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Abstract
We conducted a narrative review of the literature to compare the pharmacological, efficacy and safety profiles of tapentadol 
and tramadol, and to assess the clinical interest of tapentadol in adult patients. Tapentadol and tramadol share a mixed 
mechanism of action, including both mu-agonist and monoaminergic properties. Tapentadol is approximately two to three 
times more potent than tramadol and two to three times less potent than morphine. It has no identified analgesically active 
metabolite and is not significantly metabolised by cytochrome P450 enzymes, thus overcoming some limitations of tramadol, 
including the potential for pharmacokinetic drug-drug interactions and interindividual variability due to genetic polymor-
phisms of cytochrome P450 enzymes. The toxicity profiles of tramadol and tapentadol are similar; however tapentadol is 
likely to result in less exposure to serotoninergic adverse effects (nausea, vomiting, hypoglycaemia) but cause more opioid 
adverse effects (constipation, respiratory depression, abuse) than tramadol. The safety of tapentadol in real-world conditions 
remains poorly documented, particularly in at-risk patient subgroups and also in the ability to assess the risk associated with 
its residual serotonergic activity (serotonin syndrome, seizures). Because of an earlier market introduction, more real-world 
safety data are available for tramadol, including data from at-risk patient subgroups. The level of evidence on the efficacy 
of both tramadol and tapentadol for the treatment of chronic pain is globally low. The trials published to date show overall 
that tapentadol does not provide a clinically significant analgesic improvement compared to existing treatments, for which 
the safety profile is much better known. In conclusion, tapentadol is not a first-line opioid but represents an additional anal-
gesic in the therapeutic choices, which some patients may benefit from after careful examination of their clinical situation, 
co-morbidities and co-medications.
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1 Introduction

Activation of opioid receptors, particularly the mu receptor, 
is one of the major therapeutic options for the treatment 
of moderate to severe pain. While the efficacy of opioids 
is well established in the management of acute nociceptive 
pain and chronic cancer pain [1, 2], the efficacy of opioids 
in the management of chronic non-cancer pain is less clear 

[3, 4], and in any case goes hand in hand with significant 
iatrogenicity [2, 3].

From a pharmacological point of view, it is not possible 
to completely dissociate the analgesic activity and adverse 
effects of opioids to the extent that they are mediated by the 
same type of receptor [5]. Given the role of monoaminergic 
transmission in the descending pathways that inhibit spinal 
cord pain, noradrenaline and serotonin reuptake blockade are 
interesting and complementary mechanisms for potentiating 
opioid receptor activation [6].

According to their market authorisation holder, tramadol 
and then tapentadol were developed with this in mind. In 
both cases, the idea was to offer a molecule with comple-
mentary mechanisms of action to that of opioids, with the 
idea of achieving an analgesic efficacy comparable to that of 
a pure agonist while mitigating the adverse effects associated 
with opioid activation [7].

First marketed in Europe in 2011, tapentadol is being 
promoted as a mixed mechanism of action analgesic that 
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Key Points 

There is a lack of high-quality, head-to-head compari-
sons of tramadol and tapentadol, either with each other 
or with other opioids.

The level of evidence to support the use of tramadol and 
tapentadol in musculoskeletal or cancer-related chronic 
pain is low.

There is a low level of evidence to support the use of 
tramadol in neuropathic pain and tapentadol in diabetic 
peripheral neuropathy.

The efficacy and safety of tapentadol are reassuring in 
the geriatric population, but there is insufficient evidence 
to support its use in vulnerable elderly patients, as well 
as in patients with severe renal or hepatic impairment.

The adverse effect profile of tapentadol is potentially less 
serotonergic but more opioidergic than tramadol, with 
an advantage to tapentadol in terms of pharmacokinetic 
drug-drug interactions.

(+)-O-desmethyl-tramadol (the (+)-M1 metabolite) has 
approximately 700-fold greater affinity than (+)-tramadol for 
the mu-opioid receptors [11]. Thus, when the parent drug is 
metabolised, the contribution of serotonin and noradrenaline 
reuptake inhibition decreases while the contribution of the 
mu-agonist effect increases, resulting in a complex pattern of 
pharmacological activity dependent on the rate and amount 
of active metabolites [7].

Unlike tramadol, the activity of tapentadol relies exclu-
sively on its parent drug since it has no identified analgesi-
cally active metabolite. The parent drug has approximately a 
50-fold lower affinity in vitro for mu receptors than the (+)-
M1 metabolite of tramadol, but an equivalent mu-agonist 
analgesic effect based on in vivo data [11]. This apparent 
inconsistency could be explained by the different diffusion 
of these various active molecules in the central nervous 
system, or their ability to activate intracellular mechanisms 
after binding to the receptors [11].

Furthermore, tapentadol has an activity similar to 
(–)-tramadol on noradrenergic reuptake and is approximately 
five times less active than (+)-tramadol on serotonergic 
reuptake [11]. In vivo animal and human data confirmed 
that the noradrenergic and serotonergic activities of trama-
dol contribute to its analgesic effect [12, 13], unlike tap-
entadol where the noradrenergic activity is dominant over 
the serotonergic activity [7]. Overall, in vivo data show that 
tapentadol is approximately twice as potent as tramadol [11].

To summarize, tapentadol combines two specific syn-
ergistic mechanisms of analgesic action (mu-opioid recep-
tor agonism and the inhibition of noradrenaline reuptake), 
whereas tramadol does not combine these two different 
mechanisms of action in the same molecule [14].

3  Pharmacokinetics

Key pharmacokinetic parameters for oral tramadol and tap-
entadol are compared in Table 2.

Despite good gastrointestinal absorption, the oral bio-
availability of tapentadol is low, due to a large hepatic first-
pass metabolism [18].

