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EXECUTIVE SUMMARY

Tramadol is a centrally acting synthetic analgesic of the aminocyclohexanol group with opioid-like
effects. Its mode of action is not completely understood but it appears to act by modifying
transmission of pain impulses via inhibition of noradrenaline and serotonin re-uptake and also by
weakly binding to mu-opioid receptors.

In Australia it is marketed under the trade name Tramal® and is available as capsules (50mg),
sustained release tablets (100mg, 150mg, 200mg) and ampoules (100mg/2ml) for relief of moderate
to severe pain.

On the basis of published evidence, tramadol appears to have reasonable dose related efficacy in
comparison with other opioid analgesics, with a relative lack of respiratory depression, major organ
toxicity or abuse potential.

Because of its side-effect profile in comparison with other analgesics, tramadol may have a role in
patients who are intolerant of conventional opioid and other non-opioid analgesics, those who have
pre-existing cardiopulmonary disease, such as the elderly or obese, and those in whom codeine use
is inappropriate. In the acute and post-operative settings, it may have a place in multi-modal
analgesia, where opioid and non-opioid drugs are given in combination to achieve analgesia, with a
reduction in the incidence and severity of side effects.

Similarly, in chronic pain conditions, tramadol may be considered (as a single agent or in
combination) where non-opioid analgesics have proven ineffective or where multimodal therapy
might be advantageous in order to limit side-effects (eg where a reduction in NSAID dosage is
desirable). The reduced constipating effect of tramadol compared with other opioids may be useful
in patients with chronic cancer pain, although nausea may be a dose-limiting side-effect and
sustained-release morphine is more effective in severe cancer pain. Because of its extended duration
of effect, the sustained release formulation may provide convenience in ambulatory patients with
chronic pain. However, studies of long-term use have not yet been reported and the potential for
serious drug-drug interactions with tramadol should not be under-estimated.

As a single agent, tramadol’s place in therapy is likely to be limited by both cost and tolerability
(particularly nausea). In the majority of patients it offers few advantages at considerable additional
cost. However, it may be a useful alternative to other analgesics in selected patients with moderate
to severe pain.



1. BACKGROUND

Tramadol is a centrally acting, synthetic analgesic of the aminocyclohexanol group, which has
opioid-like effects’. It has been in clinical use in Europe since the late 1970s”. Its mode of action is
not completely understood but it appears to have a dual mechanism of action, which involves
inhibition of re-uptake of serotonin (5-HT) and/or noradrenaline as well as weak affinity for opioid
(mu) receptors’. Since tramadol does not affect prostaglandin synthesis, it does not have antipyretic
or anti-inflammatory effects”.

In Australia, tramadol is marketed under the trade name Tramal® and is available as capsules
(50mg), sustained-release tablets (100mg, 150mg, 200mg) and ampoules (100mg/2ml). It is
approved for oral, intravenous (iv) and intramuscular (im) administration for relief of moderate to
severe pain. (Government subsidy for the immediate and sustained-release formulations is limited to
use for pain where aspirin and/or paracetamol alone are inappropriate or have failed.) In Australia it
1s not recommended for use in childrenl, although in other countries, licence for use in children over
the age of one year exists.’

Tramadol has high oral bioavailability’. Its absorption is not affected by food'. The two oral dosage
forms (50mg capsules 4 times daily and 100mg sustained-release tablets twice daily) have been
reported to be equivalent in terms of analgesic efficacy and tolerability®.

Tramadol is extensively metabolised’. The production of the only known active metabolite, M1
(mono-o-desmethyltramadol) is dependent on the CYP2D6 isoenzyme of the cytochrome P-450
enzyme system and hepatic impairment results in decreased metabolism of both the parent
compound and the active metabolite’. Patients who metabolise drugs poorly via CYP2D6 may
obtain reduced benefit from tramadol due to reduced formation of M1'. However, there is still
measurable analgesia with tramadol in these patients’, in contrast to the complete lack of analgesic
efficacy with codeine in such patients (7% of Caucasians are poor metabolisers)’. In such patients
there may be an argument for using tramadol as an alternative to codeine®.

Tramadol causes a minor delay in colonic transit, but has no effect on upper gastrointestinal transit
or gut smooth muscle tone” '°. It has no significant effect on the Sphincter of Oddi or intrabiliary

pressure and it has weak spasmolytic properties'’.

