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Abstract

This study was designed to evaluate the effectiveness of neuromuscular blockade with rocuronium bromide (rocuronium) in eighty
dogs anaesthetised for a variety of surgical procedures. Rocuronium 0.3 or 0.6 mg/kg (G03 and G06) was administered intravenously
(IV) and neuromuscular function was monitored with an acceleromyograph. Lag time (LT) was >1 min in both groups. Onset time
(OT) was 2 ± 0.9 and 1.1 ± 0.6 min in the groups given 0.3 and 0.6 mg/kg, respectively. There was a significantly longer time of action
with 0.6 mg/kg in contrast to 0.3 mg/kg rocuronium. Time of no response (TonR) was 9.1 ± 4.9–16.9 ± 6.1 min in the groups given 0.3
and 0.6 mg/kg, respectively. The time from the end of injection until 25% recovery of the first twitch from the baseline value (T125) was
13.8 ± 5.5 and 22.3 ± 6.7 min in the groups given 0.3 and 0.6 mg/kg, respectively. T125–75 was similar in both groups. Total recovery to
baseline values was achieved in 23.8 ± 6.6 and 31.9 ± 6.5 min in the groups given 0.3 and 0.6 mg/kg, respectively (P < 0.05). Premedi-
cation, maintenance agent, body position and stimulation site had no significant influence on the pharmacodynamic parameters in both
groups. It was concluded that rocuronium is an effective non-depolarising muscle relaxant in the dog under clinical conditions.
� 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

The introduction of muscle relaxants to human anaes-
thesia in 1942 was a major advance, since any desired
degree of relaxation could be produced irrespective of the
depth of anaesthesia (Griffith and Johnson, 1942). The first
reports of the use of muscle relaxants in dogs were
described by Pickett (1951) using curare and with the depo-
larising agent succinylcholine (Hall, 1952) and a number of
non-depolarising muscle relaxants including pipecuronium,
atracurium, pancuronium and vecuronium have been
introduced in veterinary anaesthesia in recent years (Jones,
1987, 1992; Jones and Clutton, 1984; Jones and Seymour,
1985). The latest addition, rocuronium bromide (ORG
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9426) (rocuronium), derived from vecuronium, became
available in 1995.

The main indication for the use of muscle relaxants is to
relax skeletal muscles to make surgical access easier, to pre-
vent movement during ophthalmic, orthopaedic and
abdominal procedures and to allow the initiation of inter-
mittent positive pressure ventilation (IPPV). Used as part
of balanced anaesthesia they reduce the amount of general
anaesthetic agent required (Hall and Weaver, 1954).

In order to administer a drug safely to patients, it is
important that its pharmacological properties, its time
course of action and the possible side-effects are known.
The properties of rocuronium have been documented in
the dog under experimental (Cason et al., 1990) and clinical
conditions (Dugdale et al., 2002). In the present study, we
compared the neuromuscular blocking properties of rocu-
ronium at two different doses, administered as a single
bolus to dogs, under clinical conditions (see Table 1).
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Table 2
The numbers and types of procedures carried out

Procedures Numbers of dogs

Cataract removal 33
Ophthalmic surgery 9
Osteosynthesis 10
Arthroscopy 2
Anterior cruciate ligament repair 5
Laparotomy 5
Laparoscopy 6
Soft tissue surgery 10

Table 1
Physical characteristics and anaesthetic protocols of two groups of dogs
given different doses of rocuronium

IV rocuronium dose 0.3 mg/kg 0.6 mg/kg

Number of dogs 16 64
Age (years) 6.4 ± 4.1 5.2 ± 3.8
Weight (kg) 23.7 ± 13.1 22.7 ± 13.1
Lateral/dorsal recumbency 16/0 40/24
Stimulation side front/hind 0/16 33/31
Acepromazine/opioid (G1P) 3 37
Medetomidine/opioid (G2P) 6 16
Midazolam/opioid (G3P) 7 11
Isoflurane/fentanyl (G1M) 7 32
Propofol/fentanyl CRI (G2M) 9 32

G03 (0.3 mg/kg), G06 (0.6 mg/kg). Result expressed as the mean and
standard deviation (SD).
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2. Materials and methods

The study was designed as a prospective clinical study.
Eighty dogs of different breeds undergoing a variety of sur-
gical procedures under general anaesthesia were included.
In all animals, muscle relaxation was part of the anaes-
thetic protocol. The dogs received only one bolus of rocu-
ronium during anaesthesia and it was not antagonised so
that the complete duration of action of the drug could be
observed. The numbers and types of procedures carried
out are summarised in Table 2.