For immediate-release forms, the onset of action of tap-
entadol is more favourable than that of tramadol, which 
may not appear to be a drug of choice when it comes to 
rapidly relieving an acute painful condition. However, this 
must be balanced by the complexity of the pharmacokinetic-
pharmacodynamic profile of tramadol, including significant 
differences in plasma and site-of-action concentrations of 
tramadol and pharmacodynamic synergies between the two 
enantiomers of tramadol and its active metabolites [19]. The 
duration of action of immediate-release forms of tapentadol 
is shorter than corresponding forms of tramadol.

is effective across a broad spectrum of acute and chronic 
pain conditions, has a better safety profile than traditional 
strong opioids, and has the potential to overcome some of 
the limitations of tramadol [7–10].

We conducted a narrative review of the literature to 
compare the pharmacological efficacy and safety profiles of 
tapentadol and tramadol and to assess the clinical interest 
of tapentadol in adult patients. This narrative review was 
informed by a literature search of the  Medline® database. 
Full-text articles were selected according to their relevance. 
In addition, any articles referenced in these papers that 
appeared relevant were retrieved and examined.

2  Mechanisms of Action

Tramadol and tapentadol are synthetic agonists that are rea-
sonably selective for mu-opioid receptors, with an inhibitory 
effect on ascending pain pathways [7]. This effect is com-
pleted by a monoaminergic effect that enhances the descend-
ing inhibitory pain pathways [10], thereby decreasing the 
intensity of the ascending nociceptive stimuli.

Tramadol is marketed as a racemic mixture of two ste-
reoisomers: (+)-tramadol preferentially inhibits the sero-
tonin reuptake and (–)-tramadol preferentially inhibits the 
noradrenaline reuptake [9] (Table 1). Tramadol is eliminated 
via a complex metabolic cascade involving the cytochromes 
P450 (CYP) 2D6 and 3A4 [9]. Amongst its metabolites, 
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Over 70% of tramadol is metabolised by CYPs and to 
a lesser extent by conjugation [20]. Phase I reactions are 
predominantly mediated by CYP3A4 (M2 metabolite for-
mation pathway) and to a lesser extent by CYP2D6 (M1 
metabolite formation pathway). Ultimately, 90% of tramadol 
and its 26 metabolites are eliminated by the kidneys, with 
10–32% eliminated unchanged and 5–15% eliminated as the 
M1 metabolite [19].

Tapentadol is metabolised primarily by glucuroconjuga-
tion (55%) to the metabolite tapentadol-O-glucuronide [21], 
and secondarily by CYP2C9/2C19 (13%) and 2D6 (2%) to 
nortapentadol and 5-OH-tapentadol, respectively [9, 22]. It 
is 99% eliminated by renal excretion, mainly in a conjugated 
form [22].

4  Equianalgesic Doses

While animal data suggest an equianalgesic dose ratio from 
morphine to tapentadol of 1:2.5 [7], the sparse data from 
studies in patients with chronic pain of cancer or non-cancer 
origin suggest a ratio of about 1:3 irrespective of the direc-
tion of change [23, 24].

In comparison, the ratio of morphine to tramadol has been 
estimated to be between 1:6 and 1:10 for a parenteral admin-
istration and approximately 1:4 orally, due to the higher oral 
bioavailability of tramadol compared to morphine [25].

In practice, slightly different equianalgesic dose ratios 
are used for the oral route, to match marketed dosages 
(Table 3). In the case of an opioid rotation, these ratios also 
need to be carefully tailored taking into account the patient’s 

Table 1  In vitro evaluation of the binding affinity and functional activity of tramadol, tramadol enantiomers and metabolite M1, and tapentadol 
at human and rat MOR, SERT and NET (adapted from Raffa 2012 [11])

In contrast to its lower binding affinity, the functional activity of tapentadol on MOR is similar to that of the (+)-M1 metabolite of tramadol. In 
the same manner, the binding affinities of tapentadol for SERT and NET are similar, but tapentadol is nearly fivefold more potent in blocking 
NET than SERT. These differences highlight the importance of studying and comparing drugs based on their functional activity rather than on 
an indirect measure such as binding affinity (which does not take into account intrinsic activity, target access...) [11]
 [35S]GTPγS radioactively labeled nonhydrolyzable GTP-analog, EC50 half-maximal effective concentration, MOR mu-opioid receptor, NA not 
available, NET noradrenaline transporter, SERT serotonin transporter
a Measured in human
b Measured in rat

MOR Ki binding 
affinity (µM)

MOR  EC50  [35S]
GTPγS (µM)

SERT Ki binding 
affinity (µM)

SERT Ki functional 
uptake (µM)

NET Ki binding 
affinity (µM)

NET Ki func-
tional uptake 
(µM)

Tramadol
 Racemic 2.4a Inactiveb 1.19b 0.99b 14.6a 0.78b

 (+)-Tramadol 1.3b NA 0.87a 0.53b NA 2.51b

 (−)-Tramadol 24.8b NA NA 2.35b NA 0.43b

(+)-O-desmethyl-trama-
dol (M1 metabolite)

0.0034a 0.86a NA 2.98b NA 14.4b

Tapentadol 0.16a 0.67a 5.28a 2.37b 8.8a 0.48a

Table 2  Main pharmacokinetic parameters of oral forms of tramadol [15–17] and tapentadol [18] (after administration of a single dose)

Data are presented as mean ± standard deviation, except for onset of action where they are presented as median [interval]
M1 O-desmethyl-tramadol (active metabolite of tramadol)
a Time to reach maximum concentration
b Linear interpolation between the respective concentrations above and below 50% Cmax

Opioid Onset of  actiona Half-value  durationb Oral bioavailability Half-life

Immediate-release forms Tramadol 120 min [60–180] (M1: 
150 min [60–600])

6.3 ± 1.6 h (M1: 10.9 ± 4.2 h) 68 ± 13% 5.8 ± 0.5 h  
(M1: 6.1 ± 0.5 h)

Tapentadol 60 min [45–180] 2.3 ± 0.8 h 32 ± 3% 4.9 ± 0.7 h
Extended-release forms Tramadol 4.9 h [4.4–5.4] 10.4 ± 2.7 h

Tapentadol 5.0 h [1.0–7.0] 11.7 ± 3.3 h
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co-morbidities, co-medications, and the clinical circum-
stances that induced the rotation [26].

