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Effects of perineural tramadol on nerve conduction of sural nerve

Perinoral tramadoliin sural sinir iletimi iizerine etkisi

Mehmet BEYAZOVA,' Ertan OZTURK,2 Murat ZINNUROGLU,' ismail GOKYAR,3
Avni BABACAN,* Kadir KAYA*

/0

Objectives: The aim of this study was to investigate whether tramadol had a dose-dependent blocking effect on nerve con-

Summary

duction when administered perineurally to the sural nerve of healthy volunteers.

Methods: Twenty-four informed healthy subjects were randomized into four equal groups [Saline (placebo), 0.5% tramadol,
1% tramadol and 1.5% tramadol]. The study was designed to be double-blinded. Sensory nerve action potentials were recor-
ded electroneurographically. Two milliliters of study solution was administered to the sural nerve perineurally at the level of
the ankle with the guidance of a nerve stimulator. A sensory block was assumed to have developed when the amplitude of the
averaged sensory nerve action potentials diminished below 80% of the baseline value in the subsequent recordings.

Results: According to the electroneurographical recordings, none of the volunteers in the saline group had block. However,
the block rates with 0.5%, 1% and 1.5% tramadol were 1/6,4/6 and 6/6, respectively (p<0.05). The maximum decrement in
the sensory action potential amplitudes with respect to baseline amplitudes (given as median values) were as follows: 7.8%
with saline; 12.5% with 0.5% tramadol; 38.5% with 1% tramadol; and 77.5% with 1.5% tramadol (p<0.05). While the me-
dian duration of sensory block with 0.5% tramadol was 5 minutes, it was 15 minutes with 1% tramadol and 35 minutes with
1.5% tramadol.

Conclusion: Perineurally administered tramadol blocks sensory nerve conduction of the sural nerve in a dose-dependent

manner.
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Ozet

Amag: Calismanin amacs, saglikly goniillilerde sural sinire perindral olarak wygulanan tramadoliin sinir iletimi iizerine doz bagimls
bloke edici etkinliginin olup olmadiginin arastirilmasidir.

Gereg ve Yontem: Yirmi dort bilgilendirilmis saglikli denck esit olarak 4 gruba [Salin (plasebo), %0.5 tramadol, %1 tramadol ve
%1.5 tramadol] ayrildi. Calisma ¢ift kor olarak tasarlandi. Duyusal sinir aksiyon potansiyelleri elektrondrografik olarak kaydedild.
2 ml'lik ¢alisma solisyonu sinir stimiilatorii yardimi ile ayak bilegi diizeyinde sural sinire perindral olarak enjekte edildi. Izleyen
kayitlamalarda duyu yanit: amplitiidinin bazal degerin %80’inin altina inmesi durumunda duyusal blok olustugu kabul edildi.
Bulgular: Elektronsrografik kayitlara gore salin grubundaki hicbir denekte blok gelismedi. Bununla birlikte, %0.5, %1 ve %1.5 tra-
madol ile blok gelisim oranlart sirastyla 1/6, 4/6 ve 6/6ydr. Baglangic diizeylerine gore duysal aksiyon potansiyeli amplitiidlerinin
ortanca degerlerindeki maksimum azalma salin grubunda %7.8, %0.5 tramadol ile %12.5, %1 tramadol ile %38.5 ve %1.5 trama-
dolile %77.5di (p<0.05). %0.5 tramadol ile duysal blok siiresi 5 dakika iken, %1 tramadol ile 15 dakika ve % 1.5 tramadol ile 35
dakikayd:.

Sonug: Perindral olarak sural sinire uygulanan tramadol doz bagimli olarak duyu sinir iletimini bloke etmektedir.

Anahtar sézcUkler: Sinir blogu; sinir iletimi; opioid; periferik sinir; sural sinir; framadol.
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Introduction

Tramadol is a synthetic opioid belonging to ami-
nocyclohexanol group which acts by inhibiting the
re-uptake of both central and peripheral monoami-
nergic neurotransmitters (5-hydroxytryptamine and
noradrenaline).! It may be used as an analgesic via
several different routes.!" A local anesthetic efficacy
of tramadol was reported following intradermal ap-
plication. Later, this was confirmed with studies
conducted on frogh® and rat”? sciatic nerves. A
few clinical studies on human subjects showed con-
flicting results about the eflicacy of tramadol when
combined to local anesthetics as an adjunct and the
duration of the resulting peripheral nerve block.""-
13l Recently, Ozturk et al." have shown local anes-
thetic-like effect of perineural 50 mg tramadol on
a mixed nerve of the upper extremity. The effects
of various opioids other than tramadol have been
previously studied on sural nerve.!'>¢

The aim of this study was to investigate the effect of
lower doses of perineural tramadol on sural nerve
conduction.