The animals had a mean body weight of 22.1 ± 13 kg
(mean ± SD) (range 2.6–50 kg) and a mean age of
5.6 ± 4.1 years (range 0.2–14.6). The dogs were classified
as ASA1 1 (healthy, no systemic disease) to ASA 3 (mild
systemic disease, moderate functional limitation) according
to their history, clinical examination and the results of lab-
oratory tests (Thurman et al., 1996).

Rocuronium (Esmeron, N.V. Organon) was adminis-
tered at two different doses: 0.6 mg/kg (G06, n = 64) and
0.3 mg/kg (G03, n = 16) depending on the proposed dura-
tion of surgery.

Dogs were premedicated with different drugs and these
were administered approximately 15 min before induction
of anaesthesia. The drugs were mixed in a single syringe
and administered as a bolus intravenously (IV). The choice
of anaesthetic protocol depended on indication and ASA
group and are given in Table 2. For premedication, the dogs
in premedication group 1 (G1P) received 0.03 mg/kg ace-
promazine (Vanastress, Vana GmbH) and an opioid, either
0.4 mg/kg butorphanol (Butomidor, Richter Pharma) or
0.1 mg/kg methadone (Heptadon, Ebawe Pharma Ges-
mbH). In premedication group 2 (G2P), dogs received
0.01 mg/kg medetomidine (Domitor, Orion Corporation)
and 0.1 mg/kg methadone. In premedication group 3
(G3P) they were given 0.3 mg/kg midazolam (Midazolam
Mayrhofer Pharmazeutika) and 0.4 mg/kg butorphanol.
1 American Society of Anesthesiologists.
Anaesthesia was induced with propofol (2–6 mg/kg)
(Propofol 1%, Fresenius) administered IV to allow tracheal
intubation. The dogs were positioned in dorsal (n = 22) or
lateral recumbency (n = 58) and connected to a circle sys-
tem equipped with a pressure controlled mechanical venti-
lator (Ventilator 7800, Ohmeda). Anaesthesia was either
maintained with isoflurane (Furane, Baxter) in 100% oxy-
gen (group 1 maintenance = G1M) and supplemented with
fentanyl 0.02–0.04 mg/kg/h (Fentanyl, Jansen-Cilag) or
with total IV anaesthesia of propofol 10–14 mg/kg/h and
fentanyl 0.02–0.04 mg/kg/h breathing 100% oxygen (group
2 maintenance = G2M). When spontaneous respiration
ceased, IPPV was initiated and the dogs were ventilated
at respiratory rate (RR) of 10–15 per min and a tidal vol-
ume (VT) of 10 mL/kg. All dogs received a continuous
intravenous infusion of lactated ringer’s solution at a rate
of 10 mL/kg/h (Ringer Lactat, Fresenius Kabi).

2.1. Neuromuscular monitoring

Neuromuscular function was assessed using an acceler-
omyograph (TOF-Guard, Organon Teknika). Depending
on the surgical procedures and the body position, the ulnar
nerve of the front limb or the peroneal nerve of the hind-
limb was used for this monitoring. The electrical stimula-
tion was in a train-of-four (TOF) mode at 2 Hz every
15 s with two needle electrodes placed subcutaneously over
the nerve. The method of limb fixation and position of the
electrodes was as described by Mosing and Auer (1999) and
adapted for the hindlimb.

