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Abstract

Objectives The aim of this retrospective study was to describe the spinal anaesthesia (SA) technique and evaluate
the incidence of perioperative complications in cats.

Methods The anaesthetic records of cats of American Society of Anaesthesiologists physical status I, Il and I,
which received general and SA for different surgeries between 2012 and 2016, were examined. SA was administered
through a 25 G Quincke needle, using an isobaric solution of bupivacaine and morphine at the level of either the
L,—S, interspaces (sternal recumbency) or the Lg_¢/Lg ; interspaces (lateral recumbency). Procedural failure rate
(PFR), drugs and dose used, heart rate (HR), arterial blood pressure, incidence of bradycardia (HR <100 bpm) and
hypotension (mean arterial pressure [MAP] <60 mmHg for at least 5 mins), intraoperative rescue analgesia (iRA)
and any other detrimental events and their treatment until discharge were recorded. Abdominal surgery cases were
excluded from the intraoperative evaluation.

Results A total of 58 anaesthetic records met the inclusion criteria and were analysed. PFR related to the space
of injection (L~S; vs Ls ¢/Ls) was 3/11 (27%) and 1/47 (2%), respectively (P = 0.017). The total median dose of
intrathecal bupivacaine and morphine was 0.8 (range 0.5-1.6 mg/kg) and 0.10 (0.05-0.18 mg/kg), respectively.
Nine of 46 (20%) cats received iRA, and no iRA cases were reported with a dose of bupivacaine higher than 0.8 mg/
kg. Median HR and MAP before intrathecal injection (T,) and 10 mins after (T,) were, respectively, 118 bpm (range
74-190 bpm) and 106 bpm (67-160 bpm) (P = 0.005), and 65 mmHg (range 50-94 mmHg) and 52 mmHg (range
35-85 mmHg) (P = 0.003). Bradycardia was reported in 18/46 (39%) cats and hypotension in 23/46 (50%) cats. No
complications were recorded during the observation period.

Conclusions and relevance SA was characterised by a low PFR when performed at the Lg ¢/L4_; interspaces and
low postoperative complications. Hypotension and bradycardia were the most common side effects.
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Introduction the first reported SA in humans by Bier in 1899, this
Spinal anaesthesia (SA) is a well-established regional technique has never been extensively used in veterinary
technique, which results in altered nerve function by clinical practice. Small animals were commonly adopted
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as experimental animals in the 1980s and 1990s in stud-
ies that aimed for a better understanding of the pharma-
cokinetics and pharmacodynamics of various drugs
administered into the cerebrospinal fluid (CSF).4%
Nevertheless, the first study that attempted to character-
ise the clinical use of SA in small animals was only pub-
lished in 2011, evaluating the use of SA in dogs in various
types of surgical procedures.® This and other studies that
followed have confirmed in dogs what was known and
accepted in humans about the effectiveness and good
safety profile of this technique.”” SA may also have a
lower procedural failure rate than epidural anaesthesia,
a better quality nerve block and a faster motor function
recovery time, as was shown in dogs undergoing
hindlimb orthopaedic surgeries.!

While SA has been clinically characterised in dogs,
data in cats are lacking. Viscasillas et al!! described an SA
in a cat undergoing a unilateral pelvic fracture with a
hypobaric solution of ropivacaine and morphine. Other
authors have reported complications, relative to possible
intrathecal injection of bupivacaine and/or morphine,
such as pruritus and total spinal block in cat.!>-14

The aim of this retrospective study was to describe
the spinal technique, and evaluate the requirement for
intraoperative rescue analgesia (iRA) and the periopera-
tive complications in cats.

Materials and methods

A retrospective analysis was performed reviewing the
medical and anaesthetic records of all cats in which elec-
tive SA with isobaric bupivacaine and morphine solution
for caesarean section, caudal abdomen and hindlimb sur-
gery was attempted between January 2012 and December
2016 at Centro Veterinario Fossanese and at Veterinary
Teaching Hospital University of Padua. Case records with
complete information (reported in Appendix 1 in the sup-
plementary material) were included. Abdominal surger-
ies were excluded from the intraoperative evaluation.

Data on patients, drugs and dose used for premedica-
tion, induction and maintenance of anaesthesia, as well
as any other drug administered perioperatively, any
other relevant perioperative events and their manage-
ment, were recorded.

