
Figure S1 Distributions of all retrieved papers related “postoperative hyperalgesia” according to years.
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Table S1 Top 100 cited reports on POH

Title FA Journal Year TC Type

Central sensitization: Implications for the diagnosis and treatment of 
pain

Woolf CJ Pain 2011 1,909 Review

Preemptive analgesia treating postoperative pain by preventing the 
establishment of central sensitization

Woolf CJ Anesth Analg 1993 1,059 Review

Characterization of a rat model of incisional pain Brennan TJ Pain 1996 747 Article

Acute opioid tolerance - Intraoperative remifentanil increases 
postoperative pain and morphine requirement

Guignard B Anesthesiology 2000 556 Article

Long-lasting hyperalgesia induced by fentanyl in rats - Preventive 
effect of ketamine

Celerier E Anesthesiology 2000 374 Article

Remifentanil-induced postoperative hyperalgesia and its prevention 
with small-dose ketamine

Joly V Anesthesiology 2005 371 Article

A-803467, a potent and selective Na(v)1.8 sodium channel blocker, 
attenuates neuropathic and inflammatory pain in the rat

Jarvis MF P Natl Acad Sci USA 2007 351 Article

Mapping of punctuate hyperalgesia around a surgical incision 
demonstrates that ketamine is a powerful suppressor of central 
sensitization to pain following surgery

Stubhaug A Acta Anaesth Scand 1997 351 Article

A-317491, a novel potent and selective nonnucleotide antagonist of 
P2X(3) and P2X(2/3) receptors, reduces chronic inflammatory and 
neuropathic pain in the rat

Jarvis MF P Natl Acad Sci USA 2002 345 Article

Extra-territorial pain in rats with a peripheral mononeuropathy-
mechano-hyperalgesia and mechano-allodynia the territory of an 
uninjured nerve

Tal M Pain 1994 340 Article

Thermal hyperalgesia in association with the development of 
morphine-tolerance in rats- roles of excitatory amino-acid receptors 
and protein-kinase-C

Mao J J Neurosci 1994 337 Article

Opioid-induced hyperalgesia in humans - Molecular mechanisms 
and clinical considerations

Chu LF Clin J Pain 2008 326 Review

Transcutaneous electrical nerve stimulation: Basic science 
mechanisms and clinical effectiveness

Sluka KA J Pain 2003 325 Review

Ketamine as adjuvant analgesic to opioids: a quantitative and 
qualitative systematic review

Subramaniam K Anesth Analg 2004 298 Review

Short-term infusion of the mu-opioid agonist remifentanil in humans 
causes hyperalgesia during withdrawal

Angst MS Pain 2003 289 Article

Altered expression and uptake activity of spinal glutamate 
transporters after nerve injury contribute to the pathogenesis of 
neuropathic pain in rats

Sung BK J Neurosci 2003 281 Article

Excitatory monocyte chemoattractant protein-1 signaling is up-
regulated in sensory neurons after chronic compression of the dorsal 
root ganglion

White FA P Natl Acad Sci USA 2005 279 Article

Treatment of acute postoperative pain Wu CL Lancet 2011 275 Article

Opioid tolerance and hyperalgesia in chronic pain patients after one 
month of oral morphine therapy: a preliminary prospective study

Chu LF J Pain 2006 262 Article

Perioperative oral pregabalin reduces chronic pain after total knee 
arthroplasty: a prospective, randomized, controlled trial

Buvanendran A Anesth Analg 2010 257 Article

Effect of perioperative systemic alpha 2 agonists on postoperative 
morphine consumption and pain intensity systematic review and 
meta-analysis of randomized controlled trials

Blaudszun G Anesthesiology 2012 245 Article

The value of preemptive analgesia in the treatment of postoperative 
pain

DAHL JB Brit J Anaesth 1993 242 Review

Deletion of vanilloid receptor 1-expressing primary afferent neurons 
for pain control

Karai L J Clin Invest 2004 241 Article

A randomized study of the effects of single-dose gabapentin versus 
placebo on postoperative pain and morphine consumption after 
mastectomy

Dirks J Anesthesiology 2002 240 Article

'Balanced analgesia' in the perioperative period: is there a place for 
ketamine?

