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Editorial
Patient recovery following surgery is influenced by many factors. The issue at
hand has always been exactly which factors could we anticipate, and which
factors could we modify so as to get the best post-surgical outcome.
The original work in this regard was done by Hendrik Kehlet who has visited
our shores and has been a speaker at both SASA and Painsa. His original
publication on the factors affecting post-operative morbidity and mortality
caused renewed interest in the subject and this was followed by many guidelines
and new special interest groups.
The PROSPECT group gathered data and made recommendations regarding
eleven surgical procedures. Advice is given on topics from pre-operative
evaluation and management through to the recommended anaesthetic
technique, pain interventions, and post-operative management so as to optimize the post-surgical response
and outcome for each of the procedures. This collaboration is ongoing, and more procedures will be added to
the existing list.
The next development was that of Enhanced Recovery After surgery (ERAS). Once again, the various
contributors evaluated surgical procedures and their outcomes but this time included methodology and
suggestions to not only improve the surgical outcome but also advice on how to shorten hospitalization.
I have included the latest review by Kehlet as published by IASP in their Biennial Review of Pain. As the
author states, “the article is not intended to be systematic review on the complex problem of the pathogenesis
and interaction between pain and postoperative recovery, but rather to represent a selective update on
recent developments with an emphasis on the multidisciplinary challenges that lie ahead not only to improve
postoperative pain management, but also the necessary strategies for the integration of pain management into
enhanced recovery programs (enhanced recovery after surgery.”
We need to realise that everything we wish to achieve for our patients following surgery is based on simple
principle which, if addressed, will improve patient outcome. These is a multimodal situation and requires that
the following factors be considered.
1.
2.
3.
4.
5.

Pre-operative optimization of the patient and his/her pathological state
Attenuation of the surgical stress response
Optimal pain relief
Mobilization and exercise
Commencement of oral nutrition

These are not strange foreign concepts but rather factors which we should be able to manage in our own
practices.
I trust that this review serves to update us as to the state-of-the-art principles that we must incorporate into our
peri-operative patient management.
Dr. Milton Raff
BSc MB ChB FFA(SA)
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Biennial Review of Pain

Postoperative pain, analgesia, and
recovery—bedfellows that cannot be ignored
Henrik Kehlet
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1. Introduction
Surgical injury is followed by pain, risk of organ dysfunctions,
morbidity, prolonged hospital stay (length of stay [LOS]),
readmissions, and delayed convalescence. However, despite
an explosion in our understanding of the pathophysiology of
acute pain, the development of a few new analgesics,77 novel
methods of drug delivery, and introduction of pain-reducing
minimal invasive surgical techniques, acute postoperative pain
management remains a huge challenge for optimization. 26
This is emphasized by the fact that postoperative pain
management allowing for early mobilization is a prerequisite
for improving recovery and decreasing the risk of complications.34 The complex problems involved in postoperative pain,
analgesic interventions, and outcome have been emphasized
in several surveys over the past decades, but apparently with
only small improvements, despite the existence of
several international guidelines for perioperative pain
management.9,26,58
The present article is a narrative review based on a personal
engagement over the past 30 years in acute postoperative pain
research, outcome pathophysiology, and strategies for
improvement. 28–30,34 The article is not intended to be
a systematic review on the complex problem of the pathogenesis and interaction between pain and postoperative recovery,
but rather to represent a selective update on recent developments with an emphasis on the multidisciplinary challenges
that lie ahead not only to improve postoperative pain
management, but also the necessary strategies for the
integration of pain management into enhanced recovery
programs (enhanced recovery after surgery [ERAS]) (Fig. 1
and Table 1).30

2. Surgical stress
The surgical injury leads to a complex cascade of responses
mediated by afferent nervous stimuli28 together with complex
inflammatory–immunological responses,1 both of which may
be important for pain and subsequent risk of organ dysfunction. In this context, the role of different anesthetic–analgesic
Sponsorships or competing interests that may be relevant to content are disclosed
at the end of this article.
Section of Surgical Pathophysiology, Rigshospitalet, Copenhagen University,
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techniques to reduce afferent stimuli and thereby pain has
been well established for decades.28,34,38 However, more
recent studies have emphasized the role of the inflammatory–
immunological responses for not only recovery of postoperative pain, but also all over functional recovery.17 The future
challenges, therefore, should focus on a more detailed
understanding of which responses to modify and how much
to reduce pain and enhance recovery (Fig. 2). In this context,
the use of minimally invasive surgery is well established to
reduce pain, but more importantly also to reduce the
inflammatory–immunological responses, thereby serving as
an optimal basis for further improvements.72 Nevertheless,
despite the efficacy of regional and other analgesic techniques
together with minimally invasive surgery, there is a need for
development of further pharmacological techniques to modify
undesirable stress responses. In this context, the use of high
doses of glucocorticoids (.15 mg dexamethasone or equivalents) before the skin incision has repeatedly been demonstrated to have profound analgesic effects and furthermore to
reduce postoperative fatigue and other undesirable pathophysiological responses to surgery13,47,50,64,70 and consequently with the potential to enhance recovery. Because safety
data are promising, 27,70 there is an urgent need for procedurespecific, dose-finding studies and the potential for repeat
dosing in certain high-pain surgeries/patients.