Ultimately, tapentadol is two to three times more potent 
than tramadol and two to three times less potent than mor-
phine [10, 14]. In Switzerland as in many other European 
countries, it is considered a strong opioid.

5  Dosages in Multiple Settings

5.1  Usual Dosage in Adult Patients

Usually recommended dosages of tramadol are in the range 
of 50–100 mg every 4–6 h, or 100–200 mg every 12 h for 
extended-release forms, with a maximum daily dose of 400 
mg (reserve doses included) [27].

Usually recommended doses of tapentadol are in the 
range of 50–100 mg every 4–6 h, or 100–250 mg every 12 h 
for extended-release forms, with a maximum daily dose of 
700 mg on the first day followed by 600 mg for immediate-
release forms, or 500 mg for extended-release forms (reserve 
doses included) [18].

5.2  Dosage in Patients with Renal Impairment

Tramadol is not the opioid of choice for patients with severe 
renal impairment, as its elimination half-life is increased in 
this situation [28, 29]. If tramadol administration is required, 
immediate-release tramadol should be selected in doses of 
50 mg and not exceeding 200 mg per day for patients with a 
glomerular filtration rate (GFR) between 10 and 30 mL/min, 
and 100 mg per day for patients with a GFR of less than 10 
mL/min or who are on dialysis [27, 30, 31].

To date, there are no accurate data on the use of tapent-
adol in renal impairment [10]. According to the summary 
of product characteristics (SmPC), no dosage adjustment is 
necessary in patients with mild to moderate renal impair-
ment; however, tapentadol is not recommended in patients 
with severe renal impairment due to the lack of data in this 
context.

In practice, buprenorphine and fentanyl are both recom-
mended opioids for use in patients with chronic kidney dis-
ease, including older patients or patients with severe renal 
impairment [29].

5.3  Dosage in Patients with Hepatic Impairment

An increase in the bioavailability and elimination half-life 
of tramadol is expected in cirrhosis due to decreased hepatic 
clearance [28]. In patients with hepatic impairment, a dou-
bling of the dosing interval is therefore recommended to 
avoid tramadol accumulation [32].

Since tapentadol is primarily metabolized by glucurocon-
jugation, its use is not recommended in patients with severe 
hepatic impairment. In mild to moderate hepatic impair-
ment, data are sparse, but by analogy with morphine, its use 
appears to be possible, as long as unit doses are halved and 
the dosing interval is doubled to account for its increased 
oral bioavailability (significant first-pass effect) [32].

In practice, morphine or hydromorphone at reduced doses 
appear to be the best oral opioid choices in patients with 
hepatic impairment [32].

5.4  Dosage in Elderly Patients

In patients aged 75 years or older, the bioavailability of the 
M1 metabolite (but not tramadol) increases by 35% com-
pared to patients under 40 years of age, and its elimination 
half-life doubles. This accumulation is primarily due to a 
reduction in the renal clearance of the M1 metabolite [33]. 
For safety reasons, it is therefore recommended that dosing 
should be adapted to renal function and not exceed a maxi-
mum dose of 300 mg per day from the age of 75 years on, 
or 200 mg in co-morbid patients [27, 29].

According to the SmPC of tapentadol and to recent data 
[34, 35], no a priori dose adjustment is necessary in patients 
aged 65 years and older, in the absence of hepatic or renal 
impairment. In practice, a careful dose titration based on 
individual response is recommended in elderly patients 
treated with tapentadol [34].

5.5  Dosage and Polymorphism of CYP2D6

CYP2D6 is highly polymorphic. In poor metabolizers (PMs; 
6–10% of the Caucasian population [36]), the opioid anal-
gesic efficacy of tramadol is reduced. The plasma tramadol 
concentrations are approximately 20% higher in PMs than 
those of normal metabolizers (NMs), and M1 metabolite 
concentrations are approximately 40% lower [37]. Con-
versely, in ultra-rapid metabolizers (UMs; 28% of North 

Table 3  Usual equianalgesic doses between tramadol, tapentadol and morphine

IV intravenous, PO oral

Morphine IV 1:10 Tramadol IV 10 mg morphine IV ≈ 100 mg tramadol IV
Morphine PO 1:5 Tramadol PO 10 mg morphine PO ≈ 50 mg tramadol PO
Morphine PO 1:2.5 Tapentadol PO 10 mg morphine PO ≈ 25 mg tapentadol PO
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Africans, Ethiopians and Arabs, and up to 10% of Cauca-
sians [36]), the opioid effect and toxicity of tramadol rise 
due to the increase in the concentrations of the M1 metabo-
lite [9]. In practice, in patients with known polymorphisms 
(PM or UM phenotype), it is recommended to avoid opioids 
that require bioactivation by CYP2D6 such as tramadol, 
codeine, oxycodone or hydrocodone [38].

CYP2D6 does not contribute significantly to the anal-
gesic activity of tapentadol, which resides primarily in the 
parent drug, thereby significantly reducing the likelihood of 
interindividual CYP2D6-related variability in the analgesic 
response to tapentadol [9].

6  Clinical Use

Tramadol and tapentadol are officially indicated for the treat-
ment of moderate to severe acute or chronic pain that cannot 
be adequately controlled by non-opioid analgesics. In the 
USA, tapentadol is also officially approved as an alternative 
for the treatment of diabetic peripheral neuropathy [10].

