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ABSTRACT

The development of chronic pain is considered a major complication after surgery. Basic science research in animal models 
helps us understand the transition from acute to chronic pain by identifying the numerous molecular and cellular changes 
that occur in the peripheral and central nervous systems. It is now well recognized that inflammation and nerve injury lead 
to long-term synaptic plasticity that amplifies and also maintains pain signaling, a phenomenon referred to as pain sensitiza-
tion. In the context of surgery in humans, pain sensitization is both responsible for an increase in postoperative pain via the 
expression of wound hyperalgesia and considered a critical factor for the development of persistent postsurgical pain. Using 
specific drugs that block the processes of pain sensitization reduces postoperative pain and prevents the development of persis-
tent postoperative pain. This narrative review of the literature describes clinical investigations evaluating different preventative 
pharmacologic strategies that are routinely used by anesthesiologists in their daily clinical practices for preventing persistent 
postoperative pain. Nevertheless, further efforts are needed in both basic and clinical science research to identify preclinical 
models and novel therapeutics targets. There remains a need for more patient numbers in clinical research, for more reliable 
data, and for the development of the safest and the most effective strategies to limit the incidence of persistent postoperative 
pain. (Anesthesiology 2018; 129:590-607)
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MORE than 100 million people in the United States and 
Europe and 312 million worldwide undergo surgical 

procedures each year.1 The number of surgical procedures 
increased 34% between 2004 and 2012.1 These numbers 
are expected to grow in all economic environments as the 
elderly population, which is overrepresented among surgical 
populations, continues to grow worldwide. Complete clini-
cal recovery without complications is important to patients. 
Pain caused by surgical procedures remains a significant clini-
cal problem that seriously impacts postoperative rehabilitation 
and health-related quality of life. Despite increased preclinical 
and clinical research on the pathophysiology of postoperative 
pain and recent advances in analgesic therapies, many patients 
still complain about severe acute postoperative pain and feel 
they did not receive adequate postoperative analgesia. Recently, 
Fletcher et al.2 reported that every 10% increase in the time 
spent in severe postoperative pain was associated with a 30% 
increase in chronic pain 12 months after surgery. Authors also 
reported that acute postoperative pain is a predictive factor 

for chronic pain after hernia repair, sternotomy, knee replace-
ment, and limb amputation.3–5 The development of chronic 
pain after surgery, also called persistent postoperative pain, is 
recognized as a significant health problem affecting the post-
operative outcome of patients, their rehabilitation, and their 
quality of life with important legal and medicoeconomic con-
sequences. Persistent postoperative pain has been defined by 
the International Association for the Study of Pain as a clinical 
discomfort that lasts more than 2 months postsurgery without 
other causes of pain such as chronic infection or pain from 
a chronic condition preceding the surgery.6 According to the 
International Classification of Diseases,7 persistent postopera-
tive pain has greater intensity or different pain characteristics 
than preoperative pain and is a continuum of acute postop-
erative pain that may develop after an asymptomatic period. 
International Classification of Diseases defines the duration 
for persistent postoperative pain at 3 months postsurgery 
because healing times differ among different procedures.
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Table 1 shows that the incidence of both acute postsurgical 
pain and persistent postoperative pain varies across individu-
als and procedures. What is clear is that as many as 20 to 56% 
of patients develop chronic pain after surgery.8,9 In a study 
that evaluated2 persistent postoperative pain at 12 months 
after surgery, the incidence of moderate to severe persistent 
postoperative pain was 11.8% (95% CI, 9.7 to 13.9), the 
incidence of severe pain (numerical rating scale greater than 
or equal to 6) was 2.2% (95% CI, 1.2 to 3.3), and signs of 
neuropathic pain were recorded in 35.4 to 57.1% of patients 
with persistent postoperative pain. Patients may develop 
persistent postoperative pain after “common surgical proce-
dures” including amputation, breast surgery, thoracotomy, 
inguinal hernia repair, coronary artery bypass, and caesarean 
section. Among surgical patients, 2 to 10% have persistent 
severe chronic pain (pain greater than 5 on a visual analogue 
scale up to 10) at 6 months postsurgery.8,10–14 Nevertheless, 
how persistent postoperative pain is variously defined and 
described may play a role in the variability of the reported 
incidence. In 2012, Schug15 reported a reduction from 40 to 
18% in the prevalence of persistent postoperative pain when 
only moderate or severe pain in the area of surgery was taken 
into consideration (numerical rating scale more than 3 of 10). 
However, when Schug excluded patients who had pain in the 
area of surgery before the operation, the prevalence of persis-
tent postoperative pain fell to 6%. Persistent postoperative 
pain affects millions of patients every year; it is a potential 
burden for the healthcare systems that until recently has been 
an unrecognized complication of surgery. What we can do to 
prevent patients from developing chronic pain postsurgery is 
now considered one of the most important research priorities 
in anesthesia and perioperative medicine.16

The major objective of this review is to provide both a 
conceptual view of the transition from acute pain to persis-
tent postoperative pain from a neurobiological perspective 
and an updated pragmatic review of the pharmacologic strat-
egies that can be used to prevent the development of per-
sistent postoperative pain. Here we describe both the basic 
science mechanisms of acute pain and the critical factors that 
may be responsible for transition from acute pain to persis-
tent postoperative pain. In the second part, we provide the 
various pharmacologic strategies for limiting the risk of pain 

chronification postsurgery. Our research focused mainly on 
published clinical studies and meta-analyses evaluating the 
effects of clinically available drugs that can demonstrate pre-
ventative effects on the development of persistent postop-
erative pain. We also considered drugs commonly used by 
anesthesiologists that may be of interest in preventing per-
sistent postoperative pain due to their mechanism of action 
even without or with small reported clinical evidence.

Understanding the Complexity of the 
Transition from Acute to Persistent 
Postoperative Pain
The transition from acute to persistent postoperative pain 
is a complex and poorly understood progressive process 
involving biologic, psychologic, and socioenvironmental 
factors.17 Animal studies have helped identify the neuro-
biological foundation of surgery-induced pain sensitization. 
Here, the literature review is selective rather than exhaustive. 
Due to the important number of relevant publications and a 
recent review describing the pathophysiology of postopera-
tive pain,18 this review focuses mainly on the most relevant 
advances on the pathophysiology of surgery-related animal 
models and on the transition from acute to chronic postsur-
gery pain.

Preclinical Findings on Postoperative Pain Sensitization
Various animal models have been developed to better under-
stand the pathophysiology of postoperative pain. The incisional 
pain model developed by Brennan et al.19 and Pogatzki-Zahn 
et al.20 demonstrated that postincisional nociception produces 
cellular and molecular alterations that are distinct from other 
pain models. It is well acknowledged that pain after surgery 
is a very specific entity that is not an inflammatory response 
alone or isolated nerve injuries but is usually a combination of 
both, even if pain after surgery does not often involve nerve 
injury.21 It is clear that the intensity of pain produced by tis-
sue injury is related to two components. The first is directly 
related to the intensity of nociceptive inputs resulting from 
incision (see Pogatzki-Zahn et al.18). The second is specifically 
supported by mechanisms of peripheral and central sensitiza-
tion that enhance the postincisional pain sensation for a given 
nociceptive input level (fig. 1).
Peripheral Sensitization. After incision of the skin and 
muscle, several gene changes in the primary afferent sen-
sory neurons of the dorsal root ganglia are described in a 
time-dependent manner that persist long after the surgical 
incision. These factors affect nociceptor activation and influ-
ence tissue remodeling, wound healing, reinnervation, and 
the immune response, depending on the tissue.22 Among 
these different factors, gene expression of artemin and nerve 
growth factor were increased in both incised skin and muscle. 
These data are in agreement with another report showing that 
nerve growth factor is present adjacent to the incision and 
localized in Schwann cells and axons.23 Several reports dem-
onstrated the importance of local nerve growth factor in the 

Table 1.  Incidence of Persistent Postsurgical Pain according to 
Surgical Procedure

Surgery
Moderate to Severe Pain  

beyond 3 Months

Amputation94 30 to 81%
Cesarean section178 15.4%
Cholecystectomy17 3 to 56%
Hernia repair8 5 to 35%
Hysterectomy179 5 to 32%
Mastectomy8 20 to 50%
Hip replacement180 7 to 23%
Thoracotomy17 61 to 70%
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development of pain hypersensitivity, making nerve growth 
factor one of the critical factors in the initiation of peripheral 
sensitization leading to subsequent postincisional persistent 
pain.24–27 Nerve growth factor, via its receptor tropomyosin 
receptor kinase A, was shown to activate the mitogen-acti-
vated protein kinase p38 in the dorsal root ganglia, increasing 
by a transcriptional mechanism the expression of the transient 
receptor potential cation channel subfamily V member 1 in 
the free ending fibers rendering the animals hypersensitive to 
heat stimuli.28 In addition to nerve growth factor, local cyto-
kines, the most important being interleukin 1β and the che-
mokine (C-X-C motif ) ligand 1, have also been implicated in 
the pathophysiology of incisional pain and are controlled by 
substance P receptor.24 Peripheral sensitization also includes 
changes in ionotropic channel expression in sensory neurons 
such as acid-sensing ion channel 3. Its blockade with the spe-
cific sea anemone toxin APETx2 reduced postincisional pain-
related behavior.29 In addition, the serine–threonine protein 
kinase, mechanistic target of rapamycin located in the dorsal 
root ganglia, has been implicated in maintenance of thermal 
hyperalgesia 3 days after the incision.30 Of note, the mecha-
nistic target of rapamycin controls the expression of the 
vesicular glutamate transporter 2 that loads glutamate into 
synaptic vesicles and controls glutamatergic synaptic activ-
ity.30 The activation of the mechanistic target of rapamycin 
may represent an important event in initiating central pain 
sensitization that is known to be glutamate-dependent. Alto-
gether, peripheral changes may facilitate sustained activation 

of primary afferent neurons that generate primary hyperalge-
sia and lead to subsequent neuroplastic changes supporting 
the development of central sensitization.
Spinal Central Sensitization. Central sensitization is a type of 
long-term adaptive neuroplasticity that amplifies pain signal-
ing by affecting neurons in the spinal cord, resulting in a form 
of “pain memory.” The mechanisms involved are similar to 
those implicated in hippocampal long-term potentiation.31 
Central sensitization is mainly responsible for secondary 
hyperalgesia, which is defined as increased pain sensitivity 
outside the area of injury. Pain sensitization that is depen-
dent on glutamate via Ca2+-permeable α-amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid/kainate receptors has 
been implicated in the development of pain hypersensitiv-
ity after incision (see Pogatzki-Zahn et al.18). Other factors 
have been shown to be increased after surgery with a positive 
impact on pain sensitization. Brain-derived neurotrophic fac-
tor from primary nerve terminals increased in the dorsal horn 
of the spinal cord plays a crucial role in mechanical allodynia 
after incision.32 Brain-derived neurotrophic factor increase 
along with the activation of α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid/kainate receptors may account 
for the activation of extracellular signal–regulated kinases 
1 and 2 that regulate incision-induced pain hypersensitiv-
ity.33 Interestingly, in addition to the implication of neuronal 
mechanisms, some studies suggest the importance of glial 
signaling in spinal nociceptive sensitization after plantar inci-
sion.24,34–36 Glial signaling, especially microglia activation, 

Fig. 1. Summary of the mechanisms that may support pain sensitization after surgery leading to persistent postsurgical pain. 
Nociceptive inputs due to surgery produce local molecular changes such as nerve growth factor (NGF) and cytokine release 
and in primary sensory neurons of the dorsal root ganglia (DRG) including increased expression of acid-sensing ion channels 
3 (ASICS3), transient receptor potential cation channel subfamily V member 1 (TRPV1), and mechanistic target of rapamycin 
(mTOR). The latter controls vesicular glutamate transporter 2 (VGLUT2) expression that generates an increased glutamatergic 
activity in the spinal cord. These changes are responsible for peripheral pain sensitization that then influences spinal neuronal 
activity referred to as central pain sensitization. Central sensitization depends upon increased expression of the α-amino-3-
hydroxy-5-methyl-4-isoxazolepropionic acid receptor (AMPAR) and brain-derived neurotrophic factor (BDNF) release. Activa-
tion of AMPAR may account for extracellular signal–regulated kinase 1/2 activation (P-ERK1/2) leading to the development of 
sustained pain hypersensitivity. MAPK kinase p38 activation (P-p38) and chemokine ligand 2 (CCL2) also contribute to surgery-
induced central pain sensitization. TrkA = tropomyosin receptor kinase A.
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has been linked to chemokine ligand 2.37 Activation of 
the mitogen-activated protein kinase p38 in microglia was 
shown to support in a time-dependent manner the severity of 
postincisional pain hypersensitivity in rodents.37,38 Notably, 
the mechanisms of pain sensitization can be modulated by 
clinically relevant factors (fig. 2).

