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area of the incision. Problems resulting from the absence of 
a standard definition of chronic postsurgical pain contribute 
to the large variability in estimates of its incidence and the 
responsiveness to treatment. This situation is reminiscent of 
problems introduced by the absence of a standard definition 
of chronic postsurgical opioid use that is associated with a 
greater than 100-fold difference in estimates of incidence.7

The new International Classification of Diseases, Eleventh 
Revision definition solves many problems related to the defi-
nition of pain but leaves in place others, particularly those 
surrounding the multidimensional nature of chronic pain. 
Ubiquitous visual and numerical pain rating scales measure 
pain intensity and have important roles in pain management 
and research, but they fail to address key outcome domains 
important for the diagnosis and management of chronic 
pain.8 The Initiative on Methods, Measurement, and Pain 
Assessment in Clinical Trials (IMMPACT) recommends 
several core outcome domains for use in chronic pain tri-
als, including pain (intensity, qualities, and temporal aspects), 
physical functioning, emotional functioning, and, when 
studying treatments, patient ratings of improvement and sat-
isfaction with treatment.9 It is intuitively understandable that 
having pain at a level of 4 out of 10 and functioning well is 
a less problematic situation than having the same pain score 
and not working, being disengaged from family, and becom-
ing depressed. Including these additional outcomes may 
enhance our understanding of the value of our interventions.

There are several additional improvements in study design 
that could help advance the field. The first relates to the 
actual use of the pharmacologic therapies. Differences in 
drug doses, timing, and durations of administration hamper 
our interpretation of studies, as do issues related to the coad-
ministration of nonstudy analgesics and interventions that 
might themselves impact rates of chronic postsurgical pain. 
For example, if an institution already uses a nerve block and 
ketamine infusion as components of a multimodal postop-
erative analgesic pathway, the effects of an additional agent 
may not be detectable. Moreover, it would be optimal to take 
into account established risk factors for chronic postopera-
tive pain either during participant selection or as cofactors 
in analysis. One recently proposed framework suggests cat-
egorizing risk factors in six domains: genetic, demographic, 
psychosocial, pain, clinical, and surgical factors.10 It is clear 

that factors in some domains may be modifiable, e.g., psycho-
logic status or surgical approach, but factors in other domains 
will not be, e.g., age and sex. Among these risk domains, pain 
status (preoperative and acute postoperative) is arguably the 
most strongly supported at this time. Another critical consid-
eration is study power. Very few of the studies identified by 
Gilron et al. were powered for comparative measurements of 
chronic postoperative pain. This presents serious challenges 
as a study powered to detect a decrease from 20% to 10% of 
patients experiencing chronic postoperative pain with 80% 
power (P < 0.05) might require 400 participants. Finally, the 
measurement of harms caused by pharmacologic and other 
interventions, both major and minor, is a frequently omitted 
but important type of outcome that can profoundly affect 
our estimation of the utility of a treatment and acceptability 
of the treatment to our patients. These were poorly reported 
in most trials identified by Gilron et al.

One should view the conclusions of the Gilron et al. 
meta-analysis not as clearly demonstrating no preventative 
value, but rather as inconclusive despite a large number of 
patients being exposed to the experimental treatments. This 
is a problem largely related to heterogeneity and incomplete 
information in the component studies. Like many clinical 
questions critical to our field, much larger, more carefully 
designed trials will be necessary, and those are likely to require 
multi-institutional and even international cooperation. 
Attention to these factors might also enhance the generaliz-
ability of the findings. Not addressed in the meta-analysis were 
questions related to the utility of nonpharmacologic therapies 
that have been proposed to prevent chronic pain after surgery 
or combinations of therapies including various psychothera-
pies, neve blocks, prehabilitation/rehabilitation strategies, or 
neural stimulation. Regrettably, each of these fields is far less 
well-developed than pharmacologic prevention and likely 
suffers from the same pitfalls evident in the pharmacotherapy 
literature. Although we have a pathway to resolving important 
questions related to preventative strategies, for the moment, 
our use of pharmacotherapy to reduce the likelihood of 
developing chronic postoperative pain remains unproven.
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Box 1. Chronic Postsurgical Pain6

Pain that develops or increases in intensity after a surgical procedure and 
persists beyond the healing process (3 months or greater).

1. This pain should
- Localize to the surgical field, or
- Project to the innervation territory of a nerve situated in this area, or
- Refer in a known pattern from this area

2. Preexisting pain conditions should be excluded
3. Other primary causes of pain such as infections, malignancy, nonunion of 

bone, loosening of surgical hardware, and other causes must be excluded
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The IASP classification of chronic pain for ICD-11:
chronic postsurgical or posttraumatic pain
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Abstract
Chronic pain after tissue trauma is frequent andmay have a lasting impact on the functioning and quality of life of the affected person.
Despite this, chronic postsurgical and posttraumatic pain is underrecognised and, consequently, undertreated. It is not represented
in the current International Classification of Diseases (ICD-10). This article describes the new classification of chronic postsurgical
and posttraumatic pain for ICD-11. Chronic postsurgical or posttraumatic pain is defined as chronic pain that develops or increases
in intensity after a surgical procedure or a tissue injury and persists beyond the healing process, ie, at least 3months after the surgery
or tissue trauma. In the classification, it is distinguished between tissue trauma arising from a controlled procedure in the delivery of
health care (surgery) and forms of uncontrolled accidental damage (other traumas). In both sections, the most frequent conditions
are included. This provides diagnostic codes for chronic pain conditions that persist after the initial tissue trauma has healed and that
require specific treatment and management. It is expected that the representation of chronic postsurgical and posttraumatic pain in
ICD-11 furthers identification, diagnosis, and treatment of these pain states. Even more importantly, it will make the diagnosis of
chronic posttraumatic or postsurgical pain statistically visible and, it is hoped, stimulate research into these pain syndromes.

Keywords: Classification, ICD-11, Chronic pain, Postsurgical pain, Posttraumatic pain, Injury, Trauma, Surgery, Thoracotomy,
Herniotomy, Mastectomy, Breast surgery, Hysterectomy, Arthroplasty, Whiplash, Burns, Amputation

1. Background on chronic postsurgical or
posttraumatic pain

The risk for the development of chronic pain after surgery or
trauma has been underestimated in the past.20 Regarding
postsurgical pain, data suggest an incidence, varying with the
type of operation, from 5% to 85%.36 Severe chronic postsurgical
pain that negatively affects the patient’s quality of life is in the
range of 2% to 15%.23 The high prevalence has been confirmed
in a population-based study, in which 18% of patients who had
surgery in the last 3 years reported pain in the area of surgery, of
whom 10.5% reported pain even if all participants were excluded

who had the same pain before, and still 6.2% were left after
excluding any pain before surgery.34 The proportion of neuro-
pathic pain is variable but can be very high in operations such as
amputation, hernia repair, and mastectomy22,26 (Table 1). There
is also a high prevalence of chronic pain after trauma, in particular
multitrauma,24,30 specifically with spinal cord injury,16 brachial
plexus injury, and other nerve injuries66 and burns injury.15 In
conclusion, chronic pain after surgery and trauma is common, still
widely unrecognised and underdiagnosed and often poorly
treated.

2. The need for a classification system

To improve the quality of life and functioning, recognition of
surgery and trauma as causes of chronic pain, a proper diagnosis
of its type, and initiation of appropriate treatment approaches are
essential. Currently, no adequate classification system is avail-
able. The International Classification of Diseases (ICD), 10th
revision (ICD-10), does not offer appropriate diagnostic catego-
ries for the classification of many chronic pain conditions,
including postsurgical and posttraumatic pain.49,50 This hinders
the identification, the diagnosis, and, in the end, the treatment of
patients with these pain states. Even worse, thereby such cases
fail to appear in health statistics, with all its consequences for
research and health policies.

3. The IASP Task Force ICD initiative

To improve the representation of chronic pain in general
(including that of chronic postsurgical and posttraumatic pain),
the International Association for the Study of Pain (IASP) formed
a taskforce that worked in close co-operation with
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refer to the supplementary table (available at http://links.lww.
com/PAIN/A658).

4.2.1. Chronic postsurgical pain

Chronic postsurgical pain is chronic pain that develops or
increases in intensity after a surgical procedure. In line with

common nomenclature, it was agreed that the classification
system should reflect pain states after specific operations that
most commonly lead to this form of chronic pain. The specific
subdiagnoses included are chronic pain after amputation, spinal
surgery, thoracotomy, breast surgery, herniotomy, hysterectomy,
and after arthroplasty. These new codes should be used in
combination with the appropriate surgery codes of ICD-11.

Figure 1.Organisation of the diagnoses of chronic postsurgical or posttraumatic pain in ICD-11. Levels 1 and 2 are part of the 2018 frozen version of the ICD-11;
level 3 was entered into the foundation layer. According to the new concept of multiple parenting in ICD-11, an entity may belong to more than one group of
diagnoses.
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com/PAIN/A658).

4.2.1. Chronic postsurgical pain

Chronic postsurgical pain is chronic pain that develops or
increases in intensity after a surgical procedure. In line with

common nomenclature, it was agreed that the classification
system should reflect pain states after specific operations that
most commonly lead to this form of chronic pain. The specific
subdiagnoses included are chronic pain after amputation, spinal
surgery, thoracotomy, breast surgery, herniotomy, hysterectomy,
and after arthroplasty. These new codes should be used in
combination with the appropriate surgery codes of ICD-11.

Figure 1.Organisation of the diagnoses of chronic postsurgical or posttraumatic pain in ICD-11. Levels 1 and 2 are part of the 2018 frozen version of the ICD-11;
level 3 was entered into the foundation layer. According to the new concept of multiple parenting in ICD-11, an entity may belong to more than one group of
diagnoses.
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representatives of the World Health Organization (WHO) on
generating a systematic classification of chronic pain.60 The
classification concentrates on chronic pain and excludes acute
pain. The classification is now part of the ICD-11 foundation layer,
and the top level is included in the mortality and morbidity (MMS)
linearization.64 The foundation layer is the set of all diagnostic
entities in the ICD-11. The foundation is continually updated and
expanded. Every entity in the foundation receives a permanent
identifier, which remains stable as the foundation expands
(please refer to the supplementary material for a list of the codes
for chronic pain, including chronic postsurgical or posttraumatic
pain; available at http://links.lww.com/PAIN/A658). For the actual
diagnostic coding, theWHO prepares coherent subsets from this
foundation, the so-called “linearizations.” The most important
linearization is the mortality and morbidity linearization. It is used
for reimbursement purposes in many health systems worldwide
and forms the basis of the statistical reporting of morbidity and
mortality for the member states. The current version was “frozen”
(June 18, 2018) in preparation for its implementation by the
member states from 2022 onwards.64

In the proposed classification of chronic pain, extension codes
will allow specifying the time course and severity of the pain as
well as the presence of psychological and social factors.59 Pain
severity is a combined score of pain intensity, pain-related
distress, and functional impairment that are quantified using
standardized rating scales; in addition, the functioning properties
will be specified according to the International Classification of
Functioning, Disability and Health (ICF).47

4. The new classification of chronic pain after
surgery and trauma

In this new classification, chronic pain was defined as pain that
persists or recurs longer than 3 months. This definition was
chosen because it provides a clear operationalisation and
agrees with widely used criteria. The Taskforce recognises that
the time criterion alone might be challenging to apply in the
context of pain after surgery and trauma, when the de-
velopment of chronic pain may already begin earlier. For

example, in a lot of postsurgical and posttraumatic pain,
neuropathic pain states develop very early and then persist
throughout the whole postoperative period without changing
their characteristics at a given point of time.27,43

4.1. The general structure of the new classification

In this section, chronic pain states that develop after tissue
trauma are classified. Although the initiating event for all these
pain states is tissue trauma, the Taskforce felt it to be relevant to
separate postsurgical pain, where the trauma is a controlled
incision during the provision of healthcare, from posttraumatic
pain, where the injury is caused in some other way (Fig. 1). The
subsections are further subdivided according to the type of
surgery and the type of trauma.

4.2. The diagnostic codes in the new classification of chronic
postsurgical and posttraumatic pain

The original definition for these chronic pain states stems from
Macrae38 and was refined by Werner and Kongsgaard.63 The
ICD-11 definition is that chronic postsurgical or posttraumatic
pain is pain that develops or increases in intensity after a surgical
procedure or a tissue injury and persists beyond the healing
process, ie, at least 3 months after the initiating event.60 The pain
has to be localised to the surgical field or area of injury, projected
to the innervation territory of a nerve situated in this area or
referred to a dermatome or Head’s zone (after surgery/injury to
deep somatic and visceral tissues).28 Other causes of pain such
as pre-existing pain conditions or infections, or malignancy etc.
have to be excluded in all cases of chronic post-traumatic and
postsurgical pain. Dependent on the type of surgery or injury,
chronic postsurgical and posttraumatic pain often may be
neuropathic pain.53 However, even if neuropathic mechanisms
are crucial, chronic pain after surgery or trauma should be
categorized as postsurgical or posttraumatic pain. For a complete
overview of all chronic postsurgical or posttraumatic pain
conditions as implemented in the ICD-11 foundation layer, please

Table 1

Incidence of chronic postsurgical pain (CPSP), severe CPSP, and the proportion of neuropathic pain in CPSP.

Type of surgery Incidence of all CPSP Incidence of severe CPSP (>5/10 of 10/10) Proportion of neuropathic pain in CPSP

Abdominal surgery (bowel and colorectal) 17%-21% Not reported Not reported

Amputation 30%-85% 5%-10% 80%

Caesarean delivery 6%-55% 5%-10% 50%

Cholecystectomy 3%-50% Not reported Not reported

Craniotomy 7%-30% 25% Not reported

Dental surgery 5%-13% Not reported Not reported

Hip arthroplasty 27% 6% 1%-2%

Inguinal herniotomy 5%-63% 2%-4% 80%

Knee arthroplasty 13%-44% 15% 6%

Melanoma resection 9% Not reported Not reported

Mastectomy 11%-57% 5%-10% 65%

Sternotomy 7%-17% Not reported Not reported

Thoracotomy 5%-65% 10% 45%

Vasectomy 0%-37% Not reported Not reported

With permission from Ref. 54.
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pain is pain that develops or increases in intensity after a surgical
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pain, where the injury is caused in some other way (Fig. 1). The
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Narrative Review

The IASP classification of chronic pain for ICD-11:
chronic postsurgical or posttraumatic pain
Stephan A. Schuga, Patricia Lavand’hommeb, Antonia Barkec, Beatrice Korwisic, Winfried Riefc,
Rolf-Detlef Treeded,*, The IASP Taskforce for the Classification of Chronic Pain

Abstract
Chronic pain after tissue trauma is frequent andmay have a lasting impact on the functioning and quality of life of the affected person.
Despite this, chronic postsurgical and posttraumatic pain is underrecognised and, consequently, undertreated. It is not represented
in the current International Classification of Diseases (ICD-10). This article describes the new classification of chronic postsurgical
and posttraumatic pain for ICD-11. Chronic postsurgical or posttraumatic pain is defined as chronic pain that develops or increases
in intensity after a surgical procedure or a tissue injury and persists beyond the healing process, ie, at least 3months after the surgery
or tissue trauma. In the classification, it is distinguished between tissue trauma arising from a controlled procedure in the delivery of
health care (surgery) and forms of uncontrolled accidental damage (other traumas). In both sections, the most frequent conditions
are included. This provides diagnostic codes for chronic pain conditions that persist after the initial tissue trauma has healed and that
require specific treatment and management. It is expected that the representation of chronic postsurgical and posttraumatic pain in
ICD-11 furthers identification, diagnosis, and treatment of these pain states. Even more importantly, it will make the diagnosis of
chronic posttraumatic or postsurgical pain statistically visible and, it is hoped, stimulate research into these pain syndromes.

Keywords: Classification, ICD-11, Chronic pain, Postsurgical pain, Posttraumatic pain, Injury, Trauma, Surgery, Thoracotomy,
Herniotomy, Mastectomy, Breast surgery, Hysterectomy, Arthroplasty, Whiplash, Burns, Amputation

1. Background on chronic postsurgical or
posttraumatic pain

The risk for the development of chronic pain after surgery or
trauma has been underestimated in the past.20 Regarding
postsurgical pain, data suggest an incidence, varying with the
type of operation, from 5% to 85%.36 Severe chronic postsurgical
pain that negatively affects the patient’s quality of life is in the
range of 2% to 15%.23 The high prevalence has been confirmed
in a population-based study, in which 18% of patients who had
surgery in the last 3 years reported pain in the area of surgery, of
whom 10.5% reported pain even if all participants were excluded

who had the same pain before, and still 6.2% were left after
excluding any pain before surgery.34 The proportion of neuro-
pathic pain is variable but can be very high in operations such as
amputation, hernia repair, and mastectomy22,26 (Table 1). There
is also a high prevalence of chronic pain after trauma, in particular
multitrauma,24,30 specifically with spinal cord injury,16 brachial
plexus injury, and other nerve injuries66 and burns injury.15 In
conclusion, chronic pain after surgery and trauma is common, still
widely unrecognised and underdiagnosed and often poorly
treated.

2. The need for a classification system

To improve the quality of life and functioning, recognition of
surgery and trauma as causes of chronic pain, a proper diagnosis
of its type, and initiation of appropriate treatment approaches are
essential. Currently, no adequate classification system is avail-
able. The International Classification of Diseases (ICD), 10th
revision (ICD-10), does not offer appropriate diagnostic catego-
ries for the classification of many chronic pain conditions,
including postsurgical and posttraumatic pain.49,50 This hinders
the identification, the diagnosis, and, in the end, the treatment of
patients with these pain states. Even worse, thereby such cases
fail to appear in health statistics, with all its consequences for
research and health policies.

