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The article examines the role of tramadol in chronic pain (CP) treatment, focusing on its
clinical effectiveness, safety profile, and market presence in Ukraine. Given the rising concerns
surrounding opioid use, this manuscript seeks to provide a comprehensive assessment of the
role of such medicine as Tramadol in pain management. The research aimed to the secondary
and tertiary sources of clinical effectiveness, and safety of tramadol for the management of
CP, and to analyze the Ukrainian market of this pharmaceutical in the sales data provided by
PharmXplorer. This review thoroughly searched clinical trials, systematic reviews, and meta-
analyses in various scientific databases, including PubMed, Scopus, Web of Science, Embase,
ClinicalTrials.gov, and Google Scholar. It employed keywords such as “tramadol,” “CP”,
“effectiveness,” “safety,” “adverse effects,” “overdose,” and “abuse” to identify relevant studies.
Primary data from the analytical application for pharmaceutical market players - PharmXplorer
were used as marketing research materials. Logical analysis, synthesis, generalization, graphic,
and statistical methods were used in the research. This study critically analyzed the clinical
effectiveness of tramadol through a comprehensive evaluation of clinical trials, systematic
reviews, and meta-analyses concerning its use for CP management in oncological patients, non-
cancer pain management, and pediatric practice. The conducted analysis does not demonstrate
the advantage of tramadol compared to other opioids in the treatment of chronic pain in cancer
patients, or chronic pain of different origins, including in pediatric practice. The safety of
tramadol in clinical settings does not exceed the safety of other narcotic analgesics, and in some
cases is even inferior to it. 80% of tramadol drugs on the Ukrainian pharmaceutical market are
produced in Ukraine. Nevertheless, tramadol is not recommended as a first-line therapy for
CP management due to its limited efficacy and safety concerns. Further research is needed to
define specific indications for the use of tramadol for chronic pain management. Overall, this
review highlights the need to explore alternative treatments to provide safer and more effective
treatment options for patients with CP, particularly in the context of the severe consequences
of the war in Ukraine.
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CP is a widespread and complicated
problem that affects a significant portion of the
global population, greatly impacting their quality
of life and well-being. It imposes a substantial
personal and economic burden, affecting more
than 30% of people worldwide'2. From ancient
times, humans have sought to alleviate chronic pain
(CP) using physical and chemical means. Natural
opioids have been used as painkillers for centuries®.
Ukraine in the period of war needs effective, safe,
and affordable analgesics for managing CP.

Tramadol (AON code N02AX02) is a
centrally-acting analgesic drug with a multimodal
mode of action that contributes both to its efficacy
and potential toxicity. Tramadol works through
a dual mechanism: it binds to the p-opioid
receptors in the brain and inhibits the reuptake
of norepinephrine and serotonin, which helps
modulate pain perception (Fig. 1) The widespread
use of this drug for the management of CP, given
the war in Ukraine, requires a thorough analysis of
its clinical efficacy and safety.

Weak opioid analgesics such as codeine
and its derivates and tramadol are used for severe
pain control when paracetamol or nonsteroidal anti-
inflammatory drugs (NSAIDs) are not sufficient.
However, weak opioids are not more effective
than paracetamol or NSAIDs for nociceptive pain,
and they are not better tolerated than morphine*.
The effectiveness of codeine and tramadol
is significantly influenced by an individual’s
CYP2D6 genotype, which can vary greatly
among people. This genetic variability accounts
for instances of both overdosing and underdosing
when standard doses of these medications are
administered. In contrast, the potency of morphine
and buprenorphine does not appear to be affected
by CYP2D6 activity.

As a weak opioid, tramadol can cause
dose-dependent side effects that are similar to those
of morphine. There is no evidence to suggest that
weak opioids pose a lower risk of addiction than
low-dose morphine when both provide comparable
pain relief. Rapid metabolizers may experience
respiratory depression even after short-term
use of standard doses of codeine or tramadol.
Additionally, tramadol carries risks of serotonin
syndrome, hypoglycemia, hyponatremia, and
seizures. Several studies have assessed various
weak opioids for managing perioperative pain.
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A weak opioid, especially when combined with
paracetamol, has been found to offer better pain
relief than paracetamol alone, but not necessarily
more than an NSAID alone. Limited research exists
on the use of weak opioids for CP management.
Existing trials do not show that weak opioids
offer considerably more effective pain relief than
paracetamol or NSAIDs. When narcotic analgesic
treatment is necessary, there is no evidence
indicating that tramadol poses a lower risk than
morphine at its minimum effective dose. These
medications often demonstrate greater variability
in efficacy among patients compared to morphine,
and their various pharmacokinetic interactions can
complicate management. Furthermore, there is an
unpredictable risk of serious overdose. Tramadol
also presents additional side effects beyond its
opioid properties. Therefore, careful monitoring
is necessary for weak opioids, similar to what is
required for morphine’.

Our research aim is to review the
secondary and tertiary sources of evidence for the
clinical effectiveness and safety of tramadol usage
for CP management and analyze the Ukrainian
market for tramadol expenditures.

MATERIALS AND METHODS

This review involved a comprehensive
search across multiple scientific databases,
including PubMed, Scopus, Web of Science,
Embase, and Google Scholar, using keywords such
as “tramadol”,” pain”,” effectiveness”, “safety”,
“adverse effects,” “overdose,” and “abuse.” No
restrictions were applied regarding the publication
year or language of the studies. In total, 43 studies
were included in this review. The research uses
a comprehensive approach based on the unity
of theory and practice. Primary data from the
analytical application for pharmaceutical market
players - PharmXplorer were used as marketing
research materials. International and domestic
guidelines, regulated lists of medicinal products,
and normative legal acts were used to analyze the
regulation of the circulation and use of tramadol.
The research used methods of logical analysis,
synthesis, and generalization, as graphic and
statistical methods. Artificial intelligence tools,
such as the latest models of ChatGPT and Google
Bard were utilized, to enhance the accuracy
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and comprehensiveness of this analysis. These
tools assist in identifying relevant literature,
summarizing findings, and ensuring thorough
analysis. All processes were supervised and
validated by researchers.