3. Principles for perioperative pain management
Based on the concept of “fast-track surgery” or ERAS, neither
pain nor recovery can be sufficiently managed by a singlemodality treatment because of the multifactorial problem
between pain management and recovery.29,30,34,38,75 Consequently, and because of the undesirable efficacy–safety ratio of
opioids, the concept of multimodal opioid-sparing analgesia was
introduced more than 2 decades ago.33 The concept has been
promising,76 but not widely used.46 Furthermore, several questions remain to be answered regarding the number of nonopioid
analgesic techniques to be recommended, the safety aspects,
and especially, the need for a procedure-specific analysis
because different procedures have different pain responses,
pain consequences, and pain mechanisms.25 In addition, a major
challenge persists to analyze the enormous amount of postoperative analgesic studies not only on a procedure-specific
basis, but also with regard to efficacy vs side effects. This
especially applies to randomized controlled trials when a given
analgesic is studied when combined with simple evidence-based
basic multimodal analgesia (peripheral local anesthetics, paracetamol, and nonsteroidals) vs pure placebo-controlled studies.26 Finally, a more critical assessment of the scientific method
(bias) in most analgesic studies is required.15,16 Consequently,
www.painjournalonline.com
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Figure 1. Concept of “fast-track” or “enhanced recovery.”

there is a major need for reevaluation of current guidelines for
perioperative pain management,26 subsequently to be integrated
into ERAS programs.75

4. Pain assessment
For many years, the classic postoperative pain assessment has
used a variety of validated scales (visual analogue scale, numeric
rating scale, etc.) which obviously is important when assessing
efficacy of analgesics. However, when discussing pain management and postoperative recovery, it has been emphasized for
many years that pain assessment must include assessment in
a procedure-specific relevant activity,63 which unfortunately often
is not performed. In addition, there is a need for future pain and
recovery studies with a focus on the postoperative pain
trajectories and resolution on a procedure-specific basis.3,21 As
a supplement to specific pain assessment including pain during
well-defined function, opioid requirements have been a common
outcome in many analgesic studies. However, future studies
need to focus on the clinical consequences of the achieved
opioid-sparing and not milligram opioid spared per se.18 In this
context, recent studies have suggested that baseline early

postoperative opioid consumption in the control group needs
more consideration when discussing interpretation of analgesic
efficacy in postoperative pain studies compared with procedurespecific considerations.4,14
In addition to the assessment of pain during well-defined
function on a procedure-specific basis, we need to prioritize
future analgesic studies on a patient-specific basis because
postoperative pain responses (and recovery?) may be dependent
on preoperative nociceptive function, preoperative psychosocial
risk factors (catastrophizing and anxiety) and preoperative opioid
use, all well known to be high-pain responders and requiring
additional analgesic interventions.18 Finally, the improved pain
assessment algorithms must be combined with not only subjective, but also objective assessment of postoperative recovery
(see below).

5. Pain/analgesia and postoperative
organ dysfunctions
5.1. Cardiopulmonary dysfunction
The pathogenesis of the classic pulmonary complications
(atelectasis and pneumonia) seen with traditional care is mostly

Table 1

Pathogenic factors to be considered for optimizing postoperative recovery based on the question “Why is the patient in hospital
today?”
Organ dysfunction (“surgical stress”)
Hypothermia-induced morbidity
Pain
PONV/ileus
Fluid excess/hypovolemia
Cognitive dysfunction/sleep disturbances
Immobilization/semistarvation
Blood management
Fatigue (early/late)
Traditions (tubes, drains, restrictions, etc.)
PONV, postoperative nausea and vomiting.

5
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Figure 2. Clinical techniques to modify surgical stress responses. PONV, postoperative nausea and vomiting.

related to pain, fluid overload, and immobilization, all of which are
manageable in a fully implemented ERAS program and where
pulmonary complications have been significantly reduced even in
abdominal and thoracic procedures.5,37,38 These results again
emphasize the multifactorial pathogenesis of postoperative organ
dysfunction and recovery and where sufficient analgesia represents only 1 factor30 (Fig. 1 and Table 1).
The pathogenesis of cardiac complications (arrhythmias and
infarction) is multifactorial,19 but where pain, activation of the
sympathetic nervous system, hemodynamics, the inflammatory
response, and decreased pulmonary function (hypoxemia) may
play a major role for the oxygen supply–demand ratio. Consequently, cardiac complications may be reduced by sufficient
analgesic techniques and afferent blockade28,29,39,60 as well as
the other factors included in ERAS programs. The specific role of
hypoxemia in relation to sleep disturbances and mobilization
requires further study (see below) but where pain, analgesic
techniques, fluid management, and hemodynamic optimization
are relevant pathogenic factors. It is beyond the scope of this
article to review the multifold pathogenic factors and interventional studies to reduce postoperative myocardial infarction.59