Clinical trials on the efficacy of tramadol and tapentadol 
are few and of limited quality, and independent and aca-
demic trials are scarce. In addition, some of these studies 
have been conducted under conditions far removed from 
clinical practice guidelines, for example, excluding the use 
of breakthrough doses or non-opioid co-analgesics [39].

6.1  Acute Pain

6.1.1  Musculoskeletal Pain

Since most cases of acute or subacute low back pain spon-
taneously improve over time, opioids are not recommended 
as a first-line treatment option: such pain should be managed 
with non-pharmacologic measures, or preferentially with 
non-steroidal anti-inflammatory drugs (NSAIDs) or muscle 
relaxants if pharmacologic treatment is required [40].

6.1.2  Post‑Operative Pain

Several comparative clinical studies have demonstrated the 
analgesic efficacy of tramadol in the management of mod-
erate to severe postoperative pain [19, 27]. In this context, 
the analgesic efficacy of tramadol was comparable to that 
of morphine and NSAIDs. However, the level of evidence 
for the oral route is limited by the small number and size 
of published studies, the variety of the tested surgical set-
tings, and the preponderance of parenteral use [27]. In prac-
tice, tramadol is an interesting postoperative oral analgesic, 

particularly when NSAIDs (cardiovascular, renal, digestive 
disorders) or opioids (respiratory depression) are contrain-
dicated [19]. Its administration with non-opioid analgesics 
(paracetamol, NSAIDs) is pharmacologically relevant [19], 
and consistent with the multi-modal analgesia approach that 
is recommended for the management of postoperative pain 
[41]. Its combination with a strong opioid such as morphine 
should be avoided because it is infra-additive and leads to 
an increase in adverse effects [42]. Finally, the fact that it is 
not included in the list of narcotic drugs makes it easier to 
prescribe it when patients are discharged [27].

A systematic review of 13 randomized controlled trials 
concluded that tapentadol was not associated with a bet-
ter control of moderate to severe acute pain compared to 
morphine, oxycodone or tramadol [43]. According to this 
analysis, most of the studies (11 of 13) had “some concerns” 
or “high risk” for bias. The authors also highlighted the het-
erogeneity of the indications covered by these studies, with 
an over-representation of minor interventions such as bun-
ionectomy, making it difficult to extrapolate these results to 
major interventions. As the comparison between tramadol 
and tapentadol was based on only two small studies (160 
patients in total), the authors noted that additional data were 
needed to confirm these results.

6.2  Chronic Pain

6.2.1  Musculoskeletal Pain

Tramadol monotherapy may provide low clinical improve-
ment in moderate to severe chronic musculoskeletal pain 
compared to placebo [44–46], mainly in gonarthrosis and 
coxarthrosis [47]. However, data are lacking, especially 
those with an active comparator.

Tapentadol may provide low clinical improvement in 
moderate to severe chronic musculoskeletal pain compared 
with oxycodone [48–50]. In these randomized controlled 
trials, the study dropout rate was globally higher for lack 
of efficacy but lower for adverse effects in the tapentadol 
group than in the oxycodone group, with less gastrointestinal 
adverse effects in the tapentadol group [51].

In general, the long-term efficacy and safety of opioids 
in the management of chronic musculoskeletal pain remains 
poorly understood. Given the low expected benefit in rela-
tion to the risks involved (adverse effects, abuse, depend-
ence), the use of opioids is not recommended as first-line 
treatment for these indications [40, 52], even if tramadol 
could be indicated in carefully selected situations (e.g., con-
traindications to NSAIDs with no available surgical options) 
[53].



1262 L. Roulet et al.

6.2.2  Cancer Pain

It is difficult to define the role of tramadol in the control of 
moderate to severe cancer pain [54]. Available data are of 
poor quality, due in part to the general lack of double-blind 
designs, the small number of participants and events, and a 
high risk of bias [55–57]. There is evidence (although of low 
quality) that tramadol is less effective than morphine for the 
relief of cancer pain [57].

According to a narrative review focusing on tapentadol 
for the palliation of cancer pain in adults [58], the research 
evidence from non-randomized, open-label or clinical prac-
tice studies suggests that tapentadol may be well tolerated 
when used in the ambulatory care setting, with few, typically 
mild adverse reactions, such as dizziness, loss of appetite, 
and nausea. To date, only three published randomized con-
trolled trials have compared tapentadol to either placebo or 
an active control in patients with moderate to severe cancer 
pain, two of which were conducted in Japan and South Korea 
[59–61]. However, these studies were small and used hetero-
geneous designs, preventing the pooling of data for statisti-
cal analyses [58, 62]. Overall, a systematic review including 
these studies did not find any advantage of using tapentadol 
over morphine or oxycodone in terms of cancer pain relief or 
serious adverse events, with low-quality evidence [58, 62].

6.2.3  Neuropathic Pain

In most recommendations, traditional strong opioids are con-
sidered a third-line treatment for neuropathic pain because of 
their low efficacy and the risk of associated adverse effects 
and abuse. They should only be considered on a case-by-case 
basis if all other lines of treatment fail [63]. Tramadol and 
tapentadol, which differ from traditional opioids due to their 
mixed mode of action with a monoaminergic component, 
have been presented as active in a wide range of painful 
conditions, including neuropathic pain [11]. In the USA, 
tapentadol was approved by the Food and Drug Administra-
tion (FDA) for the treatment of painful diabetic peripheral 
neuropathy in 2012 [64].