3. The IASP Task Force ICD initiative

To improve the representation of chronic pain in general
(including that of chronic postsurgical and posttraumatic pain),
the International Association for the Study of Pain (IASP) formed
a taskforce that worked in close co-operation with
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procedure (fig.  2). Only two of the 27 ketamine stud-
ies provided data regarding dropouts due to treatment- 
related adverse effects. Of those, 4 of 70 (5.7%) received 
ketamine and 4 of 70 (5.7%) received placebo. Adverse 
events included hallucinations, delayed emergence, dizzi-
ness, diplopia, and confusion.19,25

Ketamine has been evaluated in three recent reviews for 
orthopedic surgery,42,43 and thoracotomy.44 Consistent with 
the current review, the majority (two of three) indicated 
results to be inconclusive.43,44 In disagreement, one narra-
tive systematic review evaluating various interventions for 
adults receiving primary total knee arthroplasty concluded 

Fig. 1. Study flow diagram.
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Table 1. Characteristics of Included Studies

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Ketamine Total knee arthroplasty 75 Yes 12 200 μg/kg 120 μg · kg–1  h–1 60 μg/kg for 48 h 3,305 μg/kg† Aveline et al.,14 2014 (new)
Ketamine Cesarean 140 No 12 250 μg/kg None None 250 μg/kg Bilgen et al.,15 2012 (new)

500 μg/kg None None 500 μg/kg
1,000 μg/kg None None 1,000 μg/kg

Ketamine Breast augmentation 106 No 12 420 μg/kg 200 μg · kg–1 · h–1 None 820 μg/kg† Chaparro et al.,28 2010 (2013 
review)

Ketamine Thoracotomy 77 No 12 100 μg/kg 100 μg/kg for 96 h 9,700 μg/kg Chumbley et al.,16 2019 (new)
Ketamine Breast 36 Long-term analgesic or 

anti-inflammatory treat-
ment excluded

3 500 μg/kg 250 μg · kg–1 · h–1 None 908 μg/kg† Crousier et al.,29 2008 (2013 review)

Ketamine Major lower back 160 Yes 12 250 μg/kg 250 μg/kg for ~1 h; down to 100 μg/kg until end 
of postanesthesia care unit stay

900 μg/kg† Czarnetzki et al.,27 2020 (new)

Ketamine Rectal cancer 100 Unclear 12 250 μg/kg 125 μg · kg–1 · h–1 None 772 μg/kg† De Kock et al.,30 2001 (2013 review)
500 μg/kg 250 μg · kg–1 · h–1 None 1,595 μg/kg†

Ketamine Thoracotomy 86 No 4 1,000 μg/kg 1,000 μg · kg–1 · h–1 1,000 μg/kg for 24h 3,000 μg/kg† Duale et al.,31 2009 (2013 review)
Ketamine Orthopedic 120 Taking psychoactive drugs or 

opiates excluded
3 150 μg/kg None None 150 μg/kg Dullenkopf et al.,32 2009 (2013 

review)500 μg/kg None None 500 μg/kg
Ketamine Amputation 45 Yes 6 500 μg/kg 150 μg/kg for 72 h 11,300 μg/kg Hayes et al.,33 2004 (2013 review)
Ketamine Thoracotomy 81 Taking neuropathic pain 

drugs, antidepressants, 
anticonvulsants, NSAIDs, 
or opioids excluded

6 1,000 μg/kg 120 μg/kg for 72 h 9,640 μg/kg Hu et al.,17 2014 (new)

Ketamine Nephrectomy 63 No 3 150 μg/kg 100 μg · kg–1 · h–1 100 μg/kg for 24 h 22,350 μg/kg† Jendoubi et al.,18 2017 (new)
Ketamine Thoracotomy 60 No 3 500 μg/kg 180 μg · kg–1 · h–1 90 μg/kg for 48 h 5,356 μg/kg† Joseph et al.,19 2012 (new)
Ketamine Radical prostatectomy 160 Chronic opioid use excluded 6 200 μg/kg 175 μg/kg in 70 min None 375 μg/kg Katz et al.,34 2004 (2013 review)

None 200 + 175 μg/kg in 70 min None 375 μg/kg
Ketamine Thyroidectomy 64 No 3 150 μg/kg 120 μg · kg–1 · h–1 None 472 μg/kg† Lee et al.,20 2018 (new)
Ketamine Breast 100 Unclear 6 None 1,000/day for 48 h 2,000 μg/kg Malek et al.,35 2006 (2013 review)
Ketamine Total hip arthroplasty 142 Taking corticosteroids or 

opioids excluded
3 500 μg/kg 3 μg · kg–1 · h–1 None 506 μg/kg† Martinez et al.,21 2014 (new)

Ketamine Thoracotomy 66 Unclear 6 None 100 μg/kg for 60 h 6,000 μg/kg Mendola et al.,22 2012 (new)
Ketamine Lumbar fusion 150 Yes 6 500 μg/kg 250 μg · kg–1 · h–1 None 1,042 μg/kg† Nielsen et al.,23,24 2017; 2019 (new)
Ketamine Total knee arthroplasty 16 Taking >10 mg morphine 

equivalent excluded
6 500 μg/kg 240 μg · kg–1 · h–1 None 1,002 μg/kg† Perrin et al.,36 2009 (2013 review)

Ketamine Abdominal, thoracic, 
breast, or inguinal 
herniorrhaphy

80 No 6 500 μg/kg 250 μg · kg–1 · h–1 100 μg/kg for 24h 3,558 μg/kg† Peyton et al.,25 2017 (new)

Ketamine Total hip arthroplasty 160 Taking neuropathic pain 
drugs or >10 mg morphine 
equivalent excluded

6 500 μg/kg 120 μg/kg for 24 h 3,380 μg/kg† Remerand et al.,37 2009 (2013 
review)

Ketamine Hysterectomy 60 No 6 300 μg/kg 50 μg · kg–1 · h–1 None 363 μg/kg† Sen et al.,38 2009 (2013 review)
Ketamine Hemorrhoidectomy 83 Regular use of opioids excluded 3 350 μg/kg 300 μg · kg–1 · h–1 None 452 μg/kg† Spreng et al.,39 2010 (2013 review)

(Continued )
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Table 1. (Continued)

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Ketamine Thoracotomy 50 Unclear 6 None 50 μg/kg for 72 h 3,600 μg/kg† Suzuki et al.,40 2006 (2013 review)
Ketamine Orthopedic 352 Taking opioids daily for >1 

week excluded
6 None None 1.5 mg‡ 1,198 μg/kg§ Sveticic et al.,41 2008 (2013 review)

Ketamine Thoracotomy 125 No 6 500 μg/kg None 250 μg/kg for 48 h 12,500 μg/kg Tena et al.,26 2014 (new)
Pregabalin Cardiac 150 No 6 150 mg None 150 mg for 14 days 2,250 mg Anwar et al.,45 2019 (new)
Pregabalin Cardiac 101 No 3 75 mg None None 75 mg Bouzia et al.,46 2017 (new)

150 mg None None 150 mg
Pregabalin Thoracotomy 114 No 3 300 mg None 300 mg for 4 days 1,500 mg Brulotte et al.,47 2015 (new)
Pregabalin Spine 40 Yes 3 300 mg None 300 mg for 1 day 600 mg Burke et al.,62 2010 (2013 review)
Pregabalin Total knee arthroplasty 240 Yes 6 300 mg None 300 mg for 10 days, 

150 mg for 2 days, 
100 mg for 2 days

3,800 mg Buvanendran et al.,63 2010 (2013 
review)

Pregabalin Spine 120 Yes 6 150 mg None 300 mg for 3.5 days 1,200 mg Choi et al.,48 2013 (new)
Pregabalin Total hip arthroplasty 184 Taking chronic pain medica-

tions, >10 mg morphine 
equivalent, or anticonvul-
sants excluded

3 150 mg None 150 mg for 9 days∥ 1,500 mg Clarke et al.,64 2015 (new)

Pregabalin Hysterectomy/ myo-
mectomy

80 No 3 450 mg None 450 mg for 5 days 2,700 mg Fassoulaki et al.,49 2012 (new)

Pregabalin Spine 60 Taking opioids, sedatives, or 
anticonvulsants excluded

12 300 mg None 300 mg for 2 days 900 mg Gianesello et al.,65 2012 (2013 
review)

Pregabalin Cardiac 40 Taking anticonvulsants or 
antidepressants, or chronic 
analgesic use excluded

3 150 mg None 150 mg for 2 days 450 mg Joshi et al.,50 2013 (new)

Pregabalin Breast 100 No 3 300 mg None 150 mg for 9 days 1,650 mg Khan et al.,51 2019 (new)
Pregabalin Spine 90 Yes 3 75 mg None 225 mg for 7 days 1,650 mg Khurana et al.,52 2014 (new)
Pregabalin Thyroidectomy 99 Taking pregabalin, gabapen-

tin, or opioids excluded
3 150 mg None 150 mg for 1 day 300 mg Kim et al.,66 2010 (2013 review)

Pregabalin Thoracotomy 100 No 9 300 mg None 300 mg for 5 days 1,800 mg Konstantatos et al.,53 2016 (new)
Pregabalin Total hip arthroplasty 142 Taking corticosteroids or 

opioids excluded
3 150 mg None None 150 mg Martinez et al.,21 2014 (new)

Pregabalin Nephrectomy 80 Taking analgesics or seda-
tives excluded

12 150 mg None 450 mg for 1 day 600 mg Myhre et al.,54 2017 (new)

Pregabalin Cardiac 70 No 3 150 mg None 150 mg for 5 days 900 mg Pesonen et al.,67 2011 (2013 review)
Pregabalin Breast 200 No 6 75 mg None 150 mg for 7 days 1,125 mg Reyad et al.,55 2019 (new)
Pregabalin Brain tumor 100 Yes 3 300 mg None 300 mg for 3 days 1,200 mg Shimony et al.,56 2016 (new)
Pregabalin Thoracotomy 45 No 3 150 mg None 150 mg for 5 days 900 mg Sidiropoulou et al.,57 2016 (new)
Pregabalin Hysterectomy 501 Unclear 6 150 mg None 150 mg for 28 days 4,350 mg Singla et al.,58 2015 Post- Hysterec-

tomy (new)300 mg None 300 mg for 28 days 8,550 mg

Pregabalin Inguinal hernia repair 425 Unclear 6 50 mg None 50 mg for 7 days 400 mg Singla et al.,58 2015 Post-Inguinal 
hernia repair (new)150 mg None 150 mg for 7 days 1,200 mg

300 mg None 300 mg for 7 days 2,400 mg
(Continued )
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Table 1. (Continued)

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Pregabalin Total knee arthroplasty 307 Unclear 6 150 mg None 150 mg for 42 days 6,450 mg Singla et al.,58 2015 Post-Total knee 
arthroplasty (new)300 mg None 300 mg for 42 days 12,900 mg

Pregabalin Breast 80 Patients with chronic pain on 
analgesics or past/current 
use of gabapentinoids 
excluded

3 150 mg None 150 mg for 7 days 1,200 mg Vig et al.,61 2019 (new)

Pregabalin Total knee arthroplasty 120 Chronic use of gabapentin, 
pregabalin, or opioids 
excluded

3 100 mg None 100 mg for 14 days, 
50 mg for 2 days

1,600 mg YaDeau et al.,59 2015 (new)

200 mg None 200 mg for 14 days, 
100 mg for 2 days

3,200 mg

300 mg None 300 mg for 14 days, 
150 mg for 2 days

4,800 mg

Pregabalin Spine 105 Use of opioids, pregabalin, or 
gabapentin within past 2 
weeks excluded

12 300 mg None 300 mg for 1 days 600 mg Zarei et al.,60 2016 (new)
300 mg None 300 mg for 14 days 4,500 mg

Gabapentin Breast 150 Taking antidepressants, 
anticonvulsants, NSAIDS, 
or opioids excluded

6 300 mg None 300 mg for 9 days 3,000 mg Amr et al.,78 2010 (2013 review)

Gabapentin Thyroidectomy 50 No 6 1,200 mg None None 1,200 mg Brogly et al.,79 2008 (2013 review)
Gabapentin Total hip arthroplasty 126 Taking chronic pain medica-

tions excluded
6 600 mg None None 600 mg Clarke et al.,80 2009 (2013 review)

None None 600 mg 600 mg
Gabapentin Total knee arthroplasty 179 Taking chronic pain medica-

tions excluded
3 600 mg None 600 mg for 4 days 3,000 mg Clarke et al.,71 2014 (new)

Gabapentin Breast 75 Taking analgesics, sedatives, 
hypnotics, or antidepres-
sants excluded

3 1,200 mg None 1,200 mg for 9 days 12,000 mg Fassoulaki et al.,81 2002 (2013 
review)

Gabapentin Thoracotomy 104 No 6 1,200 mg None 600 mg for 1 day, 
900 mg for 1 day, 
12,00 mg for 3 days

6,300 mg Grosen et al.,72 2014 (new)

Gabapentin Thoracotomy, total hip 
arthroplasty, total 
knee arthroplasty, or 
breast

422 Yes 24 1,200 mg None 1,800 mg for 3 days 6,600 mg Hah et al.,73 2018 (new)

Gabapentin Spine 90 Yes 3 300 mg None 900 mg for 7 days 6,600 mg Khurana et al.,52 2014 (new)
Gabapentin Thoracotomy 146 No 3 600 mg None None 600 mg Kinney et al.,82 2011 (2013 review)
Gabapentin Total knee arthroplasty 300 Taking gabapentinoids, 

antiepileptics, anxiolytics, 
antidepressants, systemic 
glucocorticoids, or opioids 
excluded

3–4 yr 900 mg None 400 mg for 1 day, 
1300 mg for 6 days

9,100 mg KjaerPetersen et al.,74 2018 (new)

600 mg None 300 mg for 1 day, 
900 mg for 6 days

6,300 mg

Gabapentin Caesarean 46 Taking analgesics in previous 
week excluded

3 600 mg None None 600 mg Moore et al.,83 2011 (2013 review)

(Continued )
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Table 1. (Continued)

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Gabapentin Amputation 46 Yes 6 None None 300 mg for 1 day, 
900 mg for 3 days, 
1,200 mg for 2 
days, 1,500 mg for 
2 days, 1,800 mg 
for 2 days, 
2,100 mg for 2 
days, 2,400 mg for 
18 days

75,600 mg Nikolajsen et al.,84 2006 (2013 
review)

Gabapentin Inguinal hernia repair 100 Yes 24 300 mg None 600 mg for 1 day, 
900 mg for 1 day

1,800 mg Quail et al.,75 2017 (new)

Gabapentin Carpal tunnel 40 Yes 6 600 mg None None 600 mg Sadatsune et al.,76 2016 (new)
Gabapentin Hysterectomy 60 No 6 1,200 mg None None 1,200 mg Sen et al.,38 2009a (2013 review)
Gabapentin Inguinal herniorrhaphy 60 Unclear 6 1,200 mg None None 1,200 mg Sen et al.,85 2009 (2013 review)
Gabapentin Cesarean 132 No 3 600 mg None None 600 mg Short et al.,77 2012 (new)

300 mg None None 300 mg
Gabapentin Cardiac 40 Taking analgesics excluded 6 1,200 mg None 1,200 mg for 2 days 3,600 mg Ucak et al.,86 2011 (2013 review)
IV lidocaine Colectomy 95 No 6 60 mg 60 mg/h for 48 h 43.2 mg/kg† Beaussier et al.,90 2018 (new)
IV lidocaine Thyroidectomy 90 No 3 2 mg/kg 3 mg · kg–1 · h–1 None 9.4 mg/kg† Choi et al.,91 2017 (new)
IV lidocaine Breast 36 No 3 1.5 mg/kg 1.5 mg · kg–1 · h–1 1.5 mg/kg for 1 h 4.5 mg/kg† Grigoras et al.,97 2012 (2013 review)
IV lidocaine Spine 44 Chronic opioid use excluded 3 2 mg/kg 3 mg · kg–1 · h–1 None 7.4 mg/kg† Ibrahim et al.,92 2018 (new)
IV lidocaine Nephrectomy 63 No 3 1.5 mg/kg 1 mg · kg–1 · h–1 1 mg/kg for 24 h 27.8 mg/kg† Jendoubi et al.,18 2017 (new)
IV lidocaine Breast 150 No 6 1.5 mg/kg 2 mg · kg–1 · h–1 None 8.1 mg/kg† Kendall et al.,93 2018 (new)
IV lidocaine Breast 100 No 3 1.5 mg/kg 2 mg · kg–1 · h–1 None 5.1 mg/kg† Khan et al.,51 2019 (new)
IV lidocaine Breast 126 No 3 2 mg/kg 2 mg · kg–1 · h–1 None 6.3 mg/kg† Kim et al.,94 2017 (new)
IV lidocaine Total hip arthroplasty 60 Taking corticosteroids or 

opioids excluded
3 1.5 mg/kg 1.5 mg · kg–1 · h–1 1.5 mg/kg for 1h 6.8 mg/kg† Martin et al.,95 2008 (new)

IV lidocaine Breast 80 No 6 1.5 mg/kg 2 mg · kg–1 · h–1 2 mg/kg for 2 h 11.1 mg/kg† Terkawi et al.,96 2015 (new)
Parecoxib Thoracotomy 86 No 12 40 mg None 80 mg for 2.5 days 240 mg Ling et al.,103 2016 (new)
Parecoxib Breast augmentation 219 Chronic analgesic use excluded 12 40 mg None None 40 mg Romundstad et al.,107 2006 (2013 

review)
Ibuprofen Total hip arthroplasty 902 Taking NSAIDs within 48 h 

excluded
6–12 None None 1,200 mg for 14 days 16,800 mg Fransen et al.,105 2006 (2013 

review)
Ibuprofen Breast 30 Chronic use of aspirin or 

NSAIDs excluded
6 400 mg None 1,600 mg for 2 days 2,000 mg Lakdja et al.,106 1997 (2013 review)

Celecoxib Total knee arthroplasty 107 Taking narcotics daily excluded 12 None None 400 mg for 42 days 16,800 mg Schroer et al.,100 2011 (new)
Dexketoprofen Thoracotomy 60 Unclear 6 50 mg None 50 mg 100 mg Comez et al.,101 2015 (new)
Flurbiprofen axetil Breast 60 No 12 50 mg None 50 mg 100 mg Sun et al.,102 2013 (new)
Parecoxib Breast 138 No 12 40 mg None 40 mg 80 mg van Helmond et al.,104 2016 (new)
Celecoxib None None 200 mg for 5 days 1,000 mg
Dexamethasone Total hip arthroplasty 50 Yes 12 40 mg None None 40 mg Bergeron et al.,112 2009 (2013 

review)
(Continued )
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Table 1. (Continued)

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Dexamethasone Spine 160 Taking steroids or strong 
opioids excluded

12 16 mg None None 16 mg Nielsen et al.,109,110 2015; 2016 
(new)

Dexamethasone Spine 112 Yes 24 0.2 mg/kg None 4 doses of 0.06 mg/
kg

0.44 mg/kg Jeyamohan et al.,108 2015 (new)

Hydrocortisone Cardiac 36 Unclear 6 100 mg 240 mg for 1 day, 120 mg for 1 day, 60 mg for 1 
day, 30 mg for 1 day

550 mg Weis et al.,113 2006 (2013 review)

Methylprednisolone Breast augmentation 219 Chronic analgesic use 
excluded

12 125 mg None None 125 mg Romundstad et al.,107 2006 (2013 
review)

Methylprednisolone Cardiac 1,043 Yes 6 500 mg None None 500 mg Turan et al.,111 2015 (new)
Acetaminophen Hysterectomy 140 No 3 None None 4,000 mg for 3 days 12,000 mg Koyuncu et al.,114 2018 (new)
Acetaminophen Cardiac 150 No 3 None None 4,000 mg for 1 day 4,000 mg Turan et al.,115 2017 (new)
Amantadine Breast 22 No 6 200 mg None 200 mg for 13 days 2,800 mg Eisenberg et al.,116 2007 (2013 

review)
Amantadine Mandibular fracture 60 Opioid use or dependency 

excluded
6 100 mg None None 100 mg Yazdani et al.,117 2016 (new)

Dexmedetomidine Hysterectomy 80 No 12 0.5 μg · kg–1 · h–1 N/A 0.70 μg/kg Han et al.,118 2019 (new)
Dextromethorphan Hysterectomy 50 No 3 750 mg None None 750 mg Ilkjaer et al.,119 2000 (2013 review)
Duloxetine Spine 101 Yes 3 30 mg for 5 days, 

60 mg for 9 days
None 60 mg for 81 days 5,550 mg Hyer et al.,120 2015 (new)

Duloxetine Total knee arthroplasty 106 Chronic use of gabapentin, 
pregabalin, or opioids 
excluded

3 60 mg None 60 mg for 14 days 900 mg YaDeau et al.,121 2016 (new)

Etanercept Inguinal herniorrhaphy 77 Yes 12 50 mg None None 50 mg Cohen et al.,122 2013 (new)
Fentanyl Amputation 65 Yes 6 58.3 μg/h 54.5 μg/h for 2 days Variable Karanikolas et al.,123 2011 (2013 

review)
Magnesium Breast 126 No 3 20 mg/kg + 20 mg · kg–1 · h–1 63.2 mg/kg Intraoperative Kim et al.,94 2017 (new)
Memantine Amputation 19 Yes 12 None None 10 mg for 7 days, 

20 mg for 7 days, 
30 mg for 14 days

630 mg Schley et al.,124 2007 (2013 review)

Mexiletine Breast 100 Taking analgesics, sedatives, or 
antidepressants excluded

3 200 mg None 400 mg for 6 days 2,600 mg Fassoulaki et al.,125 2001 (2013 
review)

Mexiletine Breast 75 Taking analgesics, sedatives, 
hypnotics, or antidepres-
sants excluded

3 200 mg None 600 mg for 10 days 6,200 mg Fassoulaki et al.,81 2002 (2013 
review)

Minocycline Carpal Tunnel 131 Yes 12 200 mg None 200 mg for 5 days 1,200 mg Curtin et al.,127 2017 (new)
Minocycline Spine 100 Yes 3 200 mg None 200 mg for 8 days 1,800 mg Martinez et al.,126 2013 (new)
Nefopam Total knee arthroplasty 75 Yes 12 0.2 mg/kg 120 μg · kg–1 · h–1 60 μg · kg–1 · h–1 for 

2 days
3,128 μg/kg Aveline et al.,14 2014 (new)

Nefopam Thyroidectomy 58 Chronic use of opioids or any 
analgesic drugs >2 weeks 
excluded

3 0.2 mg/kg + 120 μg · kg–1 · h–1 None 520 μg/kg Kim et al.,130 2018 (new)

Nefopam Breast 94 Taking any kind of analgesic 
excluded

3 20 mg None None 20 mg Na et al.,128 2016 (new)

(Continued )
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transparent, and replicable; (4) this review follows defini-
tive standard reporting criteria according to the Cochrane 
Collaboration,6 Preferred Reporting Items for Systematic 
Reviews and Meta-analysis,7 and A Measurement Tool 
to Assess Systematic Reviews8; (5) this is the only known 
systematic review in the past 5 yr that has considered all 
perioperative systemic drugs and was not limited by sur-
gical procedure; (6) we reviewed a number of therapeu-
tic agents in the same systematic manner; and (7) we used 
subgroup analyses according to dose/duration of treatment, 
surgical procedure, and timing of outcome measurements.

