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Abstract: The use of remifentanil in clinical practice offers several advantages and it is used for 

a wide range of procedures, ranging from day-surgery anesthesia to more complex procedures. 

Nonetheless, remifentanil has been consistently linked with development of opioid-induced 

hyperalgesia (OIH), which is described as a paradoxical increase in sensitivity to painful stimuli 

that develops after exposure to opioid treatment. The development of OIH may cause several 

issues, delaying recovery after surgery and preventing timely patient’s discharge. Moreover, it 

causes patient’s discomfort with higher pain scores, greater use of analgesics, and associated 

side effects. Remifentanil is the opioid most convincingly associated with OIH, and hereby we 

provide a review of remifentanil-induced hyperalgesia, describing both the underlying mecha-

nisms involved and the available studies investigating experimental and clinical pharmacologic 

approaches aiming at reducing its incidence and degree.
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Introduction
The aim of this review is to provide an updated knowledge on the relationship between 

the use of remifentanil in clinical practice and the development of opioid-induced 

hyperalgesia (OIH). Although remifentanil offers several advantages from clinical 

perspectives during both the intraoperative and the immediate postoperative period, 

its pharmacokinetic and pharmacodynamic unique characteristics have been linked 

with the development of OIH. The occurrence of hyperalgesia may slower patient’s 

recovery after surgery, preventing a timely discharge and also causing discomfort not 

only through higher pain scores, but also with greater amount of analgesics and side 

effects related to their administration. A recent meta-analysis including 27 studies and 

almost 1500 patients found that high intraoperative doses of remifentanil are associated 

with small but significant increases in acute pain at 4 and 24 hours after surgery, and 

also with higher morphine requirements after the first postoperative day.1

OIH is described as a phenomenon occurring in patients treated with opioids, caus-

ing a subsequent paradoxical increase in sensitivity to painful stimuli. Such occurrence 

could be described as hyperalgesia, allodynia, or both. A dilemma faced by clinician 

is to distinguish OIH from other phenomena such as acute opioid tolerance (AOT) or 

opioid withdrawal. More importantly, research has often investigated surrogate mark-

ers of OIH such as increased pain intensity scores and opioid consumption at variable 

time-points, rather than clearly distinguishing OIH from the other phenomena linked 

to need for opioids. This has also contributed to difficulties in comparing available 

data and in a heterogeneous literature.
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We provide a review of OIH focusing mainly on remifen-

tanil, summarizing the evidence on the mechanisms involved 

in OIH and of the available studies investigating specific 

therapies aimed at reducing the incidence and degree of OIH.

Remifentanil: an opioid with unique 
properties
Remifentanil is a very potent and ultra-short-acting opioid 