Few randomized controlled trials have compared trama-
dol to either placebo or an active control in patients with 
moderate to severe neuropathic pain, including peripheral 
diabetic neuropathy [65], postherpetic neuralgia [66], poly-
neuropathy [67] and spinal cord injury [68]. Overall, the 
evidence to support the use of tramadol in this setting is 
low as the available studies included a wide variety of neu-
ropathic pain, were of very short duration, had a high risk of 
bias and were small, which could lead to an overestimation 
of the benefits of tramadol [69]. Despite these limitations, 
tramadol is recommended as second- or third-line therapy 
in international guidelines [63, 70–72].

For tapentadol, only two of the three randomized con-
trolled trials conducted to date in diabetic peripheral neurop-
athy have concluded that tapentadol is superior to placebo 
[64, 72]. On the basis of the available data, its efficacy in this 
indication was considered inferior to that of tramadol, and 
probably overestimated by the choice of an enriched study 
design, which led to the exclusion of opioid non-responders 
[64, 73]. Finally, there are no comparative trials between 
tapentadol and reference treatments in this indication. Fur-
thermore, no studies have evaluated the use of tapentadol for 
other neuropathic conditions.

In conclusion, there is a low level of evidence to support 
the use of tramadol in neuropathic pain and tapentadol in 
diabetic peripheral neuropathy. In practice, they may be of 
practical value as last-line adjunctive treatment, in combina-
tion with first-line treatments where these are insufficient, 
and provided that drugs that also have a serotonergic activ-
ity are avoided to prevent cumulative adverse effects (see 
below) [63, 70–72].

6.2.4  Chronic Pain of Non‑Cancer Origin in Elderly Patients

Despite accounting for a large proportion of patients who 
suffer from and are treated for chronic pain, elderly patients 
are often excluded from clinical trials assessing analgesics.

Although tramadol is frequently used in elderly patients 
with chronic pain, data for this subset of the population are 
scarce [74, 75]. The level of evidence is low, with a high 
proportion of elderly patients discontinuing tramadol use 
because of adverse effects [75]. In addition, we found no 
active-controlled trials.

In recent years, elderly patients were included in sev-
eral studies of tapentadol [34, 35, 76–78], some of which 
were active-controlled trials [77]. Durations of follow-up 
were short (maximum of 4 months), and a high proportion 
of elderly patients discontinued tapentadol use because of 
adverse effects [34, 77].

Overall, tapentadol is better documented in the literature 
than tramadol for the management of chronic pain of non-
cancer origin in elderly patients. Although the results on 
the efficacy and safety of tapentadol in this population are 
reassuring, there is still insufficient evidence to support its 
use in vulnerable elderly patients [79].

7  Adverse Effect Profiles

For analgesics with a mixed mechanism of action (such as 
tramadol and tapentadol), some authors have proposed the 
concept of "mu load" to quantify the percentage contribution 
of the mu-opioid component to their adverse effect profile 
compared to that of a pure mu agonist at equianalgesic doses 
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[14, 80]. Following this approach, the mu load of tapent-
adol would be less than 40% compared to pure mu agonists, 
and this reduced mu load could result in a more favourable 
adverse effect profile compared to that of traditional strong 
opioids. This concept also suggests the reconsideration of 
the rescue of the noradrenergic system as a key mechanism 
to support the application of analgesics with a mixed mecha-
nism of action for managing different forms of mixed pain 
(e.g., inflammatory and neuropathic). Apart from this inter-
esting theory, it is important to keep in mind that traditional 
strong opioids also interact with receptors other than the mu 
receptor (e.g., delta and kappa opioid receptors, N-methyl-
D-aspartate receptor), and differ from each other in their 
interactions with these receptors [81, 82].

In animal studies, brain, lung, heart, kidney and liver 
damage have been associated with exposure to particularly 
high and toxic doses of tramadol and tapentadol [83, 84]. 
In humans, the adverse effect profile of tramadol and tap-
entadol is very similar to that of opioids. Nausea, vomiting, 
dizziness, drowsiness, fatigue, hypersedation and dry mouth 
are among the most commonly reported adverse effects [10, 
85, 86].

The frequency of adverse effects reported with tramadol 
and tapentadol is highly variable across studies, reflecting 
the wide range of indications, doses and populations stud-
ied as well as the methodologies and sources of informa-
tion used in the studies. In addition, as tapentadol has been 
marketed much more recently than tramadol, the number of 
studies of adverse effects is more limited, making compari-
sons with tramadol difficult [10]. Based on the information 
discussed in the following paragraphs, tapentadol appears 
to have a higher risk of constipation, respiratory depression, 
abuse and complications due to overdose, but a lower risk of 
nausea/vomiting and hypoglycaemia than tramadol. These 
trends need to viewed with caution because of the lack of 
sufficient experience with tapentadol and direct comparison 
of the two molecules. In addition, the available data do not 
allow conclusions to be drawn about the risk of seizures and 
serotonin syndrome.

7.1  Nausea and Vomiting

Tramadol, like all opioids, is frequently associated with 
nausea and vomiting [85]. The frequency of these adverse 
effects is time and dose dependent [87], and can be reduced 
by gradual introduction, for example with dose increments 
of 50 mg every 4 days [88]. The frequency of these adverse 
effects appears to be at least equivalent to—and even higher 
than—that reported with codeine, a difference that may be 
explained by the combined action of tramadol on opioid, 
dopaminergic and serotonergic receptors in the chemorecep-
tor trigger zone of the postrema area [89].

Similarly, nausea and vomiting are among the most com-
monly reported adverse effects with tapentadol [86]. In clini-
cal trials, the incidence of nausea and vomiting was signifi-
cantly lower with tapentadol than with oxycodone [10].

In the absence of direct comparison, it is not possible 
to assess whether tapentadol has a significant advantage 
over tramadol in terms of nausea and vomiting. The clinical 
relevance of such a benefit would be weak as these opioid 
adverse effects usually resolve rapidly after the introduction 
of the treatment and can be easily controlled by the addition 
of an antiemetic [79].