RESULTS AND DISCUSSION

Chemistry and history

Tramadol (2-[(Dimethylamino)methyl]-1-(3-
methoxyphenyl) cyclohexanol)®, also known as
Tramal, Tramacur, or Ralivia, is a synthetic opioid
of the phenylpropanolamine class. It is structurally
related to natural alkaloids codeine and morphine
(Fig. 1). Tramadol is unique because it is found
in a combination of its stereoisomers, known as a
racemate. It is produced as a racemate of its two
isomers because the combination is more effective
in pain management.

Tramadol acts as a weak agonist of
the p-opioid receptor and a reuptake inhibitor of
serotonin and norepinephrine’. It was developed in
1962, and at the end of the 70s of the 20th century,
it was approved®. Its production was launched by
a pharmaceutical company Griinenthal GmbH.
(Germany) under the name “Tramal”. Nowadays
it is prescribed to cure patients with moderate or
moderately severe pain®.

Mode of action, pharmacological characteristic

Tramadol is a weak agonist of the mu-
opioid receptors, which accounts for part of its
analgesic properties. Additionally, tramadol inhibits
the reuptake of serotonin and norepinephrine,
enhancing descending inhibitory pain pathways
(Fig. 2).

The combination of these opioid and
non-opioid actions makes tramadol effective in
treating moderate to severe pain. However, this
multifactorial mechanism also underlies the drug’s
potential for adverse effects, including seizures,
serotonin syndrome, and respiratory depression.
The complexity of its pharmacodynamics,
particularly involving its active metabolite
O-desmethyl-tramadol, further complicates its
risk profile, as individual metabolic variability can
influence both efficacy and toxicity’.

Clinical effectiveness and safety

Treatment of CP in many countries is
based on the recommendations of the guidelines
developed by the WHO'". The guidelines
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recommend using analgesic therapy in three stages
(IIT steps of WHO analgesia!), based on the degree
of pain severity:

1. The first step is mild pain: use non—
opioid analgesics — paracetamol, ibuprofen,
acetylsalicylic acid (Aspirin), and indomethacin
(as an alternative — naproxen, diclofenac).

2. The second step — moderate pain:
use opioid analgesics of weak action — codeine
(which is available in the National Essential
Medicines List in the II section “Drugs for the
pain treatment and providing palliative care”
together with other opioid analgesics: morphine,
hydromorphone, and oxycodone); as an alternative
to codeine, dihydrocodeine, dextropropoxyphene,
standardized opium, or tramadol can be used.

3. Third step — severe pain: use a strong
opioid — morphine; methadone, hydromorphone,
oxycodone, levorphanol, pethidine, buprenorphine
can be used as an alternative to morphine. It is
desirable to use oral forms, in the absence of the
possibility of using oral forms, it is possible to
use other forms — rectal, parenteral (s/c, i/m, i/v,
transdermal), and others.

Tramadol as an opioid analgesic may
reduce the pain of various origins (Fig. 3). However,
opioids that are more powerful traditionally
used in the postoperative period. Studies of the
effectiveness of tramadol in chronic pain in cancer
patients and in chronic pain of other origins
continue.

Table 1 shows that 17 clinical trials
of tramadol effectiveness can be found
at ClinicalTrials.gov, of which 13 have been
completed. These trials explore the therapeutic
potential of tramadol, which is conducted in
different countries for different purposes. The
key points of their conducting analysis are given
below. The main uses of tramadol include pain
management after surgery, CP, management
of postoperative conditions, and prevention of
complications such as chills or inflammation.
The trials include participants of all ages, from
children as young as 1 year old to the elderly up
to 90 years old, indicating a wide range of uses
for the drug. The tests were conducted in different
parts of the world such as Japan, Egypt, Tunisia,
India, Croatia, and Spain. This demonstrates
the global interest in tramadol research. Studies
include interventional and observational studies,
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some of which are double-blind controlled (eg,
placebo-controlled trials). Clinical stages range
from early phases (Phase 1) to advanced stages
of clinical trials (Phases 3 and 4), suggesting a
desire to develop new forms of tramadol and assess
its long-term safety. Some studies have focused
on specific conditions, such as postoperative
neck pain, lumbar pain, and chronic conditions,
and studies of the efficacy of tramadol in drug
withdrawal and its effects on platelet function. This
analysis demonstrates that tramadol needs further
investigation for pain management and research to
refine its dosage, efficacy, safety, and use in specific
settings.

Regarding the usage of tramadol for coping
chronic pain in patients due to cancer

The results of the analysis of the clinical
guidelines identified that most of the international
pain management guidelines agree with the WHO
recommendations and believe that, indeed, the
treatment of CP should be carried out in three
stages. However, the guidelines also recognize that
tramadol can only be an alternative to codeine in
patients with moderate pain. Among them:

— «ANational Clinical Guideline. Pharmacological
Management of Cancer Pain in Adults; Health
Service Executive, Royal College of Physicians,
National Clinical Programme for Palliative Care,
Ireland 2015»%,;

— «Management of Cancer Pain: ESMO Clinical
Practice Guidelines, 2012; European society for
medical oncology?;

— «General Palliative Care Guidelines for the
Management of Pain at the End of Life in Adult
Patients, 20113°;

— «Cancer Pain Management, 2010 British Pain
Society»’!;

— «SIGN-106. Control of pain in adults with
cancer, 2008, Scottish Intercollegiate Guidelines
Network»%;

— «Clinical Guidelines for Pharmacological
Management of Cancer Pain 2020»*.

The guideline developed in Ireland®®
determined that in the absence of any specific
patient-dependent problems when using codeine
or the codeine/paracetamol combination, it is
better to continue codeine than to use tramadol or
tapentadol.