The recommended dose for moderate to severe pain is 50-100mg every four to six hours (or 100-

200mg twice daily for the sustained-release formulation), to a maximum daily dosage of 400mg for
oral therapy or 600mg parenterally''".

2. CLINICAL USE

Publications reporting the clinical use of tramadol are numerous. A number of reviews of the
clinical use of tramadol have also been published™ ' 1*7,



2.1 Intra-operative and Post-operative Analgesia

2.1.1 Comparison with placebo

A pooled analysis of 9 single-dose, double-blind, randomised, placebo-controlled studies'® included
a total of 1594 patients with post-operative pain following caesarean section or general surgical
procedures. Analysis showed that analgesic efficacy of tramadol at doses equal to or greater than
50mg was superior to that of placebo (statistical value not reported). Likewise, pooled analysis of 9
double-blind, randomised studies involving 1859 patients with dental extraction pain evaluated
single oral doses of tramadol ranging from 50mg to 200mg'®. Analysis demonstrated a significantly
greater efficacy for tramadol than for placebo at all doses evaluated. (The majority of these studies
have not been published.) A subsequent meta-analysis of these 18 studies confirmed the
effectiveness of tramadol in comparison with placebo and demonstrated a significant dose
response’ . Multi-dose studies have also demonstrated a superior effect of oral tramadol over
placebo in both pain after dental extraction and pain after orthopaedic surgery'®.

2.1.2 Comparison with morphine

Tramadol (up to 3 doses of 50mg iv) was compared with morphine (up to 3 doses of Smg iv) over 6
hours in a double-blind, randomised study of 150 patients after gynaecological surgery’. In those
patients who reported moderate pain, the two drugs were equally effective. However, morphine was
superior in patients starting with severe pain. Respiratory depression (as measured by oxygen
desaturation) occurred in 13% of the morphine group but not at all in the tramadol group. Sedation
and nausea were also more common in the morphine group.

In a multi-centre, double-blind, randomised study involving 523 patients®', the analgesic efficacy of
tramadol and morphine given in repeated intravenous boluses as required to control post-operative
pain over 24 hours following abdominal surgery was compared. There was no substantive
difference in analgesia between tramadol (100mg iv then 100-125mg iv or im as needed) and
morphine (5Smg iv then 5-20mg iv or im as needed). The time between the first and second dose of
study medication was longer in the tramadol group than in the morphine group, probably due to the
lower comparative starting dose of morphine (5mg) compared with tramadol (100mg). However, the
intervals between all subsequent doses were comparable. A high incidence of gastrointestinal
adverse events were observed with both treatments, mostly consisting of nausea and symptoms such
as dry mouth, vomiting, dyspepsia and hiccups. Constipation was not reported in either group.
Similar efficacy has been observed in more recent studies in this surgical group.?

Scott et al* reviewed the literature (since 1993) where effectiveness of tramadol in perioperative
pain was assessed using standard visual analogue scales. On the basis of percentage change in pain
scores from baseline, they concluded that tramadol effectively relieved moderate to severe
postoperative pain associated with several types of surgery, including abdominal, orthopaedic and
cardiac surgery. Pain scores with tramadol were reduced by approximately 57% within 4 to 6
hours, compared to a reduction of approximately 70% with morphine.

2.1.3. Comparison with pethidine

Tramadol was compared to pethidine in 30 patients undergoing gynaecological surgery”*. Using
patient controlled analgesia during the first 24 hours post-operatively, tramadol was demonstrated
to be of equivalent potency to pethidine. Mean 24 hour consumption of tramadol was 642mg (SD



190mg, range 180-840mg) and for pethidine 606mg (SD 172mg, range 360-780mg). The estimate
of relative potency of tramadol to pethidine was 0.94 (95% CI: 0.72-1.17).

In a randomised study in 50 patients presenting for caesarean section under spinal anaesthesia with
lignocaine®, tramadol 1.5mg/kg was as effective as pethidine 1mg/kg intramuscularly. There was
no significant difference in side effects between the two groups, including neonatal APGAR scores.

