
Opioids have been the mainstay analgesics for postoperative, cancerous, and 
chronic noncancerous pain. Common concerns regarding the use of opioids 
include the development of physical dependence and addiction. However, as a 
potential complication of opioid therapy, opioid-induced hyperalgesia (OIH) is often 
overlooked. That is, patients receiving opioids to control their pain may paradoxically 
become more sensitive to pain as a consequence of opioid therapy. OIH is a very 
important issue because it may complicate the clinical course of pain treatment and 
even worsen the suffering of patients receiving opioids because of the development 
of excruciating pain. 

Three OIH types were defined: 1) in the context of maintenance dosing and 
withdrawal, 2) at very high or escalating doses, and 3) at ultra-low doses. In the 
literature, most attention has been paid to the first 2 forms, and almost all cases of 
reported OIH have been ascribed to morphine administration. The third form of OIH 
has not been documented in humans, although it has been observed in animals. 

We present 2 cases of OIH resulting from administration of tramadol, which is a 
synthetic analogue of codeine and exhibits 10-fold less affinity for mu-opioid 
receptors, in patients suffering from chronic pain. The 2 cases presented herein imply 
the importance of recognizing OIH in patients medicated with tramadol if analgesic 
effects are lost in the context of dose titration, when generalized pain is reported 
without any evidence of disease exacerbation. 

While OIH associated with ultra-low dose opiates seems to be quite rare, if it is 
suspected, switching to other drugs and an appropriate treatment should be 
considered.
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For decades, opioids have been the mainstay 
analgesics for postoperative, cancerous, and 
chronic non-cancerous pain. Common concerns 

regarding the use of opioids include the development of 
physical dependence and addiction, although the former 
does not foreshadow harm and the latter is a possible 
but unlikely event (1). Another problem, however, has 
recently drawn attention as a complication of opioid 
therapy, and is often referred to as opioid-induced 

hyperalgesia (OIH) (2). That is, patients receiving 
opioids to control their pain may paradoxically become 
more sensitive to pain as a consequence of opioid 
therapy. Thus, opioid therapy may be a double-edged 
sword showing an initial strong analgesic effect but 
gradually increasing pain as a result of compensatory 
upregulated pronociceptive pathways (3). Although 
physician monitoring of addiction, abuse, and diversion 
are frequently emphasized, OIH is often overlooked 
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as a potential complication of opioid therapy. OIH is 
a very important issue because it may complicate the 
clinical course of pain treatment and even worsen the 
suffering of patients receiving opioids because of the 
development of excruciating pain.

In a qualitative systematic review (2), 3 OIH types 
were defined: 1) in the context of maintenance dosing 
and withdrawal, 2) at very high or escalating doses, and 
3) at ultra-low doses. In the literature, most attention 
has been paid to the first 2 forms, and almost all cases of 
reported OIH have been ascribed to morphine admin-
istration. However, to the best of the authors’ knowl-
edge, the third form of OIH has not been documented 
in humans, although it has been observed in animals. 
We herein report 2 cases of OIH resulting from admin-
istration of tramadol, which is a synthetic analogue of 
codeine and exhibits 10-fold less affinity for mu-opioid 
receptors (4), in patients suffering from chronic pain.

