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ABSTRACT

Aim. The aim of this study was to evaluate the effects of preoperative administration of tizanidine on the
maintenance dose duration of the nondepolarizing muscle relaxant, i.e. vecuronium bromide.

Material and Methods. This prospective clinical study was conducted in 30 adult male patients scheduled
for elective inguinal hernia surgery. Patients were categorised into two randomised groups based on the
premedication use. Group 1 included patients (n = 15) who received oral diazepam (Diazem) in the evening
prior to the surgery, as well as meperidine (Dolantin) 1 mg/kg” (max. 50 mg) i.m. with 50 ml water by mouth
1 hour before the procedure. Group 2 comprised patients (n = 15) who were given oral tizanidine 4 mg in the
evening before the surgery, as well as oral tizanidine 4 mg with 50 ml water 1 hour prior to the operation. The
following parameters were recorded in both groups: pre-operative and perioperative diastolic arterial blood
pressure, systolic arterial blood pressure, mean arterial blood pressure, heart rate, respiratory rate, pre-op-
erative vecuronium bromide maintenance doses, procedure time and postoperative score according to the
Ramsay scale in 1, 2™ and 3" hour.

Results. No significant difference was observed between the two groups with regard to the pre-operative and
perioperative haemodynamic variables and the respiratory rate (P > 0.05), although it was found that vecuro-
nium maintenance dose duration was significantly higher in the tizanidine premedicated group (P = 0.015). In
addition, the operative time (P = 0.128) and the postoperative patients' Ramsay scores did not differ statisti-
cally between the two groups (P > 0.05).

Conclusions. The prolonged duration of vecuronium maintenance dose, the increased nondepolarizing block
time, as well as haemodynamic stability preservation in patients undergoing inguinal hernia surgery follow-
ing preoperative oral administration of tizanidine support the view that tizanidine can be used as an effective
and safe myotonolytic premedication agent.

Introduction

tonolytic clonidine. It is characterized by short
Tizanidine, an imidazoline, is also an a, receptor duration of action, little effect on heart rate and
agonist mainly derived from centrally acting myo- blood pressure, as well as antinociceptive and
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anticonvulsant effects [1]. Oral administration of
tizanidine is quickly absorbed. It reaches its max-
imum plasma concentration in 0.75 to 2 hours.
Since its elimination half-life is 2.1 to 4.2 hours,
it may be applicable even in the day care sur-
gery [2,3]. The use of a,-adrenergic agonists for
the treatment of muscle spasticity is well known
[4-6]. Tizanidine is a short-acting and potent
agent which effectively reduces spasticity caused
by multiple sclerosis, acquired brain injury or spi-
nal cord injury [7,8]. The most frequently report-
ed adverse effects include dryness of the mouth,
drowsiness, dizziness and fatigue, although it is
generally a well tolerated agent. It has been shown
that tizanidine has a similar clinical efficacy as
baclofen and diazepam [9,10]. Additionally, few-
er treatment interruptions due to adverse events
were also observed [11]. Tizanidine, which shows
muscle relaxant, sedative and anxiolytic proper-
ties, is also used in the treatment of musculoskel-
etal pain [6]. Howerver, the role of tizanidine in the
treatment of postoperative pain was investigated
[12]. The use of tizanidine was supported in pain
management studies, which inluded myofascial
pain, neuropathic pain, chronic daily headache
and low back pain [13-17]. Furthermore, tiza-
nidine demonstrated fewer cardiovascular side
effects, thus, making it an appealing drug to be
used in anaesthesia [18]. There are several stud-
ies assessing the role of tizanidine as an effective
anaesthetic premedication. In fact, oral premedi-
cation with tizanidine alleviates the hypertensive
response during laryngoscopy, as well as reduc-
es the induction dose of midazolam, the mainte-
nance dose of propofol, and the minimum alveolar
concentration of sevoflurane. Additionally, it pro-
longs spinal anaesthesia and reduces isoflurane
consumption [1,19-22]. Although tizanidine, which
proved effective in spastic patients, was reported
as a premedication in various studies, the find-
ings with regard to its use with nondepolarizing
drugs are scarce. Therefore, this study aimed to
assess the effect of tizanidine premedication on
the maintenance dose of vecuronium bromide,
which is a neuromuscular blocking agent.