2.1.4. Comparison with NSAIDs

In comparative studies of tramadol and ketorolac in nasal surgery*® and orthopaedic surgery”’,
improvements in postoperative analgesia and quality of sleep were similar with intramuscular
tramadol or ketorolac™.

2.1.5. Comparison with oral analgesics: single-dose studies

The analgesic efficacy of single dose, orally administered tramadol 75mg or 150mg was compared
in a double blind, placebo controlled trial with a combination of paracetamol 650mg and
dextropropoxyphene napsylate 100mg in 161 patients with severe post operative pain after
caesarean section”. Both tramadol and the combination analgesic were statistically superior to
placebo. Tramadol 150mg was significantly more effective than both tramadol 75mg and
combination paracetamol/ dextropropoxyphene. No serious adverse effects were observed, but
dizziness was more frequently reported with 150mg tramadol.

On the other hand, Stubhaug et al*’ compared oral tramadol 50mg or 100mg with a combination
paracetamol/codeine analgesic (1000mg/60mg) or placebo in a single-dose study in 144 patients
after total hip replacement. In this study the combination of paracetamol/codeine was superior to
both doses of tramadol. There was no difference in efficacy between either dose of tramadol and
placebo. Adverse effects were more common with tramadol than with the combination, particularly
nausea.

Single oral doses of tramadol 75mg or 150mg have been compared with codeine phosphate 60mg
and paracetamol/propoxyphene HCI (650mg/65mg) in 239 patients with pain after dental
extraction’. Tramadol 75mg was more effective than codeine. Although 150mg of tramadol was
superior to the combination analgesic, 75mg of tramadol was not. In another double-blind, single
dose parallel study in 206 patients after dental extraction®', tramadol 100mg was judged to be
more effective than codeine 60mg but only tramadol 200mg was statistically so. (Both of these
studies have been published in abstract form only.)

2.1.6 Paediatric Surgery
In paediatric surgery (in patients over the age of 12 months), tramadol has been used effectively
for moderate to severe pain in im or iv doses of 1-2mg/kg’.

2.2 Other Acute Pain Syndromes

In randomised, double-blind comparisons of tramadol with pethidine or morphine in obstetric
analgesia,’> > intramuscular tramadol 50mg to 100mg was generally equivalent to intramuscular
pethidine 50mg to 100mg, and tramadol 100mg was equivalent to morphine 10mg. Tramadol



administered intramuscularly did not cause respiratory depression in neonates and caused
significantly less maternal respiratory depression than pethidine.

Tramadol has been compared with morphine in patients with post-traumatic musculoskeletal pain
in the pre-hospital setting™*. Intravenous tramadol 100mg was equivalent to 5-10mg morphine, with
similar incidence of side effects and similar degree of patient satisfaction.

Repeat bolus doses of tramadol have been administered for analgesia, with some success, in patients
with acute myocardial infarction and unstable angina. However, because of the accepted benefits
of traditional opioids in these conditions, replacement with tramadol in this patient group is not
recommended’.

2.3 Chronic Pain

Tramadol has been included as a step 2 analgesic in the second edition of the World Health
Organisation’s recommendations for treatment of cancer pain'®,

Twenty cancer patients with strong pain unresponsive to previous pain treatment were randomised
to receive oral tramadol or morphine solution in a randomised, double-blind, cross-over study™".
Doses were individually titrated and cross-over occurred on day 4. Pain scores were similar on day
4, although pain scores were higher in the tramadol group on days 1 and 2. There was a statistically
significant reduction in side-effects (particularly nausea and constipation) with tramadol.

Efficacy and safety of high dose oral tramadol (300-600mg/day) compared with low dose oral
morphine (10-60mg/day) was evaluated in a non-blinded, non-randomised study involving a total of
1658 patients with cancer pain’. There was no significant difference in analgesic efficacy between
the two groups. Antiemetics, laxatives, neuroleptics and steroids were prescribed significantly more
frequently in the morphine group; the use of other adjuvants was similar in both groups.
Constipation, neuropsychological symptoms and pruritus were observed significantly more
frequently with low dose morphine. Other symptoms had similar frequencies in both groups.