De Kock M Pain 2001 236 Article

Preoperative morphine preempts postoperative pain Richmond CE Lancet 1993 231 Article

Chronic opioid use prior to total knee arthroplasty Zywiel MG J Bone Joint Surg Am 2011 222 Article

Opioid-induced hyperalgesia in patients after surgery: a systematic 
review and a meta-analysis

Fletcher D Brit J Anaesth 2014 220 Review

Mechanical and thermal hyperalgesia and ectopic neuronal discharge 
after chronic compression of dorsal root ganglia

Song XJ J Neurophysiol 1999 215 Article

Evaluation of gabapentin and S-(+)-3-isobutylgaba in a rat model of 
postoperative pain

Field MJ J Pharmacol Exp Ther 1997 214 Article

Central neuroplasticity and pathological pain Melzack R Ann Ny Acad Sci 2001 213 Article

A-425619 [1-isoquinolin-5-yl-3-(4-trifluoromethyl-benzyl)-urea], 
a novel transient receptor potential type V1 receptor antagonist, 
relieves pathophysiological pain associated with inflammation and 
tissue injury in rats

Honore P J Pharmacol Exp Ther 2005 207 Article

The role of ketamine in preventing fentanyl-induced hyperalgesia and 
subsequent acute morphine tolerance

Laulin JP Anesth Analg 2002 207 Article

Perioperative intravenous lidocaine has preventive effects on 
postoperative pain and morphine consumption after major abdominal 
surgery

Koppert W Anesth Analg 2004 204 Article

When does acute pain become chronic? Voscopoulos C Brit J Anaesth 2010 196 Article

Intraoperative epidural analgesia combined with ketamine provides 
effective preventive analgesia in patients undergoing major digestive 
surgery

Lavand'homme 
P

Anesthesiology 2005 195 Article

Differential modulation of remifentanil-induced analgesia and 
postinfusion hyperalgesia by S-ketamine and clonidine in humans

Koppert W Anesthesiology 2003 195 Article

Mechanical and thermal allodynia in chronic central pain following 
spinal cord injury

Christensen MD Pain 1996 194 Article

Preemptive effect of fentanyl and ketamine on postoperative pain 
and wound hyperalgesia

Tverskoy M Anesth Analg 1994 194 Article

Intraarticular morphine, bupivacaine, and morphine bupivacaine for 
pain control after knee videoarthroscopy

Khoury GF Anesthesiology 1992 188 Article

Efficacy and kinetics of carprofen, administered preoperatively 
or postoperatively, for the prevention of pain in dogs undergoing 
ovariohysterectomy

Lascelles BDX Vet Surg 1998 171 Article

Analgesic effects of gabapentin after spinal surgery Turan A Anesthesiology 2004 161 Article

Peripheral and central hyperexcitability: Differential signs and 
symptoms in persistent pain

Coderre TJ Behav Brain Sci 1997 161 Review

Opioid-sparing effects of a low-dose infusion of naloxone in patient-
administered morphine sulfate

Gan TJ Anesthesiology 1997 159 Article

Fixed-diameter polyethylene cuffs applied to the rat sciatic nerve 
induce a painful neuropathy: ultrastructural morphometric analysis of 
axonal alterations

Mosconi T Pain 1996 157 Article

Tolerance and withdrawal from prolonged opioid use in critically III 
children

Anand KJS Pediatrics 2010 156 Review

Possible chemical contribution from chromic gut sutures produces 
disorders of pain sensation like those seen in man

MAVES TJ Pain 1993 156 Article

Preemptive analgesia I: physiological pathways and pharmacological 
modalities

Kelly DJ Can J Anaesth 2001 155 Review

A new model of electrically evoked pain and hyperalgesia in human 
skin - The effects of intravenous alfentanil, S(+)-ketamine, and 
lidocaine

Koppert W Anesthesiology 2001 153 Article

Does neonatal surgery lead to increased pain sensitivity in later 
childhood?