Electrical stimulation and corresponding responses were
continuously recorded on a memory card for off-line anal-
ysis. Firstly, the electrical current needed for supramaximal
stimulation (when the twitch height remained constant in
spite of increasing electrical current) was determined.
When responses were stable for 5–10 min, the baseline
measurements were recorded and rocuronium was then
administered as a rapid IV bolus injection.

The lag time (LT, time from end of injection to first
depression of the first twitch = T1 of TOF) and onset time
(OT, time from end of injection to total disappearance of
all four twitch responses in case of total relaxation) were
determined. If partial relaxation occurred, the first of three
consecutive TOF stimulations with identical amplitude to
the first twitch was defined as onset time (Viby-Mogensen
et al., 1996). The time of 100% block (TonR, time from



Table 3
Pharmacodynamic parameters of two different dosages of rocuronium
(Roc) in dogs (time in min, mean ± SD, range)

Parameter 0.3 mg/kg Roc 0.6 mg/kg Roc

LT 0.5 ± 0.3 (0.25–1) 0.4 ± 0.2 (0.3–1.3)
OT 2 ± 0.9 (0.7–3.5) 1.1 ± 0.6 (0.3–3)
T125 13.8 ± 5.5 (7–22.75) 22.3 ± 6.7 (10–46)
T150 16.1 ± 6.2 (8.3–26.3) 24.7 ± 7.3 (11.7–47.7)
T175 18.7 ± 7.6 (8.7–30.7) 27.7 ± 7.4 (14–48.7)
T125–75 5.2 ± 2.8 (1.3–10) 5.9 ± 2.4 (2–11)
T1100 26.0 ± 7.7 (16.3–37.5) 31. 3 ± 6.7 (19.5–45.7)
TOFR 0.7 21.3 ± 6.8 (11.5–34.25) 29.8 ± 7.5 (17–48.5)
TOFR 0.8 22.1 ± 6.2 (12.5–31) 30.7 ± 7.1 (19–51)
TOFR 0.9 23.7 ± 6.6 (13.3–33) 31.9 ± 6.5 (17.5–46.7)
TonR 9.1 ± 4.9 (2.5–18.5) 16.9 ± 6.1 (7.5–33.7)
MA 42 ± 4 (40–51) 39 ± 12 (10–60)

LT, lag time; OT, onset time; T125, T150, T175, clinical duration; T125–75,
recovery time; TOFR, train-of-four ration; TonR, time of no response;
mA, milliAmpere.
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onset in case of total relaxation with no detectable
responses to TOF stimulation till return of the first twitch
of TOF), the clinical duration of action T125 and T50 and
T75 (T125,50,75, the time from end of injection until 25%,
50% and 75% recovery of the first twitch from baseline
value) were determined.

The train-of-four ratio (TOFR) was calculated by divid-
ing the fourth twitch height by the first twitch height. The
times to reach a TOF-ratio of 0.7 (TOFR 0.7), 0.8 (TOFR
0.8) and 0.9 (TOFR 0.9) were then determined. The recov-
ery time from neuromuscular block (T125–75, time of the
first twitch height to increase from 25% to 75% of baseline
values) was also calculated.

To investigate the influence of age and weight dogs, the
dogs in G06 were divided into subgroups. Group weight
classes (GW) were defined: GW1, 1–10 kg (n = 19); GW2,
10–30 kg (n = 26); GW3, >30 kg (n = 19). Groups of ages
(GA) were also defined: GA1, 1–3 years (n = 28); GA2,
3–8 (n = 18); GA3, >8 (n = 18) years.