drug widely used for general anesthesia and also for sedation 

in the intensive care unit. Indeed, remifentanil has structurally 

unique pharmacokinetic properties, allowing for a fast onset 

of action and a predictable rapid recovery, which, importantly, 

is independent of the duration of its infusion. Remifentanil is 

~100–200 times more potent than morphine, and its half-life 

remains in the range of few minutes, without accumulation 

even after prolonged infusion.2 For these characteristics, 

its use is recommended only as continuous infusion. The 

drug is metabolized through ester linkage susceptible to 

hydrolysis by nonspecific plasma and tissue esterases, and 

it is not affected by pseudocholinesterase deficiency. There-

fore, remifentanil can be safely used in patients with renal 

and/or hepatic disease. Apart from the rapid metabolism in 

patients that may present issues with opioid clearance, there 

are several clinical advantages of conducting anesthesia with 

continuous opioid (remifentanil) infusion. In fact the avoid-

ance of opioid boluses allows to decrease the fluctuations of 

both hemodynamic conditions and of anesthesia/analgesia 

depth. However, among the clinically available opioids, only 

remifentanil does not accumulate with prolonged intrave-

nous infusion, while such accumulation develops in various 

degrees for all the other opioids (ie, morphine, fentanyl, 

sufentanil). Therefore, remifentanil offers the best profile 

for continuous infusion, allowing the rapid modulation of 

anesthesia/analgesia depth according to surgical stimula-

tion and decreasing hemodynamic fluctuations consequent 

to opioid boluses. The rapid offset of remifentanil allows 

a faster recovery from anesthesia with quick regaining of 

consciousness and shorter time to extubation,3,4 translat-

ing into a more efficient operating theater use and reduced 

length of stay in the recovery room.5 Thus, remifentanil 

seems ideal for intervention of short duration and indeed 

it is highly used during “day-surgery” procedures. For 

instance, anesthesia for outpatients (“day surgery”) requires 

high-quality sedative-analgesic effects, together with a rapid 

recovery or maintenance of protective airway reflexes, and 

a fast restoration of cognitive and psychomotor functions 

after the procedure. Moreover, several brief procedures (ie, 

electroconvulsive therapy) require intraoperative analgesia, 

but they do not ordinarily result in postoperative pain.6 In 

all these settings, anesthesia conducted with remifentanil 

infusion may offer extraordinary clinical advantages and 

we describe few examples. During elective septorhinoplasty, 

remifentanil has shown quicker emergence from anesthesia 

as compared to fentanyl,7 and similarly during dental8 or 

endoscopic9 procedures. Remifentanil administration by 

target-controlled infusion is effective and safe in the reduction 

of pain intensity during ambulatory procedure (ie, extracor-

poreal lithotripsy).10 Sedation with remifentanil has shown 

some advantages over dexmedetomidine during flexible 

bronchoscopy, resulting in a shorter time to recovery.11 In a 

population of children undergoing bone marrow aspiration, 

remifentanil offered analgesic advantages over alfentanil 

during the procedure.12

Currently, remifentanil is also largely used in more 

complex procedures and patients. In a systematic review 

in critically ill patients including 23 randomized controlled 

studies, remifentanil  as compared with other opioids was 

associated with decreased duration of mechanical ventila-

tion, time to extubation, and intensive care length of stay. 

Nonetheless, the authors reported no significant differences 

with regard to hospital stay, costs, mortality, or agitation.13 

Another challenging setting where remifentanil has shown a 

safe profile is in patients undergoing cardiac surgery, where 

remifentanil offers stable operating conditions and facilitates 

rapid tracheal extubation, representing a valid option for 

fast-track cardiac anesthesia protocols.14 Remifentanil is a 

valid option during neurosurgery too. In elective surgery of 

supratentorial lesions, it appears as a reasonable alternative 

to fentanyl, providing faster recovery and decreasing the 

need for intraoperative propofol, with similar incidence of 

postoperative nausea and vomiting.15 Interestingly, the use 

of remifentanil has been studied also in morbidly obese 

patients undergoing laparoscopic gastric banding, with the 

aim of investigating its effects on postoperative analgesia, 

recovery, and pulmonary function tests, as compared with 

sufentanil.16 Despite better hemodynamic stability offered by 

remifentanil, the recovery from anesthesia and the spirometry 

values showed no significant between-group differences. 

Indeed, not all the studies are in concordance with the advan-

tages of remifentanil anesthesia, and occurrence of greater 

postoperative pain is a commonly reported concern, which 

is under serious investigation. A multicenter study showed 

that neurosurgical patients receiving sufentanil–propofol 

anesthesia had reduced analgesic requirements and a better 

postoperative cognitive function than those who received 

remifentanil–propofol combination.17 The abovementioned 
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study on bariatric patients demonstrated a higher early (first 

two postoperative hours) cumulative morphine consumption 

in the remifentanil group as compared to sufentanil, although 

this difference disappeared afterwards.16 A recent study in 

cardiac surgery patients compared patients treated with 

remifentanil infusion with those receiving fentanyl boluses. 