Bradycardia was defined as a heart rate (HR) of <100
beats/min and hypotension as a mean arterial pressure
(MAP) <60 mmHg for at least 5 mins or systolic arterial
pressure (SAP) <80 mmHg for at least 5 mins. Every
administration of fentanyl intraoperatively found in the
anaesthesia record was recorded as an iRA.

HR and MAP values were also recorded before
intrathecal injection (T;) and 10 mins after (T,), in order
to describe the cardiovascular variation due to SA.

SA was performed with two techniques: a median
approach at the L,-S, intervertebral space, and a parame-
dian approach with cephalad angulation at the L, ;/Ls_4

intervertebral spaces. The skin proximal to the interverte-
bral space where the needle was to be inserted was
clipped and aseptically prepared.

When the median approach at L,~S; intervertebral space
was executed, the cat was positioned in sternal recum-
bency, with the hindlimbs pulled forward, and the spinal
needle perpendicularly inserted into the skin, between the
dorsal spinous process of L, and S;. The needle was
advanced until the tip was felt passing through the liga-
mentum flavum. If the needle hit the vertebral bone, it was
withdrawn, repositioned and then advanced again.

When the paramedian approach with cephalad angu-
lation was performed, the cat was positioned in lateral
recumbency in such a way that the back, kept slightly
flexed, protruded over the edge of the table. The needle
was inserted on the dependent side, lateral to the caudal
margin of the dorsal spinous process of the vertebra and
caudal to the intervertebral space to be punctured. The
needle was directed in a slightly ventral, cranial and
medial direction aiming for the vertebral lamina. When
the needle hit the lamina, the operator withdrew the nee-
dle and then advanced it again with a more cephalad
angulation until the tip of the needle was felt passing
through the ligamentum flavum.

Once the ligamentum flavum was pierced, the stylet
was removed from the needle and its hub checked for the
presence of CSF. With the stylet repositioned, the needle
was slightly advanced, and often a sensation of piercing
a sheet of paper indicated having pierced the dura and
arachnoid membranes.

A room temperature solution of preservative-free iso-
baric bupivacaine 0.5% (Bupivacaina; Angelini) and mor-
phine 1% (Morfina; Molteni) was injected at approximately
1 ml/min to all cats, while the operating table was main-
tained in a horizontal position. When CSF flow was not
evident in the hub of the needle, LA solution was not
injected and the case was recorded as a procedural failure.

The bladder was expressed at the end of the surgical
procedure.

Postoperative pain was evaluated with the Colorado
State University feline acute pain scale, as the cats were
sufficiently conscious to respond to stimulations. Rescue
analgesia (Buprenodal,10 ng/kg IM) was administered
if the cat reached a score =2.

The presence of signs of nausea or vomiting, urinary
retention (inability to spontaneously void urine in the
presence of a distended bladder), pruritus, prolonged
motor block or postoperative rescue analgesia treatment,
as well as any other major complications until discharge,
were extrapolated from the clinical records.

Statistical analysis

Categorical variables were reported as frequencies and
percentages, and differences between groups were ana-
lysed using Fisher’s exact test. Continuous variables
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Table 1 Demographic data and area of surgery of the
analysed cases

Data Quantity
Number of cats 54

Breed 53 European, 1 Sphynx
Sex 28F,26 M
Median (range) age (months) 24 (3-168)
Median (range) body weight (kg) 4 (1.6-7.2)
Median (range) ASA status 2 (1-3)
Hindlimb surgery* 46/54 (85)
Cystotomy with or without 6/54 (11)
urethrostomy™

Caesarean section* 2/54 (4)

*Numerosity of the group over the total number of collected cases (%)
F = female; M = male; ASA = American Society of Anesthesiologists

were checked for normal distribution by visual inspection
of bar graphs and histograms and by using the Shapiro—
Wilk test. Data not normally distributed are reported as
the median and the range (minimum-maximum), and
the differences analysed using the Mann-Whitney
U-test. Odds ratios and 95% confidence intervals (CI) for
univariate analysis of independent predictors were cal-
culated using logistic regression. The significance level
was set at 5% for all statistical methods (MedCalc
Software for Windows version 12.5).