Materials and Method

30 male patients who were eligible for elective
inguinal hernia surgery under general anaesthe-
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siawereincludedin this study. Patients were aged
between18-60 years and were assessed accord-
ing to the American Society of Anesthesiologists
Classification (ASA) 1, 2 and 3. Individuals with
uncontrolled diabetes or hypertension, a history
of cardiorespiratory, renal, endocrine, hepatic,
neurological and psychiatric disorders, and those
exposed to a, adrenergic agonists in the preced-
ing two weeks were excluded from the study. Pri-
or to the surgery, the patients were provided with
a complete description of the study, and subse-
quently, an informed consent was obtained from
each participant. Taksim Research and Training
Hospital Local Ethical Committee approved the
presented study.

Following the pre-anaesthetic examination,
an 8-hour fast was recommended before the sur-
gery. All patients were evaluated the night before
the planned operation, and a full physical exami-
nation was performed. After brief information was
given to the patients about the surgery, they were
informed about the drugs used before the surgery,
the anaesthesia method applied in the operating
room and the TOF-Guard device (Biometer, Den-
mark). Patients were then divided into two ran-
domised groups on the basis of the premedica-
tion use. Group 1 comprised patients (n = 15) who
had received oral diazepam (Diazem) the evening
before the operation and meperidine (Dolantin) 1
mg/kg” (max 50 mg) i.m. + 50 ml water per os 1
hour pre-operatively; Group 2 included patients
(n = 15) who had oral tizanidine 4 mg administered
in the evening before the operation and oral Tiza-
nidine 4 mg + 50 ml water 1 hour pre-operatively.
In addition, atropine 0.5 mg i.m. was administered
to both groups as a standard measure. Preop-
eratively, arterial systolic blood pressure (SABP),
arterial diastolic blood pressure (DABP), and mean
arterial blood pressure (MABP), respiratory rates
(RR), and heart rate (HR) values were recorded 3
minutes before the induction of general anaes-
thesia. The electrodes of the TOF-Guard device
were placed on the ulnar nerve and the mechani-
cal sensor was placed on the medial side of the
patient's thumb and secured. Neuromuscular
monitoring was undertaken using a Kontron Mini-
mon (Kontron Instruments, Model Minimon, 7137
Plus, Charter Kontron, England) in the operating
room. Following the intravenous administration
of Tmcg/kg™ fentanyl (maximum 75 mcg/kg™),
thiopental (Pentothal) 7 mg/kg” (maximum 500



mg) was administered and the TOF-Guard device
was calibrated to 100%. Subsequently, muscle
relaxation was induced with vecuronium bromide
(Norcuron) 0.1 mg/kg™, the patient was intubated
and delivered to the surgical team. All patients
were operated by the same surgical team blind-
ed to the medications involved in the study. Vital
signs and sedation were assessed and recorded
according to the Ramsay Scale (RSS). Mainte-
nance of anaesthesia was facilitated using an
inhaled mixture 65% N,0-35% O, and isoflurane
(Forane) 0.5-1%. During the operation, no other
analgesic was administered. The depth of anaes-
thesia was provided with volatile anaesthetic
dose changes according to the following vital
signs, SABP, DABP, MABP, RR and HR, which had
been recorded every 5 minutes pre-operatively.
When the 3" response of TOF was observed in the
TOF-Guard device, the patients’ muscle relaxant
requirements were maintained using doses of 30
mcg/kg’ in each patient. After the surgical team
completed the procedure, the volatile, anaesthetic
and N,O gases were turned off and the patient's
ventilation continued with the breathing circuit O,.
Each patient received 0.5 mg of atropine i.v. When
the 3" response was observed in the TOF-Guard
device, neostigmine methyl sulfate (neostigmine)
was administered i.v. for decurarization (1.5 mg).
When the TOF response was 65% according to the

TOF-Guard device, the patient was extubated. The
patients were transferred to the recovery room
and monitored for one hour. The sedation sta-
tus of the patients was evaluated with a 6-stage
Ramsay scale. According to the Ramsay scale, the
scoring levels are the following: (1) Irritable, agi-
tated and/or restless patient; (2) cooperative, ori-
ented and calm; (3) only obeying orders; (4) sleep-
ing, although responding immediately to glabella
tapping or loud noise; (5) sleeping, with a slow
response to tapping the glabella or loud noise; (6)
no response at all to these stimuli. Our patients
were evaluated with the Ramsay sedation score in
the 1%, 2" and 3" postoperative hours.