Materials and Methods

After approval by the Ethics Committee of our Fac-
ulty, 24 male healthy volunteers were enrrolled. The
study was explained to the subjects in detail and an
informed written consent was obtained from each.
They went through a comprehensive interview and
a thorough physical examination followed by an
electroneurographic assessment. All were healthy
and eligible for the study. Subjects were encouraged
to report any discomfort or a desire to prompt the
termination of the experiment. The subjects were
randomized into 4 groups according to the study
solutions by means of a computerized random-
number generator. Placebo (saline) and tramadol
solutions were identically supplied in 2 ml saline.
The saline group (Group S) received only saline;
the 0.5% tramadol group (Group T10) received 10
mg tramadol; the 1% tramadol group (Group T20)
received 20 mg tramadol, and the 1.5% tramadol
group (Group T30) received 30 mg tramadol in a
double blinded design. The subjects and the inves-
tigators who performed the injections or conducted
the electroneurographic procedures were blinded to
the study solutions.
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Electroneurographic procedures were conducted
with a DISA Neuromatic 2000 electromyograph
(Dantec Electronics, Mileparken 22, DK-2740
Skovlunde, Denmark). Superficial electrodes
(TECA NCS disk electrode) were used for record-
ing and stimulation. The skin at the stimulation and
recording sites was cleansed with soap and dried
with a paper towel. Skin preparatory gel was applied
at the contact sites of electrodes which were then
secured by using adhesive tape. The active recording
electrode was placed on sural nerve behind the lat-
eral malleolus and the reference electrode 3 cm dis-
tal to the recording electrode. The stimulating elec-
trode (NM-420S, 5-pin male connector) was placed
14 cm proximally to the active recording electrode
with the cathode placed distally. Responses to 50
stimuli of square waves with 200 ms duration and 1
Hz frequency (at an intensity that did not produce
muscular artifacts) were averaged.!"” The amplitude
of averaged sensory nerve action potentials record-
ed prior to injection was accepted as the baseline
value. A sensory block was assumed to have devel-
oped when the amplitude of the averaged sensory
nerve action potentials diminished below 80% of
the baseline value in the subsequent recordings. If
no block was observed within the first 30 minutes
the study was terminated. In cases where a block de-
veloped, recordings were continued for every 5 min-
utes up to 30 minutes following the injection and
then every 10 minutes, until the amplitude regained
80% of the baseline value. Sural nerve conduction
was reevaluated 24 hours afterwards.

The perineural injections were to the vicinity of su-
ral nerve using a teflon-insulated 25G special needle
and a nerve stimulator (Stimuplex” HNS 11, Braun,
Germany) through a point 5 cm proximal to the
active recording electrode. Perineural injection was
performed with the assistance of a neural stimulator
to avoid the probable misleading effect of the subcu-
taneous fat tissue on the results. The current inten-
sity of the nerve stimulator was 2 mA, the duration
was 100 ms and the frequency was 2 Hz. The bare
area of the needle was placed on various sites over
the skin and the subject was questioned for a feeling
of an electrical shock spreading to the sural nerve
innervation area to determine the optimal inser-
tion point of the needle. The needle was introduced
slowly and carefully to the vicinity of the nerve ac-
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Table 1. Demographic data (mean+SD)

Group S GroupT, Group T, Group T,
Age (year) 3747 37+10 41+12 35+10
Weight (kg) 83+12 79+10 70+7* 7943
Height (cm) 17118 16745 166+6 180+4"

*:p<0.05, as compared to group S; t: p<0.05, as compared to groups T10 ve T20.
(S: Saline; T, : 0.5% tramadol; T,: 1% tramadol; T, : 1.5% tramadol)

cording to the sensation expressed by the subject in
response to an electrical current of less than 1 mA.
The study solution was injected when the sensory
response could be elicited with a current of 0.5 mA
verifying that the location was sufficiently close to
the nerve.

Statistical analyses were performed with the “SPSS
9.0 for Windows” computer software. The demo-
graphic characteristics and maximum amplitude dec-
rement rates were evaluated with one-way analysis of
variance, the block development rate with the chi-
square test, and the change in sensory response am-
plitude with repeated measurements analysis of vari-
ance. A two-sided p<0.05 was accepted as significant.

Results

All the subjects tolerated the procedures well
throughout the study. Table 1 presents the general
characteristics of the subjects. Mean ages of the sub-
jects were similar among the groups. However, the
mean body weights of subjects in group T10 was
lower than group S, while the mean height for group
T30 was higher than groups T10 and T20 (p<0.05).
However, height and weight differences between the

Block (-) M Block (+) x4

Number of subjects (n)
w

il .
0 T T T
Saline 0.5% tramadol 1% tramadol

1.5% tramadol

groups are not expected to affect the results of this
study since baseline values of each subject were used
for comparisons with subsequent recordings.