Case 1
A 67-year-old male patient with a one-year history 

of well-controlled postherpetic neuralgia in his right 
arm and shoulder of the C5 sensory dermatome com-
plained of recent aggravation of his pain, which was 
rated as 7/10 on a numeric rating scale (NRS; 0 = no 
pain, 10 = worst pain imaginable) since one week previ-
ously. Mental status and motor and sensory functions 
were intact, and no signs of muscular hyperactivity, 
such as tremor or myoclonus, were noted. His previous 
medications included tramadol (400 mg/day) and pre-
gabalin (225 mg/day). A stepwise increase of pregaba-
lin to 600 mg/day and the addition of oxycodone up 
to 40 mg/day for 2 weeks or transdermal fentanyl up 
to 25 μg/h for the following 2 weeks did not improve 
his pain. A detailed history revealed that the pain was 
generalized, albeit most prominent in the right arm; 
accompanied by diaphoresis, chill, and rhinorrhea; and 
peaked at 2 hours after medication administration. The 
pain was burning in nature and sensitive to light touch 
or clothing. We diagnosed his condition as OIH and be-
gan intravenous administration of midazolam (2 mg) 
followed by ketamine, which was started at a dose of 
0.5 mg/kg for one hour every day. The dose of ketamine 
was increased when symptom relief was insufficient 
(based on NRS and its duration) and side effects were 
acceptable. Over a 12-day course, the ketamine was 
increased to 0.75 mg/kg and his generalized pain and 
autonomic symptoms were completely resolved. The 
patient described that the burning pain was decreased 
to 1 to 2 on the NRS. The patient was being maintained 

on oral medication including pregabalin, a tricyclic anti-
depressant, and tianeptine at the 2-year follow-up visit.

Case 2
A 57-year-old female patient complained of gen-

eralized pain with diaphoresis and irritability since 3 to 
4 weeks previously. She had been prescribed tramadol 
(300 mg/day) and acetaminophen (1950 mg/day) for 4 
years to relieve her left buttock pain attributable to the 
sacroiliac joint. Otherwise, her past medical history was 
negative. She described her pain as aching and hyperal-
gesic in nature, and it was aggravated after medication 
administration, rating 6 on the NRS. Her mental status 
was clear and physical examination revealed no neu-
rologic abnormality or neuromuscular hyperactivity. An 
increase of tramadol and addition of pregabalin and 
a tricyclic antidepressant resulted in no improvement. 
We diagnosed her condition as OIH and began intrave-
nous administration of midazolam (2 mg) followed by 
ketamine (0.5 mg/kg) for one hour every day. The dose 
of ketamine was gradually increased up to 0.8 mg/kg 
during a 14-day treatment. Two weeks later, her gen-
eralized pain and diaphoresis were abolished, and she 
was discharged with prescriptions of pregabalin, a tri-
cyclic antidepressant, and acetaminophen. At the one-
year follow-up visit, she complained of pain limited to 
the left buttock that had waxed and waned for several 
years. 

Discussion

Even though opioids have been used to treat pain 
for thousands of years, there are some problems with 
chronic administration including lack of evidence sup-
porting their long-term effectiveness, adverse events, 
misuse, abuse, and OIH. In a recent systematic review, 
there was a paucity of data on the evidence for opioid 
therapy for chronic non-cancer pain (5,6). However, only 
tramadol showed fair evidence for managing osteoar-
thritis (5,6). Tramadol has been known to be suitable 
as a long-term treatment for moderate to severe pain 
because it has a low potential for abuse or dependence 
compared to other opioids (7). Nevertheless, chronic 
tramadol administration may also produce complicat-
ing events such as OIH, as the 2 cases presented herein 
indicated. It is important to recognize OIH in patients 
medicated with tramadol if analgesic effects are lost in 
the context of dose titration, when generalized pain is 
reported without any evidence of disease exacerbation. 
While OIH associated with ultra-low dose opiates such 
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as tramadol seems to be quite rare, if it is suspected, 
switching to other drugs and an appropriate treatment 
should be considered.