Consequently, improved pain management combined with
strategies for an enhanced recovery program30 will allow for
early mobilization and a subsequent lower risk of thromboembolic
complications24 as well as pulmonary complications.5,38
5.4. Cognition and sleep
It is well established that major surgery and especially in elderly
patients may be followed by a risk of delirium and late cognitive
dysfunction.2,53,62 Although the mechanisms still remain to be
established44 (Fig. 4), they are multifactorial including pain, opioid
use, sleep disturbances, and neuroinflammation. Consequently,
ERAS programs have been shown to reduce the risk of clinically
relevant delirium in hip and knee replacement and colonic
surgery.45,54 Also, the problems of late, more subtle cognitive
dysfunction may be reduced by the same approach,43 but more
studies are required on a combination of optimized opioidsparing analgesia, reduction of inflammatory–immunological
responses,68 combined with early mobilization and discharge.
In this context, the role of postoperative sleep disturbances needs
further studies because the profound changes in sleep architecture so far have not been demonstrated to be avoidable, although

5.2. Postoperative nausea and vomiting and paralytic ileus
Pain per se will contribute to postoperative nausea and vomiting,
but the pathogenesis includes additional factors such as the
neuroinflammatory responses and use of opioids—all modifiable
in a fully implemented ERAS program. Postoperative paralytic
ileus represents a specific surgical stress response with undesirable consequences such as discomfort, pulmonary complications, and insufficient oral nutrition. The mechanisms are well
established as well as the effect of interventional techniques31,71
(Fig. 3), and where a combination of these techniques including
optimized opioid-sparing analgesia with thoracic epidural analgesia, systemic opioid-sparing techniques, use of peripheral
opioid antagonists, and minimally invasive surgery have proven
efficient thereby allowing for early oral feeding, which otherwise
may enhance recovery.
5.3. Thromboembolic complications
Postoperative immobilization may be followed by an increased
risk of thromboembolic and pulmonary complications.
6

Figure 3. Current techniques to reduce the postoperative ileus. ↑ prolongation
and ↓ enhanced recovery of the ileus.
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Figure 4. Pathogenesis of postoperative delirium and cognitive dysfunction.

a shorter duration of sleep disturbances was observed in a wellestablished fast-track hip and knee ERAS program.42 Altogether,
the specific role of sleep disturbances for cognitive problems
requires further study because reappearance of rapid eye
movement sleep may be associated with episodic hypoxemia
and thereby potentially contributing to cardiac complications and
cognitive dysfunction.29 Finally, postoperative sleep disturbances
should receive more attention because sleep deprivation may
sensitize the nociceptive system10,61 and because subjectivereported sleep problems are associated with more severe
postdischarge pain and prolonged recovery in orthopedic joint
replacement patients.12
5.5. Persistent postsurgical pain
An overwhelming amount of data has shown that most surgical
procedures may be followed by a risk of persistent pain
syndromes.36,65 The pathogenesis is multifold including the
surgical approach (nerve-sparing surgery), preoperative psychosocial risk factors (high-pain responders),8,36,73 and potentially
pain management.65 Unfortunately, the concept of “preemptive”
or “preventive” analgesia to reduce central sensitization and
persistent pain has overall been disappointing.8,36,65 Future
analgesic strategies to reduce persistent postsurgical pain will
require a focus on modification of the neuroinflammatory
responses.22,23,78
5.6. Pain management in enhanced recovery after
surgery programs
Because optimized postoperative pain management represents
a prerequisite to enhance recovery,34 it was widely assumed that
an improved outcome would automatically be followed by
provision of more efficient analgesia. However, during the past
3 decades, the results from plenty of perioperative analgesic
studies, including the effects of “acute pain” services,74 have
been rather disappointing by not being able to demonstrate
improved analgesia per se to led to major improvement of
outcomes (morbidity, LOS, convalescence, and persistent
pain).8,36,41,51,55,56,75 These somewhat disappointing findings
are again explained by the multifactorial problem of postoperative
recovery and where pain/analgesia represents only 1 factor (Fig.
1 and Table 1). Consequently, future studies are required where
optimized analgesia is integrated on a procedure-specific basis

into a fully implemented ERAS program. Such studies have
uniformly shown a major reduction in LOS and “medical”
complications without increasing readmissions,37,48 emphasizing the need for the integrated recovery approach.67 Although
optimized pain management combined with an ERAS program
reduces the need for postoperative hospitalization (LOS), several
clinically relevant problems require further attention with regard to
postdischarge regain of muscle function, and return to normal
activities and work. Therefore, future studies should continue to
ask the question “Why is the patient in hospital today?”29
(Table 1) combined with other pathogenic factors to enhance
recovery.37 In this context, an ERAS program may lead to
substantial reduction in perioperative opioid use69 and thereby
potentially reduce the significant problem of short- and long-term
use of opioids after surgery6,66 by specifying pain expectations for
patients and standardizing postoperative opioid prescribing.
Furthermore, an important question to be addressed is how to
assess postdischarge recovery either by subjective reports
(patient-reported outcome measures, which includes “pain”
questions)20,40 or by the many new instruments that can
objectively assess recovery (sleep, activity, cardiovascular
function, hypoxemia, etc.)52 Importantly, preliminary data from
major joint arthroplasty have shown a discrepancy between
improvements in patient-reported outcomes compared with lack
of sufficient recovery when assessed by objective measurements.11,49,57 The explanations hereto may be several, calling for
future postoperative recovery studies on the relative role of
postdischarge pain vs other factors.