Opioids and Stress Influence Pain Sensitization Induced 
by Incision
Opioid-induced Hyperalgesia in Rodents. Patients who 
undergo surgery receive either general or local anesthesia 
to oppose the negative consequences, especially surgery-
produced pain. Based on this idea, we developed an animal 
model combining high-dose opioids administered coinci-
dent with the incision of one hind paw. In this context, it 
has been shown that fentanyl produces analgesia as expected 
but exaggerates postoperative pain hypersensitivity.39,40 
Similar results were obtained after remifentanil administra-
tion.41,42 This phenomenon is referred to as opioid-induced 
hyperalgesia. Several animal studies emphasize the potential 
role of high-dose opioids in the exaggeration of postopera-
tive pain (reviewed by Angst and Clark43). Opioid-induced 
hyperalgesia was dose- and time-exposure–dependent. Dif-
ferent animal studies also demonstrated that morphine treat-
ment given before incision dramatically prolongs subsequent 
pain hypersensitivity produced by hind paw incision.44 The 
mechanisms for the neuroplastic changes induced by acute 
or sustained opioid administration have recently been 
reviewed (fig.  2).45,46 High doses of opioids administered 
coincident with the incision of one hind paw may facilitate 
pain sensitization produced by the surgery via the implica-
tion of N-methyl-D-aspartate (NMDA) receptors47 and may 
activate glial cells.48 The enhancement of pain hypersensitiv-
ity observed in morphine-treated animals has been related to 
an increase in p38 and extracellular signal–regulated kinase 
activation in the dorsal spinal cord.49 These data suggest that 
opioids may facilitate the development of persistent postop-
erative pain in rodent.
Periincisional Stress Can Influence Central Pain Sensitiza-
tion. Recently, it was proposed that short-term preincisional 
stress can also have a negative impact on the intensity and the 
duration of pain hypersensitivity developed after plantar inci-
sion. This is linked to the activity of the hypothalamic–pitu-
itary–adrenal axis, because blocking the spinal glucocorticoids 
receptor or removing adrenal glands completely prevents the 
effects of periincisional stress on incision-induced pain hyper-
sensitivity.50 To go further into the mechanisms, it was reported 
that stress appears to regulate α-amino-3-hydroxy-5-methyl-
4-isoxazolepropionic acid/kainate receptor phosphorylation 
and trafficking. This leads to a change in synaptic α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid/kainate recep-
tor subunit composition associated with the activation of 
Ca2+-dependent protein kinases, thereby promoting α-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid/kainate recep-
tor phosphorylation and other phosphorylation-triggered 

activities.51 This positive feedback loop may contribute to 
the molecular mechanisms that underlie preincisional stress-
induced persistent pain after incision (fig. 2).
Summary of Incision-induced Pain Sensitization. 
Complex mechanisms triggered by the surgical insult 
underlie the development of acute postoperative pain 
that in turn may produce sustained changes in nocicep-
tive pathways. Peripheral changes can be exemplified by 
the transcriptional and posttranslational changes that 
occur in the primary sensory neurons in the dorsal root 
ganglia. They are promoted by the activation of neuro-
trophin receptors such as tropomyosin receptor kinase 
A. This results in the release of glutamate in the dorsal 
horn of the spinal cord leading to the long-term activity 
of spinal secondary afferent neurons responsible for the 
so-called central sensitization that is highly dependent 
upon the activation of α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid/kainate receptors (fig. 1). All of 
these changes can be influenced by opioid and stress that 
may contribute to the development of persistent postop-
erative pain (fig. 2).

Long-lasting Neuroplastic Changes after Incision
Several animal studies reported that an initial nociceptive 
insult may actually sensitize individuals to pain for a very 
long time, even if pain behavior wears off. That means that 
even if postoperative pain resolves in most of the patients, 
surgery may sensitize patients to subsequent nociceptive 
stimuli. To explain this phenomenon, it has been proposed 
that animals with previous injury did not return to their ini-
tial pain state but are in a new biologic state associated with a 
high-level balance between opioid-dependent analgesic sys-
tems and pronociceptive systems that masked one another.52 
This is in agreement with the compensatory response 
hypothesis supported by the opponent process theory53 as 
demonstrated by the capacity of the opioid antagonist nal-
oxone to precipitate robust hyperalgesia after the resolution 
of the pain hypersensitivity produced by tissue injury (carra-
geenan, incision, complete Freund’s adjuvant) but no change 
in basal nociceptive threshold in naïve animals. This suggests 
that tissue injury activates pain inhibitory systems to limit 
the intensity and duration of pain hypersensitivity associated 
with incision. The recruitment of the pain inhibitory system 
occurs progressively after the injury at the periphery shown 
by the increased expression in the skin of proopiomela-
nocortin and Oprm1-encoding µ-opioid receptors, both 
of which remain elevated up to 3 days.54 Of note, opioid 
activity also takes place in the central nervous system as evi-
denced by a micro positron emission tomography imaging 
animal study.55 A study by Corder et al.56 further examined 
the implication of the endogenous central opioid system 
after inflammatory pain. They first showed that inflamma-
tion produced constitutive activation of µ-opioid receptors 
that repressed spinal nociceptive signaling for months and 
that opioid antagonist-precipitated hyperalgesia is blocked 
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Fig. 2. Facilitation of central pain sensitization by opioids and stress after surgery. Surgery induces Ca2+ α-amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid (AMPA)-dependent and glial (microglia and astrocytes) central pain sensitization. Microglia activation via p38 acti-
vation represents also an important factor in incision-induced pain sensitization. High doses of opioids have been shown to produce pain 
hypersensitivity via activation of the N-methyl-d-aspartate (NMDA) receptors, overactivation of brain-derived neurotrophic factor (BDNF) 
receptor tropomyosin receptor kinase B (TrkB), increased content of substance P (SP), and glial activation. Thus, perioperative doses of 
opioids may overactivate pain sensitization processes (bold characters). In addition, preoperative opioid administration might increase the 
risk of developing postsurgical pain via the activation of p38 in microglia and the release of cytokines such as interleukin 1β (IL-1β). Central 
pain sensitization induced by surgery may be also increased by perioperative stress via an enhanced expression of AMPA receptor (bold 
characters). As a consequence, activation of Ca2+-dependent kinase might be activated leading to long-lasting neuronal hyperexcitability. 
CaMKII = calmodulin kinase II; ERK = extracellular signal–regulated kinase; GLU = glutamate; mTOR = mechanistic target of rapamycin; 
NK1 = neurokinin 1 receptor; PKC = protein kinase C; PLC = phospho lipase C; VGLUT2 = vesicular glutamate transporter 2.
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by the inactivation of the adenylate cyclase AC1, suggesting 
that withdrawal from tonic endogenous µ-opioid receptor 
activity produces pain hypersensitivity via adenylate cyclase 
AC1 superactivation. δ-Opioid receptors and their ligand 
dynorphin are also involved in the compensatory response 
triggered by incision.57

Clinical evidence for naloxone-induced latent pain sensi-
tization was recently found in human volunteers.58 Although 
this study involved only a small number of volunteers, this 
preliminary study reported a large heterogeneity in the nal-
oxone response, suggesting individual differences in the 
development of the opioid adaptive response.

Collectively, these data demonstrate that it is the adaptive 
response occurring after surgery that provides a natural recov-
ery after acute pain. The opioid-dependent adaptive response 
triggered by tissue injury pertains to an important concep-
tual advance called allostasis, the active process by which the 
body responds to daily events and maintains homeostasis.59 
Allostatis has been associated with the terms “allostatic load” 
and “overload” to refer to the wear and tear that results from 
either exaggerated stress or from inefficient management of 
allostasis.60 In the context of postincisional pain, the adap-
tive response observed after incision reflects the allostasic load 
that unmasks the sustained activation of pronociceptive sys-
tems. The role of this plasticity may be to protect against per-
manent damages produced by tissue injury. However, it may 
enhance vulnerability to subsequent painful stimuli or non-
painful stimuli such as stress. Indeed, animal studies report 
that nonpainful environmental stress produced pain hyper-
sensitivity in animals that were exposed to acute pain,61 espe-
cially when they had been treated with high doses of opioids. 
This suggests that acute pain may produce pain vulnerability 
due to persistent pain sensitization placing the individuals at 
risk for developing persistent postoperative pain (fig. 3). This 
has been referred to as latent pain sensitization presented as 
secondary outcomes in several studies.39–42

The concept of latent pain sensitization provides an inter-
esting view on how patients can develop persistent pain after 
surgery. The importance of such an adaptive response in con-
trolling the development of persistent postoperative pain can 
be illustrated by those suffering from congenital insensitivity 
to pain due to the deletion of Nav1.7 gene. Administration 
of naloxone in one human with congenital insensitivity to 
pain reverses analgesia, making the subject able to detect a 
single noxious heat stimulus in the presence of naloxone.62 
Thus, the inability to engage tonic pain inhibitory systems 
associated with persistent pain sensitization are likely to be 
fundamental factors that together contribute to the initiation 
and the maintenance of chronic pain after surgery because 
endogenous analgesia seems to reflect the individual’s ability 
to manage down noxious events (fig.  3). To illustrate this 
point, it has been shown that efficient endogenous analge-
sia evaluated by diffuse noxious inhibitory control activity 
or newly called conditioned pain modulation is correlated 
with lower risk of developing chronic postthoracotomy 

pain.63 This observation can be related to an animal study 
by De Felice et al.64 that demonstrates the importance of 
the engagement of descending pain inhibitory systems from 
the rostral ventromedial medulla to oppose the development 
of chronic pain after ligation of the sciatic nerve. Based on 
this conceptual advance, we can understand why the evalu-
ation of preoperative endogenous analgesia can be used to 
predict the development of pain disorders after surgery in 
humans,65 although other articles failed to report an associa-
tion between preoperative conditioned pain modulation and 
the development of persistent postoperative pain after funnel 
chest repair.66

Mechanisms Supporting Persistent Pain Sensitization 
after Incision
The phenomenon of persistent pain sensitization produced 
by surgery remains poorly understood; further investigations 
will be necessary to understand the underlying mechanisms. 
NMDA receptors seem to play a critical role in the establish-
ment of long-term pain vulnerability because their blockade 
completely neutralizes the so-called stress-induced hyperalgesia 
in animals treated with high doses of opioid.61 Interestingly, 
glial activation has also been implicated in the long-lasting pain 
sensitization induced by plantar incision.67 Recently, a model 
of incision that did not involve damage to the gross peripheral 
nerves was developed to address the etiological factors of long-
term sensitization produced by surgery.68 The data showed that 
incision produced an increased expression in the dorsal root 
ganglia of the neuronal stress markers activating transcription 
factor 3 and neuropeptide Y up to 28 days after the surgery, 
whereas calcium/calmodulin-dependent protein kinase IV and 
isolectin B4 binding were decreased. These observations con-
firm that tissue damage is able to induce long-lasting changes in 
the expression of genes related to stress/tissue damage beyond 
tissue healing.

A model called “hyperalgesic priming,”69 in which a pre-
vious injury induced a prolonged period of susceptibility to 
exaggerated sensitization after subsequent injury, is classically 
used to study the neuroplasticity underlying persistent pain 
sensitization. The model consisted of performing an initial 
surgery. Persistent sensitization of nociceptive pathways was 
revealed by subsequent challenges with the administration 
of prostaglandin E2. In this model, the animals that under-
went a plantar incision developed exaggerated pain hyper-
sensitivity after prostaglandin E2 administration 15 days 
after the incision.70,71 It was shown that the protein kinase 
Mζ, known to play a critical role in the induction of long-
term potentiation, is involved in the maintenance of persis-
tent nociceptive sensitization after plantar incision.70,72 Most 
importantly, emerging evidence suggests the involvement of 
epigenetic processes in the regulation of persistent functional 
changes in the nervous system including pain transmission. 
Epigenetics refers to the processes that govern trait varia-
tions without changes in the genomic DNA sequence. DNA 
is tightly wound around proteins called histones, forming 
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a complex known as chromatin. Recent evidence demon-
strates that a histone acetyltransferases inhibitor partially 
blocks latent pain sensitization as revealed by the reduction 
of exaggerated pain hypersensitivity induced by prostaglan-
din E2 intrathecal injection.54 Epigenetic alteration seems 
to affect the chemokine receptor CXCR2 signaling path-
ways in the spinal cord that control exaggerated incisional 
mechanical hypersensitivity.71 Thus, epigenetic mechanisms 
are important factors in the transition from acute to chronic 
pain after incision.73 They seem to explain many facets of 
acute and chronic pain susceptibility.74

Summary of Surgery-induced Persistent Pain 
Sensitization
Pain sensitization can be maintained for very long periods 
by processes involving epigenetic changes, resulting in a 
long-lasting state of pain vulnerability (allostatic state). Such 
processes may represent steps toward persistent postopera-
tive pain. Endogenous adaptation depending on increased 
endogenous opioid activity may limit the incidence of per-
sistent postoperative pain. The inability to recruit these 
endogenous pain inhibitory systems may result in the devel-
opment of persistent postoperative pain (fig. 3).