Oral tramadol was evaluated in a double-blind study over a 4 week period in 390 patients over 65
years of age with chronic pain due to a variety of conditions’ . Patients were initially treated with
either tramadol 50mg orally or paracetamol/codeine 300mg/30mg and were then allowed to titrate
the dose according to pain severity to a total of eight capsules per day. Mean pre-treatment pain
intensities were moderate for both groups. At the end of the study, average daily doses were 244mg
of tramadol and 1,407mg/140.7mg of paracetamol/codeine. Both treatments were rated as good,
very good or excellent by 55% of patients in each group. There was no significant difference in the
incidence of adverse effects in each group, but adverse effects resulted in discontinuation in a
significantly higher proportion of patients taking tramadol (18.8% vs 9.6%, p<0.05).

Oral tramadol (100mg eighth hourly) was compared with a fixed dose combination of
paracetamol/codeine (1000mg/60mg eighth hourly) in a randomised, double-blind cross-over study
in 55 patients suffering from refractory chronic back pain®®. Efficacy was similar in the two arms.
Although the combination analgesic was reported by the authors as better tolerated than tramadol,
the difference was not statistically significant. A multicentre, randomised, double-blind, parallel-



group study compared the analgesic efficacy and tolerability of immediate release tramadol (50mg
four times daily) and sustained-release tramadol (100mg twice daily) in 205 patients with chronic
refractory low back pain. There was no difference in pain relief, the course of pain intensity or
adverse events between the two groups®. Those continuing beyond the first week became more
tolerant of the adverse effects.

The efficacy of tramadol in osteoarthritis has been evaluated in patients who experienced
breakthrough pain while being treated with NSAIDs>”. After an open label phase, forty two patients
were randomised to receive tramadol or placebo for a two week period; NSAID therapy was
continued. Significantly more tramadol-treated patients completed the study. An average daily
dosage of 245mg was significantly more effective than placebo in reducing the severity of pain at
rest. In naproxen-responsive patients with painful osteoarthritis of the knee, the addition of tramadol
200mg/day allowed a significant reduction in NSAID dosage (by 78%) without compromising pain
relief*’. Fifty eight percent were able to discontinue naproxen with the addition of tramadol.

Tramadol may have a role in treatment of neuropathic pain of diabetic or other origin and has been
estimated to be similar in efficacy to tricyclic antidepressants in such conditions.”’

Tramadol has been reported to be effective across a wide range of chronic pain conditions,
including chronic pancreatitis, fibromyalgia, and scleroderma'®'’. It should be noted, however, that
controlled studies in chronic pain conditions have been of relatively short duration (4-8 weeks)*
and studies of longer-term use are required.

2.4 Indications other than analgesia

Case reports have been published which describe the use of tramadol (alone or in combination with
antidepressants) for treatment of psychiatric disorders, including major depression43 4 Tourette’s
Syndrome™®, obsessive-compulsive disorder* * and anorexia nervosa*’. While there is a theoretical

basis for such use, no clinical trials in psychiatric indications have been published to date.

Tramadol in a dose of 1mg/kg appears to be more effective than pethidine 0.5mg/kg for the
treatment of postoperative shivering, and is associated with fewer side-effects.*

3. ADVERSE EFFECTS

The adverse effects of tramadol are similar to other opioids and include nausea, vomiting,
constipation, headache, dizziness, dry mouth, sedation, asthenia, fatigue and sweating1’49. Less
common effects include skin reactions and pruritus. Titrating the dose slowly may improve
tolerability™’, and intra-operative loading may reduce post-operative nausea and vomiting’'. With
the exception of sweating, constipation and dry mouth, most adverse effects appear to decrease with

6,52
prolonged use™ °*.

Tramadol is unlikely to produce clinically relevant respiratory depression at recommended doses
but respiratory depression may occur if recommended doses are exceeded'?. Bronchospasm has
been noted with tramadol, but always with other implicated contributory factors’.



Tramadol appears to carry the same risk of urinary disorders (difficulty in micturition, urinary
retention) as other opiates™.