6. Summary
The complex clinical problem of postoperative pain management
per se and the potential to improve recovery and reduce morbidity
continues to represent a major challenge, and further emphasized by the change in patient demographics including more
elderly and high-risk surgical patients. Nevertheless, the progress
in the scientific approach to perform and interpret analgesic
studies made within the past decades,18 combined with more
efficient and safe multimodal opioid-sparing analgesic techniques and with an integrated multidisciplinary approach to use the
optimized analgesia into an ERAS program is promising.
However, despite the progress demonstrated with this approach,
significant challenges exist to improve in-hospital and postdischarge pain management in relation to functional recovery and
7
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to refine the many different components of ERAS programs.32,37
Consequently, there may be light at the end of the tunnel, but it will
require an intensified multidisciplinary collaboration7,35 between
basic pain researchers, anesthesiologists, surgeons, surgical
nurses, and physiotherapists, altogether within an enhanced
recovery program framework.37
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What makes surgical nerve injury painful? A 4-year
to 9-year follow-up of patients with
intercostobrachial nerve resection in women
treated for breast cancer
Laura Mustonena,b, Tommi Ahoa, Hanna Harnoa,b, Reetta Sipiläa, Tuomo Meretojac, Eija Kalsoa,*

Abstract
Nerve injury during breast cancer surgery can cause neuropathic pain (NP). It is not known why some, but not all, patients develop
chronic postsurgical neuropathic pain (CPSNP) after the same nerve injury. In this study, we examined 251 breast cancer survivors
with surgeon-verified intercostobrachial nerve resection to identify factors that associate with CPSNP. The patients were recruited
from a previous study of 1000 women treated for breast cancer in 2006 to 2010. This enabled us to analyze preoperative factors that
associate with future CPSNP. The patients were re-examined in 2014 to 2016 to diagnose CPSNP using the revised NP diagnostic
criteria. Preoperative assessments were pain in the area to be operated on, any chronic pain condition, depressive symptoms,
anxiety, sleep, and experimental cold pain sensitivity using the cold pressor test (CPT). Follow-up assessments were CPT,
psychological factors, sleep, any chronic pain, and basic laboratory tests. One hundred thirty-seven (55%) patients with
intercostobrachial nerve resection fulfilled CPSNP diagnostic criteria after 4 to 9 years. Of them, 30 patients (22%) had moderate to
severe pain in self-reports and 86 (63%) presented moderate to severe evoked pain at examination. Preoperative pain in the surgical
area, other chronic pains, and breast-conserving surgery were associated with future CPSNP. Other chronic pains, increased
psychological burden, and insomnia, both before surgery and at the follow-up, were associated with CPSNP. Preoperative CPT did
not associate with future CPSNP. Patients with established CPSNP showed increased pain sensitivity in CPT and higher levels of
inflammatory markers, suggesting that central sensitization and inflammation may associate with the maintenance of CPSNP.
Keywords: Neuropathic pain, Intercostobrachial nerve, Breast cancer, Cold pressor tolerance, Central sensitization, Anxiety,

Depression

1. Introduction
The reported pooled prevalence estimates of chronic postsurgical neuropathic pain (CPSNP) after breast cancer surgery
are 14% to 31% in all patients and 33% to 58% in those reporting
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persistent postsurgical pain (PPSP).16,17 The intercostobrachial
nerve (ICBN) is frequently resected in breast cancer surgery,
leading to sensory abnormalities.44 However, the evidence is
conflicting about how the ICBN is handled and subsequent
pain.2,3,14,32,44
Neuropathic pain (NP) is defined as pain caused by a lesion or
a disease of the somatosensory nervous system.12 In the revised
criteria for the diagnosis of NP, surgeon-verified nerve injury is one
of the confirmatory tests for definite NP, in addition to sensory
abnormalities and pain in the corresponding area.12
Multiple mechanisms encompassing both the peripheral and
central nervous systems have been identified in the pathophysiology of NP,9 but these do not explain why some patients, but not
all, develop NP despite the same etiology.9,20,25 This also applies
to ICBN resection and CPSNP.20
Previous prospective studies analyzing the association of
preoperative patient-related factors and CPSNP have shown that
pain, opioid use, poorer neuropsychological function, female sex,
and anxiety associate with future CPSNP.4,11,25,26,32
In other types of NP, predictive factors are more difficult to assess
because the onset of nerve injury is not as well-defined as in CPSNP.
However, other NP conditions provide cross-sectional information of
neuropathic patients with or without pain. In diabetes, the role of
inflammation is of significant interest in both polyneuropathy and
NP.34 Interestingly, different inflammatory profiles have been reported
in painful vs nonpainful diabetic polyneuropathy.10,45 To our
knowledge, there are no studies on the role of inflammation in painful
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vs nonpainful traumatic nerve injury. However, higher cytokine levels
in the cerebrospinal fluid have been measured in patients with
traumatic NP compared with healthy controls.7
Lipid profiles differ in HIV patients with or without neuropathy.33
However, their role has not been clarified in painful vs nonpainful
neuropathy. Elevated plasma glucose levels have been reported
to associate with daily chronic pain,31 but not with painful
compared with nonpainful diabetic polyneuropathy.34
No study has assessed the role of general pain sensitivity,
measured with the cold pressor test (CPT) before surgery, to predict
development of CPSNP. However, patients with established CPSNP
have been reported to be more pain sensitive in the CPT compared
with those who do not have NP after similar nerve transection.42
To study factors that may differentiate patients with or without
CPSNP after ICBN resection, we used the data from a previous
study of 1000 patients treated for breast cancer21 and invited
those having a surgeon-defined ICBN resection for a new
examination 4 to 9 years after surgery to confirm whether the
patients had the diagnosis of definite CPSNP or not. To study
group differences, we repeated the preoperative assessments of
pain sensitivity and tolerance using CPT, presence of any chronic
pain, distress, and self-reported sleep disturbances. In addition,
we measured inflammatory biomarkers, glucose, and lipid levels
in plasma at the follow-up.