The European Society of Medical
Oncology’s® states that an alternative to weak
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opioids can be the use of low doses of strong
opioids in combination with non-opioid analgesics.

Scottish instruction*? determined that for
the management of mild to moderate pain (3-6
points out of 10 on the visual analog scale), weak
opioids have to be administered together with a
non-narcotic analgesic; there is limited evidence
data for the effectiveness of tramadol in the
pharmacotherapy of these conditions.

According to the Japanese Society of
Palliative Medicine, strong opioids are highly
recommended for managing moderate to severe
cancer pain. In contrast, weaker opioids, such as
tramadol, should only be considered when strong
opioids are not an option®*.

An additional analysis of secondary
evidence was conducted to assess the effectiveness
of weak opioids for treating CP in cancer patients.
A systematic review* concluded that there is
limited evidence supporting the usage of opioids
for cancer pain treatment. However, the review data
suggests that approximately 19 out of 20 people
with moderate to severe pain who receive opioids
can experience analgesia to a mild degree of pain
or complete it within 14 days. This aligns with the
clinical experience of opioid treatment in many
cancer patients but may slightly overestimate their
effectiveness as determined by WHO.

Another systematic review was devoted
to the study of the analgesia by tramadol in adult
cancer patients® states that there is limited evidence
from randomized controlled trials (RCTs) of poor
methodological quality suggesting that tramadol
leads to pain relief in some adults with cancer, and
evidence for it is not used in children at all. There
is very low-quality evidence that tramadol is not
as effective as morphine. This review does not
provide reliable data on the possible effectiveness
of tramadol. Moreover, the likelihood that its
analgesic effect will vary significantly is very high.
Thus, the place of tramadol as the second step of
analgesia (according to the WHO methodology) in
the pain management of cancer patients remains
uncertain.

The use of tramadol in patients for the treatment
of non-cancer pain

The text below summarizes the review
of international guidelines and presents the results
of a meta-analysis on the efficacy and safety of
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tramadol in various pain-related conditions. It is
also displayed in Table 2.

The data contained in the recommendations
of six international guidelines for the use of weak
opioids in patients with non-oncology pain are
somewhat ambiguous. All guidelines unequivocally
recognize that the use of NSAIDs is primarily
necessary for such patients. At the same time, the
Scottish instruction® suggests considering strong
opioids (morphine, diamorphine, hydromorphone,

{1R,2R)-tramadol
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oxycodone, fentanyl, buprenorphine, methadone)
as an option for pain relief in patients with chronic
back pain or osteoarthritis pain, with continued use
only under the condition of pain relief.

The British Medical Association offers
guidelines® for the effective use of opioids in
persistent pain, noting that although opioids may
be effective, other available effective interventions
should be attempted. This is due to the negative
consequences of opioid use: mortality, respiratory

(15,25)-tramadol

Fig. 1. Chemical structure of tramadol

Tramadol
Mechanism of Action

® Norepinephrine
® Serotonin

X (-) Tramadol

® (+) Tramadol

Presynaptic
neuron

p-opioid

Postsynaptic neuron

Activity on p-opioid
receptors (u-OR)

Y

Presynaptic
neuron

e © g
Postsynaptic neuron

Inhibition of serotonin and
norepinephrine reuptake

Fig. 2. Dual mechanism of tramadol’s pharmacological activity in modulating pain perception
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depression, hypogonadism, adrenal insufficiency,
hypersensitivity to pain (hyperalgesia), addiction,
and withdrawal syndrome. There is insufficient
high-quality evidence to justify the recommendation
for the long-term use of opioids in CP management.

According to the American guideline for
the treatment of low back pain®. The American
Pain Society notes that weak opioids may be
an alternative to (or used in combination with)
paracetamol or NSAIDs to control CP if patients
do not respond to other treatments. However,
this guideline recognizes that tramadol showed
moderate effectiveness compared to a placebo for
short-term pain relief and functional improvement
in cases of chronic back pain; however, it did
not demonstrate greater effectiveness than a
combination of paracetamol and codeine.

The American Society of Interventional
Pain Physicians® states that to justify the need
for opioids, it is necessary to have an established
diagnosis and treatment that has already been
carried out in various ways, including conservative
or other alternative methods. Opioids can be used as
second-line drugs. Recommended use of morphine
and methadone. It has been determined that the
benefit of tramadol in fibromyalgia is insignificant,
which makes it necessary to consider other options
for pain relief.

The Royal Australian College of General
Practitioners (guideline for the treatment of
osteoarthritis of the joints*’) states that the use
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of weak opioids (such as codeine and tramadol)
should be used cautiously, as they are less effective
than strong opioids while sharing similar adverse
side effects.

The guideline developed by the European
Society for Clinical and Economic Aspects of the
Treatment of Osteoporosis and Osteoarthritis*!
postulates that tramadol can be used only as the
3rd step (the last step before surgery) of treatment
when other methods of intervention are already
ineffective.

The Denmark guideline* recommended
tramadol for patients with nonspecific neck pain
and cervical radiculopathy only after thorough
evaluation, rather than being used as a first-line
treatment.

According to the guideline developed by
the American College of Physicians®, for patients
with chronic back pain who have had an inadequate
response to non-pharmacological treatment, it
is necessary to consider the pharmacotherapy of
NSAIDs as the first line of therapy, and tramadol or
the antidepressant duloxetine (combined serotonin,
norepinephrine, dopamine reuptake inhibitor) as
the second line of treatment.

The American College of Physicians and
American Academy of Family Physicians suggest
against clinicians treating patients with acute
pain from non-low back, and musculoskeletal
injuries with opioids, including tramadol (Grade:
conditional recommendation; low-certainty
evidence)*.

Indications for Tramadol

4

g

Qi

Chronic
Pain

Administration

<

!
H .

