal product in a EU Member State
for a condition affecting a food-producing
species, the veterinarian can, in exceptional
circumstances, and under his direct per-
sonal supervision, treat the animal “under
the cascade’, i.e. administer either a drug
from table of allowed substances licensed
for a different condition in the same spe-
cies or for the same condition in another
species (Directive 2004/ 28/ EC).

Due to the limited number of anaes-
thetic and analgesic drugs licensed for
food-producing animals, it is difficult to
effectively provide anaesthesia and anal-
gesia during the peri-anaesthetic period.
Nonetheless, veterinarians have an ethical
and professional obligation to relieve and
prevent animal suffering to guarantee wel-
fare, while legally and morally ensuring that
animal derivatives are free from harmful
drug residues. In addition, pain assessment
is difficult in food-producing animals, both
because they have developed to hide signs
of pain in order to preserve themselves
from predation' and because a pain scale
has not been validated in these species.’

Various nerve blocks (sacrococcygeal
and lumbosacral epidural, intravenous re-
gional anaesthesia, paravertebral, cornual
and retrobulbar blocks) have been used to
perform local anaesthesia in sheep.’ Re-
cently, a successful cervical paravertebral
block in a sheep using bupivacaine was
described,* which is reported to have a
duration of action of 6-8 hours.” Cervical
paravertebral block aims to anaesthetise the
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KEY POINTS

Veterinarians have an ethical
and moral obligation to relieve
and prevent animal suffering
caused by diseases and minor
or major procedures.

Few anaesthetic and analgesic
drugs are licensed for sheep or
could be administered under
the ‘cascade’, making the pro-
vision of anaesthesia and anal-
gesia challenging.

+ This case report highlights the
difficulties of providing ade-
quate analgesia in an ovine
fracture repair, while accom-
plishing the regulation on
drugs and their maximum
residue limits in foodstuffs of
animal origin.

Manuscript arrived to the editorial
office 19.3.2019.

6™ (C6), 7™ (C7), 8™ (C8) cervical nerves
and the 1** (T'1) thoracic nerve and is indi-
cated for surgical procedures of shoulder
and brachium.

We describe the difficulties encoun-
tered when attempting to provide adequate
multi-modal analgesia during fracture re-
pair in a food-producing species. The aim
of multimodal analgesia is to provide better
pain relief, minimise the side effects of a
single drug, reduce both the requirement
of maintenance agent and post-operative
rescue analgesia and decrease the risk of
post-operative hyperalgesia.

CASE

A 16-year-old Suffolk sheep, weighing 46.3
kg, was referred to University College Dub-
lin’s Veterinary Hospital for non-weight
bearing lameness of the right forelimb
following a severe trauma. Radiographs
showed a mid-diaphyseal simple oblique
humeral fracture. Therapy with flunixin
(Flunixin Injection, Norbrook Laborato-
ries, Northern Ireland; 2.2 mg/ kg) SC and
amoxicillin (Bimoxyl LA, Bimeda Animal

Health, Ireland; 15 mg/ kg) IM was start-
ed immediately. On the following day the
animal was scheduled for internal fixation
of the fracture with a compression plate.
A 16-gauge catheter was placed into the
right jugular vein without prior sedation.
Anaesthetic drugs were chosen to comply
with either EU 37/ 2010 or Directive 2004/
28/ EC with the appropriate withdrawal
periods applied. The sheep was premedi-
cated with butorphanol (Alvegesic, Alve-
tra, Austria; 0.2 mg/ kg) IV, but developed
signs of excitement and thus additional se-
dation with three consecutive doses of de-
tomidine (Domosedan, Virbac, UK;0.001
mg/ kg each) was administered IV until
slight sedation was achieved. Anaesthesia
was induced with ketamine (Narketan-10,
Vetoquinol, Ireland; 6 mg/ kg) and thio-
pental sodium (Pentothal Sodium, Intervet,
Italy; 1 mg/ kg) IV. Lidocaine (Lidocaine
Hydrochloride, B Braun Medical, Ireland;
0.4 mg/ kg) was instilled onto the larynx
and the trachea was intubated with an 8.0
mm internal diameter cuffed endotrache-
al tube with the help of a flexible intro-
ducer. The cuff was immediately inflated.
Anaesthesia was maintained with isoflu-
rane (Iso-Vet, Piramal Healthcare, UK)
in 100% oxygen through a small-animal
circle system. Mechanical ventilation in
volume-controlled mode (Mallard 2800
C-P, Mallard Medical/ AB Technologies,
USA) was started immediately: tidal vol-
ume was set at 10 to 15 ml/ kg and adjust-
ed to maintain end-tidal carbon dioxide
tension (P,’CO,) between 5.0-6.2 kPa and
peak inspiratory pressure between 10 and
15 cmH, O; respiratory rate (f,) and inspi-
ratory—expiratory ratio were set at 10 bpm
and 1:2, respectively. Hartmann’s solution
(Hartmann’s Lactated Ringer’s solution; B
Braun, Germany; 10 ml/ kg/ h) was infused
throughout the procedure. A 22-gauge in-
travenous catheter was placed in the right
auricular artery for the measurement of
invasive arterial blood pressure (IBP) and
the transducer was zeroed to atmospher-
ic pressure and placed at the level of the
right atrium. A multiparameter monitor
(B40, GE Medical Systems, Germany) was
used to continuously measure heart rate
(HR), electrocardiogram, f,, IBP, P,’CO,,
end-tidal isoflurane (F_Tso), and haemo-
globin oxygen saturation (SpO,). Palpebral
reflex, eye position and lacrimation were
also monitored. Data were recorded at
5-minute intervals.