Fig. 3. Schematic view of the development of persistent postsurgical pain via the engagement of pronociceptive and antino-
ciceptive systems. Point 1: In normal conditions, initial equilibrium represents a low-level balance between the pronociceptive 
and antinociceptive systems. In these conditions, surgery produces disequilibrium via the sustained activation of pronocicep-
tive systems (pain sensitization). This promotes hyperalgesia and allodynia, which wear off (recovery) due to the recruitment 
of antinociceptive systems (acute postsurgical pain). This leads to the establishment of a new equilibrium (allostatic state) that 
may represent increased vulnerability to developing persistent postsurgical pain (point 3). Point 2: Default in the recruitment of 
antinociceptive systems (pain inhibition) postsurgery may account for the maintenance of hyperalgesia and/or allodynia and po-
tentially for the development of persistent postsurgical pain. Point 3: Before surgery, pain vulnerability is associated with a new 
equilibrium that represents a high-level balance between the pronociceptive and antinociceptive systems. In these conditions, 
surgery may sensitize the activation of pronociceptive systems leading to an important disequilibrium between both systems. 
As a result, exaggerated hyperalgesia may be observed. This may lead to the exhaustion of the antinociceptive systems. Hence, 
the absence of tonic pain inhibition results in the maintenance of hyperalgesia/allodynia participating in the development of 
persistent postsurgical pain.
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Risk Factors for Developing Persistent 
Postoperative Pain
Because important reviews already discuss the different fac-
tors that may contribute to the development of persistent 
postoperative pain,75 this topic is not developed in our 
review. Here we briefly mention the most important factors 
that are classified as follows.

Preoperative Factors
Preexisting Pain. Some studies reported that pain, current 
or past, before the surgery may influence the resolution of 
postoperative pain by increasing the duration of recovery,9,76 
thus favoring the development of persistent postopera-
tive pain. Amputees are the best example of this phenom-
enon.12 However, the severity of preoperative pain seems to 
be associated with persistent postoperative pain, regardless 
of the type of surgery.9,76 The description of the long-term 
pain sensitization produced by tissue injury may explain the 
influence of preexisting pain on the persistent postoperative 
pain. Therefore, patients with history of repeated surgeries 
may require particular attention for the prevention of persis-
tent postoperative pain.
Preoperative Opioid Exposure. Patients who undergo sur-
gery are often treated with pain reduction therapies, espe-
cially opioids. Patients that chronically take opioids may 
require three to four times the amount of opioids admin-
istered to patients that are opioid-naïve. These observations 
strongly suggest that opioid exposure may facilitate the risk 
of developing persistent postoperative pain. Several stud-
ies or reviews reported the impact of preoperative opioid 
consumption on postoperative pain and outcomes.77,78 For 
instance, Keller et al.79 showed that 48% of those taking opi-
oids before thoracotomy had chronic postthoracotomy pain, 
compared with 5% of those not taking opioids.
Genetics. This represents an interesting field of investigation 
that could allow the identification of patients at risk for devel-
oping persistent postoperative pain. Some polymorphisms 
have been associated with variable pain sensitivity or opi-
oid response. This is the case for catecholamine-O-methyl-
transferase polymorphism and melanocortin-1 receptor gene 
polymorphism in red-haired women that are associated with 
higher response to opioids.80 However, in a recent study 
evaluating the association between persistent postoperative 
pain and 90 genetic markers after different types of surgery, 
no difference was observed between patients with persistent 
postoperative pain and controls.9 Future investigations are 
necessary to determine whether or not gene variants can 
be related to the risk of developing persistent postoperative 
pain. As emphasized by Mogil,81 the challenge in this field is 
quite enormous.
Psychologic Factors. A review by Hinrichs-Rocker et al.82 
focused on the psychologic factors that can influence the 
development of persistent postoperative pain. In general, 
anxiety, depression, fear of surgery and postoperative pain, 
catastrophizing (tendency to exaggerated pessimism about 

outcome), lack of support in the patient’s environment, and 
general level of stress are factors that contribute to or influ-
ence the development of persistent postoperative pain.10,83 
Stress-induced pain sensitization can explain the influence 
of psychologic factors on the development of persistent post-
operative pain. Cognitive functions such as attention, visual 
memories, and executive function have also been linked to a 
greater risk of developing persistent postoperative pain after 
surgery.84

Preoperative Pain Questionnaires and Quantitative Sen-
sory Testing. Overall, it has been proposed that pain ques-
tionnaires or exaggerated responses to experimental stimuli 
(quantitative sensory testing) may be useful in identifying 
patients with a higher risk of developing persistent postsur-
gical pain, but the correlation remains controversial.85 These 
questionnaires, as well as the quantitative sensory testings, 
are time-consuming and most often difficult to perform. 
This is particularly true in the daily clinical context when the 
anesthesiologist meets his patient for the first time on the day 
of the surgery.86,87 Also, recent studies pointed out that using 
perioperative pain trajectories constructed from a patient’s 
diary might identify patients at risk of developing persistent 
postoperative pain. Such screening and patient phenotyping 
would potentially allow preventative strategies to oppose the 
development of persistent postoperative pain.88 Moreover, 
in most countries worldwide, anesthesiologists do not have 
the chance to see their patients before the day of the sur-
gery. Patients’ files are screened at the preoperative clinic by 
nurses, and very few of the patients see an anesthesiologist 
in person. Thus, most often, anesthesiologists discover the 
schedule and the patients on the morning of the surgery, and 
this makes it hard to develop a strong strategy to act on risk 
factors such as anxiety or catastrophizing cited above.

Postoperative Factors
Intensity of Acute Postoperative Pain. As described above, 
pain sensitization is defined as “a form of synaptic plastic-
ity in dorsal root ganglia and the spinal cord that amplifies 
pain signaling”31 and finds its origin in perioperative noxious 
and surgical stimuli and inflammatory mediators and glial 
activation.31,48,89 When identified after surgery, this pain 
sensitization translates into clinical hyperalgesia that is asso-
ciated with a higher risk of developing persistent postopera-
tive pain.31,48,89–91 High postoperative pain intensity92–94 is 
one of the most important factors along with the size of the 
hyperalgesic or allodynic area around the surgical incision. 
The importance of the latter parameter has been clinically 
determined after colonic, gynecological, and kidney surger-
ies, showing the relationship between the area of secondary 
punctuate hyperalgesia and the presence of persistent pain 3 
to 6 months after the surgery.95–99

Nerve Injury due to the Surgery. Several clinical reports 
emphasize nerve damage during surgery as one of the main 
factors of chronic postoperative pain.100 Nerve injury is 
associated with numerous molecular and cellular changes 
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including neuroimmune interaction causing heightened 
excitability of the primary afferent neurons.101,102 The pain 
sensitization is then propagated to the spinal cord along with 
an increased synaptic transmission and plasticity up to the 
spinal cord and the brain.103 Very recently a “nerve injury-
induced neuropathic pain probability grading system” has 
been used to identify surgeries at high risk of developing 
neuropathic pain.21 Neuropathic pain prevalence is 65% in 
thoracic and breast surgeries, 31% in groin hernia repair, and 
6% in orthopedic surgeries like total hip or knee arthroplasty. 
However, many patients with peripheral nerve injuries do 
not develop persistent pain. For instance, development of 
chronic neuropathic pain after traumatic nerve injury occurs 
in less than 5% of individuals,104 and this variability is likely 
a consequence of recruiting endogenous pain inhibitory sys-
tems arising from the central nervous system.63

Other Risk Factors That Should Be Further Considered
Immune Activity. Relationships between inflammation, single-
cell immune signature and clinical parameters of surgical recov-
ery, including functional impairment and pain chronification, 
have been recently reported in some clinical studies.105–108 Signal 
transducer and activator of transcription 3, and the transcrip-
tion factor nuclear factor- κB pre- or postoperative signaling 
responses in subsets of cluster of differentiation 14+ monocytes 
are related to poor patient outcome. These data are in agree-
ment with basic science reports showing the importance of neu-
roimmune interaction in the development of pain sensitization 
and consequently of persistent postoperative pain. They suggest 
that inflammatory response via the recruitment of monocytes 
represents an important risk factor for postoperative complica-
tion that may include persistent postoperative pain.
Perioperative High Doses of Remifentanil. Although con-
troversial, multiple clinical trials demonstrate that opioid-
induced hyperalgesia is common after surgery.43,109–112 
Opioid administration during surgery may activate NMDA 
receptors and/or glial cells resulting in higher pain scores, 
higher opioid consumption, and higher postoperative 
acute hyperalgesia, although the link between high doses 
of intraoperative opioids and the development of persis-
tent postoperative pain is limited to a few studies.109,113 The 
first identified a correlation between high intraoperative 
remifentanil dosages with a higher incidence of persistent 
postoperative pain up to 1 yr after cardiac surgery114; the 
second identified a higher incidence of persistent postopera-
tive pain up to 1 yr after thoracic surgery when high intra-
operative dosages of remifentanil were administered when 
compared to epidural.111 Improving our understanding on 
opioid-induced hyperalgesia will improve postoperative 
management and potentially decrease the risk of chronic 
pain postsurgery. However, large, prospective, randomized, 
multicenter trials have not been performed to determine 
whether there is a relationship between high intraoperative 
opioid dosing and whether that might lead to an increased 
risk of developing persistent postoperative pain.

Pharmacologic Prevention of Persistent 
Postoperative Pain

Antiinflammatory Drugs
Cyclooxygenase-1 and Cyclooxygenase-2 Inhibitors. 
Nonsteroidal antiinflammatory drugs inhibit spinal and 
peripheral cyclooxygenases enzymes, whereas acetamino-
phen might inhibit central cyclooxygenase transcription.115 
Nonsteroidal antiinflammatory drugs and acetaminophen 
are part of the multimodal perioperative pain management 
strategy. Although there is no doubt that perioperative mul-
timodal analgesia is beneficial for acute pain management, 
there is no strong evidence that these medications prevent 
persistent postoperative pain.
Corticosteroids. Inflammation associated with tissue injury 
leading to peripheral and central sensitization can be tar-
geted by corticosteroid therapy. However, administration of 
glucocorticoids is controversial due to both their effect on 
the hypothalamic–pituitary–adrenal axis and evidence that 
decreased hypothalamic–pituitary–adrenal axis activity is 
associated with poor outcomes after disc surgery.116 Although 
it is common to administer 4 to 8 mg of intravenous dexa-
methasone to decrease and prevent postoperative nausea and 
vomiting117 and although acute postoperative pain has been 
shown to be reduced when IV dexamethasone 4 to 20 mg is 
used intraoperatively,118,119 there is no evidence in humans 
that glucocorticoids administration reduces the risk of devel-
oping persistent postoperative pain.120,121 Preclinical data 
suggest that glucocorticoid administration may facilitate 
central pain sensitization (see section on stress-induced pain 
sensitization). To conclude, further investigation will be nec-
essary to reconcile preclinical and clinical findings regarding 
the use of corticosteroids.

Regional Anesthesia and Local Anesthetics
The role regional anesthesia on the incidence of persistent 
postoperative pain is frequently debated, although there is 
hope that regional anesthesia may reduce the incidence of 
persistent postoperative pain by a number of different mech-
anisms.12,97,99,122–128 Preexisting factors such as pain, inflam-
mation, or preoperative opioid exposure could explain these 
controversies. Regional anesthesia might be able to reduce 
the incidence of persistent postoperative pain by different 
mechanisms.129

A continuous or long-lasting nerve block can block 
transmission of nociceptive and inflammatory input 
induced from the periphery to the central nervous sys-
tem,130,131 and local anesthetics themselves may limit neu-
ronal inflammation and activation of glial cells132,133 that 
may limit the development of persistent postoperative 
pain. In addition, regional anesthesia is associated with a 
significant reduction in the use of intraoperative opioids 
that may decrease opioid-induced hyperalgesia, although 
the beneficial effect of regional anesthesia is lost when very 
high or repeated doses of opioids are administered in the 
perioperative period.134,135
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Epidural Analgesia. Perioperative epidural anesthesia has 
been documented to reduce the risk of persistent pain, 
although only when the epidural is used both intra- and 
postoperatively.97,111,136 A recent meta-analysis analyzed 
23 clinical trials comprising 1,090 patients followed for 6 
months and 441 patients followed for 1 yr postsurgery. The 
authors reported that perioperative epidural analgesia was 
able to decrease persistent postoperative pain in thoracoto-
mies, abdominal surgeries, and breast surgeries. However, no 
data were reported on when or how long the epidural should 
be used to have a significant impact on persistent postopera-
tive pain. Finally, when placed for abdominal surgery, epi-
dural was not found capable to reduce the chronic use of 
opioids after such surgeries.137

Peripheral Nerve Blocks. Only a few studies with small 
numbers of patients, variable surgical procedures, and a vari-
ety of regional nerve blocks have been performed to evalu-
ate their effectiveness in preventing persistent postoperative 
pain.138 Although no definitive conclusion can currently be 
made, there is evidence that regional anesthesia for breast, 
knee, and hip surgery can reduce the incidence of persistent 
postoperative pain at 1 yr.5,125,126 These promising results are 
tempered by a systematic review that reported no differences 
in the incidence of persistent postoperative pain at 1 yr post-
surgery.127 Whenever feasible, continuous peripheral nerve 
block seems to be adapted to limit persistent postoperative 
pain development. However, as reported for epidurals, nerve 
catheter use for knee or shoulder surgeries do not impact and 
do not decrease the risk of developing chronic opioid use 
after such surgeries.139,140