Heart rate (HR) was measured from an electrocardio-
gram (EKG HP M1001A, Hewlett Packard). Non-invasive
arterial blood pressure (NIBP) was measured by an oscillo-
metric method (NIBP HPM1008P, Hewlett Packard),
using a cuff (HP pediatric blood pressure cuffs, Medical
Production Group) around the distal part of the foreleg
(width approximately 40% of the diameter of the leg).
Respiratory rate (RR), end-tidal carbon dioxide (FE‘CO2)
and isoflurane concentration (FE‘ISO) were also moni-
tored with a sidestream anaesthetic gas analyser (HP
M1026A, Hewlett Packard). Core body temperature was
measured with a temperature probe placed in the oesopha-
gus (Hp Temp M1029A, Hewlett Packard). Numerical val-
ues and the time course of the monitored parameters were
displayed on a screen (HP .CMS monitor, Hewlett Pack-
ard). Values were recorded manually at 5 min intervals
on a standard anaesthetic record sheet. Changes immedi-
ately after drug administration were recorded as they
occurred. Normally, surgery began within 2–10 ± 3.4 min
after administration of rocuronium.

2.2. Statistical analysis

Analysis of Variance (ANOVA) was used to determine
the influence of the anaesthetic protocol, body position
and stimulation site on the pharmacodynamic variables
(LT, OT, T125, T150, T175, T125–75, TOFR 0.7, 0.8, 0.9).
For normal variables an unpaired Student’s t test was used
to test for differences between GO3 and GO6. The Wilco-
xon rank sum test was used for non-normally distributed
parameters. Results were expressed as mean and standard
deviation (SD) and differences were considered significant
if P < 0.05.

3. Results

The results are shown in Table 3. There was no statisti-
cally significant difference between the two groups for age,
body weight and of supramaximal stimulation current.
Two dogs in G06 failed to show a response to the
neuromuscular blocking agent after a single IV bolus of
0.6 mg/kg rocuronium and were excluded from the analysis.

LT was <1 min in both groups. OT was 2 ± 0.9 and
1.1 ± 0.6 min in G03 and G06, respectively. Total block
occurred in all but ten dogs in G06 and two dogs in G03,
in which the maximum block of T1 attained were 97%
and 94%, respectively. These dogs showed a response to
stimulation characterised by a barely visible first twitch
of 3–6% of baseline value due to muscle stimulation, appar-
ently due to a direct stimulation effect of the muscle rather
than at the neuromuscular junction.

There was a significantly longer duration of action with
0.6 mg/kg compared to 0.3 mg/kg rocuronium. TonR was
9.1 ± 4.9–16.9 ± 6.1 min in G03 and G06, respectively.
T125 was reached after 13.8 ± 5.5 min in G03 in compari-
son to 22.3 ± 6.7 min in G06. Recovery time T125–75 was
similar in both groups. Total recovery to baseline values
was achieved in 23.8 ± 6.6 min in G03 and 31.9 ± 6.5 min
in G06 (P < 0.05).

Premedication, maintenance agents, body position and
stimulation site had no significant influence on pharmaco-
dynamic parameters in either G03 or G06 (Tables 4 and 5).
Premedication with medetomidine (G2P) tended to pro-
duce a longer duration of action in comparison to the other
premedication groups (G1P, G3P) but this was not signif-
icant in either G03 or G06.

Maintenance of anaesthesia with isoflurane (G1M)
resulted in a tendency to a more rapid onset but longer dura-
tion of action of nearly 3 min in G03 and G06 when com-
pared with the propofol group (G2M). Age and weight in
G06 had no significant influence on the different measured
pharmacodynamic parameters. Three dogs in G06 suffered
from diabetes mellitus. They showed a shorter duration of
action in all parameters in comparison with the results of
the whole group even though they received isoflurane.

End-expired isoflurane concentration in GM1 at the
time of rocuronium administration was 0.9 ± 0.3% and



Table 4
Influence of different protocols on pharmacodynamic parameter of rocuronium (0.3 mg/kg) IV

Protocol/parameter in min LT OT TonR T125 T150 T175 T125–75 TOFR 0.7 TOFR 0.9

Premedication

G1P (n = 3) 0.5 ± 0.3 1.9 ± 1.1 7.4 ± 2.6 10.5 ± 2.4 12.5 ± 3.4 14.4 ± 3.6 4.45 ± 2.91 18.35 ± 4.39 21.31 ± 5.06
G2P (n = 6) 0.5 ± 0.4 2.8 ± 0.8 10.6 ± 7.1 21.5 ± 1.2 24.9 ± 1.2 30.4 ± 0.4 8.91 ± 1.46 29.37 ± 0.88 25.66 ± 2.96
G3P (n = 7) 0.6 ± 0.3 1.7 ± 0.6 9.8 ± 5.6 13.3 ± 5.6 15.3 ± 5.1 17.4 ± 6.8 4.25 ± 1.97 22.7 ± 6.46 25.75 ± 7.03

