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Objectives for Today
• Defining the Transition

• Theoretical Frameworks for Modeling Acute to Chronic 
Transition of Postoperative Pain

• Prediction Models
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Theoretical Frameworks: A Causal Chain?
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The International Association for the Study of 
Pain (IASP) defines pain as “an unpleasant sen-
sory and emotional experience associated with 
actual or potential tissue damage, or described in 
terms of such damage” [1]. There is, however, no 
one accepted definition of chronic postsurgical 
pain and it is debatable whether, at the present 
time, a single definition would be useful [2]. 
Most attempts at defining chronic postsurgical 
pain, whether general [3] or specific to a surgi-
cal procedure [4,5], are descriptive in nature and 
offer a time frame for chronicity beginning 2 
or 3 months after surgery. Macrae and Davies 
propose the following four-point definition of 
chronic postsurgical pain: “the pain developed 
after a surgical procedure; the pain is of at least 

2 months duration; other causes for the pain 
have been excluded; the possibility that the pain 
is continuing from a pre-existing problem should 
be explored and exclusion attempted” [2].

Most patients who undergo surgery recover 
uneventfully and resume their normal daily 
activities within weeks. However, chronic post-
surgical pain develops in an alarming propor-
tion of patients. The magnitude of the problem 
is evidenced by recent epidemiological data doc-
umented later. A fact that is rarely appreciated 
by pain clinicians and researchers is that every 
chronic postinjury or post surgical pain was once 
acute; the development of chronic postsurgical 
pain involves a transitional process. The tradi-
tional, dominant focus on studying established 
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Most patients who undergo surgery recover uneventfully and resume their normal daily 
activities within weeks. Nevertheless, chronic postsurgical pain develops in an alarming 
proportion of patients. The prevailing approach of focusing on established chronic pain 
implicitly assumes that information generated during the acute injury phase is not important 
to the subsequent development of chronic pain. However, a rarely appreciated fact is that 
every chronic pain was once acute. Here, we argue that a focus on the transition from acute 
to chronic pain may reveal important cues that will help us to predict who will go on to develop 
chronic pain and who will not. Unlike other injuries, surgery presents a unique set of 
circumstances in which the precise timing of the physical insult and ensuing pain are known 
in advance. This provides an opportunity, before surgery, to identify the risk factors and 
protective factors that predict the course of recovery. In this paper, the epidemiology of chronic 
postsurgical pain is reviewed. The surgical, psychosocial, socio–environmental and patient-
related factors that appear to confer a greater risk of developing chronic postsurgical pain are 
described. The genetics of chronic postsurgical pain are discussed with emphasis on known 
polymorphisms in human genes associated with chronic pain, genetic studies of rodent models 
of pain involving surgical approaches, the importance of developing accurate human chronic 
postsurgical pain phenotypes and the expected gains for chronic postsurgical pain medicine 
in the post-genomic era. Evidence is then reviewed for a preventive multimodal analgesic 
approach to surgery. While there is some evidence that chronic postsurgical pain can be 
minimized or prevented by an analgesic approach involving aggressive perioperative multimodal 
treatment, other studies fail to show this benefit. The transition of acute postoperative pain 
to chronic postsurgical pain is a complex and poorly understood developmental process, 
involving biological, psychological and social–environmental factors.

KEYWORDS: animal model • chronic postsurgical pain • neuropathic pain • pain genetics • pain phenomics 
• pre-emptive analgesia • preventive analgesia • psychosocial risk factor
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The International Association for the Study of 
Pain (IASP) defines pain as “an unpleasant sen-
sory and emotional experience associated with 
actual or potential tissue damage, or described in 
terms of such damage” [1]. There is, however, no 
one accepted definition of chronic postsurgical 
pain and it is debatable whether, at the present 
time, a single definition would be useful [2]. 
Most attempts at defining chronic postsurgical 
pain, whether general [3] or specific to a surgi-
cal procedure [4,5], are descriptive in nature and 
offer a time frame for chronicity beginning 2 
or 3 months after surgery. Macrae and Davies 
propose the following four-point definition of 
chronic postsurgical pain: “the pain developed 
after a surgical procedure; the pain is of at least 

2 months duration; other causes for the pain 
have been excluded; the possibility that the pain 
is continuing from a pre-existing problem should 
be explored and exclusion attempted” [2].

Most patients who undergo surgery recover 
uneventfully and resume their normal daily 
activities within weeks. However, chronic post-
surgical pain develops in an alarming propor-
tion of patients. The magnitude of the problem 
is evidenced by recent epidemiological data doc-
umented later. A fact that is rarely appreciated 
by pain clinicians and researchers is that every 
chronic postinjury or post surgical pain was once 
acute; the development of chronic postsurgical 
pain involves a transitional process. The tradi-
tional, dominant focus on studying established 
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Most patients who undergo surgery recover uneventfully and resume their normal daily 
activities within weeks. Nevertheless, chronic postsurgical pain develops in an alarming 
proportion of patients. The prevailing approach of focusing on established chronic pain 
implicitly assumes that information generated during the acute injury phase is not important 
to the subsequent development of chronic pain. However, a rarely appreciated fact is that 
every chronic pain was once acute. Here, we argue that a focus on the transition from acute 
to chronic pain may reveal important cues that will help us to predict who will go on to develop 
chronic pain and who will not. Unlike other injuries, surgery presents a unique set of 
circumstances in which the precise timing of the physical insult and ensuing pain are known 
in advance. This provides an opportunity, before surgery, to identify the risk factors and 
protective factors that predict the course of recovery. In this paper, the epidemiology of chronic 
postsurgical pain is reviewed. The surgical, psychosocial, socio–environmental and patient-
related factors that appear to confer a greater risk of developing chronic postsurgical pain are 
described. The genetics of chronic postsurgical pain are discussed with emphasis on known 
polymorphisms in human genes associated with chronic pain, genetic studies of rodent models 
of pain involving surgical approaches, the importance of developing accurate human chronic 
postsurgical pain phenotypes and the expected gains for chronic postsurgical pain medicine 
in the post-genomic era. Evidence is then reviewed for a preventive multimodal analgesic 
approach to surgery. While there is some evidence that chronic postsurgical pain can be 
minimized or prevented by an analgesic approach involving aggressive perioperative multimodal 
treatment, other studies fail to show this benefit. The transition of acute postoperative pain 
to chronic postsurgical pain is a complex and poorly understood developmental process, 
involving biological, psychological and social–environmental factors.
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The International Association for the Study of 
Pain (IASP) defines pain as “an unpleasant sen-
sory and emotional experience associated with 
actual or potential tissue damage, or described in 
terms of such damage” [1]. There is, however, no 
one accepted definition of chronic postsurgical 
pain and it is debatable whether, at the present 
time, a single definition would be useful [2]. 
Most attempts at defining chronic postsurgical 
pain, whether general [3] or specific to a surgi-
cal procedure [4,5], are descriptive in nature and 
offer a time frame for chronicity beginning 2 
or 3 months after surgery. Macrae and Davies 
propose the following four-point definition of 
chronic postsurgical pain: “the pain developed 
after a surgical procedure; the pain is of at least 

2 months duration; other causes for the pain 
have been excluded; the possibility that the pain 
is continuing from a pre-existing problem should 
be explored and exclusion attempted” [2].