Postoperative
Pain

D

Cancer-Associated
Pain

Fig. 3. Indications for tramadol administration
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Twelve recommendations were made
evidence-based, and nine were based on the
consensus of the Danish Health Authority for non-
surgical treatment of patients with recent onset neck
pain or cervical radiculopathy®. The guidelines
recommend various forms of supervised exercise
and manual therapy, suggesting that these should
be prioritized before medication for neck pain.
They also endorse acupuncture for neck pain (but
not for cervical radiculopathy), traction for cervical
radiculopathy, and the cautious use of NSAIDs
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(oral or topical) and tramadol for both conditions.
While these recommendations are based on low-
quality evidence or expert consensus, they are
consistent with similar guidelines from North
America.

The use of tramadol in patients with
persistent knee or hip osteoarthritis pain, which
is recommended (2019) by the American College
of Rheumatology/Arthritis Foundation (ACR/AF)
as opposed to Veterans Affairs and Department
of Defense (VA/DoD) treatment guidelines and

Table 3. Hospital and Retail Market of Tramadol in Ukraine 2020-2024 in UAH and units

Type Year Total Total Total for Total for
of data Packages Volume the year the year
(units) (UAH) (units) (UAH)
Retail 2020 89 629,34 9109 283,78 103 764,72 10 150 303,70
Hospital 2020 14 135,38 1041 019,92
Retail 2021 69 041,68 7 154 193,96 75 786,54 7724 112,45
Hospital 2021 6 744,86 569 918,49
Retail 2022 45 106,16 7 524 869,76 57 618,90 8426 087,28
Hospital 2022 12 512,74 901 217,52
Retail 2023 38 080,70 7316 536,14 51 402,06 8 853 027,88
Hospital 2023 13 321,36 1536 491,74
Retail 2024 (6 month) 21941,72 4725 441,92 26 263,16 5141 943,42
Hospital 2024 (6 month) 4321,44 416 501,50
70000,00
60 000,00
50000,00
40000,00
30000,00
20000,00
10000,00 l
0,00 -
2020 2020 2021 2022 2023 2023 2024(6 2024(6
month)  month)
Retail = Hospital Retail Hospital Retail Hospital Retail Hospital Retail Hospital

m Total Packages (units)

Fig. 4. Tramadol consumption in retail and hospital segments in units for the period 2020-2024
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Osteoarthritis Research Society International
(OARSI) treatment guidelines who recommend
against the knee or hip osteoarthritis use of opioids
without exceptions*.

In cases of chronic low back pain where
non-drug treatments have not been effective,
patients and clinicians should consider using
NSAIDs as the first treatment option?. If these
are not effective, tramadol or duloxetine can be
considered as the next step. Opioids should only be
considered if the previously mentioned treatments
have failed, and after a thorough discussion of the
potential risks and benefits with the patient.

Despite a lack of robust scientific
evidence to support opioids use to manage pain
in fibromyalgia, 33.0 % of patients reported
using them*. Tramadol was injected into 23.8%
of participants, while 54.0% of patients reported
using NSAIDs, despite their lack of efficacy
as recommended in guidelines. Among the
medications with strong recommendations,
55.6% used serotonin-norepinephrine reuptake
inhibitors, 36.5% used anticonvulsants, and
22.2% used tricyclic antidepressants. Additionally,
cannabinoids were reported by 17.5% of patients,
with medical cannabis used by 34.9%. No

10000 000,00
9000 000,00
8 000000,00
7 000 000,00
6 000 000,00
5 000 000,00
4,000 000,00
3000 000,00
2 000 000,00
1 000 000,00

0,00

2020 2020 2021 2021

Retail Hospital Retail Hospital

Retail
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significant differences were noted among these
various medication classes.

The search strategy for systematic reviews
in the Cochrane Database was conducted for the
effectiveness of the use of weak opioids for the
treatment of CP in patients with a non-oncological
profile. Thus, a systematic review performed by
the Cochrane Group® stated that there is a lack of
information on the use of tramadol in patients with
neuropathic pain, resulting from limited studies
with a potential risk of bias. Such prejudices tended
to deliberately exaggerate the apparent benefits of
tramadol. The evidence for the benefits of tramadol
was of low or very low quality.

In a systematic review conducted in
Germany® the purpose of which was to update
the data of the Cochrane systematic review on
the efficacy, tolerability, and safety of the use
of opioids (morphine, tramadol, oxycodone,
tapentadol) in patients with chronic neuropathic
pain. In short-term studies (4—12 weeks), opioids
were more effective than placebo in reducing pain
intensity, but worse in tolerability. Short-term
opioid therapy may be considered in some patients
with chronic neuropathic pain.

The aim of another systematic review
carried out in Germany®' was to update the

2022

2022 2023 2023  2024(6 2024(6
month)  maonth)
Hospital Retail Hospital Retaill Hospital

B Total Volume (UAH)

Fig. 5. Tramadol consumption in retail and hospital segments (total volume in UAH) for the period 2020-2024
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data of the Cochrane systematic review on the
efficacy, tolerability, and safety of the use of
opioids (oxycodone, tramadol, buprenorphine,
hydromorphone, morphine, tapentadol, codeine,
fentanyl, and oxymorphone) for chronic
osteoarthritis pain. Opioids were more effective
than placebo in reducing pain intensity, but inferior
in tolerability. Short-term opioid therapy might
be considered for certain patients with chronic
neuropathic pain or chronic osteoarthritis pain;
however, no existing guidelines advocate for
opioids as a first-line treatment option.

Another systematic review, also performed
in Germany*?, has found that non-opioid analgesics
were superior to opioids (tramadol, morphine)
in their ability to improve physical function and
tolerability in short-term use (4—12 weeks) for
neuropathic back pain and osteoarthritis pain. The
results of the review do not support the concept
that patients with non-cancer pain require opioids.