Continuous Wound Infiltration or Continuous Surgical Site 
Analgesia. Few randomized studies have evaluated continu-
ous wound infiltration or continuous surgical site analge-
sia as alternatives to epidural analgesia to prevent persistent 
postoperative pain. A recent prospective randomized trial99 
compared continuous surgical site analgesia, epidural anal-
gesia, and patient-controlled analgesic morphine in patients 
undergoing open nephrectomy. Continuous infiltration of 
0.2% ropivacaine significantly reduced the severity of residual 
pain and optimized quality-of-life parameters 3 months after 
surgery. Persistent postoperative pain limitation was related to 
the decrease of wound hyperalgesia area during the first post-
operative 72 h. After iliac crest grafting for orthopedic surgery, 
a continuous infusion of 0.2% ropivacaine compared to saline 
is reported as an effective method for persistent postoperative 
pain limitation after 3 months.123 In contrast, a study com-
paring ropivacaine or placebo infiltration of the wound, the 
second and third intercostal spaces, and the humeral insertion 
of major pectoralis after breast cancer surgery reported no per-
sistent postoperative pain prevention at 3, 6, and 12 months 
postoperatively.128 Continuous wound infiltration impact on 
persistent postoperative pain is still debated and is probably 
mostly related to surgery and patient preoperative factors.
Intravenous Lidocaine. Very few studies have evaluated the 
impact of IV lidocaine on persistent postoperative pain. In 

36 patients scheduled for breast surgery, lidocaine was given 
as an IV bolus of 1.5 mg/kg at the induction of anesthesia 
and then intraoperatively as an IV infusion at 1.5 mg kg−1 
h−1 until 1 h after skin closure. Persistent postoperative pain 
assessment at 3 months showed that IV lidocaine was able 
to reduce the incidence from 47 to 12%, with less residual 
pain at movement and a lower area of hyperalgesia in the 
lidocaine group.141 In a meta-analysis published in 2016 
on only four clinical reports, it was reported that IV lido-
caine administered for breast surgery did not change acute 
pain scores but significantly reduced analgesic consumption 
in the early days after surgery, and it slightly decreased the 
incidence of persistent postoperative pain (odds ratio, 0.332; 
95% CI, 0.141 to 0.781; P = 0.012).122

NMDA Receptor Antagonists
Ketamine. By blocking the activity of the NMDA receptors, 
ketamine is effective in reducing central pain sensitization 
produced by injury and/or opioid administration that may 
explain its beneficial effects in reducing acute postoperative 
pain.142–144 Then IV ketamine is sometimes combined for 
48 h with the opioid analgesic patient-controlled analgesia. 
However, its effectiveness on acute postoperative pain is still 
controversial when given this way.145–147 Therefore, ketamine 
is often given as a solution through a separate infusion pump.

During the last decade, the results on the role of ket-
amine in preventing persistent postoperative pain are con-
flicting. One very early study showed strong reduction of 
the incidence of residual pain until the sixth postoperative 
month after laparotomies.148 Similar results were reported in 
hip surgery.149 Few other studies failed to report a positive 
impact of ketamine on persistent postoperative pain.150

Three recent systematic reviews and meta-analyses on the 
impact of ketamine on the development of persistent post-
operative pain were published.151–153 In a systematic review 
of the literature published in the Cochrane Database of 
Systematic Reviews, Chaparro et al.152 reported interesting 
mixed results on the impact of perioperative administration 
of ketamine on the development of persistent postopera-
tive pain. Only 14 studies reached the criteria of selection 
to enter this systematic review and meta-analysis looking at 
persistent postoperative pain at 3, 4, and 6 months after sur-
gery. The patients were scheduled for abdominal, orthopedic, 
amputation, breast, and thoracic surgeries. Interestingly, at 3 
months there was no impact of ketamine on persistent pain. 
Nevertheless, authors reported that they could show a sig-
nificance difference in terms of persistent postoperative pain 
at 3 months when they analyzed the subgroup of patients 
who received ketamine for more than 24 h. Only one study 
looked at 4 months of persistent postoperative pain that 
was then not evaluated in their analysis.150 Finally, when 
they evaluated the effect of perioperative ketamine on the 
risk of developing persistent postoperative pain at 6 months 
after surgery, they reported a beneficial impact of ketamine 
administration in diminishing the development of persistent 
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postoperative pain (odds ratio, 0.5; 95% CI, 0.33 to 0.76). 
Nevertheless, in this analysis at 6 months postsurgery, they 
were unable to show that giving ketamine for more than 24 h 
after surgery would have a higher impact on the 6 months of 
persistent postoperative pain than administering ketamine 
for less than 24 h.

More details on ketamine administration were provided 
in 2014 by another systematic review and meta-analysis on 
ketamine use for the prevention of persistent postoperative 
pain. McNicol et al.151 screened 538 records; 43 articles were 
assessed for eligibility. Among these 43 articles, 17 were eli-
gible for inclusion in the qualitative and quantitative analy-
ses. Most of these studies were the same as those reported 
in the 2013 Chaparro et al.152 meta-analysis cited above. 
Authors reported that the meta-analysis of the eligible stud-
ies evaluating IV and epidural administration of ketamine 
to prevent persistent postoperative pain did not show a sig-
nificant reduction of persistent postoperative pain at 3 and 
6 months. Nevertheless, when only studies with IV admin-
istration of ketamine were evaluated (excluding studies with 
epidural ketamine administration), authors concluded that 
IV ketamine prevents persistent postoperative pain at 3 and 
6 months (3 months: odds ratio, 0.75; 95% CI, 0.6 to 0.93; 
and 6 months: odds ratio, 0.7; 95% CI, 0.5 to 0.98). This 
led them also to conclude that epidural administration of 
ketamine has no effect on persistent postoperative pain and, 
moreover, might have some direct neurotoxicity.

Finally, the most recent review on the impact of ketamine 
on persistent postoperative pain was published in 2015 by 
Klatt et al.153 These authors included 10 articles from the 
literature in their comprehensive meta-analysis, for a total 
of 784 patients. Three articles (303 patients) showed a posi-
tive outcome concerning persistent postoperative pain. They 
analyzed the outcomes differently from the two above-cited 
reviews. Indeed, they analyzed pain criteria more precisely 
such as postoperative pain at rest or in motion after 1, 3, 6, 
or 12 months, defined as a value greater than or equal to 3 
on a visual analog scale of 0 to 10, whereas previous meta-
analysis evaluated only the presence or the absence of pain 
without precise scoring. Klatt et al.153 then concluded that 
there is currently insufficient evidence to support a reduc-
tion in chronic pain or persistent postoperative pain due to 
perioperative administration of ketamine.

The difficulty of conducting such clinical studies on per-
sistent postoperative pain leads to a very small number of 
clinical trials and a small number of patients, multiple biases, 
and a high level of difficulty in drawing meaningful conclu-
sions. Thus, further studies on larger number of patients are 
needed.
Nitrous Oxide. Nitrous oxide is also an NMDA antagonist. 
It has been shown to be able to reduce acute opioid induced 
hyperalgesia after surgery in both rodents154 and humans.155 
Nevertheless, no clinical trial prospectively assessed the effect 
of nitrous oxide in preventing persistent postoperative pain. 
A single retrospective analysis of data from a study designed 

for other purposes suggested a possible preventative effect of 
nitrous oxide on the development of persistent postoperative 
pain.156

Dextromethorphan. Dextromethorphan is known to block 
the activation of the NMDA receptors. A recent meta-analy-
sis suggests that perioperative dextromethorphan reduces the 
postoperative opioid consumption at 24 to 48 h and pain 
scores at 1, 4 to 6, and 24 h.157 This observation suggests 
that dextromethorphan could be part of the therapeutic arse-
nal for anesthesiologists to manage persistent postoperative 
pain. However, no clinical data support its beneficial effects 
in preventing postoperative pain.

Anticonvulsants
Gabapentin and Pregabalin. Gabapentinoids produce an 
inhibitory modulation of neuronal excitability by blocking 
the α2–δ subunit of the presynaptic, voltage-dependent 
calcium channels, which are up-regulated in central sensi-
tization processes. Their efficacy in the treatment of chronic 
pain of neuropathic origin is well recognized. In addition, 
their role in improving postoperative pain management 
by reducing opioid consumption and pain scores has been 
widely reported. Nevertheless, both gabapentin and prega-
balin are responsible for strong side effects such as sedation, 
dizziness, and visual troubles.152,158–161 For some authors, the 
balance between clinical advantages and side effects is suf-
ficiently unclear to conclude on the use of gabapentinoids 
even for acute postoperative pain management.162 Their 
role in preventing persistent postoperative pain is also still 
debated.
Gabapentin. Most clinical trials failed to demonstrate any 
reduction in the incidence of persistent postoperative pain 
with gabapentin at 3 and 6 months after thoracotomy, cesar-
ean section, cardiac and breast surgery, and amputation. The 
best results on persistent postoperative pain were observed 
with higher doses of gabapentin (1,200 to 1,800 mg orally) 
at the price of strong side effects as described above. Never-
theless, when these studies are pooled into the meta-analyses 
of Chaparro et al.152 and Clarke et al.,161 the authors were 
unable to show a strong impact of gabapentin on persistent 
postoperative pain at 3 months postsurgery. The most recent 
clinical trial published on this topic is not included in the 
meta-analyses cited above, but it also reported no difference 
in persistent postoperative pain in thoracic surgery at 3 and 
6 months when gabapentin was given orally with an optimal 
regimen: a premedication of 1,200 mg orally and then every 
day at increasing doses ranging from 600 to 1,200 mg for 5 
consecutive postoperative days.163

Pregabalin. The same two meta-analyses by Chaparro et al.152 
and Clarke et al.161 indicated that pregabalin significantly 
reduced the incidence of persistent postoperative pain after 
cardiac, spine,164 thyroid, and knee surgery at 3 months (odds 
ratio, 0.70, 95% CI, 0.51 to 0.95, 5 studies152; and odds ratio, 
0.09, 95% CI, 0.02 to 0.079161) but not at 6 months165 and 12 
months.166 Most often, pregabalin 150 to 300 mg was initiated 
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before surgery and continued 75 to 150 mg twice daily for 2 
to 14 days. However, significant heterogeneity and some biases 
in the reported trials might have exaggerated these results. In 
addition, the meta-analyses did not include three large unpub-
lished trials that all yielded negative results (NCT00442546, 
NCT00468845, and NCT00551135). Three recent stud-
ies published in 2015 after the two meta-analyses cited above 
demonstrated no effect of pregabalin on persistent postopera-
tive pain 3 months after total knee arthroplasty,167 hip arthro-
plasty,168 and thoracotomy169 and also reported more side effects 
such as sedation and less patient satisfaction when pregabalin 
was given.167 Last, the most recent meta-analysis done on prega-
balin alone and not gabapentin suggested that pregabalin might 
be effective for the reduction of neuropathic persistent pain as 
Chaparro et al.152 and Clarke et al.161 previously suggested, but 
the number of studies was too limited to draw strong a conclu-
sion on this outcome.160 More studies are still needed.

α2 Agonists
Clonidine and Dexmedetomidine. Clonidine, an α2-
adrenergic receptor agonist with peripheral and central 
mechanism of action,170,171 was proposed to treat acute or 
chronic pain despite some well reported hemodynamic side 
effects. Neuraxial administration (epidural or intrathecal) 
seems to lessen these side effects. Animal studies and clini-
cal trials showed interesting results of IV or intrathecal cloni-
dine administration on acute pain and hyperalgesia after 
surgery.143,172–174 Nevertheless, to date, there are only three 
prospective studies that evaluated the effect of clonidine given 
perioperatively on the prevention of persistent postoperative 
pain with a small number of patients. One of these studies 
was on lower-limb amputation with a very poor design that 
was neither randomized nor properly blinded.175 Among mul-
tiple outcomes on acute pain management in their study, De 
Kock et al.96 also reported in 2006 results on the impact of 
clonidine on persistent postoperative pain. They showed that 
intrathecal clonidine 300 µg was better than intrathecal bupi-
vacaine in reducing persistent postoperative pain occurrence 
at 6 months after colorectal surgery: no patient in the cloni-
dine group developed persistent postoperative pain, whereas 6 
of 20 patients in the control group developed persistent post-
operative pain. A third study by the same group97 reported 
that epidural administration of local anesthetic associated with 
opioid and systemic ketamine was better than IV clonidine 
and opioid and systemic ketamine in preventing persistent 
postoperative pain after laparotomy for colon surgery. Never-
theless, multiple questions were raised about this study,176 and 
persistent postoperative pain was not the primary outcome of 
this study. In summary, it is difficult to conclude on the use of 
clonidine to prevent the development of persistent postopera-
tive pain to date, considering the low number of both patients 
and studies. Larger studies are needed with a primary outcome 
defined as persistent postoperative pain reduction.