Figure 1 shows the rate of block occurence among
the subjects. None of the subjects in Group S dis-
played a block. Only one subject in group T10 and
four subjects in group T20 but all of the subjects
in group T30 developed a block. There was a sig-
nificant difference between group T30 and groups S
and T'10 and also between group T20 and group S in
relation to block occurence rate (p<0.05). Block oc-
curence rate was dose-related (Spearman rho=0.785
and p<0.01). Figure 2 shows the recordings of the

Baseline
Sthmin
10thmin

15thmin
20thmin 1N
25thmin
30thmin
3s5thmin

40th min
A45th min
50th min
55th min
60th min

65th min

Fig. 1. Number of subjects with/without sensory block. *:
p<0.05, as compared to group S, t: p<0.05, as compared to
group 0.5%.
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Fig. 2. Temporary difference in amplitude of sensory nerve ac-
tion potential in a subject who was administered 1.5% of tra-
madol.
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Table 2. Electroneurographic features of sensory block [median (25-75%)]

AGR1

Group S GroupT, Group T, Group T,
Maximum decrement in sensory nerve
conduction amplitude (%) 7.8 (3.2-14.6) 12.5(8.6-17.0) 38.5(15.0-57.3)* 68.3 (53.8-100)*
(n: 6) (n:6) (n: 6) (n: 6)
Time of maximum sensory block (min) - 5.0 12.5(6.3-15.0) 10.0 (5.0-11.3)
(n: 1) (n: 4) (n: 6)
Initial time of block (min) - 5.0 8.8+4.8 7.5+2.7
(n: 1) (n: 4) (n: 6)
Duration of sensory block (min) - 5.0 25.0+20.0 51.7+38.6
(n: 1) (n: 4) (n: 6)

*:p<0.05, as compared to group S; (S: Saline; T, : 0.5% tramadol; T, : 1% tramadol; T, : 1.5% tramadol).

consecutive sensory responses of a subject in the

T30 group during the study.

Median values of maximum amplitude reduction
rates were 7.8% for group S, 12.5% for group T10,
38.5% for group T20 and 68.3% for group T30.
There was no significant difference between group S
and group T10 but the reduction in groups T20 and
T30 were significant when compared with the other

groups (p<0.05) (Table 2).

Mean values for maximum sensory block occur-
rence time was 12.5 minutes for group T20 and
10 minutes for group T30. The mean interval until
block development was 8.8 min for group T20 and
7.5 minutes for group T30. The block duration was
approximately 25 minutes in group T20 and 51.7
minutes in group T30.

The clinical examination and electrophysiological
assessments 24th hours after the study were normal
in all subjects.

Discussion

This placebo-controlled, double-blind study indi-
cated that perineurally administered tramadol pro-
duces a decrement in the sensory response ampli-
tude of sural nerve in a dose-related manner and
produces a brief sensory conduction block.

The identification of opioid receptors in the spinal
cord and peripheral nerves have led to studies with
the hope of achieving fewer side effects, but longer
periods of analgesia with lower doses of opioids
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solely or in combination with local anesthetics.!"®

Pang et al.! were the first to point out that trama-
dol may have a local anesthetic-like effect after their
study where they administered 1.66% tramadol in-
tradermally. Later, Tsai et al.”! reported that trama-
dol, when applied directly to the rat sciatic nerve (at
concentrations of 1.25%, 2.5% and 5%), reduced
spinal somatosensorial evoked potential amplitudes
in a dose-related manner and that the block recovery
duration was 180 minutes on average when 1.25%
and 2.5% concentrations were used. We also have
observed that the block-inducing effect of tramadol
on human peripheral nerves was dose/concentra-
tion dependent similar to the results of Tsai et al.’s
study. However, we noted a much briefer conduc-
tion block in humans compared to the 180-minute
duration reported by Tsai et al.”” Sensory block fol-
lowing perineural administration of tramadol to the
human sural nerve developes only after a concen-
tration of 1-1.5% is used. A sensory block for only
5 minutes occured in one out of six subjects with
0.5% tramadol.

Clinical assessment and follow-up of sensory block
may sometimes be difficult. Electroneurography
provides quantitative and objective information to
support the clinical findings. Sural nerve was pre-
ferred as a sensory nerve which is relatively easy to

assess electroneurographically.!"”

Nerve conduction blocking effect of perineural opi-
oids in human peripheral nerves has been shown for

meperidine!>'* and tramadol."*' A local anesthet-
ic-like effect was observed with 50 mg of tramadol

on ulnar nerve which have both motor and sensory
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fibers. Sensory block duration was longer and the
maximal amplitude decrement was found to be
more pronounced in sensory rather than the motor
nerve action potentials. In this study, we aimed to
investigate the effectiveness of various doses of tra-
madol selectively on sural nerve which purely con-
sists of sensory fibers and whether it is effective with
lower doses. Therefore, we selected 3 different doses
of tramadol which were all lower than Ozturk et al’s
study.'"¥ The median duration of the sensory block
that they achieved was 25 minutes while we have
observed a longer period of sensory block (51.7
minutes with 30 mg tramadol) with lesser dose. This
may be due to the smaller diameter of sural nerve in
comparison to the ulnar nerve.