The aim of another systematic review
performed in Germany*?, was to compare the
efficacy, tolerability, and safety of the use of
opioid analgesics (hydromorphone, morphine,
oxymorphone, and tapentadol with oxycodone;
fentanyl with morphine; buprenorphine with
tramadol) and their routes of administration in
patients with CP not related to cancer. In a pooled
analysis, there were no significant differences
among opioids regarding pain reduction (though
based on low-quality evidence), improvement in
physical function (very low-quality evidence),
incidence of serious side effects (moderate-
quality evidence), or mortality (moderate-quality
evidence). Additionally, there was no statistically
significant difference between transdermal and
oral opioid administration in terms of pain relief,
functional improvement, serious adverse events, or
mortality, all of which were based on low-quality
evidence. Thus, a comparison of opioids did not
reveal a rational advantage of each in the treatment
of patients with CP not related to cancer.

The systematic reviews***>3 stated that
there is limited evidence that weak oral opioids
may be effective analgesics for some patients with
rheumatoid arthritis, osteoarthritis, and chronic
back pain. Side effects are common and can
negate any benefits of this class of drugs. There is
insufficient evidence to conclude the feasibility of
long-term use of weak opioids in this pathology.
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The 2023 meta-analysis evaluated
the efficacy and safety of tramadol in opioid
withdrawal®. Reviewers extracted data from eight
relevant clinical trials after a literature search
on MEDLINE/PubMed, Cochrane databases,
and clinical trial registries. No significant
difference was found between tramadol and
comparators (placebo, buprenorphine, clonidine,
and methadone) in reducing opioid withdrawal
scale score and treatment retention.

Another study*® evaluates the effectiveness
of various pharmacological treatments to establish
guidelines for managing acute pain following tooth
extractions. The authors conducted a systematic
search of databases, including Medline, EMBASE,
CENTRAL, and the US Clinical Trials, focusing
on RCTs involving patients who underwent dental
extractions. Ten different treatments, including
acetaminophen, NSAIDs, opioids, and their
combinations, were compared to a placebo. After
removing duplicates and extracting relevant data, a
frequentist network meta-analysis was conducted to
assess several outcomes at the 6-hour mark, such as
pain relief, total pain relief, summed pain intensity
difference, global efficacy rating, need for rescue
analgesia, and adverse effects. The results indicated
that treatments like oxycodone 5 mg, codeine 60
mg, and a combination of tramadol 37.5 mg with
acetaminophen 325 mg did not provide better pain
relief than a placebo. The global efficacy rating and
the requirement for rescue analgesia were similar
across all groups. Furthermore, the study found
that, based on low- to very low-certainty evidence,
most treatments did not cause more adverse effects
than the placebo.

The systematic review® analyzed the
effects of tramadol at daily doses of 100 mg, 200
mg, and 300 mg for knee or hip osteoarthritis.
The study found that taking tramadol 300 mg
daily resulted in only slight improvements in
pain and function. Additionally, it was linked to a
greater number of adverse events compared to the
placebo. Based on these results, tramadol may not
be strongly recommended for treating osteoarthritis
of the knee or hip, especially in patients who are at
higher risk for gastrointestinal and central nervous
system side effects.

One hundred thirteen studies identified
the efficacy and safety of tramadol in pain relief
during diagnostic outpatient hysteroscopy. Four
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randomized clinical trials were deemed eligible
for this review. The meta-analysis of these data
suggests that tramadol is safe, effective, and gives
favorable results in reducing pain during diagnostic
outpatient hysteroscopy®.

Systematic review and network meta-
analysis® of various analgesic agents for acute
low back pain included 98 randomized controlled
trials (15 134 participants, 49% women, 69
different medicines or combinations). There
was moderate to very low certainty of difference
in adverse events with tramadol, paracetamol
plus tramadol sustained release, baclofen and
paracetamol plus tramadol compared to placebo.

The meta-analysis, which reviewed 51
studies involving a total of 101,770 patients®,
revealed that the risk of seizures in individuals
taking tramadol is dose-dependent and more
prevalent among males, but is not influenced
by naloxone administration. The rate of seizure
events varied across different subgroups: in cases
of tramadol poisoning, the seizure occurrence
was 38%, in patients taking therapeutic doses of
tramadol it was 3%, and among tramadol abusers,
the rate was 37%.

A Phase III clinical trial evaluating
a sustained-release formulation of tramadol
(comprising 65% sustained release and 35%
immediate release) demonstrated positive results
in treating postherpetic neuralgia. The formulation
was effective in pain management and well
tolerated by patients, offering a potential option for
individuals suffering from this condition®. Nausea,
constipation, nasopharyngitis, somnolence,
vomiting, and congestive heart failure were
reported for it with no dose-dependent increase.

Tramadol misuse, an opioid prescription
painkiller, is a significant public health issue
worldwide. A meta-analysis conducted by Iranian
researchers reviewed studies on the dissemination of
non-prescribed use, regular use, and dependence on
tramadol, as well as tramadol-induced poisonings
and deaths in Iran®. The analysis highlighted that,
despite existing control policies, tramadol use in
Iran is as prevalent as the use of illegal opioids.
The country has experienced a significant number
of cases involving tramadol abuse, dependence,
poisonings, and seizures, along with hundreds of
tramadol-related deaths in recent years, indicating
a serious public health concern.

OLESHCHUK et al., Biomed. & Pharmacol. J, Vol. 17(4), 2087-2109 (2024)

A network meta-analysis of randomized
controlled trials®® was conducted to assess the
comparative effectiveness of various outpatient
treatments for managing pain associated with
non-low back musculoskeletal injuries. The
findings indicated that tramadol was ineffective.
The combination of opioid with acetaminophen
improved intermediate pain (1 to 7 days) but did
not alleviate immediate pain (d”2 hours). The use
of opioid was associated with an increased risk of
gastrointestinal and neurologic adverse effects,
compared to placebo.