Only one study was reported on the effect of perioperative 
dexmedetomidine to reduce the risk of developing persistent 

postoperative pain.177 This double-blinded study evalu-
ated 84 patients scheduled for breast surgery and looked at 
persistent postoperative pain reduction as the primary out-
come. Patients received IV dexmedetomidine infusion for 
24 h versus placebo and showed persistent postoperative pain 
after breast surgery in 20% of patients in the dexmedeto-
midine group versus 54% in the placebo group. All qualita-
tive aspects of persistent postoperative pain showed a better 
profile in the dexmedetomidine group. One single study in 
one single type of surgery and only 84 patients cannot allow 
to conclude on the use dexmedetomidine to prevent the 
development of persistent postoperative pain. Further future 
studies are needed here too.

Other Clinical Considerations
Initially, we described how high doses of intraoperative 
opioids can induce postoperative hyperalgesia. Reduction 
in perioperative opioids by utilizing some of the described 
strategies for sparing opioids could be considered to limit 
the possible incidence of perioperative opioid on postopera-
tive pain. Other possible interventions include less invasive 
surgical procedures that minimize nerve damage. Three 
examples of surgical options that will very likely change the 
long-term outcome of patients in terms of persistent post-
operative pain9 are preservation of intercostal brachial nerve 
in mastectomy, minimally invasive nerve-sparing techniques 
for thoracotomies, and more precise dissection of the ingui-
nal area to avoid nerve damage. During the last decade, 
many reviews have been well written on the subject.21

Conclusions and Future Directions
Persistent postoperative pain is a complex biopsychosocial 
phenomenon that, once initiated, is difficult to control and 
often difficult to treat. Its incidence varies across individuals 
and procedures.8,178–180 It remains a critical factor that affects 
the quality of life of our patients. Animal studies using inci-
sional pain model suggest that the development of persistent 
postoperative pain should be considered both as a pain sensi-
tization process and also as a failure to adjust to the exagger-
ated activation of pain facilitatory systems due to the surgery.

Blocking or limiting persistent pain sensitization postsur-
gery is clearly important in the prevention of persistent post-
operative pain. For anesthesiologists, some available drug 
candidates should be combined pre-, intra-, and postopera-
tively to limit nociceptive input–induced pain sensitization 
as much as possible. Accordingly, further well-designed con-
trolled clinical studies are needed to firmly evaluate the ben-
eficial effects of the different available strategies to support 
anesthesiologists in preventing persistent postoperative pain.

It is important that we develop and engage new therapies 
(multimodal pharmacologic approaches) to prevent or reduce 
the risk of persistent postoperative pain. For this purpose, 
science research requires translation into clinical studies. For 
instance, but not limited, future options for treatment might 
include the use of anti-nerve growth factor or treatments 
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aimed at restoring the function of endogenous analgesia such 
as Nav1.7 antagonist. Epigenetics is also emerging as a prom-
ising field of research. As previously proposed, the epigenetic 
potential of widely used drugs in the perioperative settings 
needs to be investigated in the near future.74

Acknowledgments
The authors thank Patrick Carroll, Ph.D., National Institute of 
Health and Medical Research, U1051, Montpellier, France, for 
his comments and his assistance in editing the manuscript.

Research Support
Supported by the National Institute of Health and Medical Re-
search, Montpellier, France (to Dr. Rivat and Dr. Capdevila), 
the Department of Anesthesiology and Critical Care Medi-
cine, Lapeyronie University Hospital, Montpellier, France (to 
Dr. Capdevila), and the Department of Anesthesiology and 
Pain Medicine, Maisonneuve-Rosemont Hospital, University 
of Montreal, Montreal, Quebec, Canada (to Dr. Richebé).

Competing Interests
Dr. Richebé received an honorarium from Medtronic/Co-
vidien (Kirkland, Canada) as a consultant and funds from 
Medasense Ltd. (Ramat Gan, Israel) as a consultant and 
member of the scientific advisory board. Dr. Richebé also 
received funds for Independent Investigator Initiated Trials 
in the last 3 yr with Air Liquide USA (Newark, Delaware), 
Ferring (North York, Canada), and Medasense Ltd.

Correspondence
Address correspondence to Dr. Rivat: Université de Mont-
pellier, Institut des Neurosciences de Montpellier INSERM 
U1051, Hôpital Saint Eloi, 80, rue Augustin Fliche, 34091 
Montpellier-Cedex 5, France. cyril.rivat@umontpellier.fr. In-
formation on purchasing reprints may be found at www.
anesthesiology.org or on the masthead page at the begin-
ning of this issue. ANESTHESIOLOGY’s articles are made freely 
accessible to all readers, for personal use only, 6 months 
from the cover date of the issue.

References
	 1.	 Weiser TG, Haynes AB, Molina G, Lipsitz SR, Esquivel MM, 

Uribe-Leitz T, Fu R, Azad T, Chao TE, Berry WR, Gawande AA: 
Estimate of the global volume of surgery in 2012: An assessment 
supporting improved health outcomes. Lancet 2015; 385: S11

	 2.	 Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky R, Tanase 
NV, Perruchoud C, Kranke P, Komann M, Lehman T, Meissner 
W; euCPSP group for the Clinical Trial Network group of the 
European Society of Anaesthesiology: Chronic postsurgical 
pain in Europe: An observational study. Eur J Anaesthesiol 
2015; 32:725–34

	 3.	 Macrae WA: Chronic pain after sternotomy. Acta Anaesthesiol 
Scand 2001; 45:927–8

	 4.	 Thomazeau J, Rouquette A, Martinez V, Rabuel C, Prince N, 
Laplanche JL, Nizard R, Bergmann JF, Perrot S, Lloret-Linares 
C: Predictive factors of chronic post-surgical pain at 6 months 
following knee replacement: Influence of postoperative pain 
trajectory and genetics. Pain Physician 2016; 19:E729–41

	 5.	 Liu SS, Buvanendran A, Rathmell JP, Sawhney M, Bae JJ, Moric 
M, Perros S, Pope AJ, Poultsides L, Della Valle CJ, Shin NS, 
McCartney CJ, Ma Y, Shah M, Wood MJ, Manion SC, Sculco 
TP: A cross-sectional survey on prevalence and risk factors 

for persistent postsurgical pain 1 year after total hip and 
knee replacement. Reg Anesth Pain Med 2012; 37:415–22

	 6.	 Macrae WA, Davies HT: Chronic postsurgical pain. 
Epidemiology of Pain. Edited by Crombie IK, Croft PR, Linton 
SJ, LeResche L, Korff MV. Seattle, IASP Press, 1999, pp 125–42

	 7.	 Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R, 
Cohen M, Evers S, Finnerup NB, First MB, Giamberardino 
MA, Kaasa S, Kosek E, Lavandʼhomme P, Nicholas M, Perrot 
S, Scholz J, Schug S, Smith BH, Svensson P, Vlaeyen JW, Wang 
SJ: A classification of chronic pain for ICD-11. Pain 2015; 
156:1003–7

	 8.	 Macrae WA: Chronic post-surgical pain: 10 years on. Br J 
Anaesth 2008; 101:77–86

	 9.	 Montes A, Roca G, Sabate S, Lao JI, Navarro A, Cantillo J, 
Canet J; GENDOLCAT Study Group: Genetic and clinical fac-
tors associated with chronic postsurgical pain after hernia 
repair, hysterectomy, and thoracotomy: A two-year multi-
center cohort study. ANESTHESIOLOGY 2015; 122:1123–41

	10.	 Kehlet H, Jensen TS, Woolf CJ: Persistent postsurgical pain: 
Risk factors and prevention. Lancet 2006; 367:1618–25

	11.	 Cregg R, Anwar S, Farquhar-Smith P: Persistent postsurgical 
pain. Curr Opin Support Palliat Care 2013; 7:144–52

	12.	 Van de Ven TJ, John Hsia HL: Causes and prevention of chronic 
postsurgical pain. Curr Opin Crit Care 2012; 18:366–71

	13.	 Buvanendran A: Persistent postoperative pain after surgery. 
Techniques Regional Anesthesia Pain Management 2011; 
15:81–2

	14.	 Bayman EO, Brennan TJ: Incidence and severity of chronic 
pain at 3 and 6 months after thoracotomy: Meta-analysis. J 
Pain 2014; 15:887–97

	15.	 Schug SA: Persistent post-surgical pain: A view from the 
other side of the fence. Pain 2012; 153:1344–5

	16.	 Boney O, Bell M, Bell N, Conquest A, Cumbers M, Drake S, 
Galsworthy M, Gath J, Grocott MP, Harris E, Howell S, Ingold 
A, Nathanson MH, Pinkney T, Metcalf L: Identifying research 
priorities in anaesthesia and perioperative care: Final report 
of the joint National Institute of Academic Anaesthesia/James 
Lind Alliance Research Priority Setting Partnership. BMJ 
Open 2015; 5:e010006

	17.	 Katz J, Seltzer Z: Transition from acute to chronic postsur-
gical pain: Risk factors and protective factors. Expert Rev 
Neurother 2009; 9:723–44

	18.	 Pogatzki-Zahn EM, Segelcke D, Schug SA: Postoperative 
pain-from mechanisms to treatment. Pain Rep 2017; 2:e588

	19.	 Brennan TJ, Vandermeulen EP, Gebhart GF: Characterization 
of a rat model of incisional pain. Pain 1996; 64:493–501

	20.	 Pogatzki-Zahn EM, Zahn PK, Brennan TJ: Postoperative pain: 
Clinical implications of basic research. Best Pract Res Clin 
Anaesthesiol 2007; 21:3–13

	21.	 Haroutiunian S, Nikolajsen L, Finnerup NB, Jensen TS: The 
neuropathic component in persistent postsurgical pain: A 
systematic literature review. Pain 2013; 154:95–102

	22.	 Spofford CM, Brennan TJ: Gene expression in skin, muscle, 
and dorsal root ganglion after plantar incision in the rat. 
ANESTHESIOLOGY 2012; 117:161–72

	23.	 Wu C, Boustany L, Liang H, Brennan TJ: Nerve growth factor 
expression after plantar incision in the rat. ANESTHESIOLOGY 
2007; 107:128–35

	24.	 Sahbaie P, Shi X, Guo TZ, Qiao Y, Yeomans DC, Kingery WS, 
Clark JD: Role of substance P signaling in enhanced nocicep-
tive sensitization and local cytokine production after inci-
sion. Pain 2009; 145:341–9

	25.	 Wu C, Erickson MA, Xu J, Wild KD, Brennan TJ: Expression 
profile of nerve growth factor after muscle incision in the rat. 
ANESTHESIOLOGY 2009; 110:140–9

	26.	 Zahn PK, Subieta A, Park SS, Brennan TJ: Effect of blockade 
of nerve growth factor and tumor necrosis factor on pain 
behaviors after plantar incision. J Pain 2004; 5:157–63

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024

mailto:cyril.rivat@umontpellier.fr
www.anesthesiology.org
www.anesthesiology.org


Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:590-607	 603	 Richebé et al.

EDUCATION

	27.	 Banik RK, Subieta AR, Wu C, Brennan TJ: Increased nerve 
growth factor after rat plantar incision contributes to guard-
ing behavior and heat hyperalgesia. Pain 2005; 117:68–76

	28.	 Ji RR, Samad TA, Jin SX, Schmoll R, Woolf CJ: p38 MAPK acti-
vation by NGF in primary sensory neurons after inflamma-
tion increases TRPV1 levels and maintains heat hyperalgesia. 
Neuron 2002; 36:57–68

	29.	 Deval E, Noël J, Gasull X, Delaunay A, Alloui A, Friend V, 
Eschalier A, Lazdunski M, Lingueglia E: Acid-sensing ion 
channels in postoperative pain. J Neurosci 2011; 31:6059–66

	30.	 Izumi Y, Sasaki M, Hashimoto S, Sawa T, Amaya F: mTOR sig-
naling controls VGLUT2 expression to maintain pain hyper-
sensitivity after tissue injury. Neuroscience 2015; 308:169–79

	31.	 Ji RR, Kohno T, Moore KA, Woolf CJ: Central sensitization 
and LTP: Do pain and memory share similar mechanisms? 
Trends Neurosci 2003; 26:696–705

	32.	 Li CQ, Xu JM, Liu D, Zhang JY, Dai RP: Brain derived neuro-
trophic factor (BDNF) contributes to the pain hypersensitiv-
ity following surgical incision in the rats. Mol Pain 2008; 4:27

	33.	 van den Heuvel I, Reichl S, Segelcke D, Zahn PK, Pogatzki-
Zahn EM: Selective prevention of mechanical hyperalgesia 
after incision by spinal ERK1/2 inhibition. Eur J Pain 2015; 
19:225–35

	34.	 Ito N, Obata H, Saito S: Spinal microglial expression and 
mechanical hypersensitivity in a postoperative pain model: 
Comparison with a neuropathic pain model. ANESTHESIOLOGY 
2009; 111:640–8

	35.	 Wen YR, Suter MR, Ji RR, Yeh GC, Wu YS, Wang KC, Kohno T, 
Sun WZ, Wang CC: Activation of p38 mitogen-activated pro-
tein kinase in spinal microglia contributes to incision-induced 
mechanical allodynia. ANESTHESIOLOGY 2009; 110:155–65