Maintenance

G1M (n = 7) 0.5 ± 0.3 1.9 ± 0.9 8.9 ± 6.1 14.2 ± 6.5 16.2 ± 7.1 19.2 ± 8.9 4.75 ± 3.19 22.56 ± 7.71 26.32 ± 8.58
G2M (n = 9) 0.6 ± 0.2 2.1 ± 0.6 9.3 ± 3.1 13.2 ± 4.6 15.9 ± 5.4 18.1 ± 6.2 5.78 ± 2.43 21.25 ± 3.22 26.33 ± 7.27

Sum of n = 16 0.5 ± 0.3 2.0 ± 0.9 9.1 ± 4.9 13.8 ± 5.6 16.1 ± 6.2 18.7 ± 7.6 5.2 ± 2.84 21.34 ± 6.8 23.67 ± 6.55

LT, lag time; OT, onset time; T125, T150, T175, clinical duration; T125–75, recovery time; TOFR, train-of-four ration; TonR, time of no response; mA,
milliAmpere.

Table 5
Influence of different protocols on pharmacodynamic parameter of rocuronium (0.6 mg/kg) IV

Protocol/
parameter
in min

LT OT TonR T125 T150 T175 T125–75 TOFR 0.7 TORF 0.9

Premedication

G1P (n = 37) 0.34 ± 0.13 1.11 ± 0.68 16.77 ± 5.5 21.49 ± 5.37 23.99 ± 5.99 27.38 ± 6.48 6.05 ± 2.54 29.36 ± 7.63 31.33 ± 6.75
G2P (n = 16) 0.58 ± 0.34 1.2 ± 0.37 18.93 ± 5.37 23.81 ± 6.96 27.21 ± 9.26 30 ± 9.87 5.92 ± 1.9 31.66 ± 7.43 34.75 ± 6.24
G3P (n = 8) 0.47 ± 0.16 0.94 ± 0.39 15 ± 8.04 23.28 ± 11.01 26.25 ± 11.14 27.36 ± 10.22 5.64 ± 2.26 27.64 ± 7.39 32.71 ± 6.34

Maintenance

G1M (n = 30) 0.37 ± 0.15 1 ± 0.43 18.77 ± 7.6 23.66 ± 7.59 26.06 ± 8.77 28.91 ± 8.28 5.84 ± 2.36 30.46 ± 8.75 29.98 ± 7.16
G2M (n = 31) 0.39 ± 0.27 1.21 ± 0.69 15.62 ± 4.6 20.87 ± 5.29 23.77 ± 6.06 26.82 ± 6.74 6.06 ± 2.45 29.02 ± 6.01 33.13 ± 6.02

Stimulation

Hindlimb 0.41 ± 0.21 1.05 ± 0.47 16.33 ± 4.86 22.99 ± 7.88 25.28 ± 8.48 28.05 ± 8.26 5.68 ± 2.14 29.54 ± 8.75 30.19 ± 6.34
Forelimb 0.35 ± 0.15 1.17 ± 0.67 17.51 ± 7.26 21.65 ± 5.23 24.17 ± 5.95 27.33 ± 6.51 6.31 ± 2.67 29.96 ± 6.31 33.82 ± 6.41
Sum of n = 61 0.39 ± 0.2 1.1 ± 0.6 16.93 ± 6.1 22.33 ± 6.7 24.77 ± 7.3 27.71 ± 7.4 5.9 ± 2.4 29.76 ± 7.5 31.96 ± 6.5