Most patients who undergo surgery recover 
uneventfully and resume their normal daily 
activities within weeks. However, chronic post-
surgical pain develops in an alarming propor-
tion of patients. The magnitude of the problem 
is evidenced by recent epidemiological data doc-
umented later. A fact that is rarely appreciated 
by pain clinicians and researchers is that every 
chronic postinjury or post surgical pain was once 
acute; the development of chronic postsurgical 
pain involves a transitional process. The tradi-
tional, dominant focus on studying established 
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Most patients who undergo surgery recover uneventfully and resume their normal daily 
activities within weeks. Nevertheless, chronic postsurgical pain develops in an alarming 
proportion of patients. The prevailing approach of focusing on established chronic pain 
implicitly assumes that information generated during the acute injury phase is not important 
to the subsequent development of chronic pain. However, a rarely appreciated fact is that 
every chronic pain was once acute. Here, we argue that a focus on the transition from acute 
to chronic pain may reveal important cues that will help us to predict who will go on to develop 
chronic pain and who will not. Unlike other injuries, surgery presents a unique set of 
circumstances in which the precise timing of the physical insult and ensuing pain are known 
in advance. This provides an opportunity, before surgery, to identify the risk factors and 
protective factors that predict the course of recovery. In this paper, the epidemiology of chronic 
postsurgical pain is reviewed. The surgical, psychosocial, socio–environmental and patient-
related factors that appear to confer a greater risk of developing chronic postsurgical pain are 
described. The genetics of chronic postsurgical pain are discussed with emphasis on known 
polymorphisms in human genes associated with chronic pain, genetic studies of rodent models 
of pain involving surgical approaches, the importance of developing accurate human chronic 
postsurgical pain phenotypes and the expected gains for chronic postsurgical pain medicine 
in the post-genomic era. Evidence is then reviewed for a preventive multimodal analgesic 
approach to surgery. While there is some evidence that chronic postsurgical pain can be 
minimized or prevented by an analgesic approach involving aggressive perioperative multimodal 
treatment, other studies fail to show this benefit. The transition of acute postoperative pain 
to chronic postsurgical pain is a complex and poorly understood developmental process, 
involving biological, psychological and social–environmental factors.
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• pre-emptive analgesia • preventive analgesia • psychosocial risk factor

Transition from acute to 
chronic postsurgical pain: risk 
factors and protective factors
Expert Rev. Neurother. 9(5), 723–744 (2009)

Katz J, Seltzer Z. Transition from acute to chronic postsurgical pain: risk factors and protective factors. Expert Rev Neurother. 
2009 May;9(5):723-44. doi: 10.1586/ern.09.20. PMID: 19402781.



Theoretical Frameworks: Mediation?
Acute 

Postoperative 
Pain

Covariates 
X

Persistent 
Postsurgical 

Pain

Causes

Causes

Mediates

723

Review

www.expert-reviews.com ISSN 1473-717510.1586/ERN.09.20

The International Association for the Study of 
Pain (IASP) defines pain as “an unpleasant sen-
sory and emotional experience associated with 
actual or potential tissue damage, or described in 
terms of such damage” [1]. There is, however, no 
one accepted definition of chronic postsurgical 
pain and it is debatable whether, at the present 
time, a single definition would be useful [2]. 
Most attempts at defining chronic postsurgical 
pain, whether general [3] or specific to a surgi-
cal procedure [4,5], are descriptive in nature and 
offer a time frame for chronicity beginning 2 
or 3 months after surgery. Macrae and Davies 
propose the following four-point definition of 
chronic postsurgical pain: “the pain developed 
after a surgical procedure; the pain is of at least 

2 months duration; other causes for the pain 
have been excluded; the possibility that the pain 
is continuing from a pre-existing problem should 
be explored and exclusion attempted” [2].

Most patients who undergo surgery recover 
uneventfully and resume their normal daily 
activities within weeks. However, chronic post-
surgical pain develops in an alarming propor-
tion of patients. The magnitude of the problem 
is evidenced by recent epidemiological data doc-
umented later. A fact that is rarely appreciated 
by pain clinicians and researchers is that every 
chronic postinjury or post surgical pain was once 
acute; the development of chronic postsurgical 
pain involves a transitional process. The tradi-
tional, dominant focus on studying established 
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Most patients who undergo surgery recover uneventfully and resume their normal daily 
activities within weeks. Nevertheless, chronic postsurgical pain develops in an alarming 
proportion of patients. The prevailing approach of focusing on established chronic pain 
implicitly assumes that information generated during the acute injury phase is not important 
to the subsequent development of chronic pain. However, a rarely appreciated fact is that 
every chronic pain was once acute. Here, we argue that a focus on the transition from acute 
to chronic pain may reveal important cues that will help us to predict who will go on to develop 
chronic pain and who will not. Unlike other injuries, surgery presents a unique set of 
circumstances in which the precise timing of the physical insult and ensuing pain are known 
in advance. This provides an opportunity, before surgery, to identify the risk factors and 
protective factors that predict the course of recovery. In this paper, the epidemiology of chronic 
postsurgical pain is reviewed. The surgical, psychosocial, socio–environmental and patient-
related factors that appear to confer a greater risk of developing chronic postsurgical pain are 
described. The genetics of chronic postsurgical pain are discussed with emphasis on known 
polymorphisms in human genes associated with chronic pain, genetic studies of rodent models 
of pain involving surgical approaches, the importance of developing accurate human chronic 
postsurgical pain phenotypes and the expected gains for chronic postsurgical pain medicine 
in the post-genomic era. Evidence is then reviewed for a preventive multimodal analgesic 
approach to surgery. While there is some evidence that chronic postsurgical pain can be 
minimized or prevented by an analgesic approach involving aggressive perioperative multimodal 
treatment, other studies fail to show this benefit. The transition of acute postoperative pain 
to chronic postsurgical pain is a complex and poorly understood developmental process, 
involving biological, psychological and social–environmental factors.

KEYWORDS: animal model • chronic postsurgical pain • neuropathic pain • pain genetics • pain phenomics 
• pre-emptive analgesia • preventive analgesia • psychosocial risk factor
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Despite our ability to control pain during and immediately 
after surgery with local anaesthetic agents, opiates, and 
cyclo-oxygenase (COX) inhibitors, pain that persists after 
the surgical wound has healed is a major, if largely 
unrecognised, clinical problem. Known as persistent 
postsurgical pain, such discomfort usually lasts for more 
than 3–6 months after surgery.1 Table 12–14 shows the 
estimated incidence of chronic postoperative pain and 
disability, based on studies of six common surgical 
procedures. Alongside these proportions are fi gures for 
US hospital discharges for the same procedures. Taken 
together, these data suggest that an alarmingly high 
number of patients develop chronic pain after routine 
surgery.

We assert here that postsurgical chronic pain is the 
consequence either of ongoing infl ammation or, much 
more commonly, a manifestation of neuropathic pain, 
resulting from surgical injury to major peripheral nerves. 
By virtue of the size of the surgical patient population, 
the scale of the associated morbidity bears comparison 
with classic forms of neuropathic pain, such as 
postherpetic neuralgia and post-stroke pain, in which 
the proportion of patients with chronic pain is in the 
order of 5–10%.15,16 We describe the clinical presentation 
of postsurgical chronic pain and explain its 
pathophysiology, based on the peripheral and central 
neuroplastic changes that arise in response to tissue and 
nerve injury. Given that only a subset of surgical patients 
develop chronic pain, we then outline factors that might 
predispose an individual to develop chronic pain. Finally, 

we review the options, current and prospective, for 
treatment and prevention.

Clinical presentation (table 2)
Although pain is a psychological sensory experience, it is 
caused by various factors—eg, nociceptive, infl ammatory, 
and neuropathic pain. 

Nociceptive pain is the pain that results from activation 
of high threshold peripheral sensory (nociceptor) neurons 
by intense mechanical, chemical, or thermal noxious 
stimuli. This pain is the pain that results, for example, 
from a scalpel blade cutting through skin. It signals the 
presence, location, intensity, and duration of a noxious 
stimulus and fades once the peripheral driving force is 
removed. 

Infl ammatory pain is the heightened pain sensitivity 
that occurs in response to tissue injury and infl ammation. 
It results from the release of sensitising infl ammatory 
mediators that lead to a reduction in the threshold of 
nociceptors that innervate the infl amed tissue (peripheral 
sensitisation). As a consequence of an increase in the 
excitability of neurons in the central nervous system 
(central sensitisation), infl ammatory pain is also associated 
with exaggerated responses to normal sensory inputs. 
These phenomena, although evoked within a matter of 
minutes, can outlast the precipitating tissue injury for 
several hours or days. However, the changes are generally 
reversible and normal sensitivity of the system is eventually 
restored. Infl ammatory pain is the pain that, in the 
absence of any peripheral nerve damage, drives acute 
postoperative pain until the surgical wound has healed. If 
a focus of ongoing infl ammation persists, however, so will 
the pain. 