Statistical Analysis

Statistical analyses were performed with the
SPSS Version 18.0 (SPSS Inc., Chicago, IL, USA).
The Mann-Whitney U test for continuous vari-
ables was used to evaluate differences between
groups. Fisher's Exact and x* tests were applied
to analyse differences in proportions. A P-value of
P < 0.05, was defined as statistically significant.

Results

When the ASA results of the patients were evalu-
ated, 11 patients in Group 1 presented ASA score

Table 1. Comparison of clinical variables between the two groups

Variable Group 1 Group 2 Combined 1 & 2
(Mean t SD) (n=15) (n=15) (n=30) P Value
Age 49.87+13.15 46.07 +15.94 4797+ 14.49 0.482
Weight 741375 71.07 +6.83 72.6 +7.22 0.252
Pre-op SABP 133+ 18.11 134.33 £21.12 133.67+19.34 0.854
Pre-op DABP 81.67+11.13 84.47 +13.15 83.07 +12.05 0.534
Pre-op MABP 111 £14.93 107.80 + 17.05 109.43+15.83 0.581
Pre-op HR 79.47 +£12.79 73.9315.71 75.93 +11.27 0.137
Pre-op RR 16.73 +2.74 16.87 + 1.46 16.80+2.16 0.869
Periop SABP 147.40 £16.19 141.80 £ 25.35 144.60 £ 27.09 0.477
Periop DABP 86.40 +11.43 82.13+10.96 84.27+11.21 0.306
Periop MABP 113.93 £ 14.82 107.60 £ 14.19 110.77 £ 14.61 0.240
Periop HR 79.60 +9.95 72.27 +11.64 76.70 £ 10.13 0.074
Periop RR 17.60 + 3.64 16.80 + 2.68 17.20+3.17 0.499
Vec Int 35.563+8.75 42.93+6.75 39.23+8.56 0.015*
Op Time 73.80 +20.28 85.53 +20.68 79.67+20.99 0.128

Pre-op SABP: Pre-operative Systolic Arterial Blood Pressure; Pre-op DABP: Pre-operative Diastolic Arterial Blood Pressure; Pre-op MABP:
Pre-operative Mean Arterial Blood Pressure; Pre-op HR: Pre-operative Peak Heart Rate; Pre-op RR: Pre-operative Respiratory Rates; Periop
SABP: Peri-operative Systolic Arterial Blood Pressure; Periop DABP: Peri-operative Diastolic Arterial Blood Pressure; Periop MABP: Peri-
operative Mean Arterial Blood Pressure; Periop HR: Peri-operative Peak Heart Rate; Periop RR: Peri-operative Respiratory Rates; Vec Int:
Vecuronium maintenance dosage Interval; Op Time: Operation Time; P-values were calculated using Pearson x* test; Level of significance set

atP<0.05
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Table 2. Comparison of postoperative Ramsay sedation scores between the two groups

Time Ramsey Score Group 1 Group 2 P Value
n % n %
1 - - 1 6.7
. 2 3 20 5 33.3
First Hour 3 10 66.7 3 533 0.560
4 2 13.3 1 6.7
2 6 40 1 73.3
Second Hour 3 9 60 2 267 0.451
. 2 13 86.3 15 100
Third Hour 3 2 137 . . 0.143

N: number of patients; %: percentage of group; P-values were calculated using Pearson x” test; Level of significance set at P < 0.05

of |, three presented ASA Il and one presented
ASA 11l score; in Group 2, 9 patients showed ASA
| score, and six - ASA Il score. No significant dif-
ferences were observed between the two groups
(P = 0.332). There was also no statistically sig-
nificant difference between the groups in terms
of age (P = 0.482) and weight (P = 0.252). Table 1
shows the statistical comparisons of haemody-
namic variables, heart rates and respiratory rates
between the two groups, pre-operatively and
perioperatively. It was determined that the dura-
tion of the vecuronium maintenance dose was
significantly prolonged in the tizanidine premedi-
cated group (P = 0.015). However, the procedure
time did not statistically differ between the two
groups (P = 0.128). The comparison of the Ram-
say sedation scores of the patients recorded at
the first hour, second hour and third hour post-
operatively are presented in Table 2. There were
no significant differences in Ramsay sedation
scores between the two groups, (P > 0.05).