Results

Fifty-eight records of cats undergoing caesarean section,
caudal abdomen and hindlimb surgery meeting the
inclusion criteria were retrieved. However, a total of 54
anaesthesia records were analysed, as four cases were
excluded from (intraoperative and postoperative) evalu-
ations owing to procedural failure. Demographic data,
area of surgery and perioperative records of the enrolled
population of cats are reported in Tables 1 and 2.

General anaesthesia

Forty-one cats were not premedicated (76%), 23 of which
received fentanyl IV (Fentadon; Eurovet Animal Health
BV) and two received remifentanil (Ultiva; GlaxoSmith-
Kline) as co-induction agents 3 mins before the administra-
tion of the main induction agent. Thirteen cats (24%) were
premedicated with an IM mix of ketamine (Imalgene;
Merial), dexmedetomidine (Dexdomitor; Orion Pharma)
and methadone (Synthadon; Produlab Pharma). Induction
of general anaesthesia was performed with propofol
(Propovet; Zoetis) to effect and maintained either with a
propofol variable rate infusion in 38/54 (70%) cats or with
volatile anaesthetic agents in 16/54 (30%) cats, using
isoflurane (IsoFlo; AesicaQueenborogh) or sevoflorane
(Sevoflo; Aesica Queenborough), respectively, in 10
and six cases. Forty-one (76%) cats were mechanically

ventilated and 13/54 (24%) were breathing spontane-
ously. Anaesthetic records reported the following mini-
mum patient monitoring: electrocardiography pulse
oximetry, non-invasive blood pressure (oscillometric tech-
nique), measurement of inspired—expired carbonic anhy-
drase, inhalant agent and oxygen concentration.

Spinal anaesthesia

The overall procedural failure rate was 4/58 (7%). SA
was attempted in 47 cases at L, ,/Ls intervertebral
spaces using the paramedian approach with cephalad
angulation, and in 11 cats at the L,-S, intervertebral
space using the median approach. In 1/47 (2%) cats dur-
ing paramedian approach and in 3/11 (27%) cats during
the median approach, the correct execution of the tech-
nique could not be performed for up to three attempts
and, consequently, SA was aborted (P = 0.017).

The median dose of bupivacaine was 3.0 mg (range
1.8-5.8 mg) in total or 0.8 mg/kg (range 0.5-1.6 mg/kg).
The median dose of morphine was 0.30 mg (range 0.2—
0.60 mg) in total or 0.1 mg/kg (range 0.05-0.18 mg/kg).

iRA

iRA in cats undergoing hindlimb orthopaedic surgeries
was administered in 9/46 (20%) cats as a single or multi-
ple bolus of fentanyl at 1-2 pg/kg IV. None of 13
premedicated cats received iRA, while 9/33 (27%) non-
premedicated cats undergoing the same procedures
required iRA (P = 0.044).

In non-premedicated cats undergoing hindlimb
orthopaedic surgeries (n = 33), the bupivacaine dose per
body mass (mg/kg) was not a predictor of iRA, with a
median bupivacaine dose of 0.7 mg/kg (range 0.5-0.8
mg/kg) and 0.7 mg/kg (range 0.5-1.6 mg/kg) for iRA
and no-iRA groups, respectively (P = 0.19). All iRA
events were related to a bupivacaine dose <0.8 mg/kg,
and no iRA events were reported with a dose of bupiv-
acaine >0.8 mg/kg (Figure 1).

Intraoperative cardiovascular events
In cats undergoing hindlimb orthopaedic surgeries
hypotension was reported in 23/46 (50%) cases: 12 cases
were treated only by lightening the general anaesthetic
plane and administering a bolus of Ringer’s lactated
solution; five cases were treated with intravenous (IV)
atropine (20 pg/kg), six with ephedrine IV (50 pg/kg)
and one with noradrenaline IV (0.5 pg/kg/min).
Bradycardia was recorded in 18/46 (39%) cases, and
five of these were associated with hypotension. All of
these cases were treated with atropine IV (20 ug/kg).
The incidence of hypotension in non-premedicated sub-
jects was 20/33 (61%), while in premedicated cats it was
3/13 (23%) (P = 0.047). The incidence of bradycardia
was 12/33 (36%) and 6/13 (46%) (P = 0.73), respectively,
in non-premedicated and in premedicated cats.
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Table 2 Perioperative records

Data are median (range) or n (%)
CRI = continuous rate infusion; LA = local anaesthetic; iRA = intraoperative rescue analgesia; HLS = hindlimb surgery; NSAID = non-steroidal
anti-inflammatory drug; et% = end-tidal concentration