Tramadol is a synthetic, centrally acting analgesic 
agent that is structurally related to codeine and mor-
phine (8), and possesses both opiate and monoaminer-
gic effects. At the central level, tramadol acts as a weak 
opioid agonist although its affinity for mu-opioid recep-
tors is 10-fold weaker than codeine’s affinity for mu-opi-
oid receptors (9). However, the active metabolite of tra-
madol, o-desmethyltramadol, has a far greater affinity 
than that of the parent compound (4). At the peripheral 
level, tramadol inhibits serotonin release and reuptake 
of norepinephrine and serotonin (8). The antinocicep-
tive effects of tramadol are thought to result from the 
sum of these properties (10). In terms of toxicity, most 
side effects observed with tramadol treatment appear 
to be related to monoamine uptake inhibition rather 
than its opioid effects (11). Nevertheless, the affinity of 
tramadol for opioid receptors and its definitive role in 
tramadol-induced analgesia have been clearly demon-
strated (9,12); thus, the possibility of opioid side effects 
including OIH, especially with long-term use, cannot be 
excluded. According to the literature (1,2,13), several 
features observed in the reported cases may be clues 
to the diagnosis of OIH. First, both patients complained 
of an increased intensity of pain above the preexistent 
pain level in spite of continued medication, and an in-
crease in the opioid dose did not result in reduction of 
pain. Second, the pain described by the patients was not 
localized to the preexisting location, but was general-
ized and diffuse in nature. Consequently, we assume 
that this condition may be attributed to OIH produced 
by prolonged exposure to tramadol.

The differential diagnosis of this condition should 
be serotonin syndrome, which may be caused by exces-
sive agonism of serotonin receptors following adminis-
tration of tramadol  (14). However, serotonin syndrome 
appears to be more common following either excessive 
use of or a combination of tramadol with selective se-
rotonin reuptake inhibitors or tricyclic antidepressants 
(4). In addition, according to the Hunter Toxicity Criteria 
Decision Rules which is the most accurate criteria for the 
diagnosis of serotonin syndrome, clonus (spontaneous, 
inducible, and ocular) or tremor is the essential compo-
nent (15). However, as described in the case, these signs 
were not exhibited in the patients, thus the serotonin 
syndrome could be ruled out. 

Although the precise mechanisms that underlie 
the development of OIH remain to be elucidated, nu-
merous animal studies identified various biochemical 
targets that undergo modifications in response to per-
sistent opioid administration (3,16). The neuroadapta-
tions to chronic opioid exposure include the up-regu-
lation of cholecystokinin in the rostral ventromedial 
medulla causing the activation of descending pain fa-
cilitation (17), increased expression of dynorphin, para-
doxical activation of adenylate cyclase (AC) and protein 
kinase C, and subsequent activation of the N-methyl-D-
aspartic acid (NMDA) receptor system, and these chang-
es appear to play an important role in OIH (3,16). The 
increased level of dynorphin resulting from ongoing 
stimulation of mu-opioid receptors reportedly enhanc-
es the release of excitatory neurotransmitters, such as 
glutamate, aspartate, substance P, and calcitonin gene-
related peptide from primary afferents (18,19). The 
NMDA antagonist MK-801 blocked these responses and 
prevented the development of tolerance and OIH (20). 
Therefore ketamine, an NMDA antagonist, has been 
used to treat OIH and serves as an adjuvant to opioid 
therapy for managing chronic pain (1,21,22). In the pa-
tients presented herein, we also administered ketamine 
intravenously, and this might have resulted in the alle-
viation of OIH. In addition, the paradoxical activation 
of AC also increases cAMP in the locus ceruleus that 
regulates the activity of the autonomic nervous system, 
and appears to increase the intrinsic firing rate of their 
noradrenergic neurons (23). These changes probably 
contribute to the withdrawal symptoms mediated by 
an increased activity of the noradrenergic system (24). 
Accordingly, clonidine, an α-2 adrenergic receptor ago-
nist that down-regulate noradrenergic neuron activity, 
is very effective for the treatment of not only opioid 
withdrawal (25) but also OIH (26). Taken together, OIH 
and withdrawal syndrome share some similarities in 
neurochemical mechanism, thus we assumed that the 
autonomic symptoms of the patients presented here 
might result from the neurochemical adaptations to 
chronic tramadol administration.

Conclusion

OIH may develop as a consequence of long-term 
administration of tramadol, and intravenous ketamine 
may be helpful in these conditions.
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