The authors found not only higher morphine consumption at 

24 and 48 hours in the remifentanil group, but also increased 

thoracic pain and analgesic requirements until 3 months after 

surgery, although such difference was not detectable at 1 year 

after surgery. Interestingly, this effect was more pronounced 

in younger patients and in those receiving a higher dose of 

remifentanil.18 Another observational study showed worse 

patient-reported outcomes (higher “worst pain” and lower 

satisfaction with pain control) after thyroidectomy when they 

received remifentanil as compared with patients receiving 

fentanyl as intraoperative opioid.19 Such and other studies 

highlight the importance of adopting strategies to decrease 

the risk of remifentanil-induced hyperalgesia (RIH), from the 

avoidance of high doses of remifentanil to the implementation 

of drugs specifically targeting the mechanisms of OIH/RIH.

Mechanisms of OIH
Before describing the current knowledge on experimental 

and clinical studies aiming at blunting the occurrence of 

OIH, it is worth to summarize the available evidence on the 

mechanisms of OIH.

First of all, it is important to distinguish hyperalgesia 

from allodynia. These two are different concepts with dif-

ferent definitions and mechanisms: allodynia is the pain 

evoked by a stimulus that does not usually provoke pain, 

whereas hyperalgesia represents an increased pain response 

from stimuli that usually provoke pain.20 Such symptoms 

are prominent in patients with neuropathic pain, and both 

are seen in various peripheral neuropathies and central pain 

disorders, affecting 15%–50% of patients with neuropathic 

pain.20 Allodynia and hyperalgesia can be classified accord-

ing to the sensory modality (touch, pressure, pinprick, cold, 

and heat) used to elicit sensation. Peripheral sensitization 

and maladaptive central changes contribute to the generation 

and the maintenance of these reactions, with separate mecha-

nisms in different subtypes of allodynia and hyperalgesia. 

Three types of mechanical allodynia and hyperalgesia are 

usually described: dynamic mechanical allodynia evoked by 

light touch; punctate allodynia and hyperalgesia evoked by 

punctate skin stimulation with a pin; and static allodynia and 

hyperalgesia provoked by pressure to skin or deep tissue.20

With regard to the postoperative period, hyperalgesia 

results in higher opioid consumption and increased pain 

sensibility, causing discomfort in patients and exposing him/

her to side effects and also to longer-than-expected hospital 

stay. Although opioids are among the strongest drugs for pain 

relief and are widely used both for acute and chronic pain, 

there is clear evidence that these molecules may enhance 

pain sensation at later stage, especially when administered 

acutely and in high doses.21 Hyperalgesia is distinguished 

as primary and secondary. Primary hyperalgesia occurs as a 

response to a noxious stimulation, such as trauma or surgical 

incision, and arises from peripheral nociceptor sensitization. 

Primary hyperalgesia is limited to the area of the insult. On 

the other side, secondary hyperalgesia usually manifests far 

from the damaged area and is thought to derive from central 

sensitization to pain.22 Hyperalgesia caused by opioid treat-

ment represents a form of secondary hyperalgesia, and it is 

associated with diffused nociceptive sensitization induced by 

the exposure to the drug.23 Following a sensitization of opioid-

signaling pathways,24 OIH results in generalized hypersensi-

tivity to pain stimuli, which is not necessarily located at the 

source of insult or disease,25 but it can involve distant sites. 

Allodynia and/or hyperalgesia are both symptoms of OIH, 

but one should keep in mind that such symptoms are also 

present in case of AOT or acute opioid withdrawal (AOW). It 

is clinically difficult to distinguish these three phenomena.25 

Indeed, OIH, AOT, and AOW describe distinct phenomena 

sharing several common symptoms. AOT represents the 

desensitization of pain-signaling pathways to opioids so 

that exposure to the drug gradually produces less receptor 

activation and thus lower pain relief.24 Both phenomena, OIH 

and AOT, can result from acute and long-term exposure to 

opioids and they clinically translate into an increased opi-

oid requirement.26 However, quantitatively measured pain 

sensitivity remains unaltered with AOT, whereas OIH is 

characterized by gradual hypersensitivity and reduction of 

pain thresholds.27 The other condition that should be distin-

guished from OIH is AOW. In both cases there is a need for 

higher opioid doses. The abrupt discontinuation of opioids 

can result in AOW and its symptoms are typically seen in 

the inpatient setting. The initial withdrawal symptoms are 

not limited to pain but include also neurovegetative mani-

festations, such as agitation, anxiety, dysphoria, insomnia, 

and also temperature instability; such acute manifestations 

make more easy the differential diagnosis with OIH. On the 

other side, symptoms of chronic AOW may be more similar 

to OIH because neurovegetative response is more blunted. In 
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truth, the distinction between AOT, OIH, and AOW is more 

theoretical than practical and it remains very difficult, if not 

impossible, in clinical practice.