2. Patients and methods
2.1. Original cohort: preoperative and treatmentrelated variables
The patients in the current study were recruited from a previous
original cohort of 1000 women operated on for unilateral breast
cancer during 2006 to 2010 at the Helsinki University Hospital.
The patient selection and study procedures of this original cohort
have previously been described in detail.21 In brief, women
scheduled for surgery of nonmetastasized unilateral breast
cancer without neoadjuvant treatment or immediate breast
reconstruction were invited. The preoperative and follow-up visit
assessments are listed in Table 1.
Experimental heat pain sensitivity was analyzed with a 16 3 16mm thermode (TSA-II NeuroSensory Analyzer; Medoc Ltd, Ramat
Yishai, Israel). In the heat pain test, the patients reported their pain
intensity with a Numerical Rating Scale (NRS 0-10) after a 5-second
stimulation with 43˚C and 48˚C. Cold pain sensitivity and tolerance
were assessed using the CPT. Patients immersed their contralateral
(to the side to be operated on) hand into circulating cold water (124˚C) bath (JULABO USA Inc, Allentown, PA) up to the wrist for the
maximum time tolerated but no longer than 90 seconds (referred to
as cold pain tolerance). During the CPT, patients reported pain
intensity every 15 seconds and at the end of CPT on an NRS 0 to 10
(referred to as cold pain sensitivity).
The surgical procedure was either mastectomy or breastconserving surgery (BCS) with sentinel lymph node biopsy
(SLNB) or axillary lymph node dissection (ALND). Clinically
node-negative patients with radiologically unifocal tumors not
exceeding 30 mm in size underwent SLNB. Generally, all patients
with tumor-positive sentinel nodes underwent completion ALND.
Patients with large (.30 mm) or multifocal tumors in breast
imaging, as well as clinically node-positive patients, underwent
direct ALND of Berg levels I and II. Level III was also dissected if
clinically suspicious nodes were present. Surgery was performed
or directly supervised by experienced breast surgeons. The
operating surgeon documented whether ICBN was preserved,
totally or partially resected, or not visualized during surgery.
11
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Anesthesia was standardized with remifentanil, propofol, and
rocuronium. Postoperatively, the patients were given acetaminophen 1 g every 8 hours, and they were titrated pain-free with
intravenous oxycodone, first by the research nurse at the
postanesthesia care unit (PACU) and then with patient-controlled
analgesia on the ward.21 Data on pain intensity before oxycodone
titration and consumption of oxycodone during the 2-hour period at
the PACU were collected. Data concerning oncological treatments,
reoperation, and breast reconstructions were collected.
2.2. Current cohort: patients with injury of the
intercostobrachial nerve
To address the question of why some patients but not all develop
CPSNP after similar nerve injury, we, in this study, included
patients with a surgeon-verified, total, or partial ICBN resection. In
the original cohort of 1000 patients, 440 patients underwent
either total or partial ICBN resection. Forty-one patients (9.3%)
had died, and 38 patients (8.6%) had reached 75 years of age at
the time of recruitment and were therefore not invited. Eight
patients (1.8%) were excluded for other reasons (eg, no breast
cancer at final histology). Thus, 353 patients (353/440, 80.2%)
were eligible for the follow-up visit. The research nurse contacted
these patients through telephone to ask about their willingness to
participate in the study. Of the 353 patients, 37 (10.5%) could not
be reached and 65 patients (18.4%) declined. Thus, 251 patients
(251/440, 57%) participated. The participants (N 5 251) and
eligible nonparticipants (N 5 102) did not differ in terms of
preoperative and treatment-related variables (see supplementary
Table 1, supplemental digital content, available at http://links.
lww.com/PAIN/A661, which demonstrates comparison of participants and eligible nonparticipants). Figure 1 illustrates the
complete patient flow.
The study was approved by the Coordinating Ethics Board of
the Helsinki and Uusimaa Hospital District and registered in
ClinicalTrials.gov (NCT02487524). All patients gave informed
written consent.
2.3. Follow-up visit—clinical examination and grading
criteria for definite neuropathic pain due to injury of
intercostobrachial nerve
The 251 patients with surgeon-verified injury to the ICBN
underwent a thorough sensory examination of the upper body
at the follow-up. Sensory examination consisted of testing tactile
sensation by a cotton tuft, static allodynia by finger compression,
dynamic allodynia by a painter’s brush, pinprick sensation by
a sharp wooden cocktail stick, and cold and warm sensation by
a metal roller. The affected side was compared with the
contralateral side and the surrounding skin. The examination
consisted of the following sensory modalities: hypoesthesia
(diminished sensitivity), hyperesthesia (heightened sensitivity),
dysesthesia (unpleasant sensation), and allodynia (pain evoked
by normally painless stimuli). If evoked pain was observed during
examination, the patients were asked to rate the pain intensity
(NRS 0-10). The examining neurologist was blinded to the ICBN
status of the patients during the sensory evaluation. To identify
pain in the surgical area, we used the pain intensity rating 1 or
higher (NRS 0-10) in at least one of the following 2 measures: Brief
Pain Inventory (BPI) for the worst pain during past week or evoked
pain in the clinical sensory examination. The patient located the
pain to a body map drawing and the examining neurologist
located the sensory findings to a similar body map drawing of the
upper body.
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Table 1