Discussion

Methyldopa, an analogue of levodopa, enters
the norepinephrine synthesis pathway and
is converted to a-methylnorepinephrine and
a-methylepinephrine. These pseudotransmit-
ters activate a-adrenoceptors, in particular cen-
tral a, receptors. As a result, norepinephrine is
released and sympathetic tone decreases. Sym-
pathetic tone is also reduced in patients receiv-
ing tizanidine, an a, agonist, due to the fat that
the transmitters at the junctions in the spinal
cord are adrenergic. Furthermore, studies in ani-
mal models also showed that tizanidine inhibits
both mono- and poly-synaptic reflexes [6,23].
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However, unlike baclofen, it reduces both mono-
and poly-synaptic excitation, although primarily
monosynaptic excitations [6,24]. Some research-
ers suggest that tizanidine inhibits polysynaptic
reflexes [6,25]. The result of this study might be
accounted for by a decrease in the tone-provid-
ing impulse to the adductor pollicis. Tizanidine,
which has a central alpha-2 noradrenergic ago-
nist effect, decreases norepinephrine release
and causes a decrease in the sympathetic tone,
which initially might suggest that it potentiates
muscle relaxation. However, the working principle
of the TOF-Guard device in the study is supra-
maximal quadruple stimulus given at 10-12 sec-
ond intervals, leading to severe muscle twitch
of the adductor pollicis. Therefore, the decrease
in tone in the muscle proximal to the electrodes
could not be assessed due to the working prin-
ciple of the device. The working mechanism of
TOF-Guard device is designed according to the
“all or nothing" principle of muscle contraction. If
the TOF-Guard device could provide submaximal
stimulation instead of supramaximal stimulation,
the decrease in muscle tone would be significant.
Moreover, submaximal stimulation could require
impulses from the spinal cord providing the tone
for muscle contraction.

Tizanidine, an imidazolidine derivative, is an
effective alternative to oral clonidine [18]. In fact,
the imidazolidine compounds related to clonidine
and tizanidine are thought to inhibit acetylcho-
line transmitter release [26]. A study in this area
using rabbit distal colon evaluated the potential
effects on isotonic contraction. Extrinsic pelvic
parasympathetic nerves were stimulated for 30
seconds at a frequency of 2 Hz. Atropine, when
added to the medium, abolished the contrac-
tions induced by acetylcholine, but only partially



reduced the responses to the nerve stimulation.
Clonidine and the related compounds (UK 14819,
UK 14304, UK 15121, UK 11957 and UK 42620)
inhibited nerve stimulation-induced contractions
at concentrations which had no effect on exog-
enous acetylcholine responses. In our study, the
imidazolide Tizadine [18], which also involves
these metabolites, may have played a role in the
prolongation of neuromuscular blockade. Since
acetylcholine acts as a transmitter in the intes-
tine and at the neuromuscular junction, tizanidine
may also have direct effects on the neuromuscu-
lar junction [26]. However, to date no evidence
is available to substantiate this thesis. During
general anaesthesia, clonidine increases intra-
operative circulatory stability by lowering cate-
cholamine levels. This includes peripheral nerve
blockade during regional anaesthesia. Clonidine
prolongs the duration of the block, as it can alter
the direct effects on the spinal cord through the
postsynaptic a, receptors located in the dorsal
horn. A reduction of post-operative tremor, inhi-
bition of opioid-induced muscle stiffness, reduc-
tion of opioid withdrawal symptoms, and treat-
ment of some chronic pain symptoms are among
the areas where it is applicable. Its side effects
comprise bradycardia, hypotension, sedation,
respiratory depression and dryness of the mouth.
Although methyldopa and clonidine are adrener-
gic agonists, they are also considered sympatho-
lytic, since they reduce sympathetic release [27].
In this study, the effect of the first dose of vecuro-
nium bromide was significantly prolonged in the
tizanidine group. There is no known direct drug
interaction between vecuronium bromide and
tizanidine [27]. Thus, the absence of drug inter-
action may also indicate that the effect of tiza-
nidine on prolonging neuromuscular block does
not occur by binding to post junctional receptors
at the neuro muscular junction where vecuronium
bromide acts. Nonetheless, tizanidine does seem
to prolong the effect of the neuromuscular block
when the effects of neuromuscular blocking
agents are monitored objectively using the TOF-
Guard method. Therefore, there might be a direct
action on the ulnar nerve, a peripheral nerve, or
on the neuromuscular plate. However, this is
unlikely, as the ulnar nerve at that level consists
only of myelinated sensory and motor fibres, and
the absence of synapses in that area that would
require transmitters. Additionally, there is no evi-