Finally, neuropathic pain, which is the pain that arises 
after injury to nerves or to sensory transmitting systems 
in the spinal cord and brain. A key feature of neuropathic 
pain is the combination of sensory loss with paradoxical 
hypersensitivity. Damage to the aff erent transmission 
system causes partial or complete loss of input to the 
nervous system, leading to negative sensory phenomena, 
such as loss of touch or temperature or pressure 
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Persistent postsurgical pain: risk factors and prevention
Henrik Kehlet, Troels S Jensen, Cliff ord J Woolf

Acute postoperative pain is followed by persistent pain in 10–50% of individuals after common operations, such as 
groin hernia repair, breast and thoracic surgery, leg amputation, and coronary artery bypass surgery. Since chronic 
pain can be severe in about 2–10% of these patients, persistent postsurgical pain represents a major, largely 
unrecognised clinical problem. Iatrogenic neuropathic pain is probably the most important cause of long-term 
postsurgical pain. Consequently, surgical techniques that avoid nerve damage should be applied whenever possible. 
Also, the eff ect of aggressive, early therapy for postoperative pain should be investigated, since the intensity of acute 
postoperative pain correlates with the risk of developing a persistent pain state. Finally, the role of genetic factors 
should be studied, since only a proportion of patients with intraoperative nerve damage develop chronic pain. Based 
on information about the molecular mechanisms that aff ect changes to the peripheral and central nervous system in 
neuropathic pain, several opportunities exist for multimodal pharmacological intervention. Here, we outline strategies 
for identifi cation of patients at risk and for prevention and possible treatment of this important entity of chronic pain. 

Search strategy and selection criteria
Because of the many features of basic pain physiology and 
acute and chronic pain covered in the Review, we did not do a 
formal literature search. We based the Review on work 
published mostly within the past 5 years from the major 
anaesthesiology, surgical, pain, and neurophysiology journals 
and systematic reviews where appropriate. Recent articles 
that provided comprehensive overviews are included where 
appropriate instead of multiple references of original work.

Kehlet H, Jensen TS, Woolf CJ. Persistent postsurgical pain: risk factors and prevention. 
Lancet. 2006 May 13;367(9522):1618-25. doi: 10.1016/S0140-6736(06)68700-X. PMID: 
16698416.
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sensations. Nerve injury is the starting point for reactive 
changes that sweep centrally to produce abnormal neural 
function. In addition to sensory loss, which is a universal 
response to nerve damage, there can in some individuals 
be development of so-called positive phenomena, 
including spontaneous pain, dysaesthesia, and 
hypersensitivity, including allodynia—in which pain is 
evoked by innocuous stimuli such as light touch or 
gentle pressure to deep tissue—hyperalgesia—an 
exaggerated or amplifi ed response to a noxious 
stimulus—and hyperpathia—an explosive abnormal 
pain that outlasts a stimulus. The hypersensitivity 
located within and beyond the damaged nerve innervation 
territory can mask the sensory loss. There is no specifi c 
diagnostic method or test to unequivocally show the 
presence of neuropathic pain, so a grading system has 
been suggested (panel).17 

In the immediate postoperative period, with direct 
activation of nociceptors, infl ammation, and in some 
cases injury to nerves, the clinical picture is dominated 
by spontaneous resting and breakthrough pain referred 
to the site of surgery and the surrounding tissues. 
Movement or touching of the wound site, breathing, 
coughing, and gastrointestinal motility can all evoke 
fl ares of pain. Stimulus-evoked hypersensitivity is present 
both in the injured area and the surrounding non-injured 
tissue. Most patients respond well to opiates and COX 
inhibitors. If nerves are injured during surgery, a 
neuropathic component of the pain might develop 
immediately and then persist in the absence of any 
peripheral noxious stimulus or ongoing peripheral 
infl ammation. This pain, once established, is likely to be 
resistant to COX inhibitors. 

Surgical nerve injury 
In most aff ected patients, postsurgical chronic pain 
closely resembles neuropathic pain.3,18 Major nerves 
trespass the surgical fi eld of most of the surgical 
procedures associated with chronic pain, and damage to 
these nerves is probably a prerequisite for the development 
of postsurgical chronic pain. In a subset of patients, a 
continuous infl ammatory response, such as after inguinal 
mesh hernia repair, can contribute to a maintained 
infl ammatory pain.8 Diff erentiation of neuropathic from 
non-neuropathic causes of postsurgical pain is essential 
for the design of eff ective strategies to prevent and treat 
the conditions. Signs of neurological damage, in the form 
of hypoaesthesia, have been reported after mastectomy,3,19 
hernia repair,18 and mandibular osteotomy.20 Extensive 
nerve damage is frequent in thoracotomy, since use of a 
rib retractor blocks intercostal nerve conduction by 
50–100% in segments close to the incision, according to 
the fi ndings of late intraoperative electromyography.21 
Furthermore, the degree of nerve damage, as assessed by 
changes in sensory threshold and somatosensory evoked 
responses to electrical stimulation in the thoracotomy 
scar area, correlates with intensity of chronic pain.22

In addition, acute and chronic pain is expressed 
against a complex physiological, genetic, and psycho-
social background, which contributes not only to the 
conversion of somatosensory activity into a pain 
experience, but also to the amplitude of and reaction to 
the sensation, and to related changes to mood and 
behaviour. 

Neuronal plasticity and pain (fi gure)
There are then two kinds of plasticity. One is associated 
with essentially reversible changes in the software of the 
system and operates during infl ammatory pain; in the 
other, after nerve injury, the hardware itself is altered. 
There is consequently no simple continuum from acute 

Panel: Diagnosis of defi nite neuropathic pain
All factors must be present
● Pain in a neuroanatomically defi ned area—ie, corresponding to a peripheral or central 

innervation territory 
● A history of relevant disease or lesion in the nervous system, which is temporally 

related to development of pain
● Partial or complete sensory loss in all or part of the painful area
● Confi rmation of a lesion or disease by a specifi c test—eg, surgical evidence, imaging, 

clinical neurophysiology, biopsy

Estimated incidence 
of chronic pain

Estimated chronic 
severe (disabling) pain 
(>5 out of score of 10)

US surgical volumes 
(1000s)†

Amputation2 30–50% 5–10% 159 (lower limb only)

Breast surgery (lumpectomy and 
mastectomy)3

20–30% 5–10% 479

Thoracotomy4–7 30–40% 10% Unknown

Inguinal hernia repair8–10 10% 2–4% 609
Coronary artery bypass surgery11–13 30–50% 5–10% 598

Caesarean section14 10% 4% 220

*Gall bladder surgery not included, since preoperative diagnosis of pain specifi cally from gall bladder is diffi  cult and persistent 
postoperative pain could therefore be related to other intra-abdominal disorders. †National Center For Health Statistics, 
Ambulatory and Inpatients Procedures, USA, 1996.

Table 1: Estimated incidence of chronic postoperative pain and disability after selected surgical procedures*

Neuropathic pain Infl ammatory pain

Positive symptoms and signs

Spontaneous pain in damaged area Yes Yes

Heat hyperalgesia Rarely Often

Cold allodynia Often Rarely

Hyperpathia (increased threshold and explosive suprathreshold pains) Often Never

Aftersensations Often Rarely

Paroxysms Often Rarely

Burning pain Often Rarely

Throbbing pain Rarely Often

Negative symptoms and signs

Sensory loss in damaged nerve territory Yes No

Motor defi cit in damaged nerve territory Often No

Table 2: Characteristic features of neuropathic and infl ammatory pain
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sensations. Nerve injury is the starting point for reactive 
changes that sweep centrally to produce abnormal neural 
function. In addition to sensory loss, which is a universal 
response to nerve damage, there can in some individuals 
be development of so-called positive phenomena, 
including spontaneous pain, dysaesthesia, and 
hypersensitivity, including allodynia—in which pain is 
evoked by innocuous stimuli such as light touch or 
gentle pressure to deep tissue—hyperalgesia—an 
exaggerated or amplifi ed response to a noxious 
stimulus—and hyperpathia—an explosive abnormal 
pain that outlasts a stimulus. The hypersensitivity 
located within and beyond the damaged nerve innervation 
territory can mask the sensory loss. There is no specifi c 
diagnostic method or test to unequivocally show the 
presence of neuropathic pain, so a grading system has 
been suggested (panel).17 

In the immediate postoperative period, with direct 
activation of nociceptors, infl ammation, and in some 
cases injury to nerves, the clinical picture is dominated 
by spontaneous resting and breakthrough pain referred 
to the site of surgery and the surrounding tissues. 
Movement or touching of the wound site, breathing, 
coughing, and gastrointestinal motility can all evoke 
fl ares of pain. Stimulus-evoked hypersensitivity is present 
both in the injured area and the surrounding non-injured 
tissue. Most patients respond well to opiates and COX 
inhibitors. If nerves are injured during surgery, a 
neuropathic component of the pain might develop 
immediately and then persist in the absence of any 
peripheral noxious stimulus or ongoing peripheral 
infl ammation. This pain, once established, is likely to be 
resistant to COX inhibitors. 