Our observation is consistent with Acalovski et
al.s" who have clinically demonstrated that tra-
madol used solely at a concentration of 0.25% for
IVRA does not generate a block. It may be postu-
lated from our results that a block with tramadol
during IVRA may develop at concentrations around
1-1.5%. A study on the frog sciatic nerve has shown
6.6 mM of tramadol is required to produce a block
similar to 2.2 mM lidocaine." The clinical applica-
bility of perineural tramadol at such high concen-
trations seems to be limited due to possible systemic
side effects. Tramadol alone, administered by epidu-
ral route, has a longer analgesic effect compared to
bupivacaine.?” It quickens sensory and motor block

appearence when added to lidocaine for IVRA.!"?

Tramadol added to mepivacaine during axillary
block prolonged both sensory and motor block du-
rations."""13) Qur study indicates that a concen-
tration of at least 1.5% is required for producing a
sensory block and the generated block lasts approxi-
mately 50 minutes. Taken together with our results,
this suggests that the analgesic effect produced by
tramadol when used as an adjuvant, may be due to
a different mechanism of action rather than a local
anesthetic-like effect. The prolonged analgesic effect
observed in Kapral et al.’s!"” study may be due to po-
tentialization of those agents or due to modulation
of the analgesic effect by tramadol through differ-
ent receptors. Kaabachi et al.!"” found that 100 and
200 mg of tramadol added to lidocaine 1.5% with
epinephrine 1/200,000 revealed significant dose re-
lated prolongation of motor and sensory blocks in
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axillary nerve. However, the onset of the block was
delayed with 200 mg of tramadol. Robaux et al.!'!
also found similar effectiveness on block duration
with 200 mg tramadol added to 1.5% mepivacaine,
however they did not observe any difference in the
onset of the block. In contrast to these, another
study showed no improvement in the duration of
block when 100 mg tramadol was added to 300
mg ropivacaine.”” We believe that the use of ropi-
vacaine, which has a longer duration of local anes-
thetic action than lidocaine, might have masked the
effectiveness of the lower dose of tramadol.

Tramadol is classified as an atypical opioid. The rea-
son for such a classification is the different mecha-
nism of action compared to other opioids since it
exerts analgesic effects through both opioid and
nonopioid mechanisms.!" The first of these mecha-
nisms is through opioid receptors while the second
is through monoaminergic pathways."?'?*) Tramadol
binds to opioid receptors less than morphine and its
aflinity to p-receptors is higher than for other recep-
tors.”! Tramadol inhibits re-uptake of norepineph-
rine and serotonin that play a role in pain modu-
lation and increases their concentrations in the
central nervous system, thus producing analgesia
by presynaptic stimulation in the central neuronal
synapses.?>?”) It has therefore been postulated that
the analgesic effect of tramadol may be antagonized
by both opioid and alpha-2 adrenoreceptor antago-
nists.”® However, Collart et al.” reported that they
were unable to antagonize the antinociceptive and
analgesic effects of oral tramadol by naloxone. They
suggested that both opioid and nonopioid mecha-
nisms may be in effect. Tsai et al."” also pointed out
that inability of naloxone to reverse the block creat-
ed by tramadol in the rat sciatic nerve is an evidence
to alternative route of effects, probably direct and
indirect local anesthetic mechanisms. It was shown
that tramadol itself has a blocking effect on frog sci-
atic nerve while this effect can not be reversed by
naloxane or ([D-Ala2, N-MePhe4, Gly-ol]-enkeph-
alin) (DAMGO) which argues against an action via
p-opioid receptors, noradrenaline and 5-hydroxy-
tryptamine.) Dalkilic et al.”’ showed that trama-
dol reduces the axonal excitability by acting dose
dependently on channel activity rather than the
passive conduction parameters of neural tisssue and
fast conduction fibers were found to be more sus-
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ceptible to tramadol. Similar to lidocaine, tramadol
showed a more prominent action in a hydrophilic
manner on potassium channels as compared to so-
dium channels.®’ The results of the previous studies
which have been conducted in animals,are in favor
of a local anesthetic-like effectiveness of tramadol
rather than an action via the opioid receptors.

In conclusion, we found that tramadol injected peri-
neurally to the sural nerve creates a short-term block
in sensory nerve conduction in a dose-dependent
manner. However, higher doses will be required to
provide a clinically useful block and we believe that
such high doses may limit clinical applicability due
to systemic side effects.
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