LT, lag time; OT, onset time; T125, T150, T175, clinical duration; T125–75, recovery time; TOFR, train-of-four ration; TonR, time of no response; mA,
milliAmpere.
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maintained at a constant value between 0.9% and 1.3%
during the observation period in both groups. Mean core
body temperature was 37.2 ± 0.8 �C (38.4–36.3 �C)
throughout the procedures in both groups. There were no
marked changes in heart rate and arterial blood pressure
immediately after drug administration and no major
changes were observed throughout the procedures. No
harmful side-effects such as bronchospasm, due to hista-
mine release, bradycardia, dysrhythmias or life-threatening
anaphylactic reaction occurred during the duration of
action of rocuronium and the clinical assessment of the
neuromuscular block was judged to be good to excellent
in all cases.

4. Discussion

The results of this study indicate that both dosages of
rocuronium (0.3 and 0.6 mg/kg) produced a 100% neuro-
muscular block in dogs with a mean time of duration of
action of 23.7 ± 6.6 and 31.9 ± 6.5 min, respectively.

It is not clear why rocuronium failed to produce a neu-
romuscular block in two dogs as the injection was definitely
IV. The same vial of the drug was used and an additional
bolus from a new vial produced relaxation. Reduction of
the activity of rocuronium caused by lack of refrigeration
cannot be excluded.

These result are similar to those of Mosing (1998) and
Dugdale et al. (2002) using 0.6 and 0.4 mg/kg, respectively.
Cason et al. (1990), using similar dosages of rocuronium,
demonstrated a longer duration of action ranging from
31 to 40 min. It must be accepted that in those studies dif-
ferent anaesthetic techniques and methods of neuromuscu-
lar monitoring were employed.

The majority of drugs routinely currently used in clinical
veterinary anaesthesia may alter the time course of action
of neuromuscular blocking drugs (Khuenl-Brady et al.,
1992; Muir et al., 1989). There is little information concern-
ing the influence of anaesthetic regimes on the pharmaco-
dynamic effects of rocuronium in dogs (Jones, 1999). The
different anaesthetic protocols used in the present study
produced no significant influence on the duration of action
of rocuronium although there was a tendency for prolonga-
tion of the duration of action when isoflurane and mede-
tomidine were employed as part of the protocol.

Prolongation of the action of rocuronium during isoflu-
rane anaesthesia has been reported in both man and dogs
(Oris et al., 1993; Quill et al., 1991). In cats, halothane
and enflurane produced a small increase in the time from
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maximal block to 90% recovery with rocuronium (Muir
et al., 1994). The volatile agents potentiated the intensity
and duration of the block and this effect is more marked
with ethers. This pharmacodynamic interaction (Cannon
et al., 1987; Stansky et al., 1979) depends on several fac-
tors, including duration of anaesthesia, nature of the inha-
lational agent and its concentration. The effect is caused by
a depressant action on the motor end-plate (Ngai, 1975)
and depression of acetylcholine release from the motor
nerve terminal (Hughes and Payne, 1979). The inhalational
anaesthetic agent has to penetrate in the muscle compart-
ment and the extent of interaction depends on the tissue
concentration which is a function of the exposure time
(Driessen et al., 1986). During procedures of long duration
under inhalational anaesthesia a prolongation of action of
rocuronium is probable and objective neuromuscular mon-
itoring is recommended.

It is unlikely that propofol and midazolam significantly
influence the neuromuscular blocking effects of rocuronium
when given as a bolus prior to rocuronium administration
(Khuenl-Brady et al., 1992). However, some of the dogs
in this study were anaesthetised using propofol as a contin-
uous rate infusion. There is little available information
about the influence of injectable anaesthetic drugs on the
action of neuromuscular blocking drugs in animals under
clinical conditions (Jones, 1999). In the present study,
medetomidine showed a tendency to prolong the duration
of action of rocuronium. In one other clinical study the
influence of medetomidine on the action of rocuronium
was investigated in dogs. A prolongation of the neuromus-
cular blockade was found but this was not statistically
significant (Kariman and Clutton, 2004). Ketamine potenti-
ates the blocking effects and lengthens the recovery time for
rocuronium in cats (Muir et al., 1994). In the present study
the values of the time course of action of rocuronium with
medetomidine were unaltered. The variability in response
to rocuronium seems to be mainly based on patient-related
factors and is independent of the anaesthetic protocol
(Lambalk et al., 1991). It is essential to treat each one indi-
vidually and to monitor the neuromuscular block.