Surgical nerve injury 
In most aff ected patients, postsurgical chronic pain 
closely resembles neuropathic pain.3,18 Major nerves 
trespass the surgical fi eld of most of the surgical 
procedures associated with chronic pain, and damage to 
these nerves is probably a prerequisite for the development 
of postsurgical chronic pain. In a subset of patients, a 
continuous infl ammatory response, such as after inguinal 
mesh hernia repair, can contribute to a maintained 
infl ammatory pain.8 Diff erentiation of neuropathic from 
non-neuropathic causes of postsurgical pain is essential 
for the design of eff ective strategies to prevent and treat 
the conditions. Signs of neurological damage, in the form 
of hypoaesthesia, have been reported after mastectomy,3,19 
hernia repair,18 and mandibular osteotomy.20 Extensive 
nerve damage is frequent in thoracotomy, since use of a 
rib retractor blocks intercostal nerve conduction by 
50–100% in segments close to the incision, according to 
the fi ndings of late intraoperative electromyography.21 
Furthermore, the degree of nerve damage, as assessed by 
changes in sensory threshold and somatosensory evoked 
responses to electrical stimulation in the thoracotomy 
scar area, correlates with intensity of chronic pain.22

In addition, acute and chronic pain is expressed 
against a complex physiological, genetic, and psycho-
social background, which contributes not only to the 
conversion of somatosensory activity into a pain 
experience, but also to the amplitude of and reaction to 
the sensation, and to related changes to mood and 
behaviour. 

Neuronal plasticity and pain (fi gure)
There are then two kinds of plasticity. One is associated 
with essentially reversible changes in the software of the 
system and operates during infl ammatory pain; in the 
other, after nerve injury, the hardware itself is altered. 
There is consequently no simple continuum from acute 

Panel: Diagnosis of defi nite neuropathic pain
All factors must be present
● Pain in a neuroanatomically defi ned area—ie, corresponding to a peripheral or central 

innervation territory 
● A history of relevant disease or lesion in the nervous system, which is temporally 

related to development of pain
● Partial or complete sensory loss in all or part of the painful area
● Confi rmation of a lesion or disease by a specifi c test—eg, surgical evidence, imaging, 

clinical neurophysiology, biopsy

Estimated incidence 
of chronic pain

Estimated chronic 
severe (disabling) pain 
(>5 out of score of 10)

US surgical volumes 
(1000s)†

Amputation2 30–50% 5–10% 159 (lower limb only)

Breast surgery (lumpectomy and 
mastectomy)3

20–30% 5–10% 479

Thoracotomy4–7 30–40% 10% Unknown

Inguinal hernia repair8–10 10% 2–4% 609
Coronary artery bypass surgery11–13 30–50% 5–10% 598

Caesarean section14 10% 4% 220

*Gall bladder surgery not included, since preoperative diagnosis of pain specifi cally from gall bladder is diffi  cult and persistent 
postoperative pain could therefore be related to other intra-abdominal disorders. †National Center For Health Statistics, 
Ambulatory and Inpatients Procedures, USA, 1996.

Table 1: Estimated incidence of chronic postoperative pain and disability after selected surgical procedures*

Neuropathic pain Infl ammatory pain

Positive symptoms and signs

Spontaneous pain in damaged area Yes Yes

Heat hyperalgesia Rarely Often

Cold allodynia Often Rarely

Hyperpathia (increased threshold and explosive suprathreshold pains) Often Never

Aftersensations Often Rarely

Paroxysms Often Rarely

Burning pain Often Rarely

Throbbing pain Rarely Often

Negative symptoms and signs

Sensory loss in damaged nerve territory Yes No

Motor defi cit in damaged nerve territory Often No

Table 2: Characteristic features of neuropathic and infl ammatory pain
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C HRONIC pain is the most common symptom for 
which patients seek medical care (26% in the United 

States),1,2 and surgery is the cause of chronic pain for 22.5% 
of these patients.3 !e International Association for the Study 
of Pain (Washington, D.C.) de"nes chronic postsurgical pain 
as pain persisting at least 3 months after surgery.4

Despite advances in medical care, meta-analyses of pro-
spective studies on chronic pain at 3 months (17 studies; 
1,439 patients) and 6 months (15 studies; 1,354 patients) 
after thoracotomy demonstrate that the incidence of chronic 
pain at 3 and 6 months after thoracotomy were 57% (95% 
CI, 51 to 64%) and 47% (95% CI, 39 to 56%), respec-
tively.5 A few studies evaluated results for chronic pain after 
video-assisted thoracic surgery ([VATS], thoracoscopy)5,6; 
however, the data were not su#cient to summarize.

!e goal of this study was to detect the predictors of 
chronic pain at 6 months after thoracic surgery, both from 
thoracotomy and VATS, from a comprehensive evaluation 
of demographic, psychosocial, and surgical factors. Our 
hypothesis was that the chronic pain related to thoracic sur-
gery is not only related to surgery- and anesthesia-related 
factors, but also associated with psychosocial measures 
assessed before the surgery. !e primary outcome of the cur-
rent study was the presence of chronic pain (yes/no) at 6 

months after thoracic surgery. !is is the primary analysis of 
this prospective, observational study.

Materials and Methods

Study Design and Subjects
!is prospective, observational study was approved by the 
University of Iowa (Iowa City, Iowa) Institutional Review 
Board (201202796). !oracic surgery patients were 
recruited from the University of Iowa Hospitals and Clin-
ics and the Iowa City Veterans A$airs Medical Center, both 
located in Iowa City, Iowa. !e Iowa City Veterans A$airs 

What We Already Know about This Topic

• Chronic pain after thoracic surgery is common
• Both psychosocial measures and quantitative sensory testing 

results have been proposed as factors predictive of chronic 
pain after other types of surgery

What This Article Tells Us That Is New

• In a study of 107 patients undergoing thoracotomy and 
thoracoscopy, the incidence and severity of pain 6 months 
after surgery were similar

• Acute postoperative pain was the strongest predictor of pain 
at 6 months
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ABSTRACT

Background: !e goal of this study was to detect the predictors of chronic pain at 6 months after thoracic surgery from a 
comprehensive evaluation of demographic, psychosocial, and surgical factors.
Methods: !oracic surgery patients were enrolled 1 week before surgery and followed up 6 months postsurgery in this pro-
spective, observational study. Comprehensive psychosocial measurements were assessed before surgery. !e presence and sever-
ity of pain were assessed at 3 and 6 months after surgery. One hundred seven patients were assessed during the "rst 3 days after 
surgery, and 99 (30 thoracotomy and 69 video-assisted thoracoscopic surgery, thoracoscopy) patients completed the 6-month 
follow-up. Patients with versus without chronic pain related to thoracic surgery at 6 months were compared.
Results: Both incidence (P = 0.37) and severity (P = 0.97) of surgery-related chronic pain at 6 months were similar after tho-
racotomy (33%; 95% CI, 17 to 53%; 3.3 ± 2.1) and thoracoscopy (25%; 95% CI, 15 to 36%; 3.3 ± 1.7). Both frequentist and 
Bayesian multivariate models revealed that the severity of acute pain (numerical rating scale, 0 to 10) is the measure associated 
with chronic pain related to thoracic surgery. Psychosocial factors and quantitative sensory testing were not predictive.
Conclusions: !ere was no di$erence in the incidence and severity of chronic pain at 6 months in patients undergoing tho-
racotomy versus thoracoscopy. Unlike other postsurgical pain conditions, none of the preoperative psychosocial measurements 
were associated with chronic pain after thoracic surgery. (ANESTHESIOLOGY 2017; 126:938-51)
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Chronic Pain after Thoracic Surgery

Even though some patients reported that they do not have 
chronic pain related to thoracic surgery at 3 and 6 months, 
some did report a positive NRS at those times. NRS scores 
at 3 and 6 months may re!ect other sources of pain that 
patients undergoing thoracic surgery experience.

Preoperative Pain at Rest
"e majority (75%) of patients reported zero pain at the pre-
operative assessment. Preoperative pain is identi#ed as a risk 
factor to chronic pain after total knee replacement,34 as well 

as other surgeries.35,36 In our study, we excluded those patients 
with preexisting chronic pain in the chest area, and the indi-
cation for surgery does not usually contribute to preoperative 
pain. However, we do not have detailed information regard-
ing other preexisting pain conditions. Approximately 25% of 
the patients in our study had a preoperative NRS > 0. If those 
patients with preexisting pain conditions such as back pain and 
#bromyalgia were excluded from the study, the generalizability 
of study results to the patient population would be diminished.