TABLE 1 TAULUKKO

Arterial blood gas values measured 8o minutes after start of surgery at the time of
a sudden increase in heart rate and blood pressure.
Verikaasuanalyysin tulokset sykkeen ja verenpaineen dkisti noustessa 8o minuut-

tia ortopedisen leikkauksen alkamisesta.

pH PaoO PaCoO

(kPa):

(kPa)

7.40

Bicarbonate
(mEq L-1) (% (%,

49.9 5.7 1.7 26.1

Sa0 Fio

PE’CO,
(kPa)

997 84 5.7

PaO, = partial pressure of arterial oxygen; PaCO, = partial pressure of arterial carbon dioxide; B.E. =
base excess; Sa0, = arterial oxygen saturation; !EIO2 = inspired fraction of oxygen; P,'CO, = end-tid-

al carbon dioxide tension.

PaO, = valtimoveren happiosapaine; PaCO, = valtimoveren hiilidioksidiosapaine; BE. =
emasylimaara; SaO, = valtimoveren happisaturaatio; FiO, = sisddanhengitysilman happiosuus;

P.'CO, = uloshengitysilman hiilidioksidiosapaine.

Multimodal analgesia was provided
with a constant rate infusion (CRI) of
ketamine (10 mg/ kg/ min), butorphanol
0.2 mg/ kg IV every 2 hours and a cervical
paravertebral nerve block. The limb to be
anaesthetised was positioned uppermost,
and after aseptic preparation of the site,
the nerve block was performed with a
nerve stimulator (Plexygon Nerve Stim-
ulator, Vygon Italia Srl,). The scapula was
displaced caudally and the transverse pro-
cesses of the 6™ cervical vertebra and the
head of 1° rib were palpated and identified.
To block C6 and C7, the tip of a 22-gauge
50 mm long insulated nerve stimulator
needle (Echoplex, Vygon, France) was in-
serted in a transverse plane and walked
off both the cranial and caudal borders of
6" cervical vertebra and directed medially
until the ventral branches of the nerves
were encountered. To block C8 and T1,
the same procedures were repeated at the
level of the cranial and caudal borders of
the first rib, respectively. The nerve stim-
ulator’s electrical current was initially set
at 1 mA, duration of the stimulus at 0.15
ms, and frequency at 1 Hz. The current
was reduced stepwise when the expected
motor responses were seen, and the local
anaesthetic solution was injected when
the response was present at 0.4 mA but
absent at 0.2 mA. The expected motor re-
sponses were outward-inward rotation of
the shoulder and brachium, and flexion of
the elbow (C6); inward-outward rotation
of the brachium, flexion-extension of the
elbow, and extension of the carpus and dig-
its (C7); inward rotation of the brachium,
flexion-extension of the elbow, and flex-
ion-extension of the carpus and digits (C8);