A total of 45 studies were conducted
to evaluate the efficacy of various interventions
for catheter-related bladder discomfort, a
frequent complication of intraoperative urinary
catheterization. Among the 31 drugs assessed, 11
were investigated in more than two randomized
controlled trials. The medicines that generally
demonstrated significantly higher efficacy than
controls in the postoperative period included
dexmedetomidine, gabapentin, tolterodine,
tramadol, ketamine, nefopam, oxybutynin,
pregabalin, and pudendal nerve block®.

Thus, the assessment of guidelines,
systematic reviews, and meta-analyses of tramadol
for managing non-cancer pain indicates that its
clinical effectiveness is limited.

Use of opioids in children

According to WHO guidelines®” for the
treatment of pain in children the II degree of pain
relief, i.e. weak analgesics, is generally issued. The
guidance on tramadol states the following: At the
moment, there is no available evidence regarding
its comparative effectiveness and safety in children.
The US FDA has contraindicated the use of codeine
and tramadol in children for the management of
acute pain due to safety concerns®. Additional
studies are needed on the use of tramadol in the
pediatric population.

In a systematic review carried out by
the Cochrane Group® it was stated that it is not
possible to conclude the effectiveness or harm
of the use of opioids (buprenorphine, codeine,
fentanyl, hydromorphone, methadone, morphine,
oxycodone, and tramadol) for the treatment of CP
associated with oncological diseases in children
and adolescents under 17 years of age, due to the
lack of data from randomized controlled trials that
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confirm or refute the feasibility of using opioids in
these patients for the specified indication.

A review by the same group, found no
evidence from randomized controlled trials to
support or refute the use of opioids for CP in
children and adolescents, not related to oncological
diseases. It is known from randomized controlled
trials in adult patients that some opioids, such
as morphine and codeine, may be effective for
CP. Therefore, it is not possible to conclude the
effectiveness or harm of using opioids for the
treatment of CP in children and adolescents, not
related to cancer.

Also, it is important to recognize
that involvement of community and clinical
pharmacists in multidisciplinary pain treatment
teams helps reduce side effects, decrease pain
intensity, and lead to healthcare resource savings.
Cognitive pharmaceutical services have been key to
addressing the crisis, highlighting the pharmacist’s
value as an active partner with physicians in
improving pain management outcome*”.

Common pharmacist services include
opioid consumption monitoring, take-back
programs, and naloxone training/distribution’.
Based on this experience abroad it will be a
perspective to introduce these approaches to the
reimbursement program “Affordable Medicines”.
Safety and toxicity

The toxicity of tramadol is significantly
influenced by its active metabolite, O-desmethyl
tramadol (M1), which is formed primarily via
CYP2D6-mediated metabolism. M1 exhibits a
much higher affinity for the mu-opioid receptors
compared to the parent compound, contributing to
both its enhanced analgesic effects and potential
for opioid-related toxicity, including respiratory
depression and overdose. This increased potency
at the opioid receptors is a key factor in the
variability of tramadol’s toxicity, particularly
among patients with genetic polymorphisms,
and differing CYP2D6 enzyme activity. Ultra-
rapid metabolizers produce higher concentrations
of M1, thereby elevating the risk of severe adverse
effects, including seizures and respiratory failure.
Conversely, poor metabolizers have reduced
conversion to M1, which can lead to insufficient
pain control but also a potentially lower risk of
opioid-related adverse effects. This variability
complicates dosing strategies and underscores
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the importance of considering pharmacogenetic
testing when prescribing tramadol, particularly in
populations with known CYP2D6 polymorphism
diversity”.

Accordingly, it is recommended to check
the genetically determined activity of cytochrome
P450 isoforms when prescribing these drugs.
Gene-drug pairs with at least one clinical practice
guideline recommending testing or stating that
testing could be considered included CYP2C19-
clopidogrel, CYP2D6-codeine, CYP2D6-tramadol,
CYP2B6-efavirenz, TPMT-thiopurines, and
NUDT15-thiopurines™.

Additionally, the balance between
tramadol’s serotonergic and noradrenergic effects,
coupled with the opioid activity of M1, plays
a crucial role in the drug’s complex toxicity
profile™ 7.

Tramadol toxicity is characterized by a
broad spectrum of clinical symptoms, primarily
due to its mixed mechanism of action. Common
presentations include seizures, which are frequently
reported even at therapeutic doses due to tramadol’s
proconvulsant effects, likely mediated through
inhibition of GABA receptors. Additionally, the
drug’s serotonergic activity can lead to serotonin
syndrome, particularly when combined with
other serotonergic agents such as SSRIs or
MAOIs. Clinically, serotonin syndrome manifests
with a triad of cognitive—behavioral changes
(agitation, confusion), autonomic hyperactivity
(hyperthermia, tachycardia), and neuromuscular
abnormalities (tremor, hyperreflexia, clonus). In
severe cases, this condition can rapidly progress
to seizures, rhabdomyolysis, and multiorgan
failure, potentially resulting in fatal outcomes.
Cardiovascular effects, such as tachycardia and
hypertension, are also common, while severe cases
may involve respiratory depression, altered mental
status, and coma. Understanding the interplay
between tramadol’s serotonergic properties and
its opioid mechanism is crucial for anticipating
and managing these toxic effects, especially in
polypharmacy scenarios’”’. The variability and
overlap in these clinical signs underscore the
complexity of managing tramadol overdose, with
the potential for life-threatening consequences
depending on dose, patient susceptibility, and co-
ingested substances”™.
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Seizures are a well-documented and
relatively frequent complication of tramadol
overdose, occurring in up to 15-20% of cases,
depending on dosage and patient-specific factors.
Tramadol’s proconvulsant effects are primarily
attributed to its serotonergic and noradrenergic
activity, which can lower the seizure threshold. This
risk is particularly pronounced in individuals with a
history of epilepsy, but even patients without prior
seizure disorders are susceptible when exposed to
high doses. Notably, seizures can occur even at
therapeutic doses in certain patients, especially
in those who are rapid metabolizers of the drug.
The co-administration of other medications
that influence neurotransmitter activity, such
as antidepressants or antipsychotics, further
exacerbates this risk, highlighting the need for
careful monitoring and dosage control®.