In the study reported here no major changes in heart
rate were observed at any time. This is in accord with the
report of Mosing (1998). The lack of cardiovascular
changes suggest that rocuronium is a safe agent in canine
anaesthesia. The cardiovascular effects of neuromuscular
blocking agents of an increase in heart rate are said to be
due to cardiac muscarinic receptor block, increased nor-
adrenaline release and blockade of its reuptake, nicotinic
cholinoceptor blockade at the ganglia or histamine release.
Cardiovascular effects following rocuronium administra-
tion occur with doses which are much higher than those
required to produce neuromuscular block (Muir et al.,
1989). There is no evidence of histamine release (Cason
et al., 1990). Rocuronium has a mild vagolytic action and
a slight but transient tachycardia is occasionally observed
in humans (Khuenl-Brady et al., 1995). In dogs there was
a significant increase in heart rate one min after IV admin-
istration of rocuronium at a dose of 0.6 mg/kg (Mosing,
1998).

In the present study age and weight had no significant
influence on the pharmacodynamic parameters of rocuro-
nium. This was as expected because the possible effects
are thought to be far less than the variation between indi-
vidual patients. In man, the onset time, duration of action
and recovery time are prolonged in elderly patients and are
also longer in infants than in children (Bevan et al., 1993;
Matteo et al., 1993; Woelfel et al., 1992).

Neuromuscular monitoring is mandatory for the safe use
of neuromuscular blocking agents. Electromyography or
mechanomyography are considered scientific standards for
monitoring the effects of a neuromuscular blocking agent
under experimental conditions. Acceleromyography, as used
in this study, is the recommended technique for clinical
studies of neuromuscular blocking agents (Viby-Mogensen
et al., 1996). It has been suggested that the accuracy of an
accelerometer is similar to that of a mechanomyograph. A
close correlation between these two measuring techniques
has been demonstrated (Loan et al., 1995). Accerleromyog-
raphy has advantages over tactile or visual evaluation, which
are inadequate for precise evaluation of the TOF response.
Studies in man have showed that visual evaluation of the
TOF response correlates poorly with the true fade of TOF
values (Eriksson, 2003).

When considering the wide range of duration of action
under clinical conditions, especially in dogs with underly-
ing disease, the time course of action can be significantly
altered so that monitoring is essential to determine the
optimal time for the administration of incremental doses
and reversal of the block.

In this study two different peripheral nerve/muscle
groups were monitored. Stimulation of the peroneal nerve
in the hindlimb (Bowen, 1969) or the ulnar nerve in the fore-
limb with the recording of the movement of the paw have
been described (Cullen et al., 1980). Others workers (Dug-
dale et al., 2002; Jones, 1999) have described a technique
with stimulation of the facial nerve and recording of the
movement of the nose. In the present study there was a ten-
dency for a longer onset and recovery period when stimula-
tion of the hindlimb nerve was performed. This is similar to
findings in horses (Auer et al., 2002). The reasons for differ-
ences in response to rocuronium between the muscle groups
are not clear. Differences in number and density of acetyl-
choline receptors (Martyn et al., 1992) or the in the consti-
tution of the muscle fibre types (Jewell and Zaimis, 1953)
have been demonstrated. Because different muscle groups
have different sensitivities, results obtained for one muscle
group cannot necessarily be extrapolated to others.

5. Conclusion

Rocuronium at a dose of 0.3 and 0.6 mg/kg produce a
reliable neuromuscular block of 23–32 min duration,
respectively. There was no significant influence produced
by variations in anaesthetic protocols, age, weight and
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nerve stimulation sites. The variability of the duration of
action makes an objective monitoring of the block essential.
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