7.2  Constipation

Constipation is a very common adverse effect of opioids and 
is a major issue in the treatment of chronic pain, particularly 
in vulnerable elderly patients. In most cases, no tolerance is 
observed over time, which means that prophylactic laxative 
treatment is required in most patients for the duration of 
opioid treatment [79].

Tramadol is associated with a low incidence of constipa-
tion [85, 90]. One study showed minor interference of trama-
dol with gastrointestinal motility compared with placebo, 
but its significance is limited by its sample size (only nine 
healthy volunteers) [91].

In clinical trials, the incidence of constipation and the rate 
of study dropout for constipation were significantly lower 
with tapentadol than with oxycodone [92]. This compari-
son is limited and biased by the fact that these studies did 
not take into account the concomitant use of laxatives [39]. 
Furthermore, the strong recommendation to prescribe a laxa-
tive at the same time as long-term opioid treatment puts the 
clinical relevance of this benefit into perspective [79].

In practice, it does not appear to be useful to prescribe 
a standard laxative for patients treated with tramadol who 
do not have a history of constipation. Tapentadol, on the 
other hand, should be used with the same caution as strong 
opioids, and its value in patients for whom adequate laxative 
treatment is not sufficient to adequately regulate transit when 
treated with opioids has yet to be demonstrated.

7.3  Respiratory Depression

Respiratory depression is frequently observed with opioids 
because they reduce the sensitivity of the respiratory centres 
to carbon dioxide, a phenomenon that is partially compen-
sated for by the fact that pain is a stimulant for breathing 
[28].

Clinical experience shows a weak respiratory depres-
sant effect of tramadol in the intraoperative period [85], a 
very particular context in which breathing is the result of 
a balance between stimulation due to pain and stress and 
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depression resulting from the direct effect of analgesics and 
anaesthetics [93]. However, in a study in healthy volun-
teers, a single 100 mg dose of immediate-release tramadol 
reduced mean ventilatory sensitivity to carbon dioxide by 
about 30% [93]. This risk has been confirmed by spontane-
ously reported cases since tramadol was first marketed [90].

A study conducted in healthy volunteers showed that tap-
entadol also had a respiratory depressant effect [94]. In this 
study, a single dose of 100 mg immediate-release tapent-
adol induced significantly less respiratory depression than an 
equianalgesic dose of 20 mg oxycodone. The authors suggest 
that the noradrenergic stimulatory effects of tapentadol may 
partially compensate for the respiratory depression induced 
by its opioid activity. However, as for tramadol, this risk 
has been confirmed by cases reported in clinical trials with 
tapentadol [86].

Respiratory depression is therefore a possible but rare 
adverse effect of tramadol and tapentadol, mainly in patients 
with other risk factors or exposed to supra-therapeutic doses 
[85, 86, 95]. In practice, only tapentadol is contraindicated 
in acute asthma or severe respiratory failure.

7.4  Serotonin Syndrome

Serotonin syndrome is a serious but difficult to diagnose 
adverse effect, particularly in the case of concomitant opioid 
treatment, since some of these symptoms may be confused 
with those of an opioid overdose, or, on the contrary, those 
of withdrawal (following, e.g., the administration of nalox-
one) [86].

Cases of serotonin syndrome have been reported with 
tramadol, most often in patients exposed to other drugs with 
serotonergic properties, such as selective serotonin reuptake 
inhibitors (SSRIs), serotonin and noradrenaline reuptake 
inhibitors (SNRIs), tricyclic antidepressants (TCAs) and 
monoamine oxidase inhibitors (MAOIs), including linezolid 
and isoniazid [10, 90, 96]. However, a few cases of deliber-
ate intoxication show that tramadol alone can induce sero-
tonin syndrome in case of massive overdose [90].

Tapentadol has a lower serotonergic effect, theoretically 
reducing its risk of inducing serotonin syndrome [9, 86]. 
In an analysis of global pharmacovigilance data in 2016, 
tapentadol was the second most frequently suspected opi-
oid in reported cases of serotonin syndrome, after tramadol 
[97]. The earlier availability of tramadol and its widespread 
use may account for this difference [97]. Furthermore, clini-
cal trials of tapentadol often excluded patients taking other 
serotonergic drugs (except for SSRIs that had been at a sta-
ble dose given for at least 1 month) and were not designed 
to reliably detect an adverse effect as complex as serotonin 
syndrome [98].

In practice, tramadol, and to a lesser extent tapentadol, 
should be used with caution and at reduced doses in patients 
treated with SSRI/SNRI/TCA antidepressants, and are con-
traindicated in patients treated with MAOIs (including lin-
ezolid and isoniazid) [99].

7.5  Convulsions

Convulsions are a known but very rare adverse effect of pure 
opioid agonists, probably due to a lowering of the seizure 
threshold by inhibiting the intracerebral release of gamma-
aminobutyric acid [86].

Convulsions are among the most common serious neuro-
logical adverse effects reported with tramadol [85, 90]. This 
risk is increased in patients with a history of convulsions or 
exposure to other substances that lower the seizure thresh-
old, including psychotropic drugs [85].

Patients with epilepsy were excluded from clinical trials 
with tapentadol [86]. Data collected since tapentadol has 
been marketed suggest that the frequency of convulsions 
under tapentadol treatment is low, including in patients 
with risk factors for convulsions, but these results should 
be interpreted with caution given the small number of cases 
included in these analyses [86]. However, a press release 
from the UK Medicines and Healthcare products Regulatory 
Agency (MHRA) issued a warning of the risk of epileptic 
seizures associated with tapentadol following the analysis of 
European pharmacovigilance data [100]. In almost half of 
the reported cases, tapentadol was associated with at least 
one other drug known to lower the seizure threshold, includ-
ing SSRIs, SNRIs, TCAs and antipsychotics.