There is a need for better designed, large-scale, high-quality  
studies with adequate power to detect treatment effects of 
pharmacologic interventions on chronic pain outcomes 3 
or more months after surgery, and focus on patient safety 
by reporting consistent and reliable data on withdraw-
als due to treatment-related adverse events. Conducting 
further trials of gabapentinoids for chronic pain preven-
tion should take into consideration their apparent lack 
of effect for acute postoperative pain,137 and the dimin-
ishing likelihood of effectiveness for preventing chronic 
postoperative pain. Researchers should consider using 
detailed standardized outcome measurement tools (e.g., 
pain intensity on a 0 to 10 numerical rating scale) that 
can be summarized using dichotomous outcomes (e.g., 
any pain [more than 0 out of 10] and moderate to severe 
pain [greater than or equal to 4 of 10]) assessed at multi-
ple and consistent time points (e.g., 3, 6, and 12 months) 
postsurgery, along with the specific relation of pain to the 
operated area, and consider stratification of those with 
and without preoperative pain and analgesic use, as well 
as implementing better characterization of surgical pro-
cedure (nerve damage) and patient characteristics (high 
pain responders) where appropriate. Studies should focus 
on drug dosage and duration within the context of the  
procedure-specific acute pain trajectory in question. 
There may be little value to repeat studies on single-shot 
or short-term drug interventions for this multifactorial 
problem, with a continuous inflammatory response lasting 
for several days (or weeks). Finally, considering use of the 
drugs included in this review to prevent chronic postsur-
gical pain—in light of their apparently uncertain effec-
tiveness—also requires consideration of their safety in the 
perioperative setting. Given the potential adverse effects 
of some of these drugs (e.g., COX-2 inhibitors,138 gab-
apentinoids139), it should be noted that safety assessment 
and reporting in perioperative clinical trials is sometimes 
inadequate.140,141 Therefore, any future research in this area 
should incorporate more thorough and comprehensive 
safety assessment and reporting.

Conclusions
Consistent with our original review, and supported by nearly 
triple the number of studies, this review suggests again the 
need for larger-scale, high-quality studies to confirm or 

refute the effectiveness and safety of pharmacologic interven-
tions for the prevention of chronic postsurgical pain. Based 
on currently available evidence, none of the drugs studied so 
far can be recommended for clinical use specifically for the 
indication of preventing chronic pain after surgery.
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Nefopam Spine surgery 80 Yes 3 180 mg during the course of 3 days 180 mg Ok et al.,129 2016 (new)
Table 1. (Continued)

Drug Surgery
No. of  

Patients
Allowed Patients  

with Pain
Follow-up,  

mo
Preoperative  

Dose
Intraoperative  

Dose
Postoperative  

Dose
Cumulative  

Dose* Study ID

Nitrous oxide Numerous 2,050 Unclear 54 Intraoperative 70% None Intraoperative Chan et al.,132 2011 (2013 review)
Nitrous oxide Numerous 3,325 Yes 12 Intraoperative 70% None Intraoperative Chan et al.,131 2016 (new)
Valproic acid Amputation 128 Yes 3 250 mg None 750 mg for 3.7 days 2,775 mg Buchheit et al.,133 2019 (new)
Venlafaxine Breast surgery 150 Taking antidepressants, 

anticonvulsants, NSAIDs, 
opioids excluded

6 37.5 mg None 37.5 mg for 9 days 375 mg Amr et al.,78 2010 (2013 review)

Vitamin C Spinal fusion 123 Yes 12 None Not reported Not reported for 45 
days

Not reported Lee et al.,134 2017 (new)

*Cumulative doses have been estimated for comparative purposes only. †Calculation based on reported anesthesia duration. ‡1.5 mg of ketamine per each patient-controlled analgesia opioid bolus. §Calculation based on ketamine consumption and timing 
of administration. ∥Duration of hospital stay postsurgery estimated at 2 days.
IV, intravenous; NSAID, nonsteroidal anti-inflammatory drug.
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Pregabalin
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of 26 studies reported prevalence of any pain at 3 m
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. Subgroup analyses resulted in a statistically signif-
icant treatm
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surgery (three trials; risk ratio, 0.25 [95%
 C
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transparent, and replicable; (4) this review follows defini-
tive standard reporting criteria according to the Cochrane 
Collaboration,6 Preferred Reporting Items for Systematic 
Reviews and Meta-analysis,7 and A Measurement Tool 
to Assess Systematic Reviews8; (5) this is the only known 
systematic review in the past 5 yr that has considered all 
perioperative systemic drugs and was not limited by sur-
gical procedure; (6) we reviewed a number of therapeu-
tic agents in the same systematic manner; and (7) we used 
subgroup analyses according to dose/duration of treatment, 
surgical procedure, and timing of outcome measurements.

There is a need for better designed, large-scale, high-quality  
studies with adequate power to detect treatment effects of 
pharmacologic interventions on chronic pain outcomes 3 
or more months after surgery, and focus on patient safety 
by reporting consistent and reliable data on withdraw-
als due to treatment-related adverse events. Conducting 
further trials of gabapentinoids for chronic pain preven-
tion should take into consideration their apparent lack 
of effect for acute postoperative pain,137 and the dimin-
ishing likelihood of effectiveness for preventing chronic 
postoperative pain. Researchers should consider using 
detailed standardized outcome measurement tools (e.g., 
pain intensity on a 0 to 10 numerical rating scale) that 
can be summarized using dichotomous outcomes (e.g., 
any pain [more than 0 out of 10] and moderate to severe 
pain [greater than or equal to 4 of 10]) assessed at multi-
ple and consistent time points (e.g., 3, 6, and 12 months) 
postsurgery, along with the specific relation of pain to the 
operated area, and consider stratification of those with 
and without preoperative pain and analgesic use, as well 
as implementing better characterization of surgical pro-
cedure (nerve damage) and patient characteristics (high 
pain responders) where appropriate. Studies should focus 
on drug dosage and duration within the context of the  
procedure-specific acute pain trajectory in question. 
There may be little value to repeat studies on single-shot 
or short-term drug interventions for this multifactorial 
problem, with a continuous inflammatory response lasting 
for several days (or weeks). Finally, considering use of the 
drugs included in this review to prevent chronic postsur-
gical pain—in light of their apparently uncertain effec-
tiveness—also requires consideration of their safety in the 
perioperative setting. Given the potential adverse effects 
of some of these drugs (e.g., COX-2 inhibitors,138 gab-
apentinoids139), it should be noted that safety assessment 
and reporting in perioperative clinical trials is sometimes 
inadequate.140,141 Therefore, any future research in this area 
should incorporate more thorough and comprehensive 
safety assessment and reporting.

Conclusions
Consistent with our original review, and supported by nearly 
triple the number of studies, this review suggests again the 
need for larger-scale, high-quality studies to confirm or 

refute the effectiveness and safety of pharmacologic interven-
tions for the prevention of chronic postsurgical pain. Based 
on currently available evidence, none of the drugs studied so 
far can be recommended for clinical use specifically for the 
indication of preventing chronic pain after surgery.
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Abstract

Background: Chronic postsurgical pain is common after surgery. Identification of non-opioid analgesics with potential
for preventing chronic postsurgical pain is important, although trials are often underpowered. Network meta-analysis
offers an opportunity to improve power and to identify the most promising therapy for clinical use and future studies.
Methods: Weconducted a PRISMA-NMA-compliant systematic reviewand networkmeta-analysis of randomised controlled
trialsofnon-opioidanalgesics forchronicpostsurgicalpain.Outcomesincluded incidenceandseverityofchronicpostsurgical
pain, serious adverse events, and chronic opioid use.
Results: We included 132 randomised controlled trials with 23 902 participants. In order of efficacy, i.v. lidocaine (odds
ratio [OR] 0.32; 95% credible interval [CrI] 0.17e0.58), ketamine (OR 0.64; 95% CrI 0.44e0.92), gabapentinoids (OR 0.67; 95%
CrI 0.47e0.92), and possibly dexmedetomidine (OR 0.36; 95% CrI 0.12e1.00) reduced the incidence of chronic postsurgical
pain at !6 months. There was little available evidence for chronic postsurgical pain at >6 months, combinations agents,
chronic opioid use, and serious adverse events. Variable baseline risk was identified as a potential violation to the
network meta-analysis transitivity assumption, so results are reported from a fixed value of this, with analgesics more
effective at higher baseline risk. The confidence in these findings was low because of problems with risk of bias and
imprecision.
Conclusions: Lidocaine (most effective), ketamine, and gabapentinoids could be effective in reducing chronic post-
surgical pain !6 months although confidence is low. Moreover, variable baseline risk might violate transitivity in
network meta-analysis of analgesics; this recommends use of our methods in future network meta-analyses.
Systematic review protocol: PROSPERO CRD42021269642.

Keywords: chronic postsurgical pain; multimodal analgesia; network meta-analysis; non-opioid analgesia; systematic
review

Editor’s key points

" Chronic postsurgical pain is common after surgery,
so identification of non-opioid analgesics with po-
tential for preventing chronic postsurgical pain is
important.

" A systematic review and network meta-analysis of
randomised controlled trials of non-opioid analgesics
was performed analysing effects on the incidence
and severity of chronic postsurgical pain, serious
adverse events, and chronic opioid use.
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interventions. Three interventions demonstrated estimates
consistent with a reduction in the incidence of CPSP !6
months at a fixed covariate value of 0.35. The relative order of
these based on SUCRA values were lidocaine (OR 0.32; 95% CrI
0.17e0.58), ketamine (OR 0.64; 95% CrI 0.44e0.92), then gaba-
pentinoids (OR 0.67; 95% CrI 0.47e0.92). Dexmedetomidinewas
close to demonstrating an effect and was ranked second
behind lidocaine (OR 0.36; 95% CrI 0.12e1.00).

For combination agents, this outcome included 88 trials
with 8801 participants. There were 91 pairwise and 25 direct
comparisons (Fig. 2). Five interventions showed estimates
consistent with a reduction in CPSP !6 months at a fixed co-
variate value of 0.35 (Fig. 3). The relative order of these based
on SUCRA values were gabapentinoids and ketamine (OR 0.05;
95% CrI 0.00e0.51), lidocaine (OR 0.32; 95% CrI 0.17e0.58), ke-
tamine (OR 0.64; 95% CrI 0.44e0.92), and gabapentinoids (OR
0.67; 95% CrI 0.47e0.92). Dexmedetomidine was close to
demonstrating an effect and was ranked third behind lido-
caine (OR 0.36; 95% CrI 0.12e1.01).

There was no evidence of inconsistency on local tests
although direct estimates were imprecise. On sensitivity
analysis, reductions in neuropathic pain were seen with
gabapentinoids and lidocaine. When including only low ROB
trials, 16 trials remained with no single intervention estimates
precise enough to demonstrate a reduction in CPSP. On
CINeMA assessment, lidocaine, ketamine, and gabapentinoids
vs placebo were low confidence. Nearly all other comparisons
were very low confidence because of problems with ROB and
imprecision. On post hoc network meta-regression, preemptive
administration (b "0.02; 95% CrI "0.80 to 0.75) or duration of

intervention >24 h (b "0.16; 95% CrI "0.65 to 0.31) did not
predict efficacy of the interventions.

Incidence of chronic postsurgical pain >6 months

For single agents, this outcome included 16 trials with 1613
participants. Three interventions made up the majority of
trials including ketamine (six), gabapentinoids (five), and
NSAIDs (four). One intervention demonstrated estimates
consistent with a reduction in the incidence of CPSP >6
months (NSAIDs, OR 0.28; 95% CrI 0.08"0.83).

On sensitivity analysis, no intervention demonstrated any
benefit. On CINeMA assessment, the evidence from NSAIDs
compared with placebo was low confidence. All other com-
parisons were low to very low confidence.

Severity of CPSP ≤6 months

For single agents, this outcome included 65 trials with 4996
participants. There were 36 pairwise and 14 direct compari-
sons. Most trials were for gabapentinoids (27) and ketamine
(22). Three interventions showed estimates consistent with a
reduction in pain at a fixed covariate value of 2 (mean pain
score of 2 in control group). The relative order of these based
on SUCRA values were lidocaine (MD "0.77; 95% CrI "1.95
to "0.09), gabapentinoids (MD "0.58; 95% CrI "0.80 to "0.36),
then ketamine (MD "0.36; 95% CrI "0.62 to "0.1).

For combination agents, this outcome included 65 trials
with 5088 participants. There were 66 pairwise and 22 direct
comparisons (Fig. 4). Three interventions showed estimates
consistent with a reduction in pain at a fixed covariate value of
2 (Fig. 5). The relative order of these based on SUCRA values
were lidocaine (MD "0.77; 95% CrI "1.93 to "0.10), gabapenti-
noids (MD "0.58; 95% CrI "0.8 to "0.36), then ketamine
(MD "0.36; 95% CrI "0.62 to "0.10).

Local inconsistency was evident in some comparisons as
these analyses did not take account of baseline risk. On
sensitivity analysis, including only low ROB trials, only gaba-
pentinoids demonstrated estimates consistent with a reduc-
tion in pain (MD "0.63; 95% CrI "1.26 to "0.02). On CINeMA
assessment, lidocaine, gabapentinoids, and ketamine
compared with placebo were low confidence. All other com-
parisons were mainly low to very low.

Severity of chronic postsurgical pain >6 months

There were no combination agents in this analysis so results
are reported for single agents only. This outcome included 14
trials with 2273 participants. There were 15 pairwise and six
direct comparisons. The interventions with the highest num-
ber of trials were gabapentinoids (four) and ketamine (four).
None of the included trials had estimates consistent with a
reduction in the severity of CPSP. Results were similar on
sensitivity analysis of low ROB trials. On CINeMA assessment,
most evidence was moderate to low confidence mainly as a
result of issues with ROB.

Serious adverse events

The types of included outcomes were heterogenous as few
trials explicitly reported this outcome. Examples of the type of
outcomes included were mortality, respiratory depression,
delirium, local anaesthetic toxicity (lidocaine), and cardio-
vascular/renal dysfunction (NSAIDs) (Supplementary Data).
This outcome included 38 trials with 12 367 participants. We
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Fig 2. Network plot for the incidence of chronic postsurgical
pain ! 6 months. Node size (blue circle) is proportional to the
number of trials evaluating that intervention and the blue lines
the number of comparisons between each treatment. ALP,
alpha-2 agonists; GAB, gabapentinoids; GABGLU, gabapenti-
noids and glucocorticoids; GABKET, gabapentinoids and keta-
mine; GLU, glucocorticoids; KET, ketamine; KETGLU, ketamine
and glucocorticoids; LID, lidocaine; LIDKET, lidocaine and ke-
tamine; MAG, magnesium; NEF, nefopam; NSA, NSAIDs and
COX-2 inhibitors; PAR, paracetamol; PLA, placebo.
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baseline risk despite vast ranges in underlying prevalence. As
we have demonstrated, interventions can be more effective in
higher baseline risk conditions. Therefore, if an intervention
has been studied in certain lower baseline risk groups, effect
estimates will be lower and might not be considered as clini-
cally significant.33 For example, we found that for the primary
outcome, lidocaine studies had a lower average baseline risk
which could underestimate clinical significance for this agent.
Moreover, the previous review5 further limited power by
separating outcomes on the basis of time-point of outcome,
drug duration, degree of pain, and type of surgery, whilst also
separating interventions with identical pharmacological
mechanisms. The major advantage of our NMA is improved
power and the ability to take account of direct evidence where
available. Also, by not separating outcomes in this way we
further improved power. Although the trade-off of this could
be increasing clinical heterogeneity, our adjustment for
baseline risk and the lack of effect modification by time-point
or type of surgery mitigates this substantially.

An NMA has been published evaluating interventions for
preventing CPSP.34 Similar to our results, they found benefits
with gabapentinoids and systemic local anaesthetics. The in-
clusion criteria for that NMA included neural blocks, opioids,
and agents not consistently associated with reductions in
acute pain (antidepressants). Despite the inclusion of more
interventions, they included fewer trials than our analysis
which could limit power. Moreover, the analysis did not
consider baseline risk as a continuous predictor (a proxy of
surgical subtypes was used). As we have demonstrated, vari-
able baseline risk is amajor threat to transitivity andwewould
argue such analyses do not allow valid comparisons between
different agents. To illustrate with a clinical example, in order
to assess the volatility of inhalation anaesthetics, we use
saturated vapour pressure (SVP). However, because SVP
(analogous to CPSP efficacy) varies with temperature (analo-
gous to baseline risk in our NMA), if SVP values are taken from
different agents at different temperatures, then sevoflurane
could incorrectly appear more volatile than isoflurane. This is
why SVP is taken at 20oC (analogous to fixed value of baseline
risk in our analysis).