Peters JWB Pain 2005 152 Article

The neuronal 5-HT3 receptor network after 20 years of research - 
Evolving concepts in management of pain and inflammation

Faerber L Eur J Pharmacol 2007 149 Review

Adenosine triphosphate - Established and potential clinical 
applications

Agteresch HJ Drugs 1999 149 Review

Morphine paradoxically prolongs neuropathic pain in rats by 
amplifying spinal NLRP3 inflammasome activation

Grace PM P Natl Acad Sci USA 2016 148 Article

The effects of postoperative pain management on immune response 
to surgery

Beilin B Anesth Analg 2003 147 Article

Ketamine, an NMDA receptor antagonist, suppresses spatial and 
temporal properties of burn-induced secondary hyperalgesia in man: 
a double-blind, cross-over comparison with morphine and placebo

Warncke T Pain 1997 145 Article

The benefits of intraoperative small-dose ketamine on postoperative 
pain after anterior cruciate ligament repair

Menigaux C Anesth Analg 2000 141 Article

Blockade of nocebo hyperalgesia by the cholecystokinin antagonist 
proglumide

Benedetti F Pain 1997 141 Article

Prediction of postoperative pain a systematic review of predictive 
experimental pain studies

Werner MU Anesthesiology 2010 138 Review

Management of perioperative pain in patients chronically consuming 
opioids

Carroll IR Region Anesth Pain M 2004 136 Review

Electrophysiological and in vivo characterization of A-317567, a 
novel blocker of acid sensing ion channels

Dube GR Pain 2005 135 Article

Prediction of postoperative pain by preoperative nociceptive 
reponses to heat stimulation

Werner MU Anesthesiology 2004 135 Article

Post-operative central hypersensitivity and pain: the pre-emptive 
value of pethidine for ovariohysterectomy

Lascelles BDX Pain 1997 135 Article

A mouse model of incisional pain Pogatzki EM Anesthesiology 2003 132 Article

Pharmacological characterisation of a rat model of incisional pain Whiteside GT Brit J Pharmacol 2004 131 Article

Gabapentin suppresses cutaneous hyperalgesia following heat-
capsaicin sensitization

Dirks J Anesthesiology 2002 130 Article

Systematic review of movement-evoked pain versus pain at rest 
in postsurgical clinical trials and meta-analyses: a fundamental 
distinction requiring standardized measurement

Srikandarajah S Pain 2011 129 Review

Long-term potentiation in spinal nociceptive pathways as a novel 
target for pain therapy

Ruscheweyh R Mol Pain 2011 129 Review

Preoperative gabapentin decreases anxiety and improves early 
functional recovery from knee surgery

Menigaux C Anesth Analg 2005 129 Article

Astroglia in medullary dorsal horn (trigeminal spinal subnucleus 
caudalis) are involved in trigeminal neuropathic pain mechanisms

Okada-Ogawa A J Neurosci 2009 128 Article

Heritability of responses to painful stimuli in women: a classical twin 
study

Norbury TA Brain 2007 128 Article

Noxious stimuli induce an N-methyl-D-aspartate receptor-dependent 
hypersensitivity of the reflex to touch-implications for the treatment 
of mechanical allodynia

MA QP Pain 1995 127 Article

The effect of preinjury versus postinjury infiltration with lidocaine on 
thermal and mechanical hyperalgesia after heat injury to the skin

DAHL JB Pain 1993 126 Article

Different profiles of buprenorphine-induced analgesia and 
antihyperalgesia in a human pain model

Koppert W Pain 2005 124 Article

Effects of gabapentin on postoperative morphine consumption and 
pain after abdominal hysterectomy: a randomized, double-blind trial 

Dierking G Acta Anaesth Scand 2004 124 Article

Intravenous remifentanil produces withdrawal hyperalgesia in 
volunteers with capsaicin-induced hyperalgesia

Hood DD Anesth Analg 2003 123 Article

Upregulation of spinal cannabinoid-1-receptors following nerve injury 
enhances the effects of Win 55,212-2 on neuropathic pain behaviors 
in rats

Lim G Pain 2003 123 Article

Supplementing desflurane-remifentanil anesthesia with small-dose 
ketamine reduces perioperative opioid analgesic requirements

Guignard B Anesth Analg 2002 122 Article

The effect of ketamine on opioid-induced acute tolerance: Can 
it explain reduction of opioid consumption with ketamine-opioid 
analgesic combinations?