In practice, tramadol and tapentadol should be used with 
caution in patients with a history of seizures or concomitant 
administration of drugs that lower the seizure threshold. 
They are both contraindicated in patients with poorly con-
trolled epilepsy.

7.6  Hypoglycaemia

An analysis of hypoglycaemia cases recorded in two phar-
macovigilance databases between 1967 and 2018 supports 
the hypothesis of a class effect with opioids, which could 
be dose-dependent, with diabetic patients and women being 
more at risk [101]. In this study, tramadol was the opioid 
for which the most cases of hypoglycaemia were reported. 
Tapentadol was not included in the analysis.

An analysis of a US pharmacovigilance database over 
the same time period but using a different methodology 
also concluded that tramadol is the opioid most likely to be 
associated with hypoglycaemia and identified a few cases 
related to tapentadol [102]. This study did not find a trend 
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towards increased risk in diabetic patients, unlike the previ-
ous one. These apparently contradictory results could reveal 
a classification bias in some diabetic patients, where cases 
of hypoglycaemia attributed to an opioid are explained by a 
misuse of the anti-diabetic treatment favoured by cognitive 
disorders frequently induced by opioids [103].

To date, the pathophysiological mechanisms at the origin 
of opioid-induced hypoglycaemia remain poorly understood 
and debated. They may result from an increase in glucose 
central utilisation as a result of stimulation of mu-opioid 
receptors and some serotonergic receptors, which may 
account for the higher proportion of cases associated with 
tramadol and methadone [101, 102].

In practice, it seems sensible to inform diabetic patients, 
particularly women, of the increased risk of hypoglycaemia 
they may experience during opioid treatment (including tap-
entadol), and particularly with tramadol.

7.7  Cardiovascular Effects

Orthostatic hypotension is a known adverse effect of trama-
dol, occurring more frequently after parenteral administra-
tion than other routes and due to peripheral venous vasodi-
lation [85]. Rhythm disturbances (tachycardia, bradycardia, 
atrial fibrillation) have also been reported [90]. In healthy 
volunteers, tramadol did not induce a significant QT-interval 
prolongation at doses up to 600 mg per day for 3 days [104]. 
Cardiac arrest has exceptionally been reported after over-
doses in patients who may have had other risk factors (UM 
phenotype for CYP2D6, genetic predisposition) [90, 104].

According to a post hoc analysis of three clinical trials, 
tapentadol treatment was not associated with significant 
changes in heart rate or blood pressure in patients known 
to have hypertension and treated for 2 weeks with a dose 
between 200 and 500 mg per day [105]. These results are 
reassuring with regard to the overall cardiovascular safety 
of tapentadol, although they should not obscure the fact that 
its noradrenergic activity can induce serious tachycardia in 
isolated cases [106]. Furthermore, tapentadol did not induce 
significant prolongation of the QT interval in healthy vol-
unteers at doses of up to 600 mg per day for 2 days [107].

In practice, both tramadol and tapentadol have good 
cardiovascular safety profiles at therapeutic doses and may 
therefore be an interesting alternative to NSAIDs in high-
risk cardiovascular patients with mild to moderate pain. 
Serious cardiovascular effects may be observed, but mainly 
in the case of overdose and therefore in situations where it 
is difficult to distinguish from the symptoms induced by a 
serotonin syndrome.

7.8  Risk of Dependency and Abuse

The risk of dependency and abuse with tramadol has long 
been considered to be lower than that of strong opioids [27, 
85], so much so that extended-release forms of tramadol 
have even been proposed, in doses up to 600 mg per day, as 
a replacement therapy for opioid dependence [108]. How-
ever, a recent US study unexpectedly found that tramadol 
was associated with as much or more risk of switching from 
acute to prolonged use as other short-acting opioids, a find-
ing that has since been confirmed in patients treated for 
acute pain after elective surgery [109]. Although it is diffi-
cult to extrapolate these results to the European level, given 
the health crisis in the USA in recent years over the misuse 
of opioids [10], the problem seems to be confirmed in other 
countries. For example, global consumption of tramadol 
increased by 42% between 2006 and 2012 and, in response to 
a parallel increase in abuse and relative deaths, many coun-
tries—including Sweden, Australia, Brazil, Japan, China, 
the UK and the USA—have placed tramadol under national 
control [10]. In addition, withdrawal syndromes have also 
been reported with long-term (>1 month) treatment [90].

The risk of diversion for non-medical purposes was taken 
into account in the development of tapentadol by marketing 
extended-release tablets designed to be difficult to crush and 
solubilise. However, cases of recreational use by chewing or 
inhaling have been reported with immediate-release tablets 
[110], as well as abuse by injection of crushed immediate-
release tablets, some of which have led to death by cardi-
orespiratory arrest [111]. In a study using data from a US 
prescription drug-monitoring system, the abuse potential of 
tapentadol was found to be significantly higher than that of 
tramadol, but equivalent to that of hydrocodone and lower 
than that of other strong opioids after adjustment for pre-
scription volume [112]. This finding has recently been con-
firmed by a review of US poison, drug diversion and addic-
tion treatment centres [113]. Withdrawal syndromes have 
also been reported in patients exposed to supra-therapeutic 
doses [86].