There are a number of limitations with our work. Firstly,
the evidence was mainly low to very low confidence because
of issues with residual bias, heterogeneity, and imprecision.15

Therefore, we would strongly caution against extrapolating
too much from these preliminary findings because of the
disagreement between meta-analyses and large RCTs.17

Changes in clinical practice are often informed after results
of large RCTs, although our decision to include agents known
to reduce acute painmeans that some high-risk patients, often
with overlapping risk factors for CPSP,1 could potentially
derive some benefit on CPSP incidence if specific agents are
used to reduce acute pain. Secondly, there was a large degree
of clinical heterogeneity outside the influence of baseline risk,
such as drug doses and regimens, which makes identifying
optimum regimens problematic. However, our post hoc anal-
ysis demonstrated that timing of administration or duration of
intervention were not predictive of efficacy, a finding
supported by other studies.34 There may also be residual vio-
lations to transitivity outside of the assessed predictors in all
our models. Thirdly, meta-regression analysis deals with
study-level covariates and can be susceptible to ecology bias
and confounding. Fourthly, there were few data from direct
comparisons and combination therapies, and some included
outcomes. Specific to SAEs, agents such as alpha-2 agonists

(cardiac arrest),35 gabapentinoids (respiratory depression),36

and NSAIDs/COX-2 inhibitors (bleeding and myocardial
events)37 have adverse effects which could preclude their use.
Finally, some agents not included in our review have shown
promise in reducing CPSP (such as duloxetine and venlafax-
ine),34 and therefore our review lacks comparative data for
these agents. Their lack of inclusion was as a result of inclu-
sion only of agents known to reduce acute postoperative pain
consistently.

Despite this, our analysis provides future directions for
clinical practice and research.With regards to clinical practice,
our choice of including proven non-opioid analgesics was
prespecified, as these agents are commonly used to reduce
acute pain, opioid consumption, and opioid adverse events.
Therefore, any clinical decisions on the potential benefits on
CPSP are not taken in isolation, but with these other advan-
tages in mind. As we have demonstrated, clinical significance
can be improved if given to higher baseline risk groups, and
with possible benefits of greater reductions in CPSP.

With regards to future research, because of the low confi-
dence in our results, large adequately powered trials with low
ROB methodology and more complete follow-up are required
to substantiate these findings, especially for longer-term out-
comes. With this in mind, the publication of ROCKet
(ACTRN12617001619336: 4884 participants using ketamine),
GAP (ISRCTN63614165: 1196 participants using gabapentin),
PLAN (NCT04874038: 1150 participants using lidocaine), LOLI-
POP (NCT05072314: 4300 participants using lidocaine), and
CODEX (NCT04289142: 2400 participants using dexmedetomi-
dine) will hopefully provide more definitive evidence on
the subject. Although for some of these trials (GAP and
CODEX), CPSP is a secondary outcome that might affect
interpretation.38

In view of these ongoing trials and published reviews, it
could be argued that our findings constitute research waste.5

However, we have highlighted the advantages of our review
over those published previously. Furthermore, the evidence
from our review might come many years before publication of
these ongoing trials and potentially benefit current patients. It
also improves external validity by including a range of sur-
geries and identifies baseline risk as a major determinant of
efficacy, which could provide benefit in current clinical prac-
tice or future trial design. Moreover, baseline risk was identi-
fied as a major threat to transitivity in NMAs, which are often
used to inform clinical practice, so use of these methods in
future NMAs can help improve the accuracy of the evidence
base and thus clinical practice.

In conclusion, current evidence suggests a possible
reduction in chronic postsurgical pain with lidocaine (most
effective), gabapentinoids, ketamine, and possibly dexmede-
tomidine up to 6 months. There was insufficient evidence for
longer-term outcomes, opioid use, or serious adverse events.
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Summary
Effective prevention of chronic postoperative pain is an important clinical goal, informed by a growing body
of studies. Peri-operative regional anaesthesia remains one of the most important tools in the multimodal
analgesic toolbox, blocking injury-induced activation and sensitisation of both the peripheral and central
nervous system. We review the definition and taxonomy of chronic postoperative pain, its mechanistic basis
and the most recent evidence for the preventative potential of multimodal analgesia, with a special focus on
regional anaesthesia. While regional anaesthesia targets several important aspects of the mechanistic
pathway leading to chronic postoperative pain, evidence for its efficacy is still mixed, possibly owing to the
heterogeneity of risk profiles within the surgical patient, but also to variation in techniques and medications
reported in the literature.
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Importance of chronic postoperative
pain
Chronic postoperative pain has important personal and
social ramifications, reducing quality of life and contributing
to the economic burden of chronic pain. Accordingly, the
prevention of chronic postoperative pain is an important
goal, with the International Association for the Study of Pain
(IASP) naming 2017 the Global Year Against Pain After
Surgery. Chronic postoperative pain is defined as pain
persisting for at least 3 months after surgery, which was
either not present before or differs from pre-operative pain,
and which is localised to the surgical site, and without other
obvious cause [1, 2]. Increasingly, investigators have
recognised that surgery could serve as a substantial source
of chronic pain generation, with an early study reporting up
to 40% of patients in multiple pain clinics in the UK
exhibiting chronic pain resulting from surgical or traumatic

injury [3]. Subsequent studies have confirmed substantial
rates of chronic postoperative pain after a variety of surgical
procedures, and revealed important demographic, genetic
and psychosocial risk factors for chronic postoperative pain,
which may further inform study design, prevention and
treatment [4]. While traumatic injury is clearly not
predictable, elective surgery allows us to investigate factors
thatmay influence pain chronicity.

Multimodal analgesia is a term that refers to the use of
several different analgesic medications or techniques
simultaneously, to target multiple receptors within
nociceptive and neuropathic pathways, thus reducing acute
postoperative pain and the surgical stress response, as well
as potentially impacting themechanistic chain of events that
can lead to chronic postoperative pain [4]. The effort to
provide opioid-reduced, or opioid-free, anaesthesia by the
application of multimodal techniques has regional
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Evidence for the role of regional
anaesthesia in the prevention of
chronic postoperative pain
There is a growing interest in the potential preventative
impact of RA on chronic postoperative pain, especially with
ongoing development of new RA techniques [5, 26–28].
Several studies have favoured the use of RA and local
anaesthetics in decreasing the incidence of chronic
postoperative pain (Table 3 and online Supporting
Information, Appendix S1).

Breast surgery has been the most widely studied
surgical intervention with regard to the impact of RA on
chronic postoperative pain. Up to 60% of breast surgery
patients may experience chronic postoperative pain, 14% of
which is classified as severe [4, 29]. According to a recent
Cochrane review, the use of local anaesthetics was
associated with an overall benefit in the case of breast
surgery (18 pooled studies, OR 0.43, 95%CI 0.28–0.68,

p < 0.001) [5]. More specifically, subgroups examining
paravertebral blocks (OR 0.61, 95%CI 0.39–0.97),
intravenous lidocaine (OR 0.24, 95%CI 0.08–0.69), and local
infiltration (OR 0.29, 95%CI 0.12–0.73), also showed a
benefit [5]. Alternative approaches, including intercostal,
interscalene and intervertebral blocks showed mixed
results. Most recently, Fujii et al. described the potential
benefit of pectoral nerve-2 (PECS 2) block in decreasing the
rate of moderate to severe chronic postoperative pain
compared with the serratus plane block (OR 0.23, 95%CI
0.07–0.80, p = 0.02) [26]. However, Al Ja’bari et al. found no
difference in the incidence of chronic postoperative pain
with the PECS 2 block vs. no block [30]. Several ongoing
studies addressing innovative blocks will likely continue to
informpreventative treatment options for these patients.

Thoracotomy is associated with a relatively high
incidence of chronic postoperative pain compared with
other surgical procedures, with estimates ranging as high as

Table 2 Targets and risk factors for chronic postoperative pain that may be amenable to intervention. Regional anaesthesia
targets several areas on the pain pathway activated by surgical incision [4]. Multimodal analgesic therapy, ranging from
pharmacological targets to behavioural modulation, may augment a primary regional anaesthesia role in the blockade at many
mechanistic levels to prevent chronic postoperative pain.

Targets and risk-factors Intervention

Peripheral nerve injury • Nerveprotective surgery

Peripheral nerve activation • Regional anaesthesia

• Cav a2-d ligands (gabapentin, pregabalin)

Local inflammatory response and neurogenic
inflammation

• Regional anaesthesia

• Anti-inflammatory (COX-2, NSAIDs, paracetamol)

Peripheral nerve sensitisation and continued ectopic
activity

• Regional anaesthesia

• Cav a2-d ligands (gabapentin, pregabalin)

Changes in gene expression at dorsal root ganglion • Regional anaesthesia

• Corticosteroids (dexamethasone)

• Anti-inflammatory (COX-2, NSAIDs)

Central sensitisation • Regional anaesthesia

• NMDA receptor antagonists (ketamine, magnesium, dextromethorphan,
memantine)

• Corticosteroids

• a-2 adrenoreceptor agonists (clonidine, dexmedetomidine)

• Opioid receptor agonists

Descending facilitation from thebrainstem • Regional anaesthesia

• Anti-inflammatory (COX-2, NSAIDs, paracetamol)

Limbic systemand hypothalamus • Behavioural interventions

• Antidepressants

• Anxiolytics

Cortical pain processing • Regional anaesthesia

• Assessment andpre-screening

• Support network

• Proper expectations

GenomicDNA leading to predisposition to chronic
pain

• Assessment andpre-screening

• Discussion regardingmultimodal analgesia

• Proper expectations

NMDA,N-methyl-D-aspartate; COX-2, cyclooxygenase-2; NSAIDs, non-steroidal anti-inflammatory drugs.
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Furthermore, CPSP follows minor surgeries, despite 
evolution in surgical techniques. For example, introduction 
of minimally invasive approaches such as laparoscopy 
have only slightly reduced the prevalence of CPSP.35,58

Natural history and prognosis of CPSP
Without large, long-term, prospective studies, the natural 
history and prognosis of CPSP is hard to predict. On the 
basis of data in table 1 CPSP does appear to often resolve 
by the end of the first year. In one study,42 the syndrome 
was reported to be present 12 months after surgery in 315 
(14%) of 3120 patients, being moderate in 12% and severe 
in 2%. In the aforementioned Tromso study,46 40% of 
patients reported CPSP an average of 18 months after 
surgery, and 18% rated it as moderate or severe. Studies44 
in children have identified several postoperative pain 
trajectories. Acute postoperative pain got better, worse, or 
stayed the same; and 10% of children with little or no pain 
initially had moderate to severe pain up to 5 years later.59

Mechanisms of transition from acute to CPSP
Some molecular mechanisms responsible for the 
transition of acute to chronic pain and their neuro-
biological correlates have been identified in animal 
models of chronic pain.60–65 The sensory aspects of pain 
are carried by a bidirectional network of neurons that 
transmits a variety of noxious signals from peripheral 
nociceptive Aδ-fibres and C-fibres to the dorsal horn of 
the spinal cord (SCDH). Here, noxious signals are passed 
to ascending projection neurons that convey them to the 
cortex via the thalamus. Noxious signals are modulated 
and shaped at every level of the nervous system, including 
powerful descending pain pathways (figure 1). More 
complete reviews of the mechanisms that contribute to 
chronic pain are available.63,65–67

Nociceptive afferents and the SCDH
Tissue damage during surgery plays a definitive role in the 
development of CPSP, and triggers profound changes in 
peripheral and central somatosensory circuits. Nociceptive 
inputs into the SCDH release the neuro transmitter 
glutamate, which acts at specific receptors, including 
α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid re-
cep tors and the frequently implicated N-methyl-D-
aspartate receptors (NMDARs).68 Following nerve injury, 
nociceptive neurons fire rapidly leading to changes in 
NMDAR composition and activation. NMDARs are highly 
permeable to calcium, whose influx triggers neuron-
specific cascades that underlie synaptic plasticity and, in 
extreme cases, cause excitotoxicity and neuronal death.69 In 
a neuro pathic pain model, the conditional deletion of 
spinal NMDARs prevents calcium-dependent neuronal 
death and the transition from acute to persis-
tent pain-like behaviours. This shows that glutamate, 
NMDARs, and calcium influx play an essential role in the 
development of chronic pain.69 Multiple studies70–74 that 
have inhibited NMDAR or voltage-gated calcium channels 

(eg, the gabapentinoids) preoperatively or perioperatively 
to try to prevent CPSP, and reduce opiate use after surgery 
have had mixed success. Diverse outcomes are likely 
related to innate differences in surgeries, and psycho social 
risk factors. Additionally, the inhibitors used are not highly 
specific for pain circuits or their target proteins. More 
consistent results, with fewer side-effects, might result 
from targeted drug delivery to nociceptive neurons during 
surgery.

A promising strategy, which could be used during 
surgery, is to interfere with the messenger RNA mediated 
cascade of pain-induced protein synthesis that occurs 
following injury. This is achieved by injecting a highly 
stable decoy RNA-binding protein into the site of injury at 
the time of injury. This strategy has been tested in a variety 
of mouse models of inflammatory sensitisation, and the 
decoy RNA-binding protein reduced the behavioural 
correlates of central sensitisation and increased the rate of 
recovery from sensitisation in the hours and days 
following the inflammatory challenge.75

Figure 1: Neural pathways for pain
Fundamental changes to neuronal phenotypes and brain circuits occur when 
pain becomes chronic. These changes can alter sensory, emotional, and 
motivational centres of the brain and interfere with the action of traditional 
analgesic medications. A complete understanding of how these circuits work in 
acute and chronic pain is needed before we can prevent or treat chronic pain. 
(A) Schematic diagram of the ascending and descending pain pathways showing 
treatment possibilities. Injecting tetrahydrocannabinol or cannabidiol into the 
PAG, RVM, or SCDH is analgesic in animal models of neuropathic pain (stars). 
(B) A glutamate releasing synapse with calcium permeable NMDA receptors. 
AMPAR=α-amino-3-hydroxy-5-methyl-4-isoxazole-propionic acid receptors. 
Ca²⁺=calcium. DRG=dorsal root ganglia. Na²⁺=sodium. 
NMDAR=N-methyl-D-aspartate receptors. PAG=periaqueductal grey. 
RVM=rostral ventromedial medulla. SCDH=dorsal horn of the spinal cord. 
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ABSTRACT
Background: The primary goal of this study was to evaluate patterns in 
acute postoperative pain in a mixed surgical patient cohort with the hypothesis 
that there would be heterogeneity in these patterns.

Methods: This study included 360 patients from a mixed surgical cohort 
whose pain was measured across postoperative days 1 through 7. Pain was 
characterized using the Brief Pain Inventory. Primary analysis used group-
based trajectory modeling to estimate trajectories/patterns of postoperative 
pain. Secondary analysis examined associations between sociodemographic, 
clinical, and behavioral patient factors and pain trajectories.

Results: Five distinct postoperative pain trajectories were identified. Many 
patients (167 of 360, 46%) were in the moderate-to-high pain group, fol-
lowed by the moderate-to-low (88 of 360, 24%), high (58 of 360, 17%), low 
(25 of 360, 7%), and decreasing (21 of 360, 6%) pain groups. Lower age 
(odds ratio, 0.94; 95% CI, 0.91 to 0.99), female sex (odds ratio, 6.5; 95% CI, 
1.49 to 15.6), higher anxiety (odds ratio, 1.08; 95% CI, 1.01 to 1.14), and 
more pain behaviors (odds ratio, 1.10; 95% CI, 1.02 to 1.18) were related to 
increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).

Conclusions: There are multiple distinct acute postoperative pain inten-
sity trajectories, with 63% of patients reporting stable and sustained high 
or moderate-to-high pain over the first 7 days after surgery. These postop-
erative pain trajectories were predominantly defined by patient factors and 
not surgical factors.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic
• The resolution of pain after surgery is highly variable, and the fac-

tors contributing to these differences are poorly described
• Identifying groups of patients sharing similar pain trajectories may 

help us predict and optimize recovery from surgery

What This Article Tells Us That Is New
• Monitoring postoperative pain for 7 days in 360 patients recov-

ering from surgery allowed the identification of five distinct pain 
trajectories

• Patient-specific factors such as age, sex, and psychologic features 
were the predominant determinants of trajectory group membership

Of the 100 million patients who undergo surgery world-
wide each year, more than 60% will experience moder-

ate-to-severe postoperative pain.1 Increased acute postoperative 
pain intensity is associated with the development of persistent 
postsurgical pain, which is defined by the International 
Classification of Diseases-11 as pain persisting more than  

3 months after surgery.2–4 Depending on the type of surgery, 10 
to 56% of surgical patients will develop persistent postsurgical 
pain.5–7 Epidemiologic work by Fletcher et al.8 suggests that for 
every 10% increase in the patient estimate of the percentage of 
time spent in severe postoperative pain, there is a 24% increase 
in pain intensity at 6 months after surgery. This suggests that 
a better understanding of postoperative pain trajectories may 
not just influence acute postoperative suffering but also lead to 
preventative therapies for persistent postsurgical pain.

To personalize postoperative analgesia to these antici-
pated temporal profiles of acute and persistent postoperative 
pain, we must first develop better models of postoperative 
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days, through local anesthetic selection, additives to local 
anesthetics, delayed-release local anesthetic formulations, 
and continuous catheter-based techniques.9,10,33–35 To aid 
patients in selecting a kinetically rational approach to 
regional anesthesia for their procedure, anesthesiologists 
must first understand the anticipated postoperative acute 
pain trajectory.9,11,12,19 Although procedure-based heuristics 
offer important information for population-based recom-
mendations, consideration of patient sociodemographic, 
medical, and behavioral factors becomes necessary to enable 

personalized regional anesthetics that are optimized for the 
individual.36–38 This is increasingly important in the design 
of randomized controlled trials given accumulating evi-
dence on the lack of true randomization of patients with 
relevant features.39,40

Sociodemographic and behavioral factors have been 
strongly associated with acute postoperative pain intensity 
over the last few decades.41,42 However, much of this early 
work on preoperative predictors of acute postoperative pain 
used pain intensity assessments on a single day after surgery 

Fig. 3. Group-based pain trajectories for first 7 days after surgery. Error bars indicate 95% CIs.

Fig. 4. Spaghetti plots for individual trajectories within each pain trajectory group.
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intensity across a variety of surgical procedures.46–48 By con-
trast, despite the strong associations reported between cata-
strophizing and postoperative pain intensity, catastrophizing 

was not associated with group trajectory assignment.23,49,50 
A study in breast cancer surgery patients suggests that pain 
catastrophizing may be a full mediator between preoperative 

Fig. 5. Mosaic plot for surgical service and pain trajectory groups. The number in each cell indicates the number of patients in that group. 
Vascular service (n = 1) was not included in this analysis.