Seizures have been reported in patients taking tramadol at and above the recommended dose,
particularly in the presence of other pro-convulsant drugs’. Data from the UK General Practice
Research Database (1994-96) identified 17 cases of idiopathic seizures (11 definite, 6 possible)
among the 10,916 patients treated with tramadol®*. The conclusion was that there was no increased
risk of idiopathic incident seizures associated with exposure to tramadol alone. Nevertheless,
tramadol should be avoided in epileptics and should be used with caution in patients on concomitant
medications which lower seizure threshold, such as tricyclic antidepressants, selective serotonin
reuptake inhibitors (SSRIs), major tranquillisers, fentanyl and especially pethidine.> '% >

The abuse and/or dependence potential for tramadol is low, provided it is dosed within
recommended ranges’ . However, reports of drug dependence and withdrawal have occurred'®.
Tramadol has very low affinity for opioid receptors (10 times less than codeine, 60 times less than
propoxyphene and 6000 times less than that of morphine)'*. Low abuse potential has been
confirmed in a randomised, double-blind, placebo-controlled, crossover trial comparing tramadol
75mg, 150mg and 300 mg with morphine 15mg and 30 mg and placebo in 12 volunteers who were
previously registered drug addicts, but were currently non-opioid dependent™®. Effects were
assessed on measures of subjective, behavioural and physiological response. The effects of tramadol
75mg and 150mg over 12 hours were not different from placebo. Although tramadol 300mg was
identified as an opiate, it produced no other morphine like effects.

The opioid agonist and antagonist properties of tramadol were assessed in 6 male opioid dependent
volunteers enrolled in a methadone maintenance program’’. Intramuscular tramadol 100mg and
300mg were compared with placebo in a double-blind fashion. Tramadol neither produced
morphine-like effects, nor precipitated withdrawal signs and its effects were indistinguishable from
placebo.

However, a number of case reports have been published which highlight the potential for
dependence, abuse and withdrawal syndrome after long-term treatment®” °“**. Up until 2000, the
FDA had received reports of 115 cases of patients developing abuse, dependence or withdrawal in
association with tramadol use®’. Since marketing of tramadol in Australia, the Australian Drug
Reaction Advisory Committee (ADRAC) has received 3 reports of drug withdrawal syndrome in
association with tramadol. In all cases tramadol has been the sole suspected drug.

Although tolerance appears to develop to a much lesser extent with tramadol than with other
opioids, tramadol does have weak dependence potential’. It should therefore be used with caution in
at-risk patients''.

3.1 Drug Interactions

Tramadol is contraindicated in patients who have taken monoamine oxidase inhibitors within the
previous two weeks®. Tramadol should be used with caution in combination with medications
which lower seizure threshold.



A Serotonin Syndrome may occur with the concomitant administration of tramadol with selective
serotonin reuptake inhibitors (SSRIs)***" moclobemide®™ (a reversible inhibitor of monoamine
oxidase A), and the monoamine oxidase inhibitors iproniazid®(not available in Australia) or
phenelzine™. (Diagnosis of serotonin syndrome generally requires identification of at least three of
the following clinical features’': mental status changes (confusion, hypomania), agitation,
myoclonus, hyper-reflexia, diaphoresis, shivering, tremor, diarrhoea, incoordination and fever. This
interaction is detailed further in a separate NSW TAG document’”.) Tramadol should be used with
caution in patients receiving any other serotonergic medications''.

Concomitant administration of carbamazepine increases the metabolism of tramadol’. The
interaction of tramadol with coumarin anticoagulants resulting in increased International
Normalised Ratio (INR) has been reported’, but not confirmed’* .

Ondansetron has been reported to decrease the analgesic effectiveness of tramadol’® and may not
adequately prevent nausea associated with tramadol”’. The mechanism has been postulated to
involve competition for CYP2D6 metabolism.”®

Tramadol is metabolised to M1 by the CYP2D6 isoenzyme of the cytochrome P-450 enzyme
system. CYP2D6 metabolises a multitude of drugs including tricyclic anti-depressants, haloperidol,
risperidone, flecainide, dextromethorphan and codeine’. Drugs that selectively inhibit this
isoenzyme (eg fluoxetine, paroxetine, quinidine, phenothiazines, antipsychotic agents) may cause
increased concentrations of tramadol and decreased concentrations of M1'. It has been suggested
that this may result in reduced efficacy”, increased incidence of seizures™ or manic symptoms®'.
The clinical significance of these interactions has not been fully investigated'".