Unlike tramadol, tapentadol therefore appears to have a 
similar abuse risk to strong opioids, which has led Switzer-
land and other European countries to classify it as a narcotic 
drug. In practice, in patients receiving tramadol or tapent-
adol for the treatment of moderate to severe postoperative 
pain, the risk of abuse is likely to be limited if the adminis-
tration is mainly hospital-based and of short duration [27]. 
On the other hand, their use on an outpatient basis, espe-
cially in the long term, requires the same caution as with 
strong opioids.
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7.9  Intoxications

A study based on data from the American Association of 
Poison Control Centres (AAPCC) compared the reported 
poisonings by ingestion of tramadol and tapentadol in the 
USA between 2009 and 2011 [95]. Overall, tapentadol was 
more frequently associated with severe poisoning (as defined 
by the AAPCC), with a higher risk of respiratory depression, 
coma, confusion and hallucinations. Tramadol intoxication 
was associated with a higher risk of convulsions and vomit-
ing. These results should be interpreted with caution given 
the small number of cases included over this period for tap-
entadol (n = 217). It is interesting to note that a significant 
number of overdose cases may be the result of insufficient 
analgesia, leading to an increase in doses beyond the recom-
mended limits [86].

In both cases, naloxone is used to counteract the toxic opi-
oid effects of tramadol and tapentadol. However, this anti-
dote is of no use in counteracting the toxic effects associated 
with their monoaminergic component, such as convulsions.

8  Pharmacokinetic Drug–Drug Interactions

The bioactivation of tramadol by CYP2D6 is an important 
source of variability due to drug interaction. The analge-
sic efficacy of tramadol can be significantly reduced by 
CYP2D6 inhibitors, such as some SSRIs or terbinafine [114, 
115].

In patients with functional CYP2D6, available data show 
that the use of a potent CYP3A4 inhibitor with tramadol 
justifies dose reduction and monitoring for signs of overdose 
[116]. On the other hand, potent CYP3A4 inducers have 
the potential to significantly reduce the analgesic efficacy 
of tramadol by reducing not only plasma levels of tramadol 
but also those of its metabolite M1 as a result of the shift 
from the CYP2D6 pathway (leading to M1) to the CYP3A4 
pathway (leading to M2) [117]. In practice, great caution is 
recommended with CYP3A4 inhibitors and inducers as well 
as with CYP2D6 inhibitors [20].

Conversely, the potential for drug interactions is theoreti-
cally lower with tapentadol as it is not extensively metabo-
lised by the CYP system [9]. It is mainly metabolised by 
the uridine-diphosphate-glucuronosyltransferases (UGT) 
1A9 and 2B7 [22]. UGTs are high-capacity enzymes and 
have no known potent inhibitors, but they are genetically 
polymorphic, so that an influence on their activity cannot 
be completely ruled out [9, 22].

9  Cost Effectiveness

Pharmacoeconomic studies have compared tapentadol with 
other strong opioids, but not with tramadol. These studies 
concluded that tapentadol is cost effective compared with 
oxycodone alone [118–122] or in combination with nalox-
one [123], but not with morphine or transdermal fentanyl 
[119]. However, these data should be treated with caution 
as they all come from studies carried out directly [118–122] 
or indirectly [123] by companies marketing tapentadol. 
Methodological limitations also make their interpretation 
difficult, such as the lack of direct comparison between tap-
entadol and its comparator, or the diversity of models used 
from one study to another [124, 125].

10  Availability and Prescription Modalities

The availability of a drug and the way in which it is pre-
scribed are particularly important factors in studying its use 
and identifying possible misuse or abuse in the population.

In 2020, tramadol was available in 40 countries around 
the world (including Australia, Canada, China, India, Japan, 
Russia, the USA), including 18 European countries (includ-
ing France, Germany, Switzerland and the UK). Tapentadol 
was available in 28 countries around the world (including 
Australia, Canada, Japan, Russia, the USA, but not China 
or India), including 18 European countries (including Ger-
many, Switzerland and the UK, but not France) [126].

Comparison of drug-prescription modalities between 
countries is difficult due to the diversity of regulatory sys-
tems in force. A recent review of the conditions for prescrib-
ing analgesics in Europe illustrates the wide variation in the 
restrictions imposed from one country to another for the 
same analgesic [127]. The data also show that the prescrib-
ing conditions for tapentadol in Europe are generally more 
restrictive than those for tramadol (Fig. 1).

11  Conclusion

Tapentadol might be of interest compared to tramadol, but 
many questions remain open. While tapentadol may over-
come some of the limitations of tramadol, such as the likeli-
hood of drug interaction or interindividual variability due to 
genetic polymorphisms in CYP450, its “efficacy in a wide 
range of acute and chronic pain conditions” or its “better 
tolerability profile than traditional strong opioids” are asser-
tions that have yet to be demonstrated in well-conducted 
studies (Table 4).
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Fig. 1  Conditions of prescrip-
tion and delivery of tramadol 
(a) and tapentadol (b) in Europe 
(situation in 2015). Reproduced 
with permission from Palmaro 
et al. [127]
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The adverse effect profiles of tramadol and tapentadol 
seem similar depending on the clinical situation, with tap-
entadol potentially exposing less to serotonergic effects 
but more to opioid effects than tramadol. Nevertheless, the 
available literature on the safety of tapentadol in real-life 
conditions remains incomplete, particularly in subgroups of 
patients at risk. There is also a lack of data to assess the risk 
of serotonin syndrome and convulsions associated with its 
residual serotonergic activity.

Finally, the level of evidence on the efficacy of both 
tramadol and tapentadol for the treatment of chronic pain is 
globally low. The trials published to date in adults generally 
show that tapentadol does not provide a clinically superior 
analgesic improvement compared with treatments that have 
been on the market for longer, which are often cheaper and 
have a better documented safety profile.

Tapentadol therefore represents an additional analgesic in 
the therapeutic arsenal available to prescribers, which some 
patients may benefit from after careful consideration of their 
clinical situation, co-morbidities and co-medications. However, 
when a first-line opioid is chosen because non-opioid analgesics 
are not or are no longer effective, the Socratic adage should 
prevail: “better the devil you know than the devil you don’t”.
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