	36.	 Ying YL, Wei XH, Xu XB, She SZ, Zhou LJ, Lv J, Li D, Zheng 
B, Liu XG: Over-expression of P2X7 receptors in spinal glial 
cells contributes to the development of chronic postsurgical 
pain induced by skin/muscle incision and retraction (SMIR) 
in rats. Exp Neurol 2014; 261:836–43

	37.	 Peters CM, Eisenach JC: Contribution of the chemokine (C–C 
motif) ligand 2 (CCL2) to mechanical hypersensitivity after 
surgical incision in rats. ANESTHESIOLOGY 2010; 112:1250–8

	38.	 Huang L, Gao YJ, Wang J, Strichartz G: Shifts in cell-type 
expression accompany a diminishing role of spinal p38-map-
kinase activation over time during prolonged postoperative 
pain. ANESTHESIOLOGY 2011; 115:1281–90

	39.	 Richebé P, Rivat C, Laulin JP, Maurette P, Simonnet G: 
Ketamine improves the management of exaggerated postop-
erative pain observed in perioperative fentanyl-treated rats. 
ANESTHESIOLOGY 2005; 102:421–8

	40.	 Rivat C, Laulin JP, Corcuff JB, Célèrier E, Pain L, Simonnet 
G: Fentanyl enhancement of carrageenan-induced long-
lasting hyperalgesia in rats: Prevention by the N-methyl-
D-aspartate receptor antagonist ketamine. ANESTHESIOLOGY 
2002; 96:381–91

	41.	 Cabañero D, Campillo A, Célérier E, Romero A, Puig MM: 
Pronociceptive effects of remifentanil in a mouse model of 
postsurgical pain: Effect of a second surgery. ANESTHESIOLOGY 
2009; 111:1334–45

	42.	 Cabañero D, Célérier E, García-Nogales P, Mata M, Roques 
BP, Maldonado R, Puig MM: The pro-nociceptive effects of 
remifentanil or surgical injury in mice are associated with a 
decrease in δ-opioid receptor mRNA levels: Prevention of the 
nociceptive response by on-site delivery of enkephalins. Pain 
2009; 141:88–96

	43.	 Angst MS, Clark JD: Opioid-induced hyperalgesia: A qualita-
tive systematic review. ANESTHESIOLOGY 2006; 104:570–87

	44.	 Li X, Angst MS, Clark JD: Opioid-induced hyperalgesia and 
incisional pain. Anesth Analg 2001; 93:204–9

	45.	 Rivat C, Ballantyne J: The dark side of opioids in pain man-
agement: Basic science explains clinical observation. Pain 
Reports 2016; 1: p e5702016

	46.	 Roeckel LA, Le Coz GM, Gavériaux-Ruff C, Simonin F: Opioid-
induced hyperalgesia: Cellular and molecular mechanisms. 
Neuroscience 2016; 338:160–82

	47.	 Célérier E, González JR, Maldonado R, Cabañero D, Puig MM: 
Opioid-induced hyperalgesia in a murine model of postop-
erative pain: Role of nitric oxide generated from the induc-
ible nitric oxide synthase. ANESTHESIOLOGY 2006; 104:546–55

	48.	 Romero A, Romero-Alejo E, Vasconcelos N, Puig MM: Glial cell 
activation in the spinal cord and dorsal root ganglia induced 
by surgery in mice. Eur J Pharmacol 2013; 702:126–34

	49.	 Horvath RJ, Landry RP, Romero-Sandoval EA, DeLeo JA: 
Morphine tolerance attenuates the resolution of postoperative 
pain and enhances spinal microglial p38 and extracellular recep-
tor kinase phosphorylation. Neuroscience 2010; 169:843–54

	50.	 Cao J, Wang PK, Tiwari V, Liang L, Lutz BM, Shieh KR, Zang 
WD, Kaufman AG, Bekker A, Gao XQ, Tao YX: Short-term 
pre- and post-operative stress prolongs incision-induced 
pain hypersensitivity without changing basal pain percep-
tion. Mol Pain 2015; 11:73

	51.	 Li C, Yang Y, Liu S, Fang H, Zhang Y, Furmanski O, Skinner 
J, Xing Y, Johns RA, Huganir RL, Tao F: Stress induces pain 
transition by potentiation of AMPA receptor phosphoryla-
tion. J Neurosci 2014; 34:13737–46

	52.	 Célèrier E, Laulin JP, Corcuff JB, Le Moal M, Simonnet G: 
Progressive enhancement of delayed hyperalgesia induced 
by repeated heroin administration: A sensitization process. J 
Neurosci 2001; 21:4074–80

	53.	 Solomon RL, Corbit JD: An opponent-process theory of moti-
vation: I. Temporal dynamics of affect. Psychol Rev 1974; 
81:119–45

	54.	 Sun Y, Sahbaie P, Liang D, Li W, Shi X, Kingery P, Clark JD: 
DNA methylation modulates nociceptive sensitization after 
incision. PLoS One 2015; 10:e0142046

	55.	 Romero A, Rojas S, Cabañero D, Gispert JD, Herance JR, 
Campillo A, Puig MM: A ¹⁸F-fluorodeoxyglucose MicroPET 
imaging study to assess changes in brain glucose metabolism 
in a rat model of surgery-induced latent pain sensitization. 
ANESTHESIOLOGY 2011; 115:1072–83

	56.	 Corder G, Doolen S, Donahue RR, Winter MK, Jutras BL, He 
Y, Hu X, Wieskopf JS, Mogil JS, Storm DR, Wang ZJ, McCarson 
KE, Taylor BK: Constitutive µ-opioid receptor activity leads 
to long-term endogenous analgesia and dependence. Science 
2013; 341:1394–9

	57.	 Campillo A, Cabañero D, Romero A, García-Nogales P, Puig 
MM: Delayed postoperative latent pain sensitization revealed 
by the systemic administration of opioid antagonists in mice. 
Eur J Pharmacol 2011; 657:89–96

	58.	 Pereira MP, Donahue RR, Dahl JB, Werner M, Taylor BK, 
Werner MU: Endogenous opioid-masked latent pain sen-
sitization: Studies from mouse to human. PLoS One 2015; 
10:e0134441

	59.	 McEwen BS: Stress, adaptation, and disease: Allostasis and 
allostatic load. Ann NY Acad Sci 1998; 840:33–44

	60.	 McEwen BS, Stellar E: Stress and the individual: Mechanisms 
leading to disease. Arch Intern Med 1993; 153:2093–101

	61.	 Rivat C, Laboureyras E, Laulin JP, Le Roy C, Richebé P, 
Simonnet G: Non-nociceptive environmental stress induces 
hyperalgesia, not analgesia, in pain and opioid-experienced 
rats. Neuropsychopharmacology 2007; 32:2217–28

	62.	 Minett MS, Pereira V, Sikandar S, Matsuyama A, Lolignier S, 
Kanellopoulos AH, Mancini F, Iannetti GD, Bogdanov YD, 
Santana-Varela S, Millet Q, Baskozos G, MacAllister R, Cox JJ, 
Zhao J, Wood JN: Endogenous opioids contribute to insen-
sitivity to pain in humans and mice lacking sodium channel 
Nav1.7. Nat Commun 2015; 6:8967

	63.	 Yarnitsky D, Crispel Y, Eisenberg E, Granovsky Y, Ben-Nun 
A, Sprecher E, Best LA, Granot M: Prediction of chronic post-
operative pain: Pre-operative DNIC testing identifies patients 
at risk. Pain 2008; 138:22–8

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:590-607	 604	 Richebé et al.

Persistent Postsurgical Pain and Its Prevention

	64.	 De Felice M, Sanoja R, Wang R, Vera-Portocarrero L, Oyarzo J, 
King T, Ossipov MH, Vanderah TW, Lai J, Dussor GO, Fields 
HL, Price TJ, Porreca F: Engagement of descending inhibi-
tion from the rostral ventromedial medulla protects against 
chronic neuropathic pain. Pain 2011; 152:2701–9

	65.	 Landau R, Kraft JC, Flint LY, Carvalho B, Richebe P, Cardoso 
M, Lavand’homme P, Granot M, Yarnitsky D, Cahana A: An 
experimental paradigm for the prediction of post-operative 
pain (PPOP). J Vis Exp 2010; pii:1671

	66.	 Grosen K, Vase L, Pilegaard HK, Pfeiffer-Jensen M, Drewes 
AM: Conditioned pain modulation and situational pain cata-
strophizing as preoperative predictors of pain following 
chest wall surgery: A prospective observational cohort study. 
PLoS One 2014; 9:e90185

	67.	 Romero-Alejo E, Puig MM, Romero A: Inhibition of astro-
cyte activation is involved in the prevention of postopera-
tive latent pain sensitization by ketamine and gabapentin in 
mice. J Pharmacol Pharmacother 2016; 7:22–4

	68.	 Rau KK, Hill CE, Harrison BJ, Venkat G, Koenig HM, Cook 
SB, Rabchevsky AG, Taylor BK, Hai T, Petruska JC: Cutaneous 
tissue damage induces long-lasting nociceptive sensitization 
and regulation of cellular stress- and nerve injury-associated 
genes in sensory neurons. Exp Neurol 2016; 283:413–27

	69.	 Reichling DB, Levine JD: Critical role of nociceptor plasticity 
in chronic pain. Trends Neurosci 2009; 32:611–8

	70.	 Asiedu MN, Tillu DV, Melemedjian OK, Shy A, Sanoja R, 
Bodell B, Ghosh S, Porreca F, Price TJ: Spinal protein kinase 
Mζ underlies the maintenance mechanism of persistent noci-
ceptive sensitization. J Neurosci 2011; 31:6646–53

	71.	 Sun Y, Sahbaie P, Liang DY, Li WW, Li XQ, Shi XY, Clark 
JD: Epigenetic regulation of spinal CXCR2 signaling in 
incisional hypersensitivity in mice. ANESTHESIOLOGY 2013; 
119:1198–208

	72.	 An K, Zhen C, Liu ZH, Zhao Q, Liu HP, Zhong XL, Huang 
WQ: Spinal protein kinase Mζ contributes to the main-
tenance of peripheral inflammation-primed persistent 
nociceptive sensitization after plantar incision. Eur J Pain 
2015; 19:39–47

	73.	 Buchheit T, Van de Ven T, Shaw A: Epigenetics and the 
transition from acute to chronic pain. Pain Med 2012; 
13:1474–90

	74.	 Lirk P, Fiegl H, Weber NC, Hollmann MW: Epigenetics in the 
perioperative period. Br J Pharmacol 2015; 172:2748–55

	75.	 Chapman CR, Vierck CJ: The transition of acute postopera-
tive pain to chronic pain: An integrative overview of research 
on mechanisms. J Pain 2017; 18:359.e1–359.e38

	76.	 Aasvang EK, Gmaehle E, Hansen JB, Gmaehle B, Forman 
JL, Schwarz J, Bittner R, Kehlet H: Predictive risk factors 
for persistent postherniotomy pain. ANESTHESIOLOGY 2010; 
112:957–69

	77.	 Waljee JF, Cron DC, Steiger RM, Zhong L, Englesbe MJ, 
Brummett CM: Effect of preoperative opioid exposure on 
healthcare utilization and expenditures following elective 
abdominal surgery. Ann Surg 2017; 265:715–21

	78.	 Ben-Ari A, Chansky H, Rozet I: Preoperative opioid use is 
associated with early revision after total knee arthroplasty: A 
study of male patients treated in the Veterans Affairs system. 
J Bone Joint Surg Am 2017; 99:1–9

	79.	 Keller SM, Carp NZ, Levy MN, Rosen SM: Chronic post thora-
cotomy pain. J Cardiovasc Surg (Torino) 1994; 35:161–4

	80.	Mogil JS, Wilson SG, Chesler EJ, Rankin AL, Nemmani KV, 
Lariviere WR, Groce MK, Wallace MR, Kaplan L, Staud 
R, Ness TJ, Glover TL, Stankova M, Mayorov A, Hruby 
VJ, Grisel JE, Fillingim RB: The melanocortin-1 receptor 
gene mediates female-specific mechanisms of analge-
sia in mice and humans. Proc Natl Acad Sci USA 2003; 
100:4867–72

	81.	 Mogil JS: Pain genetics: Past, present and future. Trends 
Genet 2012; 28:258–66

	82.	 Hinrichs-Rocker A, Schulz K, Järvinen I, Lefering R, Simanski 
C, Neugebauer EA: Psychosocial predictors and correlates for 
chronic post-surgical pain (CPSP): A systematic review. Eur J 
Pain 2009; 13:719–30

	83.	 Masselin-Dubois A, Attal N, Fletcher D, Jayr C, Albi A, 
Fermanian J, Bouhassira D, Baudic S: Are psychological pre-
dictors of chronic postsurgical pain dependent on the sur-
gical model? A comparison of total knee arthroplasty and 
breast surgery for cancer. J Pain 2013; 14:854–64

	84.	 Attal N, Masselin-Dubois A, Martinez V, Jayr C, Albi A, 
Fermanian J, Bouhassira D, Baudic S: Does cognitive func-
tioning predict chronic pain?: Results from a prospective sur-
gical cohort. Brain 2014; 137:904–17