Table 4. Results from Multinomial Logistic Regression (Estimates from Bootstrap Analysis, n = 500 samples)

 Odds Ratio (95% CI)  

Patient Demographics

Moderate- 
to-Low

Bootstrapped

Moderate- 
to-High

Bootstrapped
High

Bootstrapped

Frequency of  
Variable  

Selection, %

Age, yr 0.97 (0.93, 1.02) 0.96 (0.93, 1.00) 0.94 (0.91, 0.99) 71
Sex (Ref: male)    90
 Female 2.49 (0.91, 6.3) 3.52 (1.40, 8.5) 6.4 (1.49, 15.6)  
Patient-Reported Outcomes Measurement Information System Anxiety 1.00 (0.95, 1.04) 1.02 (0.98, 1.08) 1.08 (1.01, 1.14) 85
Patient-Reported Outcomes Measurement Information System Pain Behavior 1.03 (0.98, 1.09) 1.04 (0.99, 1.08) 1.10 (1.02, 1.18) 77
Pain Catastrophizing Scale 1.00 (0.94, 1.06) 1.03 (0.98, 1.09) 1.01 (0.95, 1.08) 18
Intraoperative opioids (oral morphine milligram equivalents) 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 1.01 (1.00, 1.01) 50
Intraoperative ketamine, mg 0.99 (0.97, 1.02) 1.01 (0.99, 1.02) 1.00 (0.98, 1.03) 13
Intraoperative lidocaine, mg 1.00 (0.99, 1.01) 1.00 (0.99, 1.01) 0.99 (0.98, 1.01) 17
Surgical service (Ref: colorectal and urology surgery)    75
 Orthopedics and spine 1.21 (0.318, 4.3) 1.30 (0.316, 4.8) 2.38 (0.46, 8.7)  
 Pancreas, biliary, and transplant 0.63 (0.171, 4.9) 1.80 (0.56, 8.7) 4.2 (0.91, 21.0)  
 Thoracic 1.55 (0.359, 5.5) 2.38 (0.71, 9.1) 1.96 (0.261, 9.0)  

The combined low/decreasing pain group was the reference group for trajectory outcome. Odds ratios with 95% CI represent estimates after bootstrapping (n = 500 samples); Appen-
dix 2 contains estimates from original analysis. Age, Patient-Reported Outcomes Measurement Information System Anxiety, Patient-Reported Outcomes Measurement Information 
System Pain Behaviors, Pain Catastrophizing Scale, intraoperative opioids, ketamine, and lidocaine were modeled as continuous measures, with the odds ratio representing the like-
lihood of group membership per unit increase in measure. Ref, reference value for categorical measures. Bold parameters indicate odds ratios in which 95% CI does not include one.
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ABSTRACT
Background: The primary goal of this study was to evaluate patterns in 
acute postoperative pain in a mixed surgical patient cohort with the hypothesis 
that there would be heterogeneity in these patterns.

Methods: This study included 360 patients from a mixed surgical cohort 
whose pain was measured across postoperative days 1 through 7. Pain was 
characterized using the Brief Pain Inventory. Primary analysis used group-
based trajectory modeling to estimate trajectories/patterns of postoperative 
pain. Secondary analysis examined associations between sociodemographic, 
clinical, and behavioral patient factors and pain trajectories.

Results: Five distinct postoperative pain trajectories were identified. Many 
patients (167 of 360, 46%) were in the moderate-to-high pain group, fol-
lowed by the moderate-to-low (88 of 360, 24%), high (58 of 360, 17%), low 
(25 of 360, 7%), and decreasing (21 of 360, 6%) pain groups. Lower age 
(odds ratio, 0.94; 95% CI, 0.91 to 0.99), female sex (odds ratio, 6.5; 95% CI, 
1.49 to 15.6), higher anxiety (odds ratio, 1.08; 95% CI, 1.01 to 1.14), and 
more pain behaviors (odds ratio, 1.10; 95% CI, 1.02 to 1.18) were related to 
increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).

Conclusions: There are multiple distinct acute postoperative pain inten-
sity trajectories, with 63% of patients reporting stable and sustained high 
or moderate-to-high pain over the first 7 days after surgery. These postop-
erative pain trajectories were predominantly defined by patient factors and 
not surgical factors.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic
• The resolution of pain after surgery is highly variable, and the fac-

tors contributing to these differences are poorly described
• Identifying groups of patients sharing similar pain trajectories may 

help us predict and optimize recovery from surgery

What This Article Tells Us That Is New
• Monitoring postoperative pain for 7 days in 360 patients recov-

ering from surgery allowed the identification of five distinct pain 
trajectories

• Patient-specific factors such as age, sex, and psychologic features 
were the predominant determinants of trajectory group membership

Of the 100 million patients who undergo surgery world-
wide each year, more than 60% will experience moder-

ate-to-severe postoperative pain.1 Increased acute postoperative 
pain intensity is associated with the development of persistent 
postsurgical pain, which is defined by the International 
Classification of Diseases-11 as pain persisting more than  

3 months after surgery.2–4 Depending on the type of surgery, 10 
to 56% of surgical patients will develop persistent postsurgical 
pain.5–7 Epidemiologic work by Fletcher et al.8 suggests that for 
every 10% increase in the patient estimate of the percentage of 
time spent in severe postoperative pain, there is a 24% increase 
in pain intensity at 6 months after surgery. This suggests that 
a better understanding of postoperative pain trajectories may 
not just influence acute postoperative suffering but also lead to 
preventative therapies for persistent postsurgical pain.

To personalize postoperative analgesia to these antici-
pated temporal profiles of acute and persistent postoperative 
pain, we must first develop better models of postoperative 
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or aggregates over the first few days after surgery.43–45 Early 
work first posed outcomes directly related to postopera-
tive pain changes over time, uncovering significant differ-
ences in the slopes of acute pain trajectories.14,16 Althaus et 
al. extended this work to demonstrate that the parameter 
estimates for certain behavioral risk factors for acute post-
operative pain could invert when the outcome of interest 
was the rate of recovery rather than initial pain intensity.13 
For instance, preoperative anxiety was associated with 
greater initial postoperative pain intensity but also a more 
rapid rate of resolution of acute postoperative pain. Recent 
work using growth mixture modeling in a mixed surgical 
cohort suggested three postoperative pain trajectories com-
pared to the five identified here.17 However, this analysis did 
not describe the patient or procedural characteristics of the 
patient pain trajectory groups.

One of the key contributions of this analysis is the relative 
impact of patient sociodemographic and behavioral factors 
over procedural factors in assigning patients to a postoper-
ative pain trajectory group. Despite work by Gerbershagen 
et al.31,32 showing the differences in acute postoperative pain 
intensity across a range of surgical procedures, procedure 
type was not a key determinant of trajectory group assign-
ment in our results. This is noteworthy given that our cohort 
included several procedure categories such as spine, thoracic, 
and orthopedic surgeries, commonly associated with high, 
prolonged acute postoperative pain.31 This discrepancy also 

applied to regional anesthesia; although regional anesthe-
sia is robustly associated with decreased postoperative pain 
intensity in many surgical procedures, using a preopera-
tive nerve block was not associated with trajectory group 
assignment. Preoperative nerve block was confounded with 
surgical service and could not be included in multivari-
able analysis. This discrepancy in regional anesthetics could 
be related to the fact that 76% of patients received some 
type of preoperative nerve block, thus minimizing potential 
variability across the groups. Similarly, we did not identify 
any difference in the use of ketamine or lidocaine between 
different trajectory groups. To be clear, our results do not 
suggest that surgical procedure type, regional anesthesia, 
or multimodal analgesia are not associated with greater or 
lesser postoperative pain but rather that these factors were 
not key differentiators of trajectory group assignments for 
acute postoperative pain. Furthermore, given the availabil-
ity of opioids for breakthrough pain and identification of 
differences in intraoperative and postoperative oral mor-
phine milligram equivalents between trajectory groups, the 
effects of multimodal analgesics may be best borne out in 
weighted composite endpoints encompassing pain intensity, 
opioid reduction, and functional improvement.

Multivariable modeling showed that sex, anxiety, and 
pain behaviors were independently associated with group 
trajectory assignment. Female sex has previously shown 
a strong association with increased postoperative pain 

Table 3. Patient Demographics by Group

Patient Demographics
Low

(n = 25)
Decreasing

(n = 22)

Moderate  
to Low  
(n = 88)

Moderate  
to High  

(n = 167)
High

(n = 58)

P Value

Raw

False  
Discovery  

Rate

Age, mean yr ± SD 66 ± 13 63 ± 10 61 ± 13 58 ± 12 54 ± 12 < 0.001 < 0.001
Sex, n (%)      0.002 0.005
 Male 19 (76%) 15 (68%) 49 (56%) 78 (47%) 20 (35%)   
 Female 6 (24%) 7 (32%) 39 (44%) 89 (53%) 38 (65%)   
Race, n (%)      0.584 0.755
 White 21 (84%) 19 (86%) 81 (92%) 138 (83%) 50 (86%)   
 Black 2 (8%) 2 (9%) 3 (3%) 20 (12%) 2 (9%)   
 Other 2 (8%) 1 (5%) 4 (5%) 9 (5%) 3 (5%)   
Ethnicity, n (%)      0.648 0.755
 Hispanic 0 (0%) 0 (0%) 4 (5%) 6 (4%) 4 (7%)   
 Non-Hispanic 25 (100%) 22 (100%) 84 (95%) 161 (96%) 54 (93%)   
Body mass index, mean ± SD 28.2 ± 5.4 29.9 ± 6.2 29.2 ± 6.9 29.7 ± 6.4 30.1 ± 6.8 0.821 0.821
Preoperative nerve block, n (%) 20 (80%) 16 (73%) 70 (80%) 125 (75%) 41 (71%) 0.750 0.800
Preoperative opioids (n = 160), n (%) 1/4 (2%) 4/10 (6%) 13/35 (19%) 30/71 (44%) 21/39 (30%) 0.616 0.755
Intraoperative ketamine, n (%) 6 (24%) 4 (18%) 20 (23%) 47 (28%) 18 (31%) 0.661 0.755
Intraoperative lidocaine, n (%) 6 (24%) 4 (18%) 25 (28%) 33 (20%) 12 (21%) 0.596 0.755
Intraoperative opioids, median oral morphine  

milligram equivalents (interquartile range)
55.0 (68.6) 63.5 (53.6) 45.0 (52.0) 65.0 (75.0) 78.0 (81.1) 0.047 0.094

Total postoperative opioids, median oral morphine  
milligram equivalents (interquartile range)

60.0 (70.6) 68.8 (199.5) 73.5 (108.3) 136.3 (165.9) 249.5 (330.3) < 0.001 < 0.001

The false discovery rate P was adjusted for multiple comparisons using the false discovery rate. Preoperative nerve block indicates a neuraxial or perineural catheter(s) were placed 
before surgery. Please see Appendix 1 for additional details on the use of regional anesthetics in this cohort. All denominators are the n values listed in the column heads unless other-
wise noted. For oral morphine milligram equivalents, median and interquartile range (quartile 3 – quartile 1) are reported, and a Kruskal–Wallis test was used because of nonnormality.
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ABSTRACT
Background: The primary goal of this study was to evaluate patterns in 
acute postoperative pain in a mixed surgical patient cohort with the hypothesis 
that there would be heterogeneity in these patterns.

Methods: This study included 360 patients from a mixed surgical cohort 
whose pain was measured across postoperative days 1 through 7. Pain was 
characterized using the Brief Pain Inventory. Primary analysis used group-
based trajectory modeling to estimate trajectories/patterns of postoperative 
pain. Secondary analysis examined associations between sociodemographic, 
clinical, and behavioral patient factors and pain trajectories.

Results: Five distinct postoperative pain trajectories were identified. Many 
patients (167 of 360, 46%) were in the moderate-to-high pain group, fol-
lowed by the moderate-to-low (88 of 360, 24%), high (58 of 360, 17%), low 
(25 of 360, 7%), and decreasing (21 of 360, 6%) pain groups. Lower age 
(odds ratio, 0.94; 95% CI, 0.91 to 0.99), female sex (odds ratio, 6.5; 95% CI, 
1.49 to 15.6), higher anxiety (odds ratio, 1.08; 95% CI, 1.01 to 1.14), and 
more pain behaviors (odds ratio, 1.10; 95% CI, 1.02 to 1.18) were related to 
increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).

Conclusions: There are multiple distinct acute postoperative pain inten-
sity trajectories, with 63% of patients reporting stable and sustained high 
or moderate-to-high pain over the first 7 days after surgery. These postop-
erative pain trajectories were predominantly defined by patient factors and 
not surgical factors.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic
• The resolution of pain after surgery is highly variable, and the fac-

tors contributing to these differences are poorly described
• Identifying groups of patients sharing similar pain trajectories may 

help us predict and optimize recovery from surgery

What This Article Tells Us That Is New
• Monitoring postoperative pain for 7 days in 360 patients recov-

ering from surgery allowed the identification of five distinct pain 
trajectories

• Patient-specific factors such as age, sex, and psychologic features 
were the predominant determinants of trajectory group membership

Of the 100 million patients who undergo surgery world-
wide each year, more than 60% will experience moder-

ate-to-severe postoperative pain.1 Increased acute postoperative 
pain intensity is associated with the development of persistent 
postsurgical pain, which is defined by the International 
Classification of Diseases-11 as pain persisting more than  

3 months after surgery.2–4 Depending on the type of surgery, 10 
to 56% of surgical patients will develop persistent postsurgical 
pain.5–7 Epidemiologic work by Fletcher et al.8 suggests that for 
every 10% increase in the patient estimate of the percentage of 
time spent in severe postoperative pain, there is a 24% increase 
in pain intensity at 6 months after surgery. This suggests that 
a better understanding of postoperative pain trajectories may 
not just influence acute postoperative suffering but also lead to 
preventative therapies for persistent postsurgical pain.

To personalize postoperative analgesia to these antici-
pated temporal profiles of acute and persistent postoperative 
pain, we must first develop better models of postoperative 
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ABSTRACT
Background: The primary goal of this study was to evaluate patterns in 
acute postoperative pain in a mixed surgical patient cohort with the hypothesis 
that there would be heterogeneity in these patterns.

Methods: This study included 360 patients from a mixed surgical cohort 
whose pain was measured across postoperative days 1 through 7. Pain was 
characterized using the Brief Pain Inventory. Primary analysis used group-
based trajectory modeling to estimate trajectories/patterns of postoperative 
pain. Secondary analysis examined associations between sociodemographic, 
clinical, and behavioral patient factors and pain trajectories.

Results: Five distinct postoperative pain trajectories were identified. Many 
patients (167 of 360, 46%) were in the moderate-to-high pain group, fol-
lowed by the moderate-to-low (88 of 360, 24%), high (58 of 360, 17%), low 
(25 of 360, 7%), and decreasing (21 of 360, 6%) pain groups. Lower age 
(odds ratio, 0.94; 95% CI, 0.91 to 0.99), female sex (odds ratio, 6.5; 95% CI, 
1.49 to 15.6), higher anxiety (odds ratio, 1.08; 95% CI, 1.01 to 1.14), and 
more pain behaviors (odds ratio, 1.10; 95% CI, 1.02 to 1.18) were related to 
increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).

Conclusions: There are multiple distinct acute postoperative pain inten-
sity trajectories, with 63% of patients reporting stable and sustained high 
or moderate-to-high pain over the first 7 days after surgery. These postop-
erative pain trajectories were predominantly defined by patient factors and 
not surgical factors.
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tors contributing to these differences are poorly described
• Identifying groups of patients sharing similar pain trajectories may 

help us predict and optimize recovery from surgery

What This Article Tells Us That Is New
• Monitoring postoperative pain for 7 days in 360 patients recov-

ering from surgery allowed the identification of five distinct pain 
trajectories

• Patient-specific factors such as age, sex, and psychologic features 
were the predominant determinants of trajectory group membership

Of the 100 million patients who undergo surgery world-
wide each year, more than 60% will experience moder-

ate-to-severe postoperative pain.1 Increased acute postoperative 
pain intensity is associated with the development of persistent 
postsurgical pain, which is defined by the International 
Classification of Diseases-11 as pain persisting more than  

3 months after surgery.2–4 Depending on the type of surgery, 10 
to 56% of surgical patients will develop persistent postsurgical 
pain.5–7 Epidemiologic work by Fletcher et al.8 suggests that for 
every 10% increase in the patient estimate of the percentage of 
time spent in severe postoperative pain, there is a 24% increase 
in pain intensity at 6 months after surgery. This suggests that 
a better understanding of postoperative pain trajectories may 
not just influence acute postoperative suffering but also lead to 
preventative therapies for persistent postsurgical pain.

To personalize postoperative analgesia to these antici-
pated temporal profiles of acute and persistent postoperative 
pain, we must first develop better models of postoperative 
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anxiety and acute postoperative pain assessed 48 h after sur-
gery.51 This discrepancy in findings on catastrophizing may 
also be interpreted in a similar manner as surgical proce-
dures, whereby trajectory distinction remains conceptually 
different than pain intensity itself. Additionally, our logistic 
regression considered each group in equipoise rather than 
in an ordinal fashion, given difficulties in quantifying the 
“worseness” of the different trajectories.

Our finding regarding the role of pain behav-
iors, as assessed using the Patient-Reported Outcomes 
Measurement Information System Pain Behavior item 
bank, was surprising in its ability to distinguish among the 
group trajectories in a multivariable model. Pain behaviors 
are those physical or verbal, voluntary or involuntary, exter-
nal manifestations of pain assessed using self-report.21 To the 
best of our knowledge, prior reports examining postopera-
tive trajectories have not included pain behaviors alongside 
assessments of catastrophizing. One possible explanation for 
the lack of significance regarding catastrophizing in multi-
variable analysis could be that the information contained 
in the pain catastrophizing measure that is relevant to pain 

trajectory group assignment is better captured within the 
assessment of pain behavior. Further work is necessary to 
more fully explore the relationships between catastrophiz-
ing and pain behaviors in the surgical population.

In our analysis, group assignment was performed only 
using postoperative pain intensity time series data, with post 
hoc analysis of intergroup differences, rather than inclusion 
of patient and procedural factors in the group classification 
itself. This approach allowed us to focus on the postoper-
ative pain experience of patients in a manner similar to a 
clinical decision framework. Our analyses also examined 
a range of relationships including linear and polynomial 
functions. These polynomial functions proved illustrative 
given the nonlinear shapes of the stable low and decreasing 
categories. Notably, across all groups except the decreasing 
group, there was minimal to absent overlap in the CI of 
each postoperative day between each group. In total, this 
interpretation suggests face validity in addition to the Bayes 
factor optimization steps.

Overall, our results contain many similarities to that of 
the survey of postoperative pain experience by Gan et al.1  

Fig. 6. Mean scores for Patient-Reported Outcomes Measurement Information System (PROMIS) anxiety (A), depression (B), and pain behav-
ior scales (C) and Mean Pain Catastrophizing Scale score (D) across pain trajectory groups. Error bars indicate 95% CIs.
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ABSTRACT
Background: The primary goal of this study was to evaluate patterns in 
acute postoperative pain in a mixed surgical patient cohort with the hypothesis 
that there would be heterogeneity in these patterns.

Methods: This study included 360 patients from a mixed surgical cohort 
whose pain was measured across postoperative days 1 through 7. Pain was 
characterized using the Brief Pain Inventory. Primary analysis used group-
based trajectory modeling to estimate trajectories/patterns of postoperative 
pain. Secondary analysis examined associations between sociodemographic, 
clinical, and behavioral patient factors and pain trajectories.