HR and MAP were analysed at T, and T, only in 33 T, and T; was 118 bpm (range 74-190 bpm) and 106 bpm
non-premedicated cats, maintained under anaesthesia (range 67-160 bpm), respectively (P = 0.005); median MAP
with total IV anaesthesia of propofol and undergoing at T; and T, was 65 mmHg (range 50-94 mmHg) and 52
orthopaedic procedures on the hindlimbs. Median HR at mmHg (35-85 mmHg), respectively (P = 0.003) (Figure 2).
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Figure 1 Intraoperative rescue analgesia (iRA) in cats
undergoing hindlimb orthopaedic surgery not premedicated
and not maintained with antinociceptive drugs (n = 33). The
total dose of bupivacaine by body mass was not different
between the iRA and no-iRA groups (P = 0.14). A dose of
bupivacaine >0.8 mg/kg was associated with no cases of iRA.
LA = local anaesthetic

Postoperative complications and management

Patients were kept under observation for a median time
of 7 h (range 5-36 h) after surgery. At the end of the pro-
cedure, all cats received 0.1 mg/kg of meloxicam (IV).
Seven of nine cats that needed iRA received preventive
buprenorphine 10 pg/kg IM at the end of surgery,
regardless the pain scale, and five cats received 10 ug/kg
IM of buprenorphine as rescue analgesia in the postop-
erative observation period.

No postoperative complications such as pruritus, uri-
nary retention, vomiting, prolonged residual nervous
block or any other neurological complications were
recorded in the postoperative observation period. No
signs of such complications were reported from the
owner in the following days.

Discussion

SA performed in 54 cats caused neither major complica-
tions nor mortality. In the limited observation period
minor side effects such as pruritus, urinary retention,
vomiting and prolonged residual nervous block were
similar to previously published data on SA and in other
species.®15> However, considering the limited observation
time in this study, less noticeable complications, such as
urinary retention, may have gone unobserved by the
owner after hospital discharge.

The overall technical failure rate was similar to pub-
lished data in dogs.!® However, excluding the data from
attempts on L,-S;, with a median approach the technical
failure rate was much lower in cats (2%) than previously
reported in dogs (ranging from 7-26%).%1° In our

220 -
200
< 180 |-
€ 160 }- s
3 ol £
(=]
i =
[=.]
T 100
E ao 3 -
E + B o
80 o 1
40 e
20 - y ; ;
HRTO HRT1 MAPTO MAPT1

Figure 2 Box plot of mean arterial pressure (MAP) and
heart rate (HR) before (T,) and 10 mins after (T,) intrathecal
injection. HR and MAP decreased after intrathecal
anaesthesia (P = 0.005 and P = 0.003, respectively); dots
refer to the value of individual cases. The whiskers show the
range values, the width of the box shows the interquartile
range and the bar in the box is median value

opinion, this interesting finding may be due to several
anatomical differences between the two species, making
SA easier to perform in cats. Cats have less variability in
spinal morphology, a greater ratio between the spinal
cord and the vertebral canal at the site of injection, a
smaller distance between the skin and dura mater, and a
greater flexibility of the spine. These are substantial dif-
ferences that may contribute to the discrepancy between
cat and dog SA.16

A greater procedural failure rate was related to the
L,-S, space of injection. Using this technique, the angle
of the needle entering the vertebral canal is less predict-
able than the paramedian technique. When well exe-
cuted, the paramedian technique allows the needle to
enter the vertebral canal with a repeatable angulation.”
Moreover, the median approach as described above
requires the CSF to have enough pressure to reach the
hub of the needle. The paramedian approach, by insert-
ing the needle in the dependent side of the subject, may
favour CSF outflow, even when low pressure is present.
According to the data presented in this study, the para-
median approach with cephalad angulation, as described
above, reducing SA procedural failures should be taken
into account when performing SA in cats.

Even if it is not possible to find a relationship between
the dose of LA and an iRA event in our data, we can
speculate that a bupivacaine dose >0.8 mg/kg and mor-
phine of 0.1 mg/kg could provide an effective anaes-
thetic block in a cat undergoing hindlimb surgery. At the
beginning, the doses of LA and morphine were decided
upon after looking at what the medium range published
for dogs was (0.2-0.8 mg/kg for bupivacaine).® Then, in
order to decrease the incidence of iRA the dose of LA
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was progressively increased towards the upper limit and
beyond. Of note, premedicated cats did not require iRA;
this finding may be a result of the extra analgesic effect
of the drugs used in premedication, such as an alpha,-
agonist and methadone.!®1° However, the small number
of premedicated subjects analysed in this study does not
allow further speculation.