Even though several mechanisms participating in the 

development of secondary hyperalgesia – and thus OIH – 

have been described, their single quantitative contribution 

to the phenomenon of OIH/RIH remains still unclear.28 

Central sensitization of nociceptive pathways results in 

reduced pain thresholds, which is characteristic of OIH.29 

One mechanism causing central sensitization is the sup-

pressed reuptake or the increased release of excitatory 

neurotransmitters (glutamate and aspartate). The N-methyl-

D-aspartate (NMDA) receptor and its ligands glutamate 

and aspartate are critical for neuroplasticity, long-term 

potentiation, learning, and memory, and are also thought 

to play an important role in the development of OIH.26 

In particular, NMDA receptors in the spinal dorsal horn 

and rostroventral medulla have been linked to OIH.30,31 In 

addition to central sensitization at spinal level, pain can 

also be potentiated by the descending pain modulatory 

system. This system includes the periaqueductal gray mat-

ter, the nucleus raphe magnus, and also adjacent structures 

to the rostral ventromedial medulla, all projecting to the 

spinal dorsal horn along the dorsolateral funiculus. Such 

projections can produce either inhibitory or facilitating 

nociceptive effects.32 Recently, it has been found that 

remifentanil infusion downregulates µ-opioid receptors 

in the periaqueductal gray; this effect seems preventable 

by blocking the “neuron-restrictive silencer factor” (a 

regulator of µ-receptor expression), which could become 

a potential target in the prevention/treatment of OIH in 

future studies.33

Also, neuro-immune mechanisms (microglial activation) 

seem involved in OIH. Microglia and astrocytes are certainly 

activated by chronic opioid use and, on the other hand, their 

inhibition seems to reduce OIH and AOT.34,35 It seems that 

OIH, but not AOT, is dependent on microglial activation at 

the spinal dorsal horn level,36 and in a rat model of microglial 

cell culture, Mika et al showed that µ- and κ-receptors are 

responsible of this process.37 Other studies have suggested 

that morphine can play a role in activating microglia through 

Toll-like receptor 4,35,38 and antagonizing this receptor activ-

ity may be another target for blunting the development of 

hyperalgesia, although other authors found that microglial 

activation is independent of Toll-like receptor 4.39 Finally, 

one study suggested a crucial role for peripheral µ-receptor 

on primary afferent nociceptors for the development and 

maintenance of both OIH and AOT.40

Strategies for prevention of opioid 
(remifentanil)-induced hyperalgesia
As highlighted before, there are several mechanisms contrib-

uting to OIH/RIH, and the balance between such mechanisms 

is not completely understood. Among them, modulation of 

NMDA receptor, cyclooxygenase (COX) enzyme, voltage-

dependent calcium channel, and adenosine and adrenergic 

receptors are the most studied pathways, and we discuss 

them briefly in this paragraph, summarizing experimental 

and clinical evidence and the strategies with regard to the 

modulation of OIH, specifically focusing on remifentanil.