Acute Pain
Consistent with the thoracic surgery37,38 and other postsurgical 
chronic pain conditions,35,39,40 we report that a higher severity 
of acute pain is associated with a greater likelihood of develop-
ing chronic pain. Much chronic pain can be initiated by an 
inciting event like surgery, trauma, or infection and begins as 
acute pain. In general, studies show that reducing pain with 
various analgesic regimens has been successful in the acute 
postoperative period.41,42 When those patients were followed 
up to examine the long-term e$ect, incidences of chronic pain 
were usually not di$erent.43–48 Regional techniques such as epi-
dural analgesia continue to have a role in reducing acute pain 
and acute postoperative morbidity. Although many assume 
that good treatment of acute pain will prevent chronic pain, 
this association with acute pain may be a marker for a patient 
prone to poor longer term outcomes that may not be prevented 
through better acute inpatient management. Reducing acute 
pain using either regional anesthesia or other techniques and 
examining the incidence and severity of chronic pain after sur-
gery remain important areas of investigation.49,50

Preoperative Psychosocial Assessments
In general, chronic pain after surgery is associated with 
preoperative psychosocial factors.51–53 A previous study 
reported higher anxiety and/or depression scores among 
those patients with versus without chronic pain related to 

Table 4. Preoperative Psychosocial Assessments

Variable
Pain at 6 Months 

(n = 27)
No Pain at 6 

Months (n = 72)
P 

Value

Anxiety T 53.5 ± 9.2 52.7 ± 7.9 0.68
Depression T 49.5 ± 7.3 49.0 ± 7.5 0.78
Fatigue T 50.2 ± 8.5 48.7 ± 8.2 0.43
Physical function T 45.1 ± 9.5 46.8 ± 8.6 0.43
Sleep T 51.8 ± 9.4 48.0 ± 9.4 0.10
PCS total score 23 (14, 29) 17 (14, 22) 0.15
PCS total score    
                > 30 5 (33.3%) 10 (66.7%)  
                ≤ 30 22 (26%) 62 (74%) 0.51
PCS rumination 9 (4, 12) 5 (4, 8) 0.20
PCS magni"cation 4 (3, 6) 4 (3, 5) 0.24
PCS helplessness 8 (6, 10) 7 (6, 10) 0.099
PTSD total score 23 (19, 35) 21 (19, 24) 0.27
AAQ total score 10 (7, 16) 10 (7, 13) 0.74

The results of the Patient-Reported Outcomes Measurement Information 
System questionnaires are presented as standardized T scores with a 
mean of 50 and an SD of 10. Therefore, a patient with a physical function 
T score of 40 is 1 SD below the U.S. general population mean. Continuous 
data are presented as either mean ± SD with a two-sample Student’s t test 
P value provided or as median ("rst, third quartiles) with a Wilcoxon rank 
sum test P value provided. Categorical data were presented as frequency 
(%) with chi-square test P value.
AAQ = acceptance and action questionnaire (higher scores indicate greater 
emotional distress); PCS = pain catastrophizing scale (lower score is bet-
ter; for the normative data set, the 75th percentile was 30); PTSD = post-
traumatic stress disorder (lower score is better).

Table 5. Three- and 6-Month Follow-up for Psychosocial Assessments

 Pain at 6 Months (n = 27) No Pain at 6 Months (n = 72) P Value

CPAQ total score (3 months) (n = 58) 71 (61, 85) 76.5 (62.0, 87.5) 0.51
CPAQ activity (3 months) (n = 58) 41.5 (36, 53) 40.5 (33.5, 51) 0.71
CPAQ pain willing (3 months) (n = 61) 29 (24, 36) 36.5 (28, 42) 0.079
CPAQ total score (6 months) (n = 53) 77 (61, 83) 80 (65, 91) 0.34
CPAQ activity (6 months) (n = 57) 47 (38, 55) 47 (37, 51.5) 0.46
CPAQ pain willing (6 months) (n = 54) 28 (23, 32) 38 (27, 47) 0.015
T score for physical function at 3 months 42.6 ± 7.5 (n = 20) 46.5 ± 9.7 (n = 66) 0.0648
T score for physical function at 6 months 41.3 ± 5.6 (n = 23) 47.1 ± 9.4 (n = 62) 0.0073
Preop physical function to physical function at 

3 months
Mean diff = 4.5; 95% CI, –1.1 to 10.1 Mean = 0.1; 95% CI, –2.2 to 2.4  

Preop physical function to physical function at 
6 months

Mean = 4.3; 95% CI, –0.5 to 9.0 Mean = –0.7; 95% CI, –3.2 to 1.9  

The results of the Patient-Reported Outcomes Measurement Information System questionnaires are presented as standardized T scores with a mean of 50 
and an SD of 10. Therefore, a patient with a physical function T score of 40 is 1 SD below the U.S. general population mean. Normally distributed continu-
ous variables are presented as mean ± SD and two-sample Student’s t test P value or median ("rst, third quartiles), and Wilcoxon rank sum test P value is 
provided.
CPAQ = chronic pain acceptance questionnaire; Mean diff = mean difference; preop = preoperative.
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thoracic surgery.54 However, it is currently unknown if 
the psychosocial factors were di!erent before the surgery 
or if those patients with chronic pain after surgery devel-
oped anxiety or depression after surgery or after developing 
chronic pain. Measuring psychosocial factors before surgery 
enabled us to test this hypothesis in our study. Contrary to 
our expectations and consistent with a recent observational 
study on VATS patients,6 none of the preoperative psychoso-
cial variables were signi"cantly associated with the presence 
of chronic pain. Our negative results may be due to the small 
sample size in our study and the large number of associations 
tested. To examine the role of psychosocial factors, in future 
studies, batteries of psychosocial factors could be assessed 
both before and after the surgery in larger samples. In addi-
tion, measures of neuropathic pain, mood, and function can 
be added to longitudinally assess the impact of these factors 
on pain outcome and impact of pain on psychosocial factors.

Quantitative Sensory Testing
A few studies have examined quantitative sensory testing 
to predict chronic pain for thoracic surgeries. Wildgaard et 
al.6 preoperatively enrolled 47 patients and followed them 
at 3 months after VATS. Preoperative sensory thresholds to 
warmth, cool, and heat pain on the thorax were not predic-
tive of chronic pain. Yarnitsky et al.38 preoperatively enrolled 
62 patients and followed them up around 29 weeks after 
thoracotomy. During the preoperative period, heat pain 
threshold, suprathreshold pain magnitude to heat, and dif-
fuse noxious inhibitory control were measured. #ey showed 
that pain threshold and suprathreshold pain scores were not 
associated with chronic pain. Only di!use noxious inhibi-
tory control and acute pain were predictors of chronic pain. 
In our study, "nding cold pain threshold and suprathreshold 
pain magnitude to cold not associated with chronic pain is 
consistent with the results of Yarnitsky et al.38

Multivariate Model
Both frequentist and Bayesian multivariate models revealed 
that severity of average acute pain during the "rst 3 days after 
surgery (NRS, 0 to 10) is the only measure associated with 
the presence of chronic pain related to thoracic surgery at 6 
months. Because we examined a large number of associations 

with a sample size of only 99 patients, we used a type I error 
rate of 0.01 instead of 0.05. Despite a small sample size in 
this study, the AUC for the "nal multivariate model discrimi-
nating between patients with and without chronic pain is 
0.73. Larger, multicenter studies are needed to examine if the 
severity of acute pain remains as the only predictor associated 
with the presence of chronic pain related to thoracic surgery.

Observational Study
During the last 2 decades, the number of surgeons prefer-
ring less invasive VATS to open thoracotomy has increased.31 
Recently, Bendixen et al.31 completed a randomized con-
trolled trial for patients undergoing lobectomy for stage I 
lung cancer. #ey reported episodes of moderate to severe 
pain being more frequent after anterolateral thoracotomy 
compared to VATS at 52 weeks after surgery. #ey reported 
strict exclusion criteria that limited the eligible patient pool. 
Using strict exclusion criteria and randomizing only a sub-
group of patients are remarkably di$cult. On the other 
hand, with a prospective, observational study, all thoracic 
surgery patients can be included, which likely increases the 
generalizability of the study results.