	85.	 Raja SN, Jensen TS: Predicting postoperative pain based on 
preoperative pain perception: Are we doing better than the 
weatherman? ANESTHESIOLOGY 2010; 112:1311–2

	86.	 Pavlin DJ, Sullivan MJ, Freund PR, Roesen K: 
Catastrophizing: A risk factor for postsurgical pain. Clin J 
Pain 2005; 21:83–90

	87.	 Hanley MA, Jensen MP, Ehde DM, Hoffman AJ, Patterson DR, 
Robinson LR: Psychosocial predictors of long-term adjust-
ment to lower-limb amputation and phantom limb pain. 
Disabil Rehabil 2004; 26:882–93

	88.	 Lavand’homme PM, Grosu I, France MN, Thienpont E: Pain 
trajectories identify patients at risk of persistent pain after 
knee arthroplasty: An observational study. Clin Orthop Relat 
Res 2014; 472:1409–15

	89.	 Scholz J, Woolf CJ: The neuropathic pain triad: Neurons, 
immune cells and glia. Nat Neurosci 2007; 10:1361–8

	90.	 Martinez V, Ben Ammar S, Judet T, Bouhassira D, Chauvin 
M, Fletcher D: Risk factors predictive of chronic postsurgical 
neuropathic pain: The value of the iliac crest bone harvest 
model. Pain 2012; 153:1478–83

	91.	 Woolf CJ: Central sensitization: Implications for the diagnosis 
and treatment of pain. Pain 2011; 152:S2–15

	92.	 Katz J, Jackson M, Kavanagh BP, Sandler AN: Acute pain after 
thoracic surgery predicts long-term post-thoracotomy pain. 
Clin J Pain 1996; 12:50–5

	93.	 VanDenKerkhof EG, Hopman WM, Goldstein DH, Wilson RA, 
Towheed TE, Lam M, Harrison MB, Reitsma ML, Johnston 
SL, Medd JD, Gilron I: Impact of perioperative pain inten-
sity, pain qualities, and opioid use on chronic pain after sur-
gery: A prospective cohort study. Reg Anesth Pain Med 2012; 
37:19–27

	94.	 Althaus A, Hinrichs-Rocker A, Chapman R, Arránz Becker O, 
Lefering R, Simanski C, Weber F, Moser KH, Joppich R, Trojan 
S, Gutzeit N, Neugebauer E: Development of a risk index for 
the prediction of chronic post-surgical pain. Eur J Pain 2012; 
16:901–10

	95.	 Perkins FM, Kehlet H: Chronic pain as an outcome of sur-
gery: A review of predictive factors. ANESTHESIOLOGY 2000; 
93:1123–33

	96.	 De Kock M, Lavand’homme P, Waterloos H: The short-lasting 
analgesia and long-term antihyperalgesic effect of intrathe-
cal clonidine in patients undergoing colonic surgery. Anesth 
Analg 2005; 101:566–72

	97.	 Lavand’homme P, De Kock M, Waterloos H: Intraoperative 
epidural analgesia combined with ketamine provides effec-
tive preventive analgesia in patients undergoing major diges-
tive surgery. ANESTHESIOLOGY 2005; 103:813–20

	98.	 Eisenach JC: Preventing chronic pain after surgery: Who, 
how, and when? Reg Anesth Pain Med 2006; 31:1–3

	99.	 Capdevila X, Moulard S, Plasse C, Peshaud JL, Molinari N, 
Dadure C, Bringuier S: Effectiveness of epidural analgesia, 
continuous surgical site analgesia, and patient-controlled 
analgesic morphine for postoperative pain management and 
hyperalgesia, rehabilitation, and health-related quality of life 
after open nephrectomy: A prospective, randomized, con-
trolled study. Anesth Analg 2017; 124:336–45

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:590-607	 605	 Richebé et al.

EDUCATION

	100.	 Martinez V, Üçeyler N, Ben Ammar S, Alvarez JC, Gaudot 
F, Sommer C, Bouhassira D, Fletcher D: Clinical, histologi-
cal, and biochemical predictors of postsurgical neuropathic 
pain. Pain 2015; 156:2390–8

	101.	 Austin PJ, Moalem-Taylor G: The neuro-immune balance in 
neuropathic pain: Involvement of inflammatory immune 
cells, immune-like glial cells and cytokines. J Neuroimmunol 
2010; 229:26–50

	102.	 Marchand F, Perretti M, McMahon SB: Role of the immune 
system in chronic pain. Nat Rev Neurosci 2005; 6:521–32

	103.	 Latremoliere A, Woolf CJ: Central sensitization: A generator 
of pain hypersensitivity by central neural plasticity. J Pain 
2009; 10:895–926

	104.	 Sunderland S: Nerves and nerve injuries. London, Churchill 
Livingstone, 1993

	105.	 Gaudillière B, Fragiadakis GK, Bruggner RV, Nicolau M, 
Finck R, Tingle M, Silva J, Ganio EA, Yeh CG, Maloney WJ, 
Huddleston JI, Goodman SB, Davis MM, Bendall SC, Fantl 
WJ, Angst MS, Nolan GP: Clinical recovery from surgery 
correlates with single-cell immune signatures. Sci Transl 
Med 2014; 6:255ra131

	106.	 Buvanendran A, Kroin JS, Berger RA, Hallab NJ, Saha C, 
Negrescu C, Moric M, Caicedo MS, Tuman KJ: Upregulation 
of prostaglandin E2 and interleukins in the central nervous 
system and peripheral tissue during and after surgery in 
humans. ANESTHESIOLOGY 2006; 104:403–10

	107.	 Buvanendran A, Mitchell K, Kroin JS, Iadarola MJ: Cytokine 
gene expression after total hip arthroplasty: Surgical site 
versus circulating neutrophil response. Anesth Analg 2009; 
109:959–64

	108.	 Fragiadakis GK, Gaudillière B, Ganio EA, Aghaeepour N, 
Tingle M, Nolan GP, Angst MS: Patient-specific immune 
states before surgery are strong correlates of surgical recov-
ery. ANESTHESIOLOGY 2015; 123:1241–55

	109.	 Fletcher D, Martinez V: Opioid-induced hyperalgesia in 
patients after surgery: A systematic review and a meta-anal-
ysis. Br J Anaesth 2014; 112:991–1004

	110.	 Richebé P, Pouquet O, Jelacic S, Mehta S, Calderon J, Picard 
W, Rivat C, Cahana A, Janvier G: Target-controlled dosing of 
remifentanil during cardiac surgery reduces postoperative 
hyperalgesia. J Cardiothorac Vasc Anesth 2011; 25:917–25

	111.	 Salengros JC, Huybrechts I, Ducart A, Faraoni D, Marsala 
C, Barvais L, Cappello M, Engelman E: Different anesthetic 
techniques associated with different incidences of chronic 
post-thoracotomy pain: Low-dose remifentanil plus presur-
gical epidural analgesia is preferable to high-dose remifen-
tanil with postsurgical epidural analgesia. J Cardiothorac 
Vasc Anesth 2010; 24:608–16

	112.	 Chia YY, Liu K, Wang JJ, Kuo MC, Ho ST: Intraoperative high 
dose fentanyl induces postoperative fentanyl tolerance. Can 
J Anaesth 1999; 46:872–7

	113.	 de Hoogd S, Ahlers SJ, van Dongen EP, van de Garde EM, 
Hamilton-Ter Brake TA, Dahan A, Tibboel D, Knibbe CA: Is 
intraoperative remifentanil associated with acute or chronic 
postoperative pain after prolonged surgery? An update of 
the literature. Clin J Pain 2016; 32:726–35

	114.	 van Gulik L, Ahlers SJ, van de Garde EM, Bruins P, van Boven 
WJ, Tibboel D, van Dongen EP, Knibbe CA: Remifentanil 
during cardiac surgery is associated with chronic thoracic 
pain 1 yr after sternotomy. Br J Anaesth 2012; 109:616–22

	115.	 Botting RM: Inhibitors of cyclooxygenases: Mechanisms, 
selectivity and uses. J Physiol Pharmacol 2006; 57:113–24

	116.	 Geiss A, Rohleder N, Kirschbaum C, Steinbach K, Bauer HW, 
Anton F: Predicting the failure of disc surgery by a hypo-
functional HPA axis: Evidence from a prospective study on 
patients undergoing disc surgery. Pain 2005; 114:104–17

	117.	 Gan TJ, Meyer TA, Apfel CC, Chung F, Davis PJ, Habib AS, 
Hooper VD, Kovac AL, Kranke P, Myles P, Philip BK, Samsa 
G, Sessler DI, Temo J, Tramèr MR, Vander Kolk C, Watcha M; 
Society for Ambulatory Anesthesia: Society for Ambulatory 

Anesthesia guidelines for the management of postoperative 
nausea and vomiting. Anesth Analg 2007; 105:1615–28

	118.	 De Oliveira GS Jr, Almeida MD, Benzon HT, McCarthy RJ: 
Perioperative single dose systemic dexamethasone for post-
operative pain: A meta-analysis of randomized controlled 
trials. ANESTHESIOLOGY 2011; 115:575–88

	119.	 Waldron NH, Jones CA, Gan TJ, Allen TK, Habib AS: Impact 
of perioperative dexamethasone on postoperative analgesia 
and side-effects: Systematic review and meta-analysis. Br J 
Anaesth 2013; 110:191–200

	120.	 de Oliveira GS Jr, Bialek JM, Turan A, McCarthy RJ, Sessler 
DI: Perioperative dexamethasone and the development of 
chronic postmastectomy pain: A single-center observational 
cohort study. Reg Anesth Pain Med 2015; 40:539–44

	121.	 Romundstad L, Stubhaug A: Glucocorticoids for acute and 
persistent postoperative neuropathic pain: What is the evi-
dence? ANESTHESIOLOGY 2007; 107:371–3

	122.	 Chang YC, Liu CL, Liu TP, Yang PS, Chen MJ, Cheng SP: 
Effect of perioperative intravenous lidocaine infusion on 
acute and chronic pain after breast surgery: A meta-analysis 
of randomized controlled trials. Pain Pract 2017; 17:336–43

	123.	 Blumenthal S, Dullenkopf A, Rentsch K, Borgeat A: 
Continuous infusion of ropivacaine for pain relief after iliac 
crest bone grafting for shoulder surgery. ANESTHESIOLOGY 
2005; 102:392–7

	124.	 Andreae MH, Andreae DA: Regional anaesthesia to prevent 
chronic pain after surgery: A Cochrane systematic review 
and meta-analysis. Br J Anaesth 2013; 111:711–20

	125.	 Ilfeld BM, Madison SJ, Suresh PJ, Sandhu NS, Kormylo NJ, 
Malhotra N, Loland VJ, Wallace MS, Mascha EJ, Xu Z, Wen 
CH, Morgan AC, Wallace AM: Persistent postmastectomy 
pain and pain-related physical and emotional functioning 
with and without a continuous paravertebral nerve block: A 
prospective 1-year follow-up assessment of a randomized, 
triple-masked, placebo-controlled study. Ann Surg Oncol 
2015; 22:2017–25

	126.	 Karmakar MK, Samy W, Li JW, Lee A, Chan WC, Chen PP, Ho 
AM: Thoracic paravertebral block and its effects on chronic 
pain and health-related quality of life after modified radical 
mastectomy. Reg Anesth Pain Med 2014; 39:289–98

	127.	 Heesen M, Klimek M, Rossaint R, Imberger G, Straube S: 
Paravertebral block and persistent postoperative pain after 
breast surgery: Meta-analysis and trial sequential analysis. 
Anaesthesia 2016; 71:1471–81

	128.	 Albi-Feldzer A, Mouret-Fourme E, Hamouda S, Motamed C, 
Dubois PY, Jouanneau L, Jayr C: A double-blind randomized 
trial of wound and intercostal space infiltration with ropi-
vacaine during breast cancer surgery: Effects on chronic 
postoperative pain. ANESTHESIOLOGY 2013; 118:318–26

	129.	 Rivat C, Bollag L, Richebé P: Mechanisms of regional anaes-
thesia protection against hyperalgesia and pain chroniciza-
tion. Curr Opin Anaesthesiol 2013; 26:621–5

	130.	 Deruddre S, Combettes E, Estebe JP, Duranteau J, Benhamou 
D, Beloeil H, Mazoit JX: Effects of a bupivacaine nerve 
block on the axonal transport of tumor necrosis factor-α 
(TNF-α) in a rat model of carrageenan-induced inflamma-
tion. Brain Behav Immun 2010; 24:652–9

	131.	 Gentili ME, Mazoit JX, Samii K, Fletcher D: The effect of a 
sciatic nerve block on the development of inflammation in 
carrageenan injected rats. Anesth Analg 1999; 89:979–84

	132.	 Herroeder S, Pecher S, Schönherr ME, Kaulitz G, 
Hahnenkamp K, Friess H, Böttiger BW, Bauer H, Dijkgraaf 
MG, Dijkgraaf OG, Durieux ME, Hollmann MW: Systemic 
lidocaine shortens length of hospital stay after colorectal 
surgery: A double-blinded, randomized, placebo-controlled 
trial. Ann Surg 2007; 246:192–200

	133.	 Lee PY, Tsai PS, Huang YH, Huang CJ: Inhibition of toll-like 
receptor-4, nuclear factor-κB and mitogen-activated protein 
kinase by lignocaine may involve voltage-sensitive sodium 
channels. Clin Exp Pharmacol Physiol 2008; 35:1052–8

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:590-607	 606	 Richebé et al.