There are evidences that glutamate release and NMDA 

receptors activation may be one of the more important key 

players in the development of OIH. Animal experiments 

suggest that antagonists of the NMDA receptors inhibit the 

development of OIH.41,42 For instance, the role of the NMDA 

receptor in the development of opioids tolerance and hyper-

algesia has been demonstrated by Shimoyama et al in a rat 

model. The authors showed that the administration of 18-mer 

phosphodiester antisense oligo-deoxy-nucleotide interrupts 

the upregulation of NMDA receptor with consequent anti-

hyperalgesic effect.43 However, whether the administration 

of NMDA receptor antagonists is effective in preventing 

OIH/RIH in the postoperative period and in reducing opioid 

tolerance remains controversial, because results from human 

clinical study are grossly inconsistent. For instance, Joly et 

al demonstrated that a small dose of ketamine led to reduced 

postoperative opioid consumption and hyperalgesia in 

patients undergoing major abdominal surgery.44 Conversely, 

Engelhardt et al found no differences in pain scores or in 

postoperative opioid consumption when low-dose ketamine 

was used intraoperatively in the setting of scoliosis surgery.45 

A more recent prospective randomized double-blind clinical 

study conducted by Leal et al studied the addition of ket-

amine (5 μg/kg/min) to remifentanil in patients undergoing 

laparoscopic cholecystectomy and found no changes in OIH 

at incisional level nor differences in opioid consumption or 

cytokine concentrations, although there were differences in 

pain intensity at distant site from surgical insult.46

Another drug tested in clinical studies is buprenorphine, 

a partial opioid receptor agonist with peculiar characteristics 

(partial µ-receptor agonist and k- and δ-receptor antagonist). 

Buprenorphine has shown to reduce RIH in human pain 

model of electrically induced pain,47 and possible explana-

tions for its antihyperalgesia effects are both k-receptors 

antagonism and downregulation of δ-receptors.48 A recent 

study demonstrated that perioperative low-dose buprenor-

phine infusion decreases postoperative hyperalgesia and 
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reduces the hyperalgesic area following major thoracic 

surgery,22 thus highlighting the need for further research.

Magnesium sulfate has been investigated as a possible 

intervention to decrease OIH/RIH. Indeed, the prevention 

of phosphorylation of the NMDA receptor subunit NR1 as 

well as the blockade of NR2B subunit by magnesium may 

offer theoretical therapeutic opportunities. From clinical 

perspectives, Lee et al reported that a high-dose (80 mg/

kg) magnesium infiltration at the incisional wound reduced 

OIH after laparoscopic prostatectomy;49 similar results have 

been shown with a lower (30 mg/kg) magnesium bolus fol-

lowed by infusion at 10 mg/kg/hour in patients undergoing 

thyroidectomy.50 However, it should be noted that the latter 

study showed benefits of magnesium treatment only when 

used in patients receiving high doses of remifentanil, whereas 

no differences were found in the group receiving lower 

remifentanil doses.