Kissin I Anesth Analg 2000 122 Article

The role of ketamine in pain management Visser E Biomed Pharmacother 2006 121 Review

Primary, and secondary hyperalgesia in a rat model for human 
postoperative pain

Zahn PK Anesthesiology 1999 120 Article

Effect of NGF and anti-NGF on neuropathic pain in rats following 
chronic constriction injury of the sciatic nerve

Ro LS Pain 1999 120 Article

Lack of effect of intrathecally administered N-methyl-D-aspartate 
receptor antagonists in a rat model for postoperative pain

Zahn PK Anesthesiology 1998 120 Article

Delayed functional expression of neuronal chemokine receptors 
following focal nerve demyelination in the rat: a mechanism for the 
development of chronic sensitization of peripheral nociceptors

Bhangoo S Mol Pain 2007 119 Article

Postoperative hyperalgesia - Its clinical importance and relevance Wilder-Smith 
OHG

Anesthesiology 2006 119 Editorial 
material

Fentanyl enhancement of carrageenan-induced long-lasting 
hyperalgesia in rats - Prevention by the N-methyl-D-aspartate 
receptor antagonist ketamine

Rivat C Anesthesiology 2002 119 Article

Presurgical assessment of temporal summation of pain predicts the 
development of chronic postoperative pain 12 months after total 
knee replacement

Petersen KK Pain 2015 118 Article

Modulation of remifentanil-induced analgesia, hyperalgesia, and 
tolerance by small-dose ketamine in humans

Luginbuhl M Anesth Analg 2003 117 Article

The early and delayed analgesic effects of ketamine after total hip 
arthroplasty: a prospective, randomized, controlled, double-blind 
study

Remerand F Anesth Analg 2009 116 Article

No clinical evidence of acute opioid tolerance after remifentanil-
based anaesthesia

Cortinez LI Brit J Anaesth 2001 116 Article

Magnesium sulfate does not reduce postoperative analgesic 
requirements

Ko SH Anesthesiology 2001 114 Article

Systemic administration of local anesthetic agents to relieve 
neuropathic pain

Challapalli V Cochrane Db Syst Rev 2005 113 Review

A single small dose of postoperative ketamine provides rapid and 
sustained improvement in morphine analgesia in the presence of 
morphine-resistant pain

Weinbroum AA Anesth Analg 2003 112 Article

The effect of epidural injection of betamethasone or bupivacaine in a 
rat model of lumbar radiculopathy

Hayashi N Spine 1998 112 Article

Changes in tissue pH and temperature after incision indicate acidosis 
may contribute to postoperative pain

Woo YC Anesthesiology 2004 111 Article

Opioid use prior to total hip arthroplasty leads to worse clinical 
outcomes

Pivec R Int Orthop 2014 110 Article

Analgesic effects of melatonin: a review of current evidence from 
experimental and clinical studies

Wilhelmsen M J Pineal Res 2011 109 Review

The Effect of Perioperative Intravenous Lidocaine on Postoperative 
Pain and Immune Function

Yardeni IZ Anesth Analg 2009 109 Article

Pain and Aging: The Emergence of a New Subfield of Pain Research Gagliese L J Pain 2009 107 Review

Effect of systemic and intrathecal morphine in a rat model of 
postoperative pain

Zahn PK Anesthesiology 1997 107 Article

Effect of systemic N-methyl-D-aspartate receptor antagonist 
(ketamine) on primary and secondary hyperalgesia in humans

Ilkjaer S Brit J Anaesth 1996 107 Article

POH, postoperative hyperalgesia, FA, first author, TC, total citations.
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