Persistent Postsurgical Pain and Its Prevention

	134.	 Méleine M, Rivat C, Laboureyras E, Cahana A, Richebé P: 
Sciatic nerve block fails in preventing the development of 
late stress-induced hyperalgesia when high-dose fentanyl is 
administered perioperatively in rats. Reg Anesth Pain Med 
2012; 37:448–54

	135.	 Liu Q, Gold MS: Opioid-induced loss of local anesthetic 
potency in the rat sciatic nerve. ANESTHESIOLOGY 2016; 
125:755–64

	136.	 Sentürk M, Ozcan PE, Talu GK, Kiyan E, Camci E, Ozyalçin 
S, Dilege S, Pembeci K: The effects of three different analge-
sia techniques on long-term postthoracotomy pain. Anesth 
Analg 2002; 94:11–5

	137.	 Ladha KS, Patorno E, Liu J, Bateman BT: Impact of peri-
operative epidural placement on postdischarge opioid use 
in patients undergoing abdominal surgery. ANESTHESIOLOGY 
2016; 124:396–403

	138.	 Andreae MH, Andreae DA: Local anaesthetics and regional 
anaesthesia for preventing chronic pain after surgery. 
Cochrane Database Syst Rev 2012; 10:CD007105

	139.	 Sun EC, Bateman BT, Memtsoudis SG, Neuman MD, 
Mariano ER, Baker LC: Lack of association between the use 
of nerve blockade and the risk of postoperative chronic 
opioid use among patients undergoing total knee arthro-
plasty: Evidence from the MarketScan Database. Anesth 
Analg 2017; 125:999–1007

	140.	 Mueller KG, Memtsoudis SG, Mariano ER, Baker LC, 
Mackey S, Sun EC: Lack of association between the 
use of nerve blockade and the risk of persistent opioid 
use among patients undergoing shoulder arthroplasty: 
Evidence from the MarketScan Database. Anesth Analg 
2017; 125:1014–20

	141.	 Grigoras A, Lee P, Sattar F, Shorten G: Perioperative intra-
venous lidocaine decreases the incidence of persistent pain 
after breast surgery. Clin J Pain 2012; 28:567–72

	142.	 Laskowski K, Stirling A, McKay WP, Lim HJ: A systematic 
review of intravenous ketamine for postoperative analgesia. 
Can J Anaesth 2011; 58:911–23

	143.	 Elia N, Culebras X, Mazza C, Schiffer E, Tramèr MR: 
Clonidine as an adjuvant to intrathecal local anesthetics for 
surgery: Systematic review of randomized trials. Reg Anesth 
Pain Med 2008; 33:159–67

	144.	 Joly V, Richebe P, Guignard B, Fletcher D, Maurette P, 
Sessler DI, Chauvin M: Remifentanil-induced postoperative 
hyperalgesia and its prevention with small-dose ketamine. 
ANESTHESIOLOGY 2005; 103:147–55

	145.	 Sveticic G, Farzanegan F, Zmoos P, Zmoos S, Eichenberger 
U, Curatolo M: Is the combination of morphine with ket-
amine better than morphine alone for postoperative intra-
venous patient-controlled analgesia? Anesth Analg 2008; 
106:287–93

	146.	 Nesher N, Ekstein MP, Paz Y, Marouani N, Chazan S, 
Weinbroum AA: Morphine with adjuvant ketamine vs 
higher dose of morphine alone for immediate postthora-
cotomy analgesia. Chest 2009; 136:245–52

	147.	 Nesher N, Serovian I, Marouani N, Chazan S, Weinbroum 
AA: Ketamine spares morphine consumption after transtho-
racic lung and heart surgery without adverse hemodynamic 
effects. Pharmacol Res 2008; 58:38–44

	148.	 De Kock M, Lavand’homme P, Waterloos H: “Balanced anal-
gesia” in the perioperative period: Is there a place for ket-
amine? Pain 2001; 92:373–80

	149.	 Remérand F, Le Tendre C, Baud A, Couvret C, Pourrat X, 
Favard L, Laffon M, Fusciardi J: The early and delayed 
analgesic effects of ketamine after total hip arthroplasty: 
A prospective, randomized, controlled, double-blind study. 
Anesth Analg 2009; 109:1963–71

	150.	 Dualé C, Sibaud F, Guastella V, Vallet L, Gimbert YA, Taheri 
H, Filaire M, Schoeffler P, Dubray C: Perioperative ketamine 
does not prevent chronic pain after thoracotomy. Eur J Pain 
2009; 13:497–505

	151.	 McNicol ED, Schumann R, Haroutounian S: A systematic 
review and meta-analysis of ketamine for the prevention of 
persistent post-surgical pain. Acta Anaesthesiol Scand 2014; 
58:1199–213

	152.	 Chaparro LE, Smith SA, Moore RA, Wiffen PJ, Gilron I: 
Pharmacotherapy for the prevention of chronic pain 
after surgery in adults. Cochrane Database Syst Rev 2013: 
CD008307

	153.	 Klatt E, Zumbrunn T, Bandsschapp O, Girard T, Ruppen 
W: Intra- and postoperative intravenous ketamine does not 
prevent chronic pain: A systematic review and meta-analy-
sis. Scandinavian Journal of Pain 2015; 7:42–54

	154.	 Richebé P, Rivat C, Creton C, Laulin JP, Maurette P, Lemaire 
M, Simonnet G: Nitrous oxide revisited: Evidence for 
potent antihyperalgesic properties. ANESTHESIOLOGY 2005; 
103:845–54

	155.	 Echevarría G, Elgueta F, Fierro C, Bugedo D, Faba G, 
Iñiguez-Cuadra R, Muñoz HR, Cortínez LI: Nitrous oxide 
(N2O) reduces postoperative opioid-induced hyperalgesia 
after remifentanil-propofol anaesthesia in humans. Br J 
Anaesth 2011; 107:959–65

	156.	 Chan MT, Wan AC, Gin T, Leslie K, Myles PS: Chronic post-
surgical pain after nitrous oxide anesthesia. Pain 2011; 
152:2514–20

	157.	 King MR, Ladha KS, Gelineau AM, Anderson TA: 
Perioperative dextromethorphan as an adjunct for postop-
erative pain: A meta-analysis of randomized controlled tri-
als. ANESTHESIOLOGY 2016; 124:696–705

	158.	 Dahl JB, Mathiesen O, Møiniche S: “Protective premedica-
tion”: An option with gabapentin and related drugs? A review 
of gabapentin and pregabalin in in the treatment of post-
operative pain. Acta Anaesthesiol Scand 2004; 48:1130–6

	159.	 Eipe N, Penning J, Yazdi F, Mallick R, Turner L, Ahmadzai 
N, Ansari MT: Perioperative use of pregabalin for acute 
pain: A systematic review and meta-analysis. Pain 2015; 
156:1284–300

	160.	 Mishriky BM, Waldron NH, Habib AS: Impact of pregabalin 
on acute and persistent postoperative pain: A systematic 
review and meta-analysis. Br J Anaesth 2015; 114:10–31

	161.	 Clarke H, Bonin RP, Orser BA, Englesakis M, Wijeysundera 
DN, Katz J: The prevention of chronic postsurgical pain 
using gabapentin and pregabalin: A combined systematic 
review and meta-analysis. Anesth Analg 2012; 115:428–42

	162.	 Kharasch ED, Eisenach JC: Wherefore gabapentinoids? Was 
there rush too soon to judgment? ANESTHESIOLOGY 2016; 
124:10–2

	163.	 Grosen K, Drewes AM, Højsgaard A, Pfeiffer-Jensen M, 
Hjortdal VE, Pilegaard HK: Perioperative gabapentin for the 
prevention of persistent pain after thoracotomy: A random-
ized controlled trial. Eur J Cardiothorac Surg 2014; 46:76–85

	164.	 Burke SM, Shorten GD: Perioperative pregabalin improves 
pain and functional outcomes 3 months after lumbar dis-
cectomy. Anesth Analg 2010; 110:1180–5

	165.	 Buvanendran A, Kroin JS, Della Valle CJ, Kari M, Moric M, 
Tuman KJ: Perioperative oral pregabalin reduces chronic 
pain after total knee arthroplasty: A prospective, random-
ized, controlled trial. Anesth Analg 2010; 110:199–207

	166.	 Gianesello L, Pavoni V, Barboni E, Galeotti I, Nella A: 
Perioperative pregabalin for postoperative pain control 
and quality of life after major spinal surgery. J Neurosurg 
Anesthesiol 2012; 24:121–6

	167.	 YaDeau JT, Lin Y, Mayman DJ, Goytizolo EA, Alexiades MM, 
Padgett DE, Kahn RL, Jules-Elysee KM, Ranawat AS, Bhagat 
DD, Fields KG, Goon AK, Curren J, Westrich GH: Pregabalin 
and pain after total knee arthroplasty: A double-blind, ran-
domized, placebo-controlled, multidose trial. Br J Anaesth 
2015; 115:285–93

	168.	 Clarke H, Pagé GM, McCartney CJ, Huang A, Stratford P, 
Andrion J, Kennedy D, Awad IT, Gollish J, Kay J, Katz J: 

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024



Copyright © 2018, the American Society of Anesthesiologists, Inc. Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

Anesthesiology 2018; 129:590-607	 607	 Richebé et al.

EDUCATION

Pregabalin reduces postoperative opioid consumption and 
pain for 1 week after hospital discharge, but does not affect 
function at 6 weeks or 3 months after total hip arthroplasty. 
Br J Anaesth 2015; 115:903–11

	169.	 Brulotte V, Ruel MM, Lafontaine E, Chouinard P, Girard F: 
Impact of pregabalin on the occurrence of postthoracot-
omy pain syndrome: A randomized trial. Reg Anesth Pain 
Med 2015; 40:262–9

	170.	 Lavand’homme PM, Ma W, De Kock M, Eisenach JC: 
Perineural α2A-adrenoceptor activation inhibits spinal cord 
neuroplasticity and tactile allodynia after nerve injury. 
ANESTHESIOLOGY 2002; 97:972–80

	171.	 Unnerstall JR, Kopajtic TA, Kuhar MJ: Distribution of α2 
agonist binding sites in the rat and human central nervous 
system: Analysis of some functional, anatomic correlates of 
the pharmacologic effects of clonidine and related adrener-
gic agents. Brain Res 1984; 319:69–101

	172.	 Chan AK, Cheung CW, Chong YK: α2 agonists in acute pain 
management. Expert Opin Pharmacother 2010; 11:2849–68

	173.	 Eisenach JC, De Kock M, Klimscha W: α2-Adrenergic ago-
nists for regional anesthesia: A clinical review of clonidine 
(1984–1995). ANESTHESIOLOGY 1996; 85:655–74

	174.	 Blaudszun G, Lysakowski C, Elia N, Tramèr MR: Effect 
of perioperative systemic α2 agonists on postoperative 

morphine consumption and pain intensity: Systematic 
review and meta-analysis of randomized controlled trials. 
ANESTHESIOLOGY 2012; 116:1312–22

	175.	 Jahangiri M, Jayatunga AP, Bradley JW, Dark CH: Prevention 
of phantom pain after major lower limb amputation by epi-
dural infusion of diamorphine, clonidine and bupivacaine. 
Ann R Coll Surg Engl 1994; 76:324–6

	176.	 Brennan TJ, Kehlet H: Preventive analgesia to reduce 
wound hyperalgesia and persistent postsurgical pain: Not 
an easy path. ANESTHESIOLOGY 2005; 103:681–3

	177.	 Jain G, Bansal P, Ahmad B, Singh DK, Yadav G: Effect of the 
perioperative infusion of dexmedetomidine on chronic pain 
after breast surgery. Indian J Palliat Care 2012; 18:45–51

	178.	 Weibel S, Neubert K, Jelting Y, Meissner W, Wöckel A, 
Roewer N, Kranke P: Incidence and severity of chronic pain 
after caesarean section: A systematic review with meta-
analysis. Eur J Anaesthesiol 2016; 33:853–65

	179.	 Brandsborg B, Nikolajsen L, Kehlet H, Jensen TS: Chronic 
pain after hysterectomy. Acta Anaesthesiol Scand 2008; 
52:327–31

	180.	 Wylde V, Sayers A, Lenguerrand E, Gooberman-Hill R, Pyke 
M, Beswick AD, Dieppe P, Blom AW: Preoperative wide-
spread pain sensitization and chronic pain after hip and 
knee replacement: A cohort analysis. Pain 2015; 156:47–54

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/129/3/590/382397/20180900_0-00037.pdf by guest on 19 April 2024