dence that tizanidine has a direct effect on the
nerves. Since imidazolidine substances related
to clonidine are thought to inhibit transmitter
release, it might be that they inhibit the release of
the stored acetylcholine in the presynaptic vesi-
cles in the neuromuscular plate.

Tizanidine reduces spasticity, possibly by
increasing presynaptic inhibition of motor neu-
rones. Tizanidine was shown to have no direct
effect on the skeletal muscle fibers or the neu-
romuscular junction. Although having no major
effect on monosynaptic spinal reflexes, it has
its main effect on polysynaptic pathways. Con-
sequently, it is thought to decrease the facilita-
tion of spinal motor neurons [3]. Muscle reflexes
are particularly depressed (polysynaptic reflex-
es) by tizanidine, which results in both spi-
nal and supraspinal effects. Nevertheless, the
exact mechanism of tizanidine action remains
unknown. There are clinical studies evaluating
a decrease in blood pressure, sedation and sym-
patholytic effects caused by tizanidine. In addi-
tion, in animal studies, tizanidine was shown to
have anticonvulsant effects and to inhibit gas-
trointestinal motility. Tizanidine may have a gas-
tric protective effect due to its acid inhibitory
effect through the nervus vagus with noredrener-
gic suppression [28]. In studies investigating the
antispastic effect of tizanidine, it was shown that
the frequency of spasm and clonus improved sig-
nificantly. Thus, tizanidine is primarily effective
presynaptically [29-31]. In contrast, the depres-
sant effect of tizanidine on interneurone polysy-
naptic excitation is due to the reduction of their
postsynaptic effects rather than the inhibition of
their presynaptic release of excitatory transmit-
ters [32]. However, it is unlikely that these effects
directly affected the results of our study, where
supramaximal stimulation was administered
locally and peripherally by the TOF-Guard device.
Animal models also showed that tizanidine has
a hypothermic effect [33,34]. A decreased oxy-
gen consumption and energy expenditure were
observed after a single dose of 6 mg and 12 mg
tizanidine in healthy subjects [35]. The reduction
in oxygen consumption and energy expenditure,
and hence the possibility of hastening hypother-
mia could, theoretically, be vital, since hypother-
mia is allowed during neuromuscular blockade.
In terms of our use of atropine, which is para-
sympatholytic, it was thought to have no effect in

Journal of Medical Science 2022;91(1)

21



22

our study, as it was administered to both groups.
Diazepam shows a muscle relaxant effect, and
with 5 mg diazepam given at night, active metab-
loites may have been present in the course of the
study. Nonetheless, a significantly longer dura-
tion in the muscle blockade was found in the tiza-
nidine group.

Conclusion

In this study, the effect of oral tizanidine on the
duration of vecuronium maintenance dose in gen-
eral anaesthesia was investigated. It was shown
that pre-operative tizanidine increased the dura-
tion of vecuronium maintenance doses more sig-
nificantly than placebo. Haemodynamic changes
in both groups were not significant. Thus, it is
suggested that various doses of tizanidine and
various times of prescription prior to operation
should be studied. In conclusion, more evidence
is needed on the concomitant use of tizanidine
and neuromuscular nondepolarizing blockers.
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