Hypotension and bradycardia were the most common
complications affecting cats undergoing SA. The overall
incidence of hypotension due to the combined effect of
general and SA in our study was 50%. The most likely
cause of hypotension after SA is sympathetic blockade,
which, in turn, decreases cardiac preload and causes vas-
odilation.?® General anaesthesia with inhalational agents
may substantially reduce the compensatory vasocon-
striction found in awake human patients, where the sym-
pathetic supply has not been blocked by the spinal
anaesthesia.?! The retrospective evaluation of HR before
and 10 mins after spinal injection suggests that cats
undergoing SA have a reduction in HR, which can con-
tribute to hypotension, as reported in human patients.!
Although arbitrary, 10 mins after subarachnoid injection
can be considered an ideal time for observing the rapid
cardiovascular changes induced by SA, because the sub-
ject, once repositioned after the injection, is then left
unstimulated until the beginning of the surgery.

The abovementioned incidence of hypotension was
similar to that reported in cats (55%) undergoing periph-
eral nerve block on hindlimbs under general anaesthe-
sia,?? even if the different anaesthetic protocols of the
two studies cannot be overlooked. Indeed, approxi-
mately 70% of cats in our study were anaesthetised and
maintained with propofol, while all cats in the above-
cited study, were maintained with halogenated agents.
Monitoring of arterial blood pressure was performed
with a non-invasive oscillometric system. As widely
reported in the literature, this method of blood pressure
monitoring is not accurate, particularly in small and/or
hypotensive subjects, and underestimation of blood
pressure is a common finding.??

From the retrospective analysis of the anaesthetic
records, the intrathecal dose of morphine administered
to cats ranged from 50-180 npg/kg. As already
mentioned, pruritus has been described in cats as a
complication of the administration of intrathecal
morphine.!?132¢ However, no signs of pruritus or other
clinical signs possibly related to morphine administra-
tion (such as dysphoria or hypersalivation) were
recorded in the postoperative period of the cases
involved in this retrospective study. Nevertheless, 70%
of cats included in this study were anaesthetised and
maintained with propofol, which may have had an
antipruritic effect during recovery. This injectable
anaesthetic is well known as a treatment for pruritus
induced by spinal morphine administration.325

Postoperative pain was evaluated until discharge by
experienced veterinarians. Only 12/54 (22%) cats
received one dose of rescue analgesia in the postopera-
tive period. The prolonged analgesic effect showed in
this study by spinal analgesia in cats has been similarly
published in dogs.?6 The profound nerve block at the
time of surgery, which may limit central sensitisation,?”
and the prolonged analgesic effect of spinal morphine
can explain this finding.?® However, definitive conclu-
sions on the postoperative analgesic effect of SA, as exe-
cuted in this study, cannot be drawn because the vast
majority of our surgical procedures were carried out in a
day surgery regime, limiting the postoperative observa-
tion time. Moreover, the postoperative use of buprenor-
phine, as rescue analgesia, may have interfered with the
morphine administered intrathecally, reducing its long-
lasting analgesic effect.??

This study also has other limitations. Its retrospective
nature and the low number of cases do not allow for a
thorough assessment of the safety of this technique in
cats. An experienced clinician, familiar with the parame-
dian technique and the use of small-calibre spinal nee-
dles, performed all the punctures. A less experienced
operator could encounter more difficulties and obtain
different results. Different general anaesthesia protocols
used in the cases analysed in this study represent a
confounding factor.

Conclusions

SA was an easy-to-perform regional technique in cats,
characterised by a low PFR when a paramedian approach
at the Ly /L, , interspaces was used. No iRA was
recorded with dosing of bupivacaine >0.8 mg/kg along
with morphine of 0.1 mg/kg in cats undergoing hindlimb
surgeries. Hypotension and bradycardia were the most
common intraoperative side effects. Future studies are
required to better investigate the duration and the qual-
ity of postoperative analgesia.

Supplementary material The following file is available online:
Appendix 1: Case records with complete information.
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