and flexion of the carpus and digits (T1).°
The nerve stimulator was able to elic-
it inward-outward rotation of the shoul-
der and the brachium, but not any other
movements. A total of four injections with
a solution of lidocaine 2% (0.4 mg/ kg per
site) and detomidine 0.002 mg/ ml were
made either in a guided manner where
correct movement was present, or blindly
where movements were absent. A total dose
of lidocaine 1.6 mg/ kg and detomidine
0.16 mg/ kg were injected. Before inject-
ing the drugs, negative aspiration verified
that the needle was not located intravas-
cularly, and the compressed air injection
technique’ was used to ensure excessive
pressure was not generated during drug
injection. Before incision HR and mean
blood pressure (MAP) were 70-75 bpm
and 65-75 mmHg, respectively. Initially,
no sympathetic stimulation was detected,
but 80 minutes into the surgery a sudden
increase in HR (85-105 bpm) and MAP
(85-98 mmHg) were recorded. Anaes-
thetic depth was increased by changing
F_Iso from 0.8 to 1.2% and by administer-
ing butorphanol 0.2 mg/ kg IV. However,
these interventions had little effect on the
sympathetic response. Hypercarbia and
hypoxaemia as causes of increased HR and
MAP were ruled out by taking an arterial
blood gas sample (table 1). Once the sur-
gical manipulation stopped, HR and MAP
returned to their initial values.
Anaesthesia and surgery lasted 225 and
151 minutes, respectively. Recovery was
uneventful, rapid and smooth. Meloxicam
(Metacam 20 mg/ ml, Boehringer Ingel-
heim, UK; 0.5 mg/ kg) was given IV in the
immediate post-operative period and was

continued SC daily until discharge, as the
IV catheter was removed 24 hours after
surgery. Pain was assessed subjectively
every 8 hours by evaluating teeth grind-
ing, food intake and lameness. The sheep
was discharged from the hospital 10 days
after surgery.

DISCUSSION

In this clinical case, analgesia for forelimb
fracture repair in a sheep was provided with
alidocaine-detomidine cervical paraverte-
bral nerve block, intravenous butorphanol,
meloxicam and ketamine CRI, complying
with the legislation concerning substances
permitted for the treatment of food-pro-
ducing animals.

The forelimb is innervated by the bra-
chial plexus, which arises from the ven-
tral branches of C6, C7 C8 and T1. These
branches give rise to the suprascapular,
subscapular, axillary, radial, median, ul-
nar, thoracodorsal and musculocutaneous
nerves. With the nerve stimulator, only the
inward-outward rotation of shoulder and
brachium could be elicited, making it likely
that the radial, median and ulnar nerves
were damaged, which was also suggested
by the severity of the trauma observed
intraoperatively. Landmarks were easily
palpated, making inaccurate position of
the needle unlikely. The local block was
considered successful judging from the
lack of sympathetic response during the
first 80 minutes of surgery, which allowed
alow concentration of isoflurane to main-
tain anaesthesia (FIso 0.8 %, below the
minimum alveolar concentration of iso-
flurane). Eighty minutes correspond with
the expected duration of action of lido-
caine (60-120 minutes).® In Ireland, no
local anaesthetics are authorised in sheep.
Thus, another veterinary medical product
authorised in Ireland in another animal
species for an equivalent condition was
used, according to Article 11 of Direc-
tive 2004/ 28/ CE. From the short-acting
(30-60 minutes) procaine (authorised in
cattle for minor procedures) and the inter-
mediate-acting (60-120 minutes) lidocaine
(authorised in Equidae for loco-regional
anaesthesia) the latter was chosen, based
on the type and anticipated duration (120
minutes) of the procedure. A solution of
procaine and adrenaline is commercially
available in Ireland. Adrenaline is intend-
ed to slow the absorption of the local an-
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aesthetic and prolong its duration of ac-
tion to 45-90 minutes, but this was still
considered too short for this procedure.
A solution of lidocaine and adrenaline is
also commercially available, but not in Ire-
land. In hindsight, adrenaline, which is an
allowed substance, could have been added
to the 2% lidocaine solution, potentially
prolonging the period of peri-operative
analgesia. However, detomidine was used
as an adjuvant in an attempt to prolong
lidocaine’s action. Perineural alpha -ago-
nists significantly prolong the duration of
analgesia when used as an adjuvant to local
anaesthesia both in human’ and veterinary
medicine.”” In particular, dexmedetomi-
dine doubles the duration of the block by
blocking the hyperpolarization-activated
cation current in a concentration-depen-
dent manner.'>'? Xylazine has also been
shown to prolong the sensory and motor
blockade of lidocaine when administered
epidurally in sheep."” However, bradycar-
dia, sedation and increased urination have
also been observed, pointing to systemic
xylazine absorption from the injection
site."* Of the alpha_-agonists, xylazine has
the greatest potential to cause severe neg-
ative respiratory effects in sheep, namely
hypoxaemia, increased pleural pressure,
increased respiratory resistance, decreased
lung compliance and pulmonary oedema."
The degree of hypoxaemia appears to be
dose-dependent'® and more severe in el-
derly than juvenile sheep.!” Moreover, the
degree of hypoxaemia caused by xylazine
in sheep is potentially more severe than
that caused by detomidine.'® To avoid po-
tential serious side effects in this old sheep,
a relatively conservative concentration of
detomidine both as a premedicant and
as an adjuvant was administered. To our
knowledge, the use of detomidine as an
adjuvant in peripheral nerve blocks has
not been described. However, detomidine
did not prolong the action of lidocaine, ei-
ther because the concentration used was
too small or detomidine was ineffective
for this purpose.