Assessments at preoperative and follow-up visits.
Preoperative

Follow-up 4–9 y after operation

Demographics

Age, BMI

Age, BMI, marital status, education, smoking,
alcohol consumption, and use of medication (selfreport)

Pain and sensory changes in the operative area
Neuropathic pain diagnosis

N/A

According to revised diagnostic grading criteria
(Finnerup et al., 2016)
Static mechanical allodynia, light touch, dynamic
touch, pinprick, and thermal sensation
0-10 NRS, worst pain past week
0-10 NRS, at clinical examination

Clinical sensory examination of the upper
body
Pain intensity in the operative area
Evoked pain in the operative area
Other pain
Other chronic pain conditions

N/A
0-10 NRS, worst pain past week
N/A

0-10 NRS, worst pain past week

Pain in the following locations (yes/no): back, joints,
neck, head, and other
0-10 NRS, worst pain past week

Mood and sleep
Depressive symptoms
Anxiety
Insomnia
Pain catastrophizing

BDI II
STAI state and trait
Not at all/at least once a wk/every night
N/A

BDI II, HADS-D
HADS-A
ISI
PCS

Experimental pain
Heat pain
Cold pain

Heat pain at 43˚C and 48˚C
CPT

N/A
CPT

Blood samples

N/A

GHb-A1c, lipids, 25-hydroxyvitamin-D, hs-CRP,
and ORM

Intensity of other pain

Yes/No

BDI II, Beck’s Depression Inventory II; BMI, body mass index; CPT, cold pressor test; GHb-A1c, glycated hemoglobin A1c; HADS-A, Hospital Anxiety and Depression Scale–Anxiety; HADS-D, Hospital Anxiety and Depression
Scale–Depression; hs-CRP, high-sensitivity C-reactive protein; ISI, insomnia severity index; N/A, not assessed; NRS, numerical rating scale; ORM, orosomucoid; PCS, pain catastrophizing scale; STAI, State-Trait Anxiety Inventory.

We used the revised stepwise grading criteria for NP12 to
identify patients with CPSNP. The steps include A) a history of
relevant neurological lesion and neuroanatomically plausible pain
distribution, B) that the pain associates with sensory signs in the
same neuroanatomical distribution, and C) that a diagnostic test
confirms the lesion in the somatosensory nervous system.
According to the recent revision of the grading system,
a surgeon’s report of nerve resection is equivalent to a diagnostic
test in the case of postsurgical neuropathic pain.12
All patients in this study had a history of breast cancer surgery
and ICBN resection. The region of interest was the innervation
area of the ICBN: axilla, medial upper arm, flank of chest, and
lateral breast.2 Patients were classified as “unlikely CPSNP” if no
pain was present or the localization of pain was not neuroanatomically plausible for the surgical area (criterion A not met).
Patients with pain in the surgical area without sensory abnormality
in the corresponding region were classified as possible CPSNP
(criterion B not met). The patients with either self-reported or
evoked pain in the surgical area with at least one sensory
abnormality in the corresponding region were classified as
definite CPSNP if these findings occurred in the area of ICBN
innervation2 (criteria A, B, and C fulfilled). If the patients had pain
and sensory abnormalities in the surgical area, but outside the
ICBN innervation (eg, medial breast), they were classified as
probable CPSNP (criterion C not met).
We excluded the possible CPSNP (N 5 32) and probable
CPSNP (N 5 15) groups from the analyses to avoid possible bias
caused by uncertain NP diagnosis (Fig. 1). In the final analysis we
had only patients with definite CPSNP (CPSNP group) or unlikely
CPSNP (non-CPSNP group). Two patients from each group were
excluded because of ongoing cancer treatments. We analyzed
differences in these 2 groups to understand what makes a similar
nerve injury painful or not. Thus, we had a nested case–control

design including patients having had a previous ICBN resection
with or without current CPSNP.