Results: Five distinct postoperative pain trajectories were identified. Many 
patients (167 of 360, 46%) were in the moderate-to-high pain group, fol-
lowed by the moderate-to-low (88 of 360, 24%), high (58 of 360, 17%), low 
(25 of 360, 7%), and decreasing (21 of 360, 6%) pain groups. Lower age 
(odds ratio, 0.94; 95% CI, 0.91 to 0.99), female sex (odds ratio, 6.5; 95% CI, 
1.49 to 15.6), higher anxiety (odds ratio, 1.08; 95% CI, 1.01 to 1.14), and 
more pain behaviors (odds ratio, 1.10; 95% CI, 1.02 to 1.18) were related to 
increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).

Conclusions: There are multiple distinct acute postoperative pain inten-
sity trajectories, with 63% of patients reporting stable and sustained high 
or moderate-to-high pain over the first 7 days after surgery. These postop-
erative pain trajectories were predominantly defined by patient factors and 
not surgical factors.
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EDITOR’S PERSPECTIVE

What We Already Know about This Topic
• The resolution of pain after surgery is highly variable, and the fac-

tors contributing to these differences are poorly described
• Identifying groups of patients sharing similar pain trajectories may 

help us predict and optimize recovery from surgery

What This Article Tells Us That Is New
• Monitoring postoperative pain for 7 days in 360 patients recov-

ering from surgery allowed the identification of five distinct pain 
trajectories

• Patient-specific factors such as age, sex, and psychologic features 
were the predominant determinants of trajectory group membership

Of the 100 million patients who undergo surgery world-
wide each year, more than 60% will experience moder-

ate-to-severe postoperative pain.1 Increased acute postoperative 
pain intensity is associated with the development of persistent 
postsurgical pain, which is defined by the International 
Classification of Diseases-11 as pain persisting more than  

3 months after surgery.2–4 Depending on the type of surgery, 10 
to 56% of surgical patients will develop persistent postsurgical 
pain.5–7 Epidemiologic work by Fletcher et al.8 suggests that for 
every 10% increase in the patient estimate of the percentage of 
time spent in severe postoperative pain, there is a 24% increase 
in pain intensity at 6 months after surgery. This suggests that 
a better understanding of postoperative pain trajectories may 
not just influence acute postoperative suffering but also lead to 
preventative therapies for persistent postsurgical pain.

To personalize postoperative analgesia to these antici-
pated temporal profiles of acute and persistent postoperative 
pain, we must first develop better models of postoperative 
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increased likelihood of being in the high pain trajectory in multivariable analy-
sis. Preoperative and intraoperative opioids were not associated with postop-
erative pain trajectories. Pain trajectory group was, however, associated with 
postoperative opioid use (P < 0.001), with the high pain group (249.5 oral 
morphine milligram equivalents) requiring four times more opioids than the 
low pain group (60.0 oral morphine milligram equivalents).
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Background: The frequency of chronic postsurgical pain (CPSP) after knee replacement remains 
high, but might be decreased by improvements to prevention.

Objectives: To identify pre- and postsurgical factors predictive of CPSP 6 months after knee 
replacement.

Study Design: Single-center prospective observational study.

Setting: An orthopedic unit in a French hospital. 

Methods: Consecutive patients referred for total or unicompartmental knee arthroplasty from 
March to July 2013 were prospectively invited to participate in this study. For each patient, we 
recorded preoperative pain intensity, anxiety and depression levels, and sensitivity and pain 
thresholds in response to an electrical stimulus. We analyzed OPRM1 and COMT single-nucleotide 
polymorphisms. Acute postoperative pain (APOP) in the first 5 days after surgery was modeled by 
a pain trajectory. Changes in the characteristics and consequences of the pain were monitored 3 
and 6 months after surgery. Bivariate analysis and multivariate logistic regression were conducted 
to identify predictors of CPSP. 

Results: We prospectively evaluated 104 patients in this study, 74 (28.8%) of whom reported 
CPSP at 6 months. Three preoperative factors were found to be associated with the presence 
of CPSP in multivariate logistic regression analysis: high school diploma level (OR = 3.83 [1.20 – 
12.20]), consequences of pain in terms of walking ability, as assessed with the Brief Pain Inventory 
short form “walk” item (OR = 4.06 [1.18 – 13.94]), and a lack of physical activity in adulthood 
(OR = 4.01 [1.33 – 12.10]). One postoperative factor was associated with the presence of CPSP: a 
high-intensity APOP trajectory. An association of borderline statistical significance was found with 
the A allele of the COMT gene (OR = 3.4 [0.93 – 12.51]). Two groups of patients were identified 
on the basis of their APOP trajectory: high (n = 28, 26%) or low (n = 80, 74%) intensity. Patients 
with high-intensity APOP trajectory had higher anxiety levels and were less able to walk before 
surgery (P < 0.05).

Limitations: This was a single-center study and the sample may have been too small for the 
detection of some factors predictive of CPSP or to highlight the role of genetic factors. 

Conclusion: Our findings suggest that several preoperative and postoperative characteristics 
could be used to facilitate the identification of patients at high risk of CPSP after knee surgery. 
All therapeutic strategies decreasing APOP, such as anxiety management or performing knee 
replacement before the pain has a serious effect on ability to walk, may help to decrease the risk 
of CPSP. Further prospective studies testing specific management practices, including a training 
program before surgery, are required.

Key words: Chronic postsurgical pain, opioids, arthroplasty, pain trajectory, genetics, COMT, 
predictive factors
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4 factors were associated with CPSP:

• 3 preoperative factors (high school diploma, consequences 
of the pain for walking ability, as assessed with BPIsf walk, 
and an absence of regular physical activity in adulthood), 

• 1 postoperative factor (APOP trajectory).
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of research and therapeutic interventions.100 Addictive 
substances such as opioids alter the plasticity of the 
corticolimbic circuits, and conversely, persistent pain 
promotes opiate reward.101 The increase in opiate reward 
measured in mice with neuropathic pain was specifically 
dependent on signalling changes in a group of cortico-
limbic neurons that contain the peptide hormone 
corticotropin-releasing factor. This finding mechanis tically 
links synaptic plasticity induced by chronic pain to 
behavioural susceptibility to increased opiate reward102 and 
suggests that therapeutic strategies that seek to normalise 
corticolimbic connectivity could improve chronic pain and 
opiate use outcomes.

Our neurobiological understanding of pain suggests that 
noxious signals are integrated by multiple distinct and 
overlapping neuronal populations and brain regions. 
Researchers are only just beginning to unravel these 
complex circuits and interactions to understand when and 
how they shape and scale sensory input and how their 
relative contributions affect the experience of pain.103 
Because of the various factors that can contribute to 
the development of chronic pain, a single treatment is 
unlikely to be effective and appropriate for all patients with 
chronic pain. CPSP has an advantage from a research 
perspective of occurring in response to a known injury. 
Biomedical and psychological testing before and after the 
nociceptive challenge can be assessed and potential 
therapeutic compounds could be locally delivered to the 
site of injury before and during surgery.

Predictors of CPSP
The ability to predict who is at risk of developing CPSP is 
clearly important, especially if the risk factors are 
modifiable. Despite the progress in understanding the 
transition from acute to chronic pain, the research to date 
mainly identifies clinical risk factors. This literature is 
summarised in table 2. To facilitate future research in 
this field, a standardised approach to data collection of 
patient-reported and clinical outcomes has been proposed 
by the Initiative on Methods, Measurement, and Pain 
Assess ment in Clinical Trials (IMMPACT) and is outlined 
in panel 1.104 Five core risk factor domains have 
been identified: demographic, genetic, clinical, sur gery 
related, and psychological. Four outcome domains have 
been identified, with standardised validated tools for 
measuring them: pain, physical functioning, psycho logical 
functioning, and global rating of outcome. Standardisation 
of the definition of CPSP and uniformity in the timing 
of follow-up to assess transition from acute to chronic pain 
at multiple timepoints are other methodological issues 
that have been emphasised in this Series.

Risk factors for CPSP are not independent of each other, 
but interlinked.23 For example, preoperative chronic pain is 
more common in women, and sensitivity to experimental 
pain stimuli is often accompanied by mood disorders such 
as depression and anxiety. It is therefore not surprising that 
patients with established chronic pain and pain-related 

behaviours are more likely to report increased acute 
postoperative pain that is often difficult to treat because 
of tolerance and opioid-induced hyperalgesia from their 
previous treatment of chronic pain with high-dose opioids.

Predictive tools
Because there are multiple, interacting risk factors for 
developing CPSP, attempts have been made to develop 
predictive tools that quantify the level of composite risk. 
Most have been operation specific, but one generic tool 
evaluated the effect of 14 biomedical and psychosocial 
items that were derived from a systematic review of the 
CPSP risk factor literature.106 From a training set of 
150 patients, of whom almost half developed CPSP, five of 
the 14 items were independently predictive of developing 
CPSP, of which four are assessable pre operatively (pain 
in the surgical field, comorbid chronic pain at other 
sites, capacity overload, and comorbid stress) and one 
postoperatively (moderate to severe postoperative pain 
persisting at day 5). Because the five risk factors were of 
similar importance (odds ratios all approximate ly 2–3), 

Panel 1: Risk factors for chronic postsurgical pain

Demographics and lifestyle
• Age
• Gender
• Marital status or living arrangements
• Education level
• Employment status
• Compensation status
• Obesity
• Smoking

Genetic
• Candidate gene mutations associated with increased pain 

(eg, COMT,OPRM1, and GCH1)

Clinical
• Surgical factors, including surgical technique (open vs 

laparoscopic), duration of surgery, type of anaesthesia 
(general vs regional), and perioperative

• Analgesic regimen (systemic vs spinal and pre-emptive); 
surgical complications and re-operating

• Medical comorbidities
• Previous disability or pain interference

Preoperative pain (area of operation or elsewhere)

Postoperative pain (intensity and duration)

Psychological
• Fear or anxiety
• Depression
• Pain catastrophising
• Other psychological issues (eg, vulnerability factors)

COMT=catechol-o-methyltransferase. OPRM1=opioid receptor mu 1. 
GCH1=guanosine-5’-triphosphate cyclohydrolase 1.
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Postoperative pain management and opioids 1

Transition from acute to chronic pain after surgery
Paul Glare, Karin R Aubrey, Paul S Myles

Over the past decade there has been an increasing reliance on strong opioids to treat acute and chronic pain, which 
has been associated with a rising epidemic of prescription opioid misuse, abuse, and overdose-related deaths. Deaths 
from prescription opioids have more than quadrupled in the USA since 1999, and this pattern is now occurring 
globally. Inappropriate opioid prescribing after surgery, particularly after discharge, is a major cause of this problem. 
Chronic postsurgical pain, occurring in approximately 10% of patients who have surgery, typically begins as acute 
postoperative pain that is difficult to control, but soon transitions into a persistent pain condition with neuropathic 
features that are unresponsive to opioids. Research into how and why this transition occurs has led to a stronger 
appreciation of opioid-induced hyperalgesia, use of more effective and safer opioid-sparing analgesic regimens, and 
non-pharmacological interventions for pain management. This Series provides an overview of the epidemiology and 
societal effect, basic science, and current recommendations for managing persistent postsurgical pain. We discuss 
the advances in the prevention of this transitional pain state, with the aim to promote safer analgesic regimens to 
better manage patients with acute and chronic pain.

Introduction
Acute pain is almost ubiquitous after surgery. Fortunately, 
it can be controlled and mostly resolves within 1 week. It 
should not cause distress or limit postoperative recovery.1 
However, for some patients acute postoperative pain 
persists beyond the usual time of tissue healing and 
transitions into a chronic pain state.2–6

The prevalence of chronic postsurgical pain (CPSP), 
which is bad enough to cause substantial functional 
impairment, is approximately 10% after all surgeries 
(table 1).6 Globally, more than 320 million people have 
surgery each year, which represents a vast potential for 
CPSP.25 As a result, CPSP is increasingly recognised 
as a public health problem, not only because of the dis-
comfort, distress, and disability it causes, but also because 
past approaches to managing it have contrib uted sub-
stantially to the current opioid crisis.26 The use of opioids 
for atients who have surgery presents a particularly 
challenging problem requiring clinicians to balance 
two competing interests: managing acute pain in the 
immediate post operative period and minimising the risks 
of persistent opioid use after surgery. Finding ways to 
minimise this risk is particularly salient in light of a 
growing literature suggesting that patients  who have had 
surgery are at increased risk of chronic opioid use.27 As a 
result, in 2016, the Joint Commission in the USA began a 
project to revise its pain standards and address the opioid 
epidemic.26 In January, 2018, the Commission added an 
emphasis on the need to actively engage medical staff and 
hospital leaders to include strategies to decrease opioid 
use. This included the use of at least one of non-
pharmacological modality for pain treatment and access 
to prescription drug monitoring programmes. There was 
also a stronger focus on pain assessments of how the pain 
affects patients’ physical function.28

Postsurgical pain is a paradigm for understanding and 
studying other pain that is also iatrogenic.29,30 Because 

CPSP occurs from a planned incision at a specified point in 
time, it has the potential to be prevented and better 
controlled. However, there are many factors that contribute 
to the development and persistence of CPSP, and only 
some of these are related to the surgery. As with non-
surgical chronic pain, psychological and social factors have 
an important influence. All clinicians—not just surgeons 
and anaesthetists—should have some knowledge on CPSP 
and how to manage established cases, which can persist for 
months or years after the procedure. As with many other 
chronic conditions, early intervention is likely to improve 
outcomes and so identifying patients at risk is crucial.

Definition
CPSP is pain that occurs at the site of the incision or related 
areas of the surgery and persists a month longer than it 
takes for most injured tissues to fully heal. Consequently, 
the time of onset has mostly been set between 3 and 
6 months.22,31,32 Definitions of CPSP also vary as to whether 
or not other causes of pain, such as disease recurrence after 
surgery or presence of a pre-existing pain syndrome, are 
included under the CPSP rubric.32 For example, chronic 
pain after lumbar spine surgery, also known as failed back 
surgery syndrome, refers to chronic back or leg pain that 
continues or recurs following spinal surgery, and affects 
more than 20% of patients.16,33 The 11th revision of the 
International Classification of Diseases defines CPSP as 
pain developing or increasing in intensity after a surgical 
procedure, in the area of the surgery, persisting beyond the 
healing process (ie, at least 3 months) and not better 
explained by another cause such as infection, malignancy, 
or a pre-existing pain condition.34

Clinical features
The nature of CPSP is often poorly characterised in 
clinical studies,35 but aching is the most commonly 
chosen sensory descriptor of persistent pain after a range 
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of research and therapeutic interventions.100 Addictive 
substances such as opioids alter the plasticity of the 
corticolimbic circuits, and conversely, persistent pain 
promotes opiate reward.101 The increase in opiate reward 
measured in mice with neuropathic pain was specifically 
dependent on signalling changes in a group of cortico-
limbic neurons that contain the peptide hormone 
corticotropin-releasing factor. This finding mechanis tically 
links synaptic plasticity induced by chronic pain to 
behavioural susceptibility to increased opiate reward102 and 
suggests that therapeutic strategies that seek to normalise 
corticolimbic connectivity could improve chronic pain and 
opiate use outcomes.

Our neurobiological understanding of pain suggests that 
noxious signals are integrated by multiple distinct and 
overlapping neuronal populations and brain regions. 
Researchers are only just beginning to unravel these 
complex circuits and interactions to understand when and 
how they shape and scale sensory input and how their 
relative contributions affect the experience of pain.103 
Because of the various factors that can contribute to 
the development of chronic pain, a single treatment is 
unlikely to be effective and appropriate for all patients with 
chronic pain. CPSP has an advantage from a research 
perspective of occurring in response to a known injury. 
Biomedical and psychological testing before and after the 
nociceptive challenge can be assessed and potential 
therapeutic compounds could be locally delivered to the 
site of injury before and during surgery.

Predictors of CPSP
The ability to predict who is at risk of developing CPSP is 
clearly important, especially if the risk factors are 
modifiable. Despite the progress in understanding the 
transition from acute to chronic pain, the research to date 
mainly identifies clinical risk factors. This literature is 
summarised in table 2. To facilitate future research in 
this field, a standardised approach to data collection of 
patient-reported and clinical outcomes has been proposed 
by the Initiative on Methods, Measurement, and Pain 
Assess ment in Clinical Trials (IMMPACT) and is outlined 
in panel 1.104 Five core risk factor domains have 
been identified: demographic, genetic, clinical, sur gery 
related, and psychological. Four outcome domains have 
been identified, with standardised validated tools for 
measuring them: pain, physical functioning, psycho logical 
functioning, and global rating of outcome. Standardisation 
of the definition of CPSP and uniformity in the timing 
of follow-up to assess transition from acute to chronic pain 
at multiple timepoints are other methodological issues 
that have been emphasised in this Series.

Risk factors for CPSP are not independent of each other, 
but interlinked.23 For example, preoperative chronic pain is 
more common in women, and sensitivity to experimental 
pain stimuli is often accompanied by mood disorders such 
as depression and anxiety. It is therefore not surprising that 
patients with established chronic pain and pain-related 

behaviours are more likely to report increased acute 
postoperative pain that is often difficult to treat because 
of tolerance and opioid-induced hyperalgesia from their 
previous treatment of chronic pain with high-dose opioids.

Predictive tools
Because there are multiple, interacting risk factors for 
developing CPSP, attempts have been made to develop 
predictive tools that quantify the level of composite risk. 
Most have been operation specific, but one generic tool 
evaluated the effect of 14 biomedical and psychosocial 
items that were derived from a systematic review of the 
CPSP risk factor literature.106 From a training set of 
150 patients, of whom almost half developed CPSP, five of 
the 14 items were independently predictive of developing 
CPSP, of which four are assessable pre operatively (pain 
in the surgical field, comorbid chronic pain at other 
sites, capacity overload, and comorbid stress) and one 
postoperatively (moderate to severe postoperative pain 
persisting at day 5). Because the five risk factors were of 
similar importance (odds ratios all approximate ly 2–3), 

Panel 1: Risk factors for chronic postsurgical pain

Demographics and lifestyle
• Age
• Gender
• Marital status or living arrangements
• Education level
• Employment status
• Compensation status
• Obesity
• Smoking

Genetic
• Candidate gene mutations associated with increased pain 

(eg, COMT,OPRM1, and GCH1)

Clinical
• Surgical factors, including surgical technique (open vs 

laparoscopic), duration of surgery, type of anaesthesia 
(general vs regional), and perioperative

• Analgesic regimen (systemic vs spinal and pre-emptive); 
surgical complications and re-operating

• Medical comorbidities
• Previous disability or pain interference

Preoperative pain (area of operation or elsewhere)

Postoperative pain (intensity and duration)

Psychological
• Fear or anxiety
• Depression
• Pain catastrophising
• Other psychological issues (eg, vulnerability factors)

COMT=catechol-o-methyltransferase. OPRM1=opioid receptor mu 1. 
GCH1=guanosine-5’-triphosphate cyclohydrolase 1.