Study Limitations
First, because of the observational nature of the study, the 
numbers of patients in the thoracotomy (n = 30) and VATS 
(n = 69) groups are di!erent. Type of surgery is based on 
surgical preference. However, the type of surgery was not 
a signi"cant factor a!ecting the incidence and severity of 
chronic pain. Second, since the choices of anesthetic and 
postoperative analgesic regimens utilized during the "rst few 
days after surgery are not likely to in%uence the develop-
ment of chronic pain after thoracotomy,43–48 they were not 
rigorously standardized, but followed the usual care. For 
example, the use of acetaminophen and nonsteroidal anti-
in%ammatory drugs was not standardized. #ird, we do not 
have detailed information about other comorbid chronic 
pain problems that were present before surgery or developed 
during the 6-month follow-up. Fourth, we did not examine 
speci"cally for evidence of nerve injury during the 3- and 
6-month follow-up assessments. Fifth, during the follow-up 
interview at 3 and 6 months after surgery, we asked patients 

Table 6. Frequentist and Bayesian Multivariate Models for the Presence of Chronic Pain at 6 Months after Thoracic Surgery

 
Effect

Frequentist Bayesian

Multivariate  
P Value

Multivariate, Relative Risk 
(99% CI)

Posterior, Mean  
(99% Credible Interval)

Relative Risk  
(99% Credible Interval)

Average severity of acute 
pain during the !rst 3 
days (NRS, 0–10)

0.001 1.27 (1.12, 1.44) 0.19 (0.04, 0.41) 1. 22 (1.04, 1.50)

The covariates considered for the frequentist and Bayesian multivariate models were age at surgery, preoperative pain at rest (or preoperative pain with 
coughing), preoperative opioid usage, average expected pain severity, any chest tube on day 3 after surgery, severity of acute postoperative pain during 
the !rst 3 days after surgery, standardized sleep disturbance score, and the pain catastrophizing scale total score. The !nal frequentist multivariate model 
using the modi!ed Poisson regression approach: Logit (probability of chronic pain) = −2.56 + 0.25 acute pain. The !nal Bayesian multivariate model: Logit 
(probability of chronic pain) = −2.33 + 0.19 acute pain.
NRS = numerical rating scale.
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Abstract

Background: Persistent postoperative pain (PPP) is common after total knee arthroplasty (TKA). The primary aim of this
prospective cohort study was to identify important predictors of moderate to severe PPP 6 and 12 months after TKA.
Methods: Consenting patients (n¼300) undergoing primary unilateral TKA attended a preoperative session to collect
clinical information (age, gender, BMI, preoperative knee pain, comorbid pain, likely neuropathic pain) and psycho-
logical variables (depression, anxiety, catastrophising, expected pain). Quantitative sensory testing (pressure pain
thresholds, temporal summation, conditioned pain modulation) was performed, and blood samples were obtained for
subsequent genotyping of OPRM1 and COMT. Acute postoperative pain was measured at rest and during movement.
Surgical factors (surgery time, patella resurfacing, anaesthetic type) were collected after operation. Follow-up ques-
tionnaires were sent 6 and 12 months after surgery. Multivariate logistic regression was used to identify predictors of
PPP.
Results: The prevalence of moderate to severe PPP was 21% (n¼60) and 16% (n¼45) 6 and 12 months after surgery, with
55% (n¼33) and 60% (n¼31) of PPP likely neuropathic in nature. At 6 months, a combination of preoperative pain intensity,
expected pain, trait anxiety, and temporal summation (Akaike information criterion, 309.9; area under receiver operating
characteristic (ROC) curve, 0.70) was able to correctly classify 66% of patients into moderate to severe PPP and no to mild
PPP groups. At 12 months, preoperative pain intensity, expected pain, and trait anxiety (Akaike information criterion,
286.8; area under ROC curve, 0.66) correctly classified 66% of patients.
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damage is likely with any surgical procedure, and it should be
emphasised that not all nerve injuries will cause PPP.48

Nonetheless, more extensive nerve damage increases the
risk of developing moderate to severe neuropathic pain.49

Thus, strategies to minimise nerve injury and inflammation,
such as an alternative surgical approach, glucocorticoids,
minimally invasive surgery, or reduced tourniquet time
should be examined in future studies to see if these reduce the
incidence of PPP after TKA.

This study has several strengths, including its large sample
size, comprehensive range of risk factors examined, and
minimal loss to follow-up at 6 and 12 months. However, some
additional limitations should be considered. First, the single-
centre design of our study limits the generalisability of our
findings. Second, the large number of missing values in the in-
hospital APOP data (Days 1, 2, and 3) meant that we were un-
able to include this as a predictor variable in our final models.
However, previous studies suggest the trajectory of APOP may
be particularly important to the development of PPP, with
patients who demonstrate high intensity pain that persists
many days after surgery at greatest risk.50,51 Despite obtaining
both rest and movement APOP at Days 7 and 14 after surgery,
we could not demonstrate an important relationship between
APOP and the development of moderate to severe PPP in our
cohort. Finally, it is possible that the reported change in
anaesthetic technique during the study may have affected our
findings. However, before undertaking the multivariate anal-
ysis, we evaluated whether there were any differences in the
other predictor variables based on anaesthetic type, applying a
series of KruskaleWallis tests. No statistically significant dif-
ferences were realised based on this analysis. Furthermore,
anaesthetic type was not found to be an important predictor of
PPP in either the univariate or multivariate analyses. Thus, we
believe the change in anaesthetic type is unlikely to have
affected our final results.

In conclusion the results of this study provide some basis
for the identification of patients at risk of PPP after TKA and
highlight several modifiable factors that may be targeted by
clinicians in an attempt to reduce the risk of developing PPP.
Strategies to minimise intraoperative nerve injury, reduce
preoperative pain intensity, and address preoperative psy-
chological factors such as expected pain and anxiety may lead
to improved outcomes after TKA and should be explored in
future intervention studies.

Authors’ contributions

Study design: D.R., M.K., P.M., G.L., A.S.
Recruitment and data collection: D.R., M.K., M.W.
Data analysis and interpretation: D.R., P.M., R.B., D.B., A.S.
First draft of paper: D.R.
Revision of paper: all authors.

Acknowledgements

The authors thank R. Parker, M. Skarin, and N. Magni for
valuable assistance with preoperative testing and obtaining
follow-up data. The authors are grateful to C. Sherwood,
L. Bezuidenhout, M. McGowan, and J. Dimes for assistance in
obtaining APOP data. The authors also thank H. Victory for
performing COMT genotyping.

Declaration of interest

The authors declare that they have no conflicts of interest.

Funding

Australia New Zealand College of Anaesthetists (grants 12/017;
14/026, DR, MK, PM, AS, GL, MW) and Auckland University of
Technology (DR, PM, GL). The funders had no role in method
design, data selection, and analysis, decision to publish, or
preparation of the manuscript.

Table 5 Final multivariate model of predictors of moderate to
severe persistent postoperative pain 12 months after total
knee arthroplasty. Odds ratios presented are for every 1 point
change. OR, odds ratio; CI, confidence interval; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis
Index; df, degrees of freedom; AIC, Akaike information crite-
rion; AUC, area under the receiver operating characteristic
curve

Variable Z P-value OR 95% CI

Preoperative WOMAC
pain (0e100)

1.84 0.066 1.03 0.99e1.07

Trait Anxiety (20e80) 0.55 0.580 1.02 0.95e1.10
Expected pain (0e10) 2.71 0.007 1.81 1.18e2.79

Test c2 df P-value

Overall model evaluation
Likelihood ratio test 12.90 3 0.005

Goodness-of-fit test
Hosmer and Lemeshow 279.97 290 0.589

AIC 286.83
AUC 0.66
Sensitivity 0.61
Specificity 0.67
Correctly classified, % 66.00

Table 4 Final multivariate model of predictors of moderate to
severe persistent postoperative pain 6months after total knee
arthroplasty. Odds ratios presented are for every 1 point
change. OR, odds ratio; CI, confidence interval; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis
Index; df, degrees of freedom; AIC, Akaike information crite-
rion; AUC, area under the receiver operating characteristic
curve

Variable Z P-value OR 95% CI

Preoperative WOMAC
pain (0e100)

3.39 0.001 1.06 1.03e1.10

Temporal summation
(0e100)

0.91 0.360 1.01 0.98e1.05

Trait anxiety (20e80) 1.87 0.061 1.07 0.99e1.15
Expected pain (0e10) 1.46 0.146 1.37 0.90e2.09

Test c2 df P-value

Overall model evaluation
Likelihood ratio test 23.69 4 <0.001

Goodness-of-fit test
Hosmer and Lemeshow 286.13 295 0.634

AIC 309.88
AUC 0.70
Sensitivity 0.72
Specificity 0.64
Correctly classified, % 65.67

810 - Rice et al.

damage is likely with any surgical procedure, and it should be
emphasised that not all nerve injuries will cause PPP.48

Nonetheless, more extensive nerve damage increases the
risk of developing moderate to severe neuropathic pain.49

Thus, strategies to minimise nerve injury and inflammation,
such as an alternative surgical approach, glucocorticoids,
minimally invasive surgery, or reduced tourniquet time
should be examined in future studies to see if these reduce the
incidence of PPP after TKA.