2.4. Demographic factors, questionnaires, and cold
pressor test
Demographic factors preoperatively and at the follow-up visit are
presented in Table 1. Preoperatively, the question of insomnia was
included after the study had started, and therefore, data are missing
from 33 patients. For pain intensity, we considered NRS $4/10 as
moderate to severe pain. At the follow-up visit, BPI for other pains
was included after the start of the study, and therefore, data are
missing from 26/251 (10%) patients. The patients reported other
chronic pains with an open question and a pain drawing. Based on
these, other pains at the follow-up were categorized as follows:
headaches, pain in the joints, back, neck, or other area.
For the psychological and sleep questionnaire outcomes, we
used cutoff values for clinically relevant outcomes to report the
proportion of patients with clinically significant symptoms. These
were used as follows: $10 for at least mild and $19 for at least
moderate depressive symptoms in the Beck’s Depression Inventory
II (BDI II)5,29; 8 to 10 for borderline and $11 for clinically significant
anxiety/depression in HADS6,29; $40 for clinically significant anxiety
in STAI39; $8 for mild to severe insomnia in ISI30; and $30 for
clinically significant catastrophizing in PCS.40 Cronbach’s alphas for
these are reported in the supplementary Table 2 (available at http://
links.lww.com/PAIN/A661).
The fasting blood samples for glucose level, lipids, vitamin D, and
inflammatory markers (high-sensitivity CRP [hs-CRP]; orosomucoid
[ORM]) were drawn at the follow-up and analyzed according to the
standard laboratory protocol (HUSLAB, Helsinki, Finland). The CPT
was performed similarly preoperatively and at the follow-up, by the
same research nurse, protocol, and equipment.
12
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Figure 1. Patient selection and clinical grading for chronic postsurgical neuropathic pain. Surgical area refers to the breast, axilla, upper side of the chest, and
medial arm in the operated side. The area of ICBN resection refers to the lateral side of the breast, axilla, upper side of the chest, and medial arm in the operated
side. CPSNP, chronic postsurgical neuropathic pain; ICBN, intercostobrachial nerve.

2.5. Statistical analysis
We used Student t test for normally distributed continuous
variables in pairwise comparisons and repeated measures.
Mann–Whitney U test and x2-tests were used for non-normally
distributed and categorical variables, respectively. Spearman’s
rho (rs) was used for correlations and Cronbach’s alpha for
reliability assessments.
To predict CPSNP with preoperative and breast cancer treatment–
related clinical variables, the variables reaching P , 0.05 in the
13

bivariate analysis were entered as predictors in a logistic regression
analysis using the forward stepwise method. In addition, we tested the
model with the backward stepwise method to control for multicollinearity. We combined the type of breast surgery and radiotherapy
as a single categorical variable for the regression analysis because
nearly all patients with BCS receive radiotherapy. Continuous variables
were not categorized for this analysis. To detect the effect of possible
multicollinearity, we tested entering the susceptible variables (BDI II,
STAI state, and trait) one by one and in different combinations.
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To assess the role of preoperative thermal pain sensitivity in
predicting future CPSNP, we conducted a logistic regression
analysis. Preoperatively measured variables for age, body mass
index (BMI), chronic pain (yes/no), depression (yes/no, cutoff $19
in BDI II), and anxiety (yes/no, cutoff $40 in STAI state) were
entered as covariates to control for possible confounding.
To analyze the cold pain sensitivity and tolerance in established
CPSNP 4 to 9 years after breast cancer surgery, we conducted
a Cox-regression analysis. We used (1) time to withdrawal and (2)
time to NRS 10 during CPT as the time to event. Data were rightcensored if the participant endured the CPT the maximum of 90
seconds or if NRS values did not reach 10 during CPT. Variables
measured at the research visit 4 to 9 years after surgery, including
age, BMI, other pain of at least moderate intensity (yes/no),
depression (yes/no, cutoff $19 in BDI II), and anxiety (yes/no,
cutoff $11 in HADS-A), were added as covariates to control for
possible confounding. We performed an interaction analysis for
inflammatory markers (hs-CRP and ORM) and CPSNP on CPT
parameters using cross-product terms in Cox models. Inflammatory markers were inserted into the model as continuous
variables.
Two-tailed P # 0.05 was considered statistically significant.
Statistical analyses were performed using SPSS 22.0 version for
Windows (SPSS Inc, Chicago, IL).

3. Results
3.1. Clinical grading of chronic postsurgical neuropathic pain
and patients with definite chronic postsurgical
neuropathic pain
Figure 1 shows the distribution of patients to unlikely, possible,
probable, and definite CPSNP groups. In definite CPSNP patients
(135), evoked pain at examination presented in 114 (84%)
patients and was mostly static allodynia (99%). Pain intensity was
moderate to severe in 30 of 135 (22%) BPI reports.
3.2. Factors associating with established chronic
postsurgical neuropathic pain: patients with and without
chronic postsurgical neuropathic pain 4 to 9 years
after surgery
The intergroup comparisons of demographic factors, other pains,
psychological factors and sleep questionnaires, and laboratory
parameters are shown in Table 2. The groups were homogenous
in terms of age, time from surgery, and other demographic
factors. Body mass index was significantly higher in CPSNP
patients compared with non-CPSNP patients (Table 2).
The CPSNP patients had significantly more other pain
conditions than non-CPSNP patients (Table 2), particularly joint,
back, and neck pains. The CPSNP patients had more other pains
and reported higher intensities for other chronic pains: moderate
to severe pain was reported by 52/118 (44%, 17 missing values)
of CPSNP patients compared with 12/60 (20%, 5 missing values)
by non-CPSNP patients (P 5 0.003).
Only a few patients in either group reported current use of NP
medications (ie, tricyclics, serotonin–norepinephrine reuptake
inhibitors, and gabapentinoids), whereas the use of other pain
medications such as nonsteroidal anti-inflammatory drugs
(NSAIDs) was more prevalent among CPSNP patients compared
with non-CPSNP patients (Table 2).
The CPSNP group reported significantly more symptoms in all
questionnaires related to psychological factors and sleep
(Table 2). A total of 60/131 (45%, 4 missing values) of the
CPSNP patients reported at least mild depressive symptoms in