Prostaglandins stimulate glutamate secretions from the 

dorsal horns of the spinal cord with activation of NMDA 

receptors, and antagonism at this level can be achieved with 

COX inhibition. Both COX-1 and -2 enzymes are present in 

the spinal cord and both seem to play a role in the develop-

ment of hyperalgesia, although the effects of COX-2 enzyme 

may be prominent. An experiment of electrically induced 

and cold-pressor pain conducted on healthy volunteers 

showed the development of hyperalgesia after remifentanil 

infusion.51 In this crossover study, pretreatment with both 

parecoxib and ketorolac reduced the postinfusion area of 

hyperalgesia, but selective COX-2 inhibition (parecoxib) had 

greater effects than COX-1 inhibition (ketorolac) in reducing 

the area of hyperalgesia. Thus, it is possible that systemic 

administration of COX inhibitors reduces RIH by a direct 

action at spinal cord level. Notwithstanding, in a pain model 

of capsaicin-induced hyperalgesia after a moderate dose of 

remifentanil, Eisenach et al tested the effects of intrathecal 

ketorolac on 30 healthy volunteers; in contrast with their 

hypothesis, prostaglandin levels were not increased during 

OIH and nonselective intrathecal COX inhibition did not 

reduce hyperalgesia.52

Gabapentin is a γ-aminobutyric acid (GABA) analog 

commonly used both as an anticonvulsant drug and for the 

treatment of neuropathic pain.53 However, its mechanism 

of action does not involve binding to GABA receptors nor 

direct GABAergic actions.54 Indeed, gabapentin regulates 

neurotransmitter release binding the a2d subunit of the 

voltage-dependent calcium channel,55 inhibiting Ca2+ influx 

and decreasing noradrenaline release in rat neocortex.56 

There are reports of gabapentin’s role in the reduction of 

hyperalgesia,57,58 and a recent review concluded that gabapen-

tin diminishes the propagation of pain signals along afferent 

neurons, also stimulating an anti-inflammatory activity at 

spinal neuron level.59 Pregabalin, another GABA analog, has 

a more rapid onset and a more linear pharmacokinetics as 

compared with gabapentin.60 A preoperative pregabalin dose 

of 300 mg given to patients undergoing laparoendoscopic 

urologic surgery showed a reduction in hyperalgesia around 

the incisional area.61 Nonetheless, Gustorff et al failed to 

demonstrate antihyperalgesic effects of gabapentin in a pain 

model at skin level (sunburn) in healthy volunteers.62

Adenosine is an endogenous purine nucleoside that modu-

lates neuronal and non-neural cellular functions. Cellular 

signaling by adenosine occurs through four known receptor 

subtypes (A1, A2A, A2B, A3), and adenosine is mainly 

used as an antiarrhythmic agent.63 However, adenosine also 

modulates central and peripheral nociception, activating the 

A1 receptor with antinociceptive effects in a mice model of 

inflammatory and neuropathic pain.64 Analgesic properties 

and opioid-sparing effects of adenosine in the perioperative 

period have been described in humans too.65,66 Lee et al 

compared an intraoperative infusion of adenosine (80 µg/kg/

min) versus placebo, as adjunct to anesthesia conducted with 

sevoflurane and remifentanil, demonstrating a reduction of 

AOT and OIH in the adenosine group.67 However, a recent 

meta-analysis including over 750 patients from nine studies 

concluded that the overall postoperative pain score and opi-

oid requirements are not reduced by adenosine. The group 

of patients treated with adenosine had significantly reduced 

systolic blood pressure, warranting some cautions in regard 

to its cardiovascular effects. Nonetheless, a small subgroup 

analysis including patients receiving remifentanil showed 

that adenosine may reduce postoperative pain at 4 hours after 

surgery, although this result warrants lots of caution because 

it comes from just two small studies.68

Dexmedetomidine is a highly selective α
2
-adrenergic 

receptor agonist primarily used for sedation in the intensive 

care setting, but it use is spreading to anesthesia too. This drug 

determines sedation with no respiratory depression and also 

has mild analgesic properties.69 Systemic administration of 

dexmedetomidine enhances analgesic effects of opioids and 

reduces opioid requirements in the perioperative period.70,71 

An antihyperalgesic effect of dexmedetomidine, linked to 

the reduction in NMDA-mediated synaptic transmission 

at spinal level, has been suggested.72 In an animal model, 

Zheng et al demonstrated that dexmedetomidine attenu-

ates RIH, reducing the phosphorylation of NMDA receptor 

NR2B subunit in spinal cord,72 and similar results have been 
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reported in another animal experiment.73 Therefore, it seems 

that dexmedetomidine may be an option to improve pain 

control for OIH patients, as suggested in a small case series 

describing the clinical utility of dexmedetomidine in 11 

patients who have developed OIH.74 Lee et al conducted the 

only clinical study on humans published so far evaluating the 

antihyperalgesia effects of dexmedetomidine, randomizing 

patients into three groups: placebo with low-dose remifen-

tanil (0.05 µg/kg/min) and placebo or dexmedetomidine 

combined with high-dose remifentanil (0.3 µg/kg/min). The 

authors concluded that dexmedetomidine infusion efficiently 

alleviated RIH symptoms and increased the hyperalgesia 

threshold around the surgical incision 24 hours after surgery.75 

A similar effect on the reduction of RIH has been reported 

for clonidine, another less selective α2-agonist.76 Not only 

α-receptor, but also β-signaling seems involved in OIH. In 

particular, genetic investigation suggests that β-adrenergic 

receptors are associated with OIH. Collard et al reported 

that intraoperative esmolol infusion (5–15 µg/kg/min) is 

effective in postoperative opioid sparing.77 Chu et al also 

found that nonselective β-adrenergic receptor antagonist like 

propranolol modulates RIH in humans, in particular reducing 

the hyperalgesic skin area.78

Propofol is the most commonly used intravenous anes-

thetic drug and inhibits NMDA receptor; for such reason, it is 

theoretically possible that propofol infusion attenuates RIH. 