This study has several strengths, including its large sample
size, comprehensive range of risk factors examined, and
minimal loss to follow-up at 6 and 12 months. However, some
additional limitations should be considered. First, the single-
centre design of our study limits the generalisability of our
findings. Second, the large number of missing values in the in-
hospital APOP data (Days 1, 2, and 3) meant that we were un-
able to include this as a predictor variable in our final models.
However, previous studies suggest the trajectory of APOP may
be particularly important to the development of PPP, with
patients who demonstrate high intensity pain that persists
many days after surgery at greatest risk.50,51 Despite obtaining
both rest and movement APOP at Days 7 and 14 after surgery,
we could not demonstrate an important relationship between
APOP and the development of moderate to severe PPP in our
cohort. Finally, it is possible that the reported change in
anaesthetic technique during the study may have affected our
findings. However, before undertaking the multivariate anal-
ysis, we evaluated whether there were any differences in the
other predictor variables based on anaesthetic type, applying a
series of KruskaleWallis tests. No statistically significant dif-
ferences were realised based on this analysis. Furthermore,
anaesthetic type was not found to be an important predictor of
PPP in either the univariate or multivariate analyses. Thus, we
believe the change in anaesthetic type is unlikely to have
affected our final results.

In conclusion the results of this study provide some basis
for the identification of patients at risk of PPP after TKA and
highlight several modifiable factors that may be targeted by
clinicians in an attempt to reduce the risk of developing PPP.
Strategies to minimise intraoperative nerve injury, reduce
preoperative pain intensity, and address preoperative psy-
chological factors such as expected pain and anxiety may lead
to improved outcomes after TKA and should be explored in
future intervention studies.

Authors’ contributions

Study design: D.R., M.K., P.M., G.L., A.S.
Recruitment and data collection: D.R., M.K., M.W.
Data analysis and interpretation: D.R., P.M., R.B., D.B., A.S.
First draft of paper: D.R.
Revision of paper: all authors.

Acknowledgements

The authors thank R. Parker, M. Skarin, and N. Magni for
valuable assistance with preoperative testing and obtaining
follow-up data. The authors are grateful to C. Sherwood,
L. Bezuidenhout, M. McGowan, and J. Dimes for assistance in
obtaining APOP data. The authors also thank H. Victory for
performing COMT genotyping.

Declaration of interest

The authors declare that they have no conflicts of interest.

Funding

Australia New Zealand College of Anaesthetists (grants 12/017;
14/026, DR, MK, PM, AS, GL, MW) and Auckland University of
Technology (DR, PM, GL). The funders had no role in method
design, data selection, and analysis, decision to publish, or
preparation of the manuscript.

Table 5 Final multivariate model of predictors of moderate to
severe persistent postoperative pain 12 months after total
knee arthroplasty. Odds ratios presented are for every 1 point
change. OR, odds ratio; CI, confidence interval; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis
Index; df, degrees of freedom; AIC, Akaike information crite-
rion; AUC, area under the receiver operating characteristic
curve

Variable Z P-value OR 95% CI

Preoperative WOMAC
pain (0e100)

1.84 0.066 1.03 0.99e1.07

Trait Anxiety (20e80) 0.55 0.580 1.02 0.95e1.10
Expected pain (0e10) 2.71 0.007 1.81 1.18e2.79

Test c2 df P-value

Overall model evaluation
Likelihood ratio test 12.90 3 0.005

Goodness-of-fit test
Hosmer and Lemeshow 279.97 290 0.589

AIC 286.83
AUC 0.66
Sensitivity 0.61
Specificity 0.67
Correctly classified, % 66.00

Table 4 Final multivariate model of predictors of moderate to
severe persistent postoperative pain 6months after total knee
arthroplasty. Odds ratios presented are for every 1 point
change. OR, odds ratio; CI, confidence interval; WOMAC,
Western Ontario and McMaster Universities Osteoarthritis
Index; df, degrees of freedom; AIC, Akaike information crite-
rion; AUC, area under the receiver operating characteristic
curve

Variable Z P-value OR 95% CI

Preoperative WOMAC
pain (0e100)

3.39 0.001 1.06 1.03e1.10

Temporal summation
(0e100)

0.91 0.360 1.01 0.98e1.05

Trait anxiety (20e80) 1.87 0.061 1.07 0.99e1.15
Expected pain (0e10) 1.46 0.146 1.37 0.90e2.09

Test c2 df P-value

Overall model evaluation
Likelihood ratio test 23.69 4 <0.001

Goodness-of-fit test
Hosmer and Lemeshow 286.13 295 0.634

AIC 309.88
AUC 0.70
Sensitivity 0.72
Specificity 0.64
Correctly classified, % 65.67

810 - Rice et al.

6 Months 12 Months

ROLE OF QST?!?

Petersen KK, Arendt-Nielsen L, 

Simonsen O, Wilder-Smith O, Laursen

MB. Presurgical assessment of 

temporal summation of pain predicts 

the development of chronic 

postoperative pain 12 months after 

total knee replacement. Pain. 2015 

Jan;156(1):55-61. doi: 

10.1016/j.pain.0000000000000022. 

PMID: 25599301.



Risk Factors & Models: Breast Surgery

ORIGINAL ARTICLE – BREAST ONCOLOGY

Prediction of Persistent Pain Severity and Impact 12 Months After
Breast Surgery Using Comprehensive Preoperative Assessment
of Biopsychosocial Pain Modulators

Kristin L. Schreiber, MD, PhD1 , Nantthansorn Zinboonyahgoon, MD2, K. Mikayla Flowers, MS1,
Valerie Hruschak, PhD1, Kara G. Fields, MS1, Megan E. Patton, BS1, Emily Schwartz, BS5,
Desiree Azizoddin, PhD3, Mieke Soens, MD1, Tari King, MD4, Ann Partridge, MD5, Andrea Pusic, MD4,
Mehra Golshan, MD6, and Rob R. Edwards, PhD1

1Department of Anesthesiology, Perioperative and Pain Medicine, Brigham and Women’s Hospital, Harvard Medical

School, Boston, MA; 2Department of Anesthesiology, Siriraj Hospital, Mahidol University, Bangkok, Thailand;
3Department of Psychosocial Oncology and Palliative Care, Dana Farber Cancer Institute, Harvard Medical School,

Boston, MA; 4Department of Surgery, Brigham and Women’s Hospital, Boston, MA; 5Department of Medical Oncology,

Dana-Farber Cancer Institute and Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School,
Boston, MA; 6Department of Surgery, Dana-Farber/Brigham and Women’s Cancer Center, Harvard Medical School,

Boston, MA

ABSTRACT
Background. Persistent post-mastectomy pain (PPMP) is

a significant negative outcome occurring after breast sur-

gery, and understanding which individual women are most
at risk is essential to targeting of preventive efforts. The

biopsychosocial model of pain suggests that factors from

many domains may importantly modulate pain processing
and predict the progression to pain persistence.

Methods. This prospective longitudinal observational

cohort study used detailed and comprehensive psychosocial
and psychophysical assessment to characterize individual

pain-processing phenotypes in 259 women preoperatively.

Pain severity and functional impact then were longitudi-
nally assessed using both validated surgery-specific and

general pain questionnaires to survey patients who under-

went lumpectomy, mastectomy, or mastectomy with
reconstruction in the first postsurgical year. An agnostic,

multivariable modeling strategy identified consistent pre-

dictors of several pain outcomes at 12 months.