PSYCHOSOCIAL FACTORS

ü Anxiety
ü Catastrophizing
ü Not coping skills
ü Lack of optimism
ü Fear of movement
ü Poor quality of life
ü Negative-emotional 

constructs 

ü Positive coping
ü emotional support
ü religious support
ü sense of self-efficacy
ü mental health
ü higher socioeconomic 

status 
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Postoperative pain management and opioids 1

Transition from acute to chronic pain after surgery
Paul Glare, Karin R Aubrey, Paul S Myles

Over the past decade there has been an increasing reliance on strong opioids to treat acute and chronic pain, which 
has been associated with a rising epidemic of prescription opioid misuse, abuse, and overdose-related deaths. Deaths 
from prescription opioids have more than quadrupled in the USA since 1999, and this pattern is now occurring 
globally. Inappropriate opioid prescribing after surgery, particularly after discharge, is a major cause of this problem. 
Chronic postsurgical pain, occurring in approximately 10% of patients who have surgery, typically begins as acute 
postoperative pain that is difficult to control, but soon transitions into a persistent pain condition with neuropathic 
features that are unresponsive to opioids. Research into how and why this transition occurs has led to a stronger 
appreciation of opioid-induced hyperalgesia, use of more effective and safer opioid-sparing analgesic regimens, and 
non-pharmacological interventions for pain management. This Series provides an overview of the epidemiology and 
societal effect, basic science, and current recommendations for managing persistent postsurgical pain. We discuss 
the advances in the prevention of this transitional pain state, with the aim to promote safer analgesic regimens to 
better manage patients with acute and chronic pain.

Introduction
Acute pain is almost ubiquitous after surgery. Fortunately, 
it can be controlled and mostly resolves within 1 week. It 
should not cause distress or limit postoperative recovery.1 
However, for some patients acute postoperative pain 
persists beyond the usual time of tissue healing and 
transitions into a chronic pain state.2–6

The prevalence of chronic postsurgical pain (CPSP), 
which is bad enough to cause substantial functional 
impairment, is approximately 10% after all surgeries 
(table 1).6 Globally, more than 320 million people have 
surgery each year, which represents a vast potential for 
CPSP.25 As a result, CPSP is increasingly recognised 
as a public health problem, not only because of the dis-
comfort, distress, and disability it causes, but also because 
past approaches to managing it have contrib uted sub-
stantially to the current opioid crisis.26 The use of opioids 
for atients who have surgery presents a particularly 
challenging problem requiring clinicians to balance 
two competing interests: managing acute pain in the 
immediate post operative period and minimising the risks 
of persistent opioid use after surgery. Finding ways to 
minimise this risk is particularly salient in light of a 
growing literature suggesting that patients  who have had 
surgery are at increased risk of chronic opioid use.27 As a 
result, in 2016, the Joint Commission in the USA began a 
project to revise its pain standards and address the opioid 
epidemic.26 In January, 2018, the Commission added an 
emphasis on the need to actively engage medical staff and 
hospital leaders to include strategies to decrease opioid 
use. This included the use of at least one of non-
pharmacological modality for pain treatment and access 
to prescription drug monitoring programmes. There was 
also a stronger focus on pain assessments of how the pain 
affects patients’ physical function.28

Postsurgical pain is a paradigm for understanding and 
studying other pain that is also iatrogenic.29,30 Because 

CPSP occurs from a planned incision at a specified point in 
time, it has the potential to be prevented and better 
controlled. However, there are many factors that contribute 
to the development and persistence of CPSP, and only 
some of these are related to the surgery. As with non-
surgical chronic pain, psychological and social factors have 
an important influence. All clinicians—not just surgeons 
and anaesthetists—should have some knowledge on CPSP 
and how to manage established cases, which can persist for 
months or years after the procedure. As with many other 
chronic conditions, early intervention is likely to improve 
outcomes and so identifying patients at risk is crucial.

Definition
CPSP is pain that occurs at the site of the incision or related 
areas of the surgery and persists a month longer than it 
takes for most injured tissues to fully heal. Consequently, 
the time of onset has mostly been set between 3 and 
6 months.22,31,32 Definitions of CPSP also vary as to whether 
or not other causes of pain, such as disease recurrence after 
surgery or presence of a pre-existing pain syndrome, are 
included under the CPSP rubric.32 For example, chronic 
pain after lumbar spine surgery, also known as failed back 
surgery syndrome, refers to chronic back or leg pain that 
continues or recurs following spinal surgery, and affects 
more than 20% of patients.16,33 The 11th revision of the 
International Classification of Diseases defines CPSP as 
pain developing or increasing in intensity after a surgical 
procedure, in the area of the surgery, persisting beyond the 
healing process (ie, at least 3 months) and not better 
explained by another cause such as infection, malignancy, 
or a pre-existing pain condition.34

Clinical features
The nature of CPSP is often poorly characterised in 
clinical studies,35 but aching is the most commonly 
chosen sensory descriptor of persistent pain after a range 
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Nel questionario che segue troverà dei gruppi di affermazioni. Legga attentamente un gruppo per 

volta. Scelga da ciascun gruppo l’affermazione che meglio di tutte le altre descrive come si è sentita/o 

durante la scorsa settimana, escluso oggi (tracci un cerchietto attorno al numero a sinistra della 

affermazione. Se le sembra che diverse affermazioni dello stesso gruppo la descrivono bene, faccia 

pure più di un cerchietto).

              

    

   

         

          

      
   

   
   

          

               

     

              

             

          

     
    

         

      
  

  
    

    
  

         

          

     

       

      

     

      

       

      

     

   

           

          

       

          

     

   

      

              

0 Non mi sento triste

1 Mi sento triste

2 Sono sempre più triste e non riesco ad uscire

3 Sono così triste o infelice che non riesco a sopportarlo

2.
0 Non sono praticamente pessimista o scoraggiata/o per il futuro

1 Mi sento scoraggiata/o per il futuro

2 Ho la sensazione di non avere nulla a cui tenere

3 Ho la sensazione che il futuro è disperato o che le cose non possono migliorare

3.
0 Non mi sento una/un fallita/o

1 Ho la sensazione di aver fallito più di quanto in genere fallisca la gente 

2 Se ripenso alla mia vita, riesco a vedere solo una serie di fallimenti

3 Ho la sensazione di essere un fallimento totale come persona

4.
0 Traggo dalle cose la soddisfazione che ho sempre tratto 

1 Non mi godo le cose come facevo un tempo

2 Non traggo più una vera soddisfazione da nulla

3 Sono insoddisfatta/o o annoiata/o di tutto

5.
0 Non mi sento particolarmente in colpa

1 Mi sento in colpa per buona parte del tempo

2 Mi sento in colpa per la maggior parte del tempo 

3 Mi sento in colpa sempre

6.
0 Non ho la sensazione di essere punita/o 

1 Sento che non posso essere punita/o

2 Mi sento di essere punita/o

3 Ho la sensazione di essere punita/o

7.
0 Non mi sento delusa/o da me stessa/o 

1 Mi sento delusa/o da me stessa/o

2 Sono disgustata/o da me stessa/o

3 Odio me stessa/o

              

1.

 È importante che legga tutte le affermazioni di un gruppo prima di rispondere. 

Patients’ Global Impression of Change (PGIC) Scale

Paziente _____________________________________ Data
_______

Da quando ha iniziato il trattamento può descrivere la sua impressione su come sia cambiata la
sua condizione dolorosa (limitazione dell’attività fisica, emozione e qualità della vita)?
� Nessun cambiamento, (o addirittura è peggiorata)
� Sempre lo stesso, è difficile pensare ad un miglioramento
� Un pò meglio, ma non notevole
� Qualche volta meglio, ma il cambiamento non è una reale differenza� Moderatamente meglio, un leggero e notevole miglioramento� Meglio, un deciso miglioramento che costituisce una reale differenza� Un grande e deciso miglioramento, e che fa la differenza

Cerchiare il numero che corrisponde al grado di cambiamento della sua condizione dolorosa dall’inizio del trattamento:

Molto meglio Nessun cambiamento Molto peggio

0 1 2 3 4 5 6 7 8 9 10
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Abstract

Background: This study aimed to investigate the effects of music and comedy movie
interventions on postoperative pain and kinesiophobia in patients who underwent total knee
arthroplasty.
Methods: This randomized-controlled study was carried out with the participation of
patients who underwent total knee arthroplasty. The patients were divided into three groups.
To reduce surgical pain and kinesiophobia, the patients in group 1 watched a comedy
movie, those in group 2 listened to music, and those in group 3 did not participate in any
intervention other than the routine practices of the clinic.
Results: The personal and medical characteristics of the patients in all groups were similar.
The patients in all three groups were kinesiophobic, and their surgical pain levels were mod-
erate despite pharmaceutical interventions. Groups 1 and 2 had a statistically significant
decrease in kinesiophobia and pain scores after the interventions. The effects of having
patients watch a comedy movie and having them listen to meditation music were not signifi-
cantly different.
Conclusions: The results of the study showed that listening to meditation music or
watching comedy movie scenes had significant positive effects in alleviating postoperative
pain and kinesiophobia after TKA. Based on the results of this study, it is recommended that
patients watch comedy movies and listen to meditation music to alleviate their postoperative
pain and kinesiophobia.
Trial Registration: NCT, NCT05471778. The study was registered at ClinicalTrials.gov.

Introduction

In the treatment of osteoarthritis, when conservative treatment options
are not effective, Total Knee Arthroplasty (TKA) is performed to alle-
viate their pain, and facilitate their mobility.1–3 The rates of knee and
hip arthroplasty operations in countries were reported as 44/100.000 in
Turkey, 292/100.000 in Switzerland, 283/100.000 in Germany, and
276/100.000 in Austria.4 In TKA patients, postoperative pain is a sig-
nificant barrier to early ambulation and mobilization, and it increases
the risk of thromboembolism development.3 It was stated that in the
early period after TKA, 60% of patients experience severe pain,
whereas 30% experience moderate pain.5

TKA patients who are not mobilized may develop an ever-
increasing fear of standing up and moving in a short time, and they

may think that mobilization may cause another injury and increase
the severity of the pain they feel. Therefore, TKA patients are con-
sidered a patient profile suffering from kinesiophobia, which is a
pathological fear that is characterized by the excessive avoidance of
physical movement and activity.6–8 The incidence of kinesiophobia
following orthopaedic trauma was reported to reach up to 52.8%.9

Another study revealed that in TKA patients, kinesiophobia
affected knee flexion range of motion, performance in the 2-min
walk test, and pain severity in the early postoperative period.10

Studies have shown that pain and kinesiophobia change the percep-
tion of pain by disrupting psychological well-being and increase the
reaction to physical activity.11,12 In the early period following TKA,
there may be a bidirectional relationship between kinesiophobia and
pain. Pain and kinesiophobia can reduce the movement capacity of
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Table 2 shows the pretest and posttest surgical pain scores of the
groups. The mean pretest and posttest pain scores of group 1 were
respectively 5.4 ! 0.9 and 3.9 ! 1.3, and the difference between
the pretest and posttest scores was statistically significant
(P < 0.05). The mean pretest and posttest pain scores of group
2 were respectively 5.7 ! 0.9 and 4.4 ! 1.5, and the difference
was significant (P < 0.05). In group 3, the mean pretest and posttest
pain scores of the patients were respectively 5.0 ! 0.8 and
5.3 ! 1.1, and the difference between the pretest and posttest
scores of group 3 was not significant (P > 0.05). The pretest surgi-
cal pain scores of the three groups were similar, and the severity of

their pain was moderate. In the experimental groups, surgical pain
levels regressed from moderate to mild following the interventions,
and there was no significant difference between the two experimen-
tal groups. In the control group, on the other hand, the severity
of pain felt by the patients significantly increased in the posttest
measurements compared to the pretest measurements (P < 0.01)
(Table 2).

The surgical pain scores of the patients in groups 1, 2, and 3 are
schematized in Figure 2. As seen in Figure 2, the interventions that
were implemented in the experimental groups reduced the surgical
pain levels of the patients. On the other hand, the mean posttest

Fig. 2. Changes in surgical pain scores
of patients in control and experimental
groups (N = 180).
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Abstract

Background: This study aimed to investigate the effects of music and comedy movie
interventions on postoperative pain and kinesiophobia in patients who underwent total knee
arthroplasty.
Methods: This randomized-controlled study was carried out with the participation of
patients who underwent total knee arthroplasty. The patients were divided into three groups.
To reduce surgical pain and kinesiophobia, the patients in group 1 watched a comedy
movie, those in group 2 listened to music, and those in group 3 did not participate in any
intervention other than the routine practices of the clinic.
Results: The personal and medical characteristics of the patients in all groups were similar.
The patients in all three groups were kinesiophobic, and their surgical pain levels were mod-
erate despite pharmaceutical interventions. Groups 1 and 2 had a statistically significant
decrease in kinesiophobia and pain scores after the interventions. The effects of having
patients watch a comedy movie and having them listen to meditation music were not signifi-
cantly different.
Conclusions: The results of the study showed that listening to meditation music or
watching comedy movie scenes had significant positive effects in alleviating postoperative
pain and kinesiophobia after TKA. Based on the results of this study, it is recommended that
patients watch comedy movies and listen to meditation music to alleviate their postoperative
pain and kinesiophobia.
Trial Registration: NCT, NCT05471778. The study was registered at ClinicalTrials.gov.

Introduction

In the treatment of osteoarthritis, when conservative treatment options
are not effective, Total Knee Arthroplasty (TKA) is performed to alle-
viate their pain, and facilitate their mobility.1–3 The rates of knee and
hip arthroplasty operations in countries were reported as 44/100.000 in
Turkey, 292/100.000 in Switzerland, 283/100.000 in Germany, and
276/100.000 in Austria.4 In TKA patients, postoperative pain is a sig-
nificant barrier to early ambulation and mobilization, and it increases
the risk of thromboembolism development.3 It was stated that in the
early period after TKA, 60% of patients experience severe pain,
whereas 30% experience moderate pain.5

TKA patients who are not mobilized may develop an ever-
increasing fear of standing up and moving in a short time, and they

may think that mobilization may cause another injury and increase
the severity of the pain they feel. Therefore, TKA patients are con-
sidered a patient profile suffering from kinesiophobia, which is a
pathological fear that is characterized by the excessive avoidance of
physical movement and activity.6–8 The incidence of kinesiophobia
following orthopaedic trauma was reported to reach up to 52.8%.9

Another study revealed that in TKA patients, kinesiophobia
affected knee flexion range of motion, performance in the 2-min
walk test, and pain severity in the early postoperative period.10

Studies have shown that pain and kinesiophobia change the percep-
tion of pain by disrupting psychological well-being and increase the
reaction to physical activity.11,12 In the early period following TKA,
there may be a bidirectional relationship between kinesiophobia and
pain. Pain and kinesiophobia can reduce the movement capacity of

© 2022 Royal Australasian College of Surgeons.ANZ J Surg 93 (2023) 302–309

ORTHOPAEDIC SURGERY

Effect of meditation music and comedy movie interventions on
postoperative kinesiophobia and pain in patients undergoing
total knee arthroplasty

Remziye Cici ,* Semra Bulbuloglu † and Gurkan Kapikiran ‡

*Surgical Nursing Division, Nursing Department, Faculty of Health Sciences, Corum Hitit University, Corum, Turkey

†Surgical Nursing Division, Nursing Department, Faculty of Health Sciences, Istanbul Aydın University, _Istanbul, Turkey and
‡Emergency Aid and Disaster Management Department, Faculty of Health Sciences, Malatya Turgut Ozal University, Malatya, Turkey

Key words
comedy movies, kinesiophobia, meditation music,
surgical pain, total knee arthroplasty.

Correspondence
Dr. Gurkan Kapikiran, Faculty of Health Sciences,
Malatya Turgut Ozal University, Malatya, Turkey.
Email: gurkankpkrn@gmail.com

R. Cici PhD; S. Bulbuloglu PhD;
G. Kapikiran PhD.

Accepted for publication 5 December 2022.

doi: 10.1111/ans.18209

Abstract

Background: This study aimed to investigate the effects of music and comedy movie
interventions on postoperative pain and kinesiophobia in patients who underwent total knee
arthroplasty.
Methods: This randomized-controlled study was carried out with the participation of
patients who underwent total knee arthroplasty. The patients were divided into three groups.
To reduce surgical pain and kinesiophobia, the patients in group 1 watched a comedy
movie, those in group 2 listened to music, and those in group 3 did not participate in any
intervention other than the routine practices of the clinic.
Results: The personal and medical characteristics of the patients in all groups were similar.
The patients in all three groups were kinesiophobic, and their surgical pain levels were mod-
erate despite pharmaceutical interventions. Groups 1 and 2 had a statistically significant
decrease in kinesiophobia and pain scores after the interventions. The effects of having
patients watch a comedy movie and having them listen to meditation music were not signifi-
cantly different.
Conclusions: The results of the study showed that listening to meditation music or
watching comedy movie scenes had significant positive effects in alleviating postoperative
pain and kinesiophobia after TKA. Based on the results of this study, it is recommended that
patients watch comedy movies and listen to meditation music to alleviate their postoperative
pain and kinesiophobia.
Trial Registration: NCT, NCT05471778. The study was registered at ClinicalTrials.gov.

Introduction

In the treatment of osteoarthritis, when conservative treatment options
are not effective, Total Knee Arthroplasty (TKA) is performed to alle-
viate their pain, and facilitate their mobility.1–3 The rates of knee and
hip arthroplasty operations in countries were reported as 44/100.000 in
Turkey, 292/100.000 in Switzerland, 283/100.000 in Germany, and
276/100.000 in Austria.4 In TKA patients, postoperative pain is a sig-
nificant barrier to early ambulation and mobilization, and it increases
the risk of thromboembolism development.3 It was stated that in the
early period after TKA, 60% of patients experience severe pain,
whereas 30% experience moderate pain.5

TKA patients who are not mobilized may develop an ever-
increasing fear of standing up and moving in a short time, and they

may think that mobilization may cause another injury and increase
the severity of the pain they feel. Therefore, TKA patients are con-
sidered a patient profile suffering from kinesiophobia, which is a
pathological fear that is characterized by the excessive avoidance of
physical movement and activity.6–8 The incidence of kinesiophobia
following orthopaedic trauma was reported to reach up to 52.8%.9

Another study revealed that in TKA patients, kinesiophobia
affected knee flexion range of motion, performance in the 2-min
walk test, and pain severity in the early postoperative period.10

Studies have shown that pain and kinesiophobia change the percep-
tion of pain by disrupting psychological well-being and increase the
reaction to physical activity.11,12 In the early period following TKA,
there may be a bidirectional relationship between kinesiophobia and
pain. Pain and kinesiophobia can reduce the movement capacity of

© 2022 Royal Australasian College of Surgeons.ANZ J Surg 93 (2023) 302–309

ORTHOPAEDIC SURGERY

Effect of meditation music and comedy movie interventions on
postoperative kinesiophobia and pain in patients undergoing
total knee arthroplasty

Remziye Cici ,* Semra Bulbuloglu † and Gurkan Kapikiran ‡

*Surgical Nursing Division, Nursing Department, Faculty of Health Sciences, Corum Hitit University, Corum, Turkey

†Surgical Nursing Division, Nursing Department, Faculty of Health Sciences, Istanbul Aydın University, _Istanbul, Turkey and
‡Emergency Aid and Disaster Management Department, Faculty of Health Sciences, Malatya Turgut Ozal University, Malatya, Turkey

Key words
comedy movies, kinesiophobia, meditation music,
surgical pain, total knee arthroplasty.