Tramadol toxicity can result in a range
of cardiovascular complications, primarily due
to its combined serotonergic, adrenergic, and
opioid activities. Common manifestations include
tachycardia and hypertension, likely arising from
the drug’s inhibition of norepinephrine reuptake,
which leads to enhanced sympathetic activity.
Additionally, tramadol has been associated with
both bradycardia and arrhythmias, particularly
in cases of overdose, where the imbalance in
autonomic regulation becomes more pronounced.
In severe cases, these effects can progress to
cardiovascular collapse, especially in the presence
of co-ingested substances or pre-existing cardiac
conditions. The arrhythmogenic potential of
tramadol, coupled with its dose-dependent
influence on blood pressure, underscores the
importance of closely monitoring cardiovascular
function during toxicity management®'.

Although respiratory depression is a
hallmark of opioid toxicity, it is generally less
pronounced with tramadol compared to classical
opioids due to its weak affinity for mu—opioid
receptors. However, the risk becomes significant
when tramadol is combined with other CNS
depressants, such as benzodiazepines, alcohol, or
other opioids. The dual mechanism of tramadol,
which also involves serotonin and norepinephrine
reuptake inhibition, contributes less to respiratory
depression but can still potentiate CNS suppression
when used in polypharmacy scenarios. In cases of
overdose, respiratory depression can be exacerbated
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by the accumulation of the active metabolite M1,
especially in individuals with genetic variations
that enhance this conversion. Therefore, while
tramadol alone may pose a moderate risk of
respiratory depression, its potential for life-
threatening respiratory compromise escalates
significantly in the presence of other depressants
or overdose situations®>®.

The risk of tramadol toxicity is closely
related to dosage. Higher doses significantly
increase the likelihood of adverse effects. Clinical
data indicate that doses exceeding 400 mg per day
are linked to a notable increase in the incidence
of toxicity, which can include seizures, serotonin
syndrome, and respiratory depression. This
relationship is further complicated by individual
metabolic differences, particularly involving the
CYP2D6 enzyme, which can lead to the variable
conversion of tramadol into its more potent
metabolite, M1. As the dosage increases, the
accumulation of M1 also rises, resulting in stronger
opioid effects and a higher potential for toxicity.
Additionally, non-linear pharmacokinetics at higher
doses can make adverse outcomes even more
unpredictable. This underscores the importance of
careful dosage titration and monitoring in clinical
practice®.

The clinical manifestations of tramadol
overdose can vary significantly depending on
whether the exposure is acute or chronic. Acute
overdose typically presents with symptoms such
as seizures, altered mental status, and respiratory
depression. These effects are largely attributable
to the drug’s dual action on opioid receptors and
the inhibition of serotonin and norepinephrine
reuptake, which can lead to a rapid onset of central
nervous system toxicity. In contrast, chronic
overdose or prolonged use at high doses is more
likely to result in dependence, tolerance, and
exacerbation of side effects such as dizziness,
nausea, and cognitive impairment. Chronic users
may also develop withdrawal symptoms upon dose
reduction, reflecting the drug’s addictive potential.
Additionally, long—term exposure to high doses
may increase the risk of sustained neurotoxicity and
cardiovascular complications, further complicating
the clinical management of such patients®.

The management of tramadol overdose
requires a multifaceted approach due to the drug’s
complex mechanism of action. While naloxone is
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commonly administered to reverse opioid effects,
its efficacy in tramadol toxicity is limited, as the
drug’s toxic profile extends beyond opioid receptor
activation. Naloxone may mitigate respiratory
depression, but it does not address the risk of
seizures, which are a prominent feature of tramadol
overdose. Seizure control often requires the use
of benzodiazepines or other anticonvulsants,
such as diazepam or lorazepam. Additionally,
in cases of serotonin syndrome, which can
occur due to tramadol’s serotoninergic activity,
supportive care and specific interventions like
cyproheptadine are necessary. Early gastrointestinal
decontamination with activated charcoal can be
considered if the patient presents shortly after
ingestion. Given the potential for polysubstance
overdose, comprehensive supportive care remains
essential, including monitoring and stabilization of
cardiovascular and respiratory functions®.
Several prognostic factors have been
identified as key indicators of increased mortality
risk in cases of tramadol overdose. High—dose
ingestion remains one of the strongest predictors
of fatal outcomes, as it significantly raises the
likelihood of life-threatening complications such
as seizures, respiratory depression, and multi-
organ failure. Additionally, the co-ingestion of
other psychoactive substances, including alcohol,
benzodiazepines, or other opioids, exacerbates
the toxic effects of tramadol and contributes to
heightened mortality. Patients with a history of
seizure disorders are particularly vulnerable, as
tramadol lowers the seizure threshold, which
can precipitate status epilepticus in severe
overdose scenarios. Furthermore, delayed medical
intervention and inadequate monitoring of patients’
risks. Recognizing these factors is crucial for early
risk stratification and guiding the intensity of
medical intervention to prevent fatal outcomes®.
Prolonged use of tramadol is associated
with the development of tolerance, where
increasing doses are required to achieve the
same analgesic effects, leading to a higher risk
of toxicity. As tolerance builds, patients may
escalate their dosage, which not only increases
the potential for acute overdose but also heightens
the likelihood of chronic adverse effects such as
dependence and withdrawal symptoms. Chronic
users are also at greater risk for developing opioid-
induced hyperalgesia, where pain sensitivity is
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paradoxically increased, and further complicating
pain management. Additionally, long—term
tramadol use has been linked to neurotoxicity,
manifesting as cognitive impairment, mood
disturbances, and even seizures. These cumulative
effects highlight the delicate balance between
therapeutic use and the potential for serious toxic
outcomes in patients requiring long-term tramadol
therapy®.