In the veterinary literature, only one
case report describes a successful para-
vertebral brachial plexus block in a sheep.*
However, the authors used the local anaes-
thetic bupivacaine, which is not listed in
the table of allowed substances. Therefore,
it was not possible to follow their protocol
in a clinical setting.
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Butorphanol (mu-antagonist and kap-
pa-agonist) and levomethadone (mu-ag-
onist) are opioids listed in the table of
allowed substances, and although only
licensed for Equidae, they can be admin-
istered to other food-producing species
under the cascade, provided that the min-
imum withdrawal period is employed (28
days for meat and 7 days for milk). Unfor-
tunately, levomethadone is not available in
Ireland. In sheep, butorphanol provides
visceral more than somatic analgesia and
its duration of action is short (up to 120
minutes)."

There are no non-steroidal anti-in-
flammatory drugs licenced for sheep in
Ireland, however they are commonly ad-
ministered to provide pain relief following
orthopaedic surgery.” In accordance with
the cascade, flunixin was started when the
sheep was admitted into the hospital, and
the last dose was given 3 hours before the
operation. Flunixin has a half-life of less
than 4 hours in sheep.” Meloxicam, which
is licenced in cattle, has a long mean resi-
dence time (15.13+1.67 hours) in sheep*
and can potentially provide analgesia for
several hours. Therefore, meloxicam was
administered under the cascade on the
day of surgery and daily thereafter for 10
days. Although according to some reports
meloxicam may cause a delay in bone heal-
ing,” the results are contradictory,** and
its administration was based on a risk-
benefit ratio.

Ketamine exerts its analgesic effect by
antagonizing NMDA receptors, preventing
both acute and chronic pain.”® Moreover,
a ketamine CRI has a sparing effect on
minimum alveolar concentration (MAC)
of isoflurane in dogs,” cats*® and rabbits.”
This sparing effect has not been studied in
sheep. The MAC of isoflurane in sheep is
1.53%,% but in this case report anaesthe-
sia was maintained with a F Iso <1.2%
throughout, even after the local block wore
off. It is likely that ketamine contributed
to intraoperative analgesia and reduced
anaesthetic requirements. Although the
pharmacokinetics of ketamine have not
been characterised in sheep, it accumulates
in humans when given at a rate greater than
14 mg/ kg/ min, leading to dysphoria.’ In
order to avoid any possible excitement that
could affect the quality of recovery and
outcome of surgery, we decided against
increasing the rate or administering a bo-

lus of ketamine when the effect of the local
anaesthetic wore off. Isoflurane, licensed
for Equidae and piglets, was given under
the cascade.

Anaesthesia and pain management in
food-producing animals, especially sheep,
can be challenging due to the limited num-
ber of authorised drugs available, the po-
tential for severe adverse effects and the
limited duration of action of authorised
local anaesthetics. Moreover, sheep are sto-
ic animals™ and it is difficult to recognise
signs of distress and discomfort when they
are in pain.*® Methods used to assess pain
in sheep are either subjective (identification
of behavioural changes, degree of lame-
ness) or objective (measurement of stress
response, cerebral evoked potentials and
nociceptive threshold).? Grimace scales
have been used in sheep both in clinical**
and experimental® conditions. While they
seem to correlate well with the presence
of pain, stress or fear, these scales are not
validated and no other validated pain scales
exist for this species.! In this sheep, pain
was assessed by evaluating its food intake
and the presence of teeth grinding and
lameness. Post-operative analgesia was
provided with meloxicam. No pain was
observed - or recognised - and therefore
no additional analgesia was administered.

In summary, very few analgesic drugs
are authorised for food-producing ani-
mals. In this case report analgesia for a
fracture repair in a sheep was provided
with a cervical paravertebral nerve block
using the drugs legally available. Unfortu-
nately, the detomidine dose added to the
regional block solution failed to prolong
the duration of action of lidocaine, leading
to insufficient duration of intra-operative
analgesia. Further work is required to de-
velop techniques by which the duration
of regional anaesthesia in sheep can be
extended within the confines of licenced
drugs.
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