Correspondence
Dr. Gurkan Kapikiran, Faculty of Health Sciences,
Malatya Turgut Ozal University, Malatya, Turkey.
Email: gurkankpkrn@gmail.com

R. Cici PhD; S. Bulbuloglu PhD;
G. Kapikiran PhD.

Accepted for publication 5 December 2022.

doi: 10.1111/ans.18209

Abstract

Background: This study aimed to investigate the effects of music and comedy movie
interventions on postoperative pain and kinesiophobia in patients who underwent total knee
arthroplasty.
Methods: This randomized-controlled study was carried out with the participation of
patients who underwent total knee arthroplasty. The patients were divided into three groups.
To reduce surgical pain and kinesiophobia, the patients in group 1 watched a comedy
movie, those in group 2 listened to music, and those in group 3 did not participate in any
intervention other than the routine practices of the clinic.
Results: The personal and medical characteristics of the patients in all groups were similar.
The patients in all three groups were kinesiophobic, and their surgical pain levels were mod-
erate despite pharmaceutical interventions. Groups 1 and 2 had a statistically significant
decrease in kinesiophobia and pain scores after the interventions. The effects of having
patients watch a comedy movie and having them listen to meditation music were not signifi-
cantly different.
Conclusions: The results of the study showed that listening to meditation music or
watching comedy movie scenes had significant positive effects in alleviating postoperative
pain and kinesiophobia after TKA. Based on the results of this study, it is recommended that
patients watch comedy movies and listen to meditation music to alleviate their postoperative
pain and kinesiophobia.
Trial Registration: NCT, NCT05471778. The study was registered at ClinicalTrials.gov.

Introduction

In the treatment of osteoarthritis, when conservative treatment options
are not effective, Total Knee Arthroplasty (TKA) is performed to alle-
viate their pain, and facilitate their mobility.1–3 The rates of knee and
hip arthroplasty operations in countries were reported as 44/100.000 in
Turkey, 292/100.000 in Switzerland, 283/100.000 in Germany, and
276/100.000 in Austria.4 In TKA patients, postoperative pain is a sig-
nificant barrier to early ambulation and mobilization, and it increases
the risk of thromboembolism development.3 It was stated that in the
early period after TKA, 60% of patients experience severe pain,
whereas 30% experience moderate pain.5

TKA patients who are not mobilized may develop an ever-
increasing fear of standing up and moving in a short time, and they

may think that mobilization may cause another injury and increase
the severity of the pain they feel. Therefore, TKA patients are con-
sidered a patient profile suffering from kinesiophobia, which is a
pathological fear that is characterized by the excessive avoidance of
physical movement and activity.6–8 The incidence of kinesiophobia
following orthopaedic trauma was reported to reach up to 52.8%.9

Another study revealed that in TKA patients, kinesiophobia
affected knee flexion range of motion, performance in the 2-min
walk test, and pain severity in the early postoperative period.10

Studies have shown that pain and kinesiophobia change the percep-
tion of pain by disrupting psychological well-being and increase the
reaction to physical activity.11,12 In the early period following TKA,
there may be a bidirectional relationship between kinesiophobia and
pain. Pain and kinesiophobia can reduce the movement capacity of

© 2022 Royal Australasian College of Surgeons.ANZ J Surg 93 (2023) 302–309



therapy negatively impacts long-term outcomes following
cervical fusion surgery. Spine (Phila Pa 1976) 2019; 44:
1279e86

8. Shadbolt C, Schilling C, Inacio MC, et al. Opioid use and
total joint replacement. Curr Rheumatol Rep 2020; 22: 58

9. 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: 715e21

10. Wilson JM, Farley KX, Bradbury TL, Erens GA, Guild GN.
Preoperative opioid use is a risk factor for complication
and increased healthcare utilization following revision
total knee arthroplasty. Knee 2020; 27: 1121e7

11. Wilson JM, Farley KX, Erens GA, Bradbury TL,
Guild 3rd GN. Preoperative opioid use is a risk factor for
complication following revision total hip arthroplasty. Hip
Int August 6, 2020. https://doi.org/10.1177/11207000209
47400

12. Wilson JM, Farley KX, Gottschalk MB, Daly CA, Wagner ER.
Preoperative opioid use is an independent risk factor for
complication, revision, and increased health care utiliza-
tion following primary total shoulder arthroplasty.
J Shoulder Elbow Surg 2021; 30: 1025e33

13. Yerneni K, Nichols N, Abecassis ZA, Karras CL, Tan LA.
Preoperative opioid use and clinical outcomes in spine
surgery: a systematic review. Neurosurgery 2020; 86:
E490e507

14. Aizpuru M, Gallo LK, Farley KX, et al. Economic burden
and clinical impact of preoperative opioid dependence for
patients undergoing lower extremity bypass surgery.
J Vasc Surg 2020; 71: 1613e9

15. Khosrow-Khavar F, Kurteva S, Cui Y, Filion KB, Douros A.
Opioids and the risk of infection: a critical appraisal of the
pharmacologic and clinical evidence. Expert Opin Drug
Metab Toxicol 2019; 15: 565e75

16. Plein LM, Rittner HL. Opioids and the immune system-
dfriend or foe. Br J Pharmacol 2018; 175: 2717e25

17. Franchi S, Moschetti G, Amodeo G, Sacerdote P. Do all
opioid drugs share the same immunomodulatory prop-
erties? A review from animal and human studies. Front
Immunol 2019; 10: 2914

18. Szczepaniak A, Fichna J, Zielinska M. Opioids in cancer
development, progression and metastasis: focus on colo-
rectal cancer. Curr Treat Opt Oncol 2020; 21: 6

19. Seyfried O, Hester J. Opioids and endocrine dysfunction.
Br J Pain 2012; 6: 17e24

20. Fountas A, Van Uum S, Karavitaki N. Opioid-induced
endocrinopathies. Lancet Diabetes Endocrinol 2020; 8:
68e80

21. Vashishta R, Kendale SM. Relationship between preoper-
ative antidepressant and antianxiety medications and
postoperative hospital length of stay. Anesth Analg 2019;
128: 248e55

22. Dowell D, Haegerich TM, Chou R. CDC guideline for pre-
scribing opioids for chronic paindUnited States, 2016.
JAMA 2016; 315: 1624e45

23. Dowell D, Haegerich T, Chou R. No shortcuts to safer
opioid prescribing. N Engl J Med 2019; 380: 2285e7

24. Quinlan J, Willson H, Grange K. Hopes and fears before
opioid tapering: a quantitative and qualitative study of
patients with chronic pain and long-term opioids. Br J Pain
2021; 15: 120e8

25. McAnally H. Rationale for and approach to preoperative
opioid weaning: a preoperative optimization protocol.
Perioper Med (Lond) 2017; 6: 19

26. White R, Hayes C, Boyes AW, Chiu S, Paul CL. General
practitioners and management of chronic noncancer
pain: a cross-sectional survey of influences on opioid
deprescribing. J Pain Res 2019; 12: 467e75

27. Srivastava D, Hill S, Carty S, et al. Surgery and opioids:
evidence-based expert consensus guidelines on the peri-
operative use of opioids in the United Kingdom. Br J
Anaesth 2021; 126: 1208e16

British Journal of Anaesthesia, 127 (3): 331e335 (2021)
doi: 10.1016/j.bja.2021.04.018
Advance Access Publication Date: 3 June 2021
© 2021 British Journal of Anaesthesia. Published by Elsevier Ltd. All rights reserved.

Current multidisciplinary approaches to preventing chronic
postoperative pain

Manouk Admiraal, Jeroen Hermanides, Soe L. Meinsma, Hans C. H. Wartenberg,

Martin V. H. Rutten, Vivian M. C. Ward-van der Stam, Markus W. Hollmann* and

Henning Hermanns

Department of Anaesthesiology, Amsterdam University Medical Center, Amsterdam, the Netherlands

*Corresponding author. E-mail: m.w.hollmann@amsterdamumc.nl

Keywords: chronic postoperative pain; opioids; persistent postoperative pain; postoperative recovery; surgery; transi-
tional pain service

Editorials - 331

On average, 312.9 million people worldwide have surgery
annually.1 Acute postoperative pain is common; however,
some patients face persistent postoperative pain and
chronic postsurgical pain (CPSP) may develop. The Inter-
national Classification of Diseases (ICD-11) defines CPSP as
chronic pain that develops or increases in intensity after a
surgical procedure or a tissue injury and persists beyond the
healing process, that is at least 3 months after surgery or
tissue trauma.2 CPSP has been increasingly acknowledged
as a major health problem, especially in the context of
opioid overprescription.3 The transition from acute to
chronic pain is a complex and poorly understood process,
with an incidence of ~10%, ranging from 5% to 85%,
depending on the type of surgery and other risk factors.4

Relevant modifiable risk factors for CPSP include preopera-
tive and postoperative pain, and psychological, clinical, and
lifestyle factors. Early intervention, thus early identification,
of high-risk patients is crucial to improve perioperative pain
treatment.

CPSP develops after acute pain, but not all acute pain
results in CPSP. A feasible solution for good perioperative
pain management was presented in 1988 with the first
description of an acute pain service (APS).5 Patients diag-
nosed with chronic pain can be referred to a pain clinic
for treatment.6 However, this leaves a wide gap in the
subacute phase, from hospital discharge until chronic pain
develops. No clear solution for risk factor-based preven-
tion and adequate treatment of pain to reduce the inci-
dence of CPSP has been published (Fig. 1). The solution for
this complex multifactorial condition is not a single
pharmacological or regional intervention, but rather a
‘holistic’, multimodal, multidisciplinary strategy.

Enhanced recovery after surgery and the
perioperative surgical home

Examples of novel multidisciplinary strategies include
enhanced recovery after surgery (ERAS) and perioperative
surgical home (PSH). ERAS programmes are associated with a
shorter length of hospital stay, and a lower incidence in
complications and readmission, while costs are reduced.7 The
PSH is a modern approach to coordinate the pre-, intra-, and
postoperative aspects of surgical care in one package. Patient-
centred care would replace the current fragmented care that

dominates current practice. The PSH has elements of ERAS,
but also includes the pre-admission and post-discharge
period.8 Both methods have the common goal of improving
quality of recovery after surgery. Adequate postoperative pain
control is associated with better recovery, and multimodal
therapies are an important part of the protocol in both of these
approaches. However, pain treatment in ERAS and PSH ap-
proaches is limited to the acute phase after surgery and does
not target chronic postoperative pain.

Acute pain service out-patient clinic

The Helsinki University Hospital published results of their first
2 yr after implementation of an Acute Pain Service Out-Patient
Clinic (APS-OPC). This approach consists of tapering off acute
pain medications after surgery and, if necessary, introducing
neuropathic pain medication, psychological treatment, and
physiotherapeutic treatment. In a retrospective analysis of 200
patients referred to the APS-OPC, the median time from sur-
gery to first contact with the APS-OPC was 2 months. Tiippana
and colleagues9 compared medication use at discharge after
surgery and at discharge from the APS-OPC, which were 54%
and 20% for weak opioids, 32% and 6% for strong opioids, and
71% and 43% for gabapentinoids, respectively.

Transitional pain service

In 2014, the Toronto General Hospital developed a transi-
tional pain service (TPS).10 The purpose was to identify pa-
tients at risk for transitioning from acute to chronic pain,
and to prevent this by coordinated care throughout the
whole perioperative process. Patients are assessed by the
TPS postoperatively or, for highly complex patients, a
treatment plan is created before surgery.11,12 TPS nurse
practitioners optimise a multimodal analgesia treatment
plan and educate the patient and their family on their an-
algesics and the importance of preventive analgesia. If
needed, patients are referred to a psychologist or physio-
therapist. After discharge, follow-up care is continued until
opioid medications and other analgesics are tapered or
halted (Fig. 2). Clarke and colleagues13 studied 251 TPS pa-
tients who were opioid-naı̈ve (n¼112) or opioid-experienced
(n¼139). In the opioid-naı̈ve group, the mean morphine
equivalents (MME) consumed per day were 106.7 at hospital

Current treatment paradigm for pain in the perioperative period
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Fig 1. Graphical representation of a paradigm for treatment of pain in the perioperative period.
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discharge. After TPS discharge, 44.5% of these patients were
no longer taking an opioid, but in 10% MME were increased
after TPS discharge compared with hospital discharge. For
the opioid-experienced group, the MME consumed per day
were 140.5 at hospital discharge. Total weaning of opioids
was achieved in 25.6% of these patients; however, in 19%
MME increased after TPS discharge compared with hospital
discharge. At the same time, pain scores (numerical rating
scale of pain intensity) decreased by 17% for all patients,
and functional impairment reported by the Brief Pain Index
core improved by 21%. In the subgroup of opioid-
experienced patients who did not reduce their opioid con-
sumption during TPS treatment, but increased it after
discharge, 21 out of 26 patients were male. In this specific
cohort, patients were also more likely to have been diag-
nosed with a mental disorder. No explanation for this was
given, but the authors recommended providing special
attention to younger males being discharged on higher
doses of opioids.

Recently, the effectiveness of implementation of a TPS was
compared in a preepost study design.14 In 2018, a total of 164
patients undergoing major joint surgery managed by a TPS
were compared with 172 patients in 2017 before introduction
of a TPS. TPS was initiated before surgery, and the primary
outcome was the proportion of patients still taking opioids 90
days after surgery. After implementation of a TPS, the pro-
portion of patients taking opioids was reduced from 27.3% to
13.4% (P¼0.002). This applied to both opioid-naı̈ve patients and
patients using opioids on a chronic basis before surgery. The
study was limited by the preepost study design, in which data
were collected both prospectively and retrospectively, and
bias could have been introduced by changes in opioid pre-
scribing patterns influenced by initiatives to reduce opioid use
during the study period.

The same research group has published results of the
implementation of a TPS for a larger cohort, without a control
group.15 In addition to the earlier reported 164 patients who
underwent major orthopaedic surgery, they included another

Implementation of a transitional pain service by Toronto General Hospital
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Treatment: 
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Treatment: 
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three weeks after discharge
* Follow-up every 2 or 3 weeks
until medications are at
a safe level and daily function
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Fig 2. Graphical display of workflow in a transitional pain service (TPS). APS, acute pain service.

Table 1 Advantages, limitations, and overall value for pre-
venting chronic postsurgical pain (CPSP).

Strategy Advantages Limitations Value

Enhanced
recovery
after surgery
(ERAS)

Most easy to
implement

Acute phase only
Protocol-based,
less individual

e/þ

Perioperative
surgical
home (PSH)

Includes pre-
admission and
a minimum
follow-up in the
post-discharge
period

Limited to the
acute phase
Protocol-based,
less individual

e/þ

Acute Pain
Service Out-
Patient
Clinic (APS-
OPC)

Includes
interventions in
the subacute
phase after
surgery, where
transitioning
takes place
Individualised

Referral post-
discharge, no
possibility to
modify
preoperative
risk factors for
CPSP

þ

Transitional
pain service
(TPS)

Intervention
throughout the
whole
perioperative
period and after
discharge
possible
Individualised

Highest care-
giving intensity

þþþ

Editorials - 333Transitional Pain Service

§ identify patients at risk for 
transitioning from acute to 
chronic pain;

§ prevent this by coordinated 
care throughout the whole 
perioperative process;

§ Patients are assessed by the 
TPS postoperatively;

§ a treatment plan is created 
before surgery.

§ TPS nurse practitioners 
optimise a multimodal 
analgesia treatment plan

§ educate the patient and their 
family on their analgesics and 
the importance of preventive 
analgesia.



Strategy is to employ every 
type of applicable analgesic 
intervention pre-emptively in 
all patients, with the goal of 
limiting or even eliminating 
the possible occurrence of 
poorly managed pain



Practice-based evidence

Personalised approach
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a b s t r a c t

Background: A retrospective analysis was conducted to determine if cryoneurolysis of superficial gen-
icular nerves combined with standard care decreased postoperative opioids and pain after total knee
arthroplasty (TKA).
Methods: Data from patients who underwent TKA at a single center were analyzed. Patients who
received standardized cryoneurolysis before TKA were compared with a historical control group
including patients who underwent TKA without cryoneurolysis. Both groups received a similar periop-
erative multimodal pain management protocol. The primary outcome was opioid intake at various time
points from hospital stay to 6 weeks after discharge. Additional outcomes included pain, length of stay,
and range of motion.
Results: The analysis included 267 patients (cryoneurolysis group: n ¼ 169; control group: n ¼ 98).
During the hospital stay, the cryoneurolysis group had 51% lower daily morphine milligram equivalents
(MMEs) (47 vs 97 MMEs; ratio estimate, 0.49 [95% confidence interval (CI), 0.43-0.56]; P < .0001) and
22% lower mean pain score (ratio estimate, 0.78 [95% CI, 0.70-0.88]; P < .0001) vs the control group. The
cryoneurolysis group received significantly fewer cumulative MMEs, including discharge prescriptions,
than the control group at week 2 (855 vs 1312 MMEs; ratio estimate, 0.65 [95% CI, 0.59-0.73]; P < .0001)
and week 6 (894 vs 1406 MMEs; ratio estimate, 0.64 [95% CI, 0.57-0.71]; P < .0001). The cryoneurolysis
group had significant 44% reduction in overall length of stay (P < .0001) and greater flexion degree at
discharge (P < .0001).
Conclusions: Addition of preoperative cryoneurolysis to a multimodal pain management protocol
reduced opioids and in-hospital pain and optimized outcomes during the 6-week recovery period after
TKA.
© 2021 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

Introduction

Management of pain is an important part of patient care after
primary total knee arthroplasty (TKA). Although opioid analgesics
have long been the mainstay of postoperative pain therapy, these
agents cause significant adverse effects, including respiratory
complications, falls, nausea, vomiting, constipation, urinary reten-
tion, and cognitive impairment [1], which significantly increase
hospital costs and length of stay (LOS) [2]. Increasingly, physicians
and patients have been concerned about the long-term

implications of taking opioids to treat pain after TKA. Although
patients who take opioids before TKA reduce their use of opioids
after surgery [3], a substantial proportion of patients (range, 10%-
82%) undergoing primary TKA remain or become long-term opioid
users after surgery (ie, opioid prescriptions filled "90 days after
surgery) [4-10], and 15% of patients undergoing TKA develop opioid
dependence [11]. Prolonged postoperative use of opioids after TKA
is associated with significantly increased rates of infection, stiff-
ness, ipsilateral knee arthroscopy or TKA, and revision arthroplasty
[4,8,9].

A recent review suggested that several studies of patients un-
dergoing a variety of procedures have demonstrated that the
presence and intensity of acute postoperative pain are significant
predictive risk factors for the development of chronic pain and that
postoperative pain adversely affects physical functioning, recovery,
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This retrospective study suggests that, when added 
to a multimodal TKA pain protocol, preoperative 
cryoneurolysis provides superior pain control and 
allows patients to take fewer opioids during 
hospitalization and during the 6-week recovery 
period than a multimodal TKA pain protocol alone.
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Preoperative cryoneurolysis may be 

considered as a part of multimodal pain 

management to minimize opioid use 

while reducing pain and improving 

knee function after surgery.
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