The recent attention to tramadol toxicity
is due to its overuse as a pain reliever and non-
medical uses. The FDA is very concerned about
the excessive and unwarranted use of opioid
analgesics, which is leading to an epidemic of abuse
and overdose of these drugs in the United States.
In response, in 2017 the FDA team developed a
comprehensive action plan to take clear steps to
reduce the impact of opioid misuse and abuse.
These restrictions relate to further licensing of
opioid analgesics, age restrictions in children,
training on prescribing opioid analgesics and pain
management among physicians, strengthening
post-marketing requirements, updating the risk
assessment program and risk reduction strategies,
etc.®
Regulation and market

In Ukraine, the results of the marketing
analysis showed that tramadol has marketing
authorization in Ukraine in the form of capsules
and injection solutions.

According to the State Register of
Medicines, as of October 1, 2024, there are 7 trade
names of tramadol and 2 substances (powder)
registered in Ukraine®.

Market segmentation by dosage forms
revealed that the majority of the range of tramadol
finished medicinal products consists of liquid forms
(5% injection solution in 1 and 2 mL vials) - 71%
of the market, while solid forms of tramadol (50 mg
capsules) account for 24%. Ukraine is the leading
country producing finished tramadol medicinal
products, accounting for 80% of the market in
comparison with other producing countries present
in the Ukrainian pharmaceutical market. The
substances are produced exclusively in India.

Tramadol is indicated for the treatment of
moderate to severe pain. Injection solution can be
used in children from 1 year old, while capsules
are recommended for children aged 14 and older.
Tramadol is listed on the 16th edition of the State
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Drug Formulary of Ukraine and is recommended
by the Unified Clinical Protocol for Palliative
Care in Chronic Pain Syndrome, approved by the
Order of Ministry of Health of Ukraine No. 311
dated April 25, 2012, for the treatment of moderate
CP unresponsive to non-opioid analgesics and
nonsteroidal anti-inflammatory drugs (as a weak
opioid, on the second step of the WHO pain ladder).
But tramadol is not included on the National List
of Essential Medicines purchased with budgetary
funds in Ukraine®.

In other countries

* In the USA (FDA) and Canada(Government of
Canada), tramadol is only approved in oral forms
(tablets and capsules) for treating severe pain when
alternative treatments are insufficient.

* The British National Formulary ('88, September
2024 - March 2025)92 - lists tramadol in various
forms (injection solution and oral forms) for the
treatment of moderate and severe pain in pure form
and in combination with other active ingredients.

* Absence on the WHO List: Tramadol is not listed
on the WHO Model List of Essential Medicines
(the 23rd edition). For marketing analysis data
on tramadol procurement in Ukraine from 2020
to 2024 was also analyzed using the source of
PharmXplorer database (Table 3).

This analysis allowed us to identify
specific patterns that could provide additional
insights into the use and availability of tramadol
during this study period.

A noticeable decline in the total quantity
of tramadol sold annually was observed from
2020 to 2024. The overall sales volume (in UAH)
exhibited fluctuations, with a significant drop from
2020 to 2021, followed by minor increases in 2022
and 2023. However, a substantial decline was noted
in the first half of 2024.

The growth rates in terms of quantity
consistently showed a negative trend, indicating
a steady decrease in the number of sold packages
each year. The growth rates in terms of sales
volume also demonstrated a downward trend, with
slight increases noted in 2022 and 2023.

Retail sales dominate over hospital
sales in both quantity and volume. A significant
reduction in retail sales volume and quantity was
observed from 2020 to 2024 (Fig. 4, 5).

Hospital sales also show a decrease
in quantity, though the decline is not as steep
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as in retail sales. The volume of hospital sales
fluctuated, with a sharp drop in 2021 and a notable
increase in 2023. The consistent reduction in
tramadol sales may reflect changes in prescribing
practices, regulatory adjustments, or shifts in
market dynamics. Comparison between retail vs.
hospital sales showed the dominance of retail sales
and indicates that tramadol is more frequently
distributed through retail channels rather than
hospitals. The differing trends between retail and
hospital sales could provide insights into varying
demand patterns and usage contexts. Economic
Impact: fluctuations in sales volume (in UAH)
suggest the influence of diverse economic factors
on tramadol pricing and sales. Analyzing these
trends could offer a better understanding of the
economic variables affecting the pharmaceutical
market. This structured section maintains clarity
and aligns with the style required for academic
publications, providing an analytical overview
based on the provided data.

At the beginning of the full-scale war,
tramadol was included on the list of medicines
purchased for the implementation of programs
and the execution of centralized healthcare
measures to provide medical care under martial
law in Ukraine93, which confirms the increase in
procurement volumes in the hospital sector.

It is also worth noting that tramadol is
not included on the National List of Essential
Medicines purchased with budgetary funds91.

Despite a significant reduction in the
range of dosage forms of tramadol in Ukraine, its
sales volumes indicate a stable demand for opioid
analgesics, which is also associated with the war
in Ukraine.

CONCLUSIONS

Critical analisis of the secondary and
tertiary sources evident that tramadol has significant
limitations in terms of clinical effectiveness and
safety as analgesics. The findings of this review
indicate that tramadol is not a preferred treatment
option for chronic pain due to its limited clinical
effectiveness and various safety concerns, including
the risks of abuse and adverse effects. Furthermore,
an examination of the Ukrainian market highlights
challenges related to the accessibility, regulation,
and procurement of tramadol. Despite a significant
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reduction in retail sales in units in 2020-2024
tramadol in Ukraine, its sales volumes and increase
in the hospital segment indicate a stable demand
for opioid analgesics, which is also associated with
the ongoing war in Ukraine. Further research to
establish clear indications, efficacy and safety of
tramadol especially considering the unmet need for
such pharmacological group of drugs in Ukraine.
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