Results. The preoperative characteristics most consis-
tently associated with PPMP outcomes were preexisting

surgical area pain, less education, increased somatization,

and baseline sleep disturbance, with axillary dissection
emerging as the only consistent surgical variable to predict

worse pain. Greater pain catastrophizing, negative affect,

younger age, higher body mass index (BMI), and
chemotherapy also were independently predictive of pain

impact, but not severity. Sensory disturbance in the surgi-

cal area was predicted by a slightly different subset of
factors, including higher preoperative temporal summation

of pain.

Conclusions. This comprehensive approach assessing
consistent predictors of pain severity, functional impact,

and sensory disturbance may inform personalized preven-

tion of PPMP and also may allow stratification and
enrichment in future preventive studies of women at higher

risk of this outcome, including pharmacologic and behav-

ioral interventions and regional anesthesia.

Breast cancer is diagnosed for more than 250,000
women in the United States annually, and most of these

women require at least one surgical procedure.1 Persistent

post-mastectomy pain (PPMP) is increasingly recognized
as an important problem2 after mastectomy and lumpec-

tomy.3–8 Likely due to the lack of a widely accepted
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pain.83–86 Morevover, although decisions about surgical

procedure may not be negotiable, modification of the

psychological health of patients with breast cancer through
behavioral interventions and acquisition of coping strate-

gies pre-surgically has essentially no downside. Similarly,

social factors, including peer support and group interven-
tions, have shown efficacy in lessening pain impact.87,88

Fifth, despite our previous findings that QST-assessed

temporal summation of pain (TSP) predicts acute pain after
mastectomy24 and total knee arthroplasty,43 TSP did not

emerge as a significant associate or predictor of pain
severity or pain impact in the current study. Our previous

cross-sectional study observed an association of several

QSTs (lower pressure pain threshold and higher TSP) with
PPMP,4,11 similar to findings of a large cohort with oro-

facial pain.89 Mechanical pain sensitivity may increase for

patients who experience persistent pain, such that cross-
sectional studies observe these associations, whereas pre-

operative testing is less predictive.

Although some previous studies have examined pain
impact, usually as a secondary outcome, it has rarely been

used as a criterion to define which predictors are most

important. Assessing the functional impact of pain has been

recognized in consensus guidelines as crucial to the study

of acute4 and chronic90 pain. Differential prediction of pain
severity and impact may be an important consideration

because most patients and clinicians are interested in

whether post-surgical pain has a meaningful impact on
patient quality of life, including physical and mental

functioning, relationships, and employment. Interestingly,

the independent predictors of the impact of pain included
more psychosocial variables, preoperative opioid con-

sumption, and younger age.
Some important limitations of this study should be

noted. First, the patients who declined participation in ths

study often cited feeling overwhelmed, perhaps leading to
an underestimation of anxiety and catastrophizing, reflec-

ted by the lower scores on these measures than in previous

cohorts. Second, the low number of non-white participants
precluded a meaningful estimation of race as a risk factor.

Third, the low rate of opioid use at 12 months, although

generally encouraging, limited our ability to discern risk
factors for this outcome. Previous work has demonstrated

that higher anxiety and depression may be risk factors for

Breast Cancer Pain Questionnaire (BCPQ):
Pain Severity Index

Breast Cancer Pain Questionnaire (BCPQ):
Physical, Cognitive, & 

Emotional Impact

Brief Pain Inventory:
BPI mean

Brief Pain Inventory:
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FIG. 5 Predictors of persistent post-mastectomy pain (PPMP) at
12 months selected by least absolute shrinkage and selection operator
(LASSO). Significant independent predictors of pain outcomes
retained after multivariable regression with LASSO are shown.
Surgery-specific questionnaire outcomes (top), general pain
questionnaire outcomes (bottom), severity-related outcomes (left),
and impact-related outcomes (right) are depicted, with factors most
consistently associated across outcomes found in the intersection of
circles. The diagonal line indicates perfect prediction. The average
difference between the predicted and observed values for the subjects

(%RMSE) was calculated, with lower values indicating better
prediction. The model fit comparing predicted and observed values
(scatterplots) is shown for each outcome, with the average percentage
difference between predicted and observed values reported
(%RMSE = RMSE/observed range of scores *100). The %RMSE
was calculated by dividing the RMSE by the actual score range
observed for the outcome. :, higher value associated with higher pain;
;, lower value associated with higher pain; ALND, axillary lymph
node dissection; BMI, body mass index; %RMSE, %Root mean
squared error
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Preliminary Analyses: 
Acute & Persistent Trajectories

• 3 PPP Groups
1. Persistent moderate
2. Persistent low-moderate
3. Persistent low

• Acute postoperative pain 
trajectory group associated with 
PPP group assignment (p<0.001)

• 90% in Persistent Moderate 
were in High or Moderate-High 
Acute Trajectory groups



Early TEMporal POstoperative pain Signatures (TEMPOS)
Forecast Pain Intensity 30 Days after Surgery
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Slow Dynamics of Acute Postoperative Pain Intensity 
Time Series Determined via Wavelet Analysis  
Are Associated With the Risk of Severe  
Postoperative Day 30 Pain
Raheleh Baharloo, MS,* Jose C. Principe, PhD,* Roger B. Fillingim, PhD,†  
Margaret R. Wallace, PhD,‡ Baiming Zou, PhD,§ Paul L. Crispen, MD,צ  
Hari K. Parvataneni, MD,¶ Hernan A. Prieto, MD,¶ Tiago N. Machuca, MD, PhD,#  
Xinlei Mi, PhD,** Steven J. Hughes, MD,# Gregory J. A. Murad, MD,††  
Parisa Rashidi, PhD,* and Patrick J. Tighe, MD, MS‡‡          

BACKGROUND: Evidence suggests that increased early postoperative pain (POP) intensities 
are associated with increased pain in the weeks following surgery. However, it remains unclear 
which temporal aspects of this early POP relate to later pain experience. In this prospective 
cohort study, we used wavelet analysis of clinically captured POP intensity data on postoperative 
days 1 and 2 to characterize slow/fast dynamics of POP intensities and predict pain outcomes 
on postoperative day 30.
METHODS: The study used clinical POP time series from the !rst 48 hours following surgery 
from 218 patients to predict their mean POP on postoperative day 30. We !rst used wavelet 
analysis to approximate the POP series and to represent the series at different time scales to 
characterize the early temporal pro!le of acute POP in the !rst 2 postoperative days. We then 
used the wavelet coef!cients alongside demographic parameters as inputs to a neural network 
to predict the risk of severe pain 30 days after surgery.
RESULTS: Slow dynamic approximation components, but not fast dynamic detailed components, 
were linked to pain intensity on postoperative day 30. Despite imbalanced outcome rates, using 
wavelet decomposition along with a neural network for classi!cation, the model achieved an 
F score of 0.79 and area under the receiver operating characteristic curve of 0.74 on test-set 
data for classifying pain intensities on postoperative day 30. The wavelet-based approach out-
performed logistic regression (F score of 0.31) and neural network (F score of 0.22) classi!ers 
that were restricted to sociodemographic variables and linear trajectories of pain intensities.
CONCLUSIONS: These !ndings identify latent mechanistic information within the temporal 
domain of clinically documented acute POP intensity ratings, which are accessible via wavelet 
analysis, and demonstrate that such temporal patterns inform pain outcomes at postoperative 
day 30. (Anesth Analg XXX;XXX:00–00)

KEY POINTS
• Question: How can wavelet analysis of clinically captured postoperative pain (POP) intensity 

data on postoperative days 1 and 2 characterize slow/fast dynamics of POP intensities and 
predict pain outcomes on postoperative day 30?

• Findings: Slow dynamic approximation components, but not fast dynamic detailed compo-
nents, were linked to pain intensity on postoperative day 30.

• Meaning: Temporal patterns of clinically documented acute POP intensity ratings inform pain 
outcomes at postoperative day 30.
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AI Analysis of Intraoperative Vitals 
Predicts POD30 Pain Severity
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Supporting Clinical Decisions to Optimize 
Long-term Function: Longitudinal Perspective

DecisionsPathology

Single-Shot 
Block

GabapentinOpioids

NRS

Ambulation

LOS $$$

Postop 
Pain

Near-Term Outcome

Survival

Function

Suffering

Use 
Disorder

Long-Term Outcome
Are They The Same Decision?



Summary
• Defining the Transition: 3, 6, 12 months…or irrelevant?

• Theoretical Frameworks for Modeling Acute to Chronic 
Transition of Postoperative Pain: Causation Remains Elusive!

• Prediction Models Must Consider Patient, Surgical Factors



Thank You!!!
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