Clinically relevant interactions of propofol and remifentanil 

in humans have been described,79 at the same time with 

pro- and antinociceptive effects. Indeed, propofol, although 

attenuating the intensity of remifentanil-induced antianal-

gesia in humans, led also to enlarged areas of secondary 

hyperalgesia. Another anesthetic agent, nitrous oxide (N
2
O), 

has shown NMDA antagonist effects,80 and animal experi-

ments hypothesized that exposure to N
2
O may reduce OIH.81 

A randomized human study demonstrated that 70% N
2
O gas 

mixture during propofol–remifentanil anesthesia reduced 

postoperative RIH as determined by touch sensitivity test 

(von Frey filaments).82

Withdrawal
As previously reported, there are many trials on OIH modula-

tion with different adjuvants, but each of them have the dis-

advantage of possible side effects (adenosine, beta-blockers, 

ketamine, and so on), and not for all of them is available an 

intravenous formulation (gabapentin, pregabalin). A slice 

preparation from rat spinal dorsal horn showed that abrupt 

withdrawal of remifentanil induced long-term synaptic 

potentiation, whereas a gradual withdrawal did not. Recently, 

Camelon and coworkers studied the effect of withdrawal of 

remifentanil infusion on RIH in humans, and they found 

no RIH after gradual withdrawal of remifentanil infusion 

as opposed to abrupt withdrawal, when a heat pain test was 

administered. Furthermore, the onset of OIH started after 

45 min after the infusion was stopped, with a duration that 

lasted <110 min.83 This may indicate that in some cases RIH 

might be relevant just for the first postoperative hours. On 

the other hand, there are reports of increased pain sensitivity 

even up to 3 months after remifentanil-based anesthesia. It 

is likely that these results may be directly correlated to the 

dose and length of administration as well as with the approach 

for remifentanil withdrawal. If confirmed in larger clinical 

trials, tapering of remifentanil infusion could be an easy and 

inexpensive way to prevent postoperative OIH.

In summary, remifentanil is a unique opioid drug, offering 

several clinically relevant advantages over other opioids. None-

theless, the development of OIH is a well-established risk of 

remifentanil infusion especially when the drug is used for long 

periods and at a high dosage. In this context, it seems highly 

desirable to perform large-scale prospective randomized trials 

in order to find the best alternatives for attenuating OIH/RIH. It 

is the authors’ opinion that it would be ideal to use a standard-

ized clinical approach for diagnosing and measuring OIH, and 

to conduct such studies with a multicenter strategy. Indeed, 

small single-center studies are often biased by local protocols 

and practice, and more importantly by lower sample sizes that 

increase the risk of both alpha and beta statistical error (falsely 

rejecting or accepting the null hypothesis, respectively). While 

more research is needed to establish the usefulness of the 

abovementioned strategies during remifentanil anesthesia in 

order to reduce occurrence, duration, and intensity of RIH, the 

most reasonable anesthesiologic approach seems to limit the 

intraoperative doses of remifentanil, especially in the case of 

prolonged infusions, and to perform gradual withdrawal with 

superimposed multimodal analgesia.

Summary
•	 Remifentanil has unique pharmacologic properties as 

compared with other opioids, offering several clinical 

advantages.

•	 Remifentanil is the opioid with the highest reported 

incidence of OIH.

•	 The development of hyperalgesia slowed recovery after 

surgery, preventing the patient’s discharge and causing 

discomfort.
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•	 Several drugs have been proposed in order to reduce 

hyperalgesia, but the evidence is still inconsistent and 

mostly arising from small single-center studies.

•	 More research is needed, possibly performing large-scale 

randomized trials with a standardized clinical approach 

for diagnosis and measurement of hyperalgesia.
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