Concomitant administration of tramadol with cimetidine does not result in clinically significant
changes in tramadol pharmacokinetics. Other drugs known to inhibit the CYP3A4 isoenzyme of P-
450, such as ketoconazole and erythromycin, may inhibit the metabolism of tramadol and probably
the metabolism of M1. Again, the clinical significance of this is unclear'.

4. ECONOMIC ANALYSIS

A significant disadvantage of tramadol is its substantially higher acquisition cost compared with
alternative analgesics®. Duggan® has argued that in comparison with morphine, acquisition costs
for tramadol can be offset by a reduced need for treatments for constipation and a saving in nursing
time otherwise spent on controlled (S8) drug activities. In his analysis, the total costs (in pounds
Sterling) of treating postoperative pain with morphine (4 doses of 10mg) or tramadol (4 doses of
100mg) were £13.81 per patient per day for morphine and £10.99 per patient per day for tramadol.
Cost items included drug acquisition, controlled drug activities, ward costs, anti-emetic treatment,
escape analgesia and constipation treatment. Cost comparison with other agents was not reported.
While the theoretical arguments appear reasonable, evidence of actual cost offsets in clinical
practice was not provided.



Economic analysis in the Australian hospital environment has not been published. Simple costing
on the basis of acquisition costs (price to NSW hospitals, September 2001) and typical daily dose
schedules, provides the following comparative cost estimate:

Drug Typical dosing schedule Cost/day
Morphine (10mg im/iv four times daily) $1.44
Codeine/paracetamol (30mg/500mg oral four times daily) $0.19
Naproxen (1000mg daily in divided doses) $0.30
Tramadol (100mg im/iv four times daily) $5.96
Tramadol SR (100mg oral twice daily) $0.91
Tramadol (50mg oral four times daily) $0.64

A more accurate cost model would take account of a potential reduction in cost of constipation
treatment with tramadol, although at an estimated hospital cost for laxatives of $0.08 per day,
offsets in drug costs are small. There may be a potential reduction in respiratory complications and
NSAID-associated adverse events in some patients. However, cost models should also recognise the
potential for additional anti-emetic treatment costs in many patients.

In the acute post-operative setting, tramadol may be used to replace codeine-based products, but
these are typically associated with minimal gut effects in the short term and very few respiratory
effects in the doses normally used.

Cost offsets because of reduced controlled drug activities are unlikely to be realised in most hospital
situations, although there may be improved work flow in nursing units if recording is not required.

It is likely that widespread use of tramadol in the hospital setting would be associated with an
overall increase in drug costs, with minimal benefits for the majority of patients.

S. RECOMMENDED INDICATIONS

On the basis of published evidence, tramadol appears to have reasonable dose related efficacy in
comparison with other opioid analgesics, with a relative lack of respiratory depression, major organ
toxicity or abuse potential'®.

Because of its side-effect profile in comparison with other analgesics, tramadol may have a role in
patients who are intolerant of conventional opioid and other non-opioid analgesics (such as those at
risk of problematic constipation or biliary colic), those who have pre-existing cardiopulmonary
disease (such as the elderly or obese), and those in whom codeine use is inappropriate.

In the acute and post-operative settings, because of its non-opioid analgesic effects, tramadol may

have a particular place in multi-modal analgesia, where opioid and non-opioid drugs are given in
combination to achieve analgesia, with a reduction in the incidence and severity of side effects®’.
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Similarly, in chronic pain conditions, tramadol may be considered (as a single agent or in
combination) where non-opioid analgesics have proven ineffective or where multimodal therapy
might be advantageous in order to limit side-effects (eg where a reduction in NSAID dosage is
desirable). The reduced constipating effect of tramadol compared with other opioids may be useful
in patients with chronic cancer pain'®, although nausea may be a dose-limiting side-effect'’ and
sustained-release morphine is more effective in severe cancer pain’. Because of its extended
duration of effect, the sustained release formulation may provide convenience in ambulatory
patients with chronic pain. However, studies of long-term use have not yet been reported and the
potential for serious drug-drug interactions with tramadol should not be under-estimated.

As a single agent, tramadol’s place in therapy is likely to be limited by both cost and tolerability
(particularly nausea). In the majority of patients it offers few advantages at considerable additional
cost. However, it may be a useful alternative to other analgesics in selected patients with moderate
to severe pain.
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