BDI II compared with 14/65 (22%) of non-CPSNP patients (P 5
0.001). A total of 33/134 (25%, one missing value) of CPSNP
patients compared with 7/65 (11%) of non-CPSNP patients
showed borderline or clinically significant levels of anxiety (P 5
0.025). A total of 67/132 (51%, 3 missing values) CPSNP patients
and 20/65 (31%) non-CPSNP patients suffered from at least mild
insomnia (P 5 0.008).
The CPSNP patients had significantly higher levels of hs-CRP
and ORM (Table 2). There were no differences between the
groups in other biochemical parameters (Table 2). The levels of
hs-CRP correlated positively with BMI in both groups: rs 0.374
and P , 0.001 in CPSNP group; rs 0.344 and P 5 0.005 in nonCPSNP group. Orosomucoid and BMI showed a weaker positive
correlation: rs 0.175 and P 5 0.045 in CPSNP group; rs 0.239 and
P 5 0.055 in non-CPSNP group.
3.3. Preoperative and treatment-related factors associating
with future chronic postsurgical neuropathic pain
Table 3 depicts the intergroup comparison of factors related to
cancer and its treatment. In both groups, most patients (CPSNP:
124/135, 92%; non-CPSNP: 57/65, 88%) had undergone axillary
clearance. Partial resections of ICBN were more frequent than
total resections. The CPSNP patients had undergone BCS and
received radiotherapy more frequently than the non-CPSNP
patients. There was no difference between the groups regarding
administration of chemotherapy or hormonal therapy (Table 3).
Preoperatively, future CPSNP patients showed higher BMI,
reported more pain in the surgical area and elsewhere, had more
depressive symptoms and anxiety, and reported insomnia more
frequently than future non-CPSNP patients (Table 4). In addition,
CPSNP patients presented with higher immediate postoperative
pain intensity ratings and higher oxycodone consumption at the
PACU. In multivariate analysis, preoperative pain in the surgical
area, the presence of chronic pain conditions, and BCS as the
type of breast surgery were associated with increased risk of
CPSNP (Table 4). The effect of the type of breast surgery
remained significant even after controlling for radiotherapy. The
results remained unaltered despite the method of stepwise
logistic regression used. Similarly, entering variables susceptible
for multicollinearity (BDI II, STAI state and trait) one by one or in
different combinations did not affect the outcome. No significant
differences in cancer type, number of metastatic lymph nodes,
nerve resection type, reoperations, or late reconstructions were
detected (Table 3).
3.4. General pain sensitivity and chronic postsurgical
neuropathic pain: preoperative and postoperative cold
pressor test and preoperative heat pain assessment
Compared with non-CPSNP patients, CPSNP patients presented with a significantly lower cold pain tolerance and higher
cold pain sensitivity postoperatively, but not preoperatively
(Table 5). Both patient groups showed a significant increase of
withdrawal times (CPSNP: mean difference 14.2 seconds, P ,
0.001; non-CPSNP: mean difference 15.6 seconds, P , 0.001),
although no significant mean differences were detected between
groups (P 5 0.716). Preoperative heat pain (48˚C) intensity
predicted CPSNP, although the association remained nonsignificant after multivariate adjustment (Table 6).
A Cox-regression analysis of the postoperative CPT (Table 7)
showed that patients with CPSNP aborted the CPT significantly
earlier than non-CPSNP patients (Fig. 2). The association
remained unaltered after multivariate adjustment. Patients in the
14
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Table 2

Patient demographics and clinical features 4–9 years after breast cancer surgery.
Demographics
Age, mean (SD), y
Time from index surgery, mean (SD), mo
BMI, mean (SD), kg/m2
Marital status, no. (%)
Married or cohabiting
Single
Divorced or widowed
Educational level, number (%)
Low
Moderate
High
Smoking, number (%)
Never smoked
Smoker
Ex-smoker
Alcohol consumption, number (%)§
Abstinent
,6 doses per week
$6 doses per week
Other pain conditions
Worst other pain past week, median (IQR), 010 NRS‖
Joint pain, number (%)
Back pain, number (%)
Neck pain, number (%)
Headache, number (%)
Other pain, number (%)
Overlapping pain conditions, number (%)
No other pain
1 or 2 other pain conditions
3 or more other pain conditions
Current use of pain medication
Tricyclic antidepressant, gabapentinoids, or
SNRI, number (%)
NSAID, acetaminophen, or mild opioid,
number (%)
Mood and sleep
BDI II, median (IQR)
HADS-A, median (IQR)
HADS-D, median (IQR)
PCS, median (IQR)
ISI, median (IQR)
Laboratory parameters{
GHb-A1C, mean (SD), % (4.0-6.0)
Cholesterol (total), mean (SD), mmol/l (,5.0)
LDL, mean (SD), mmol/L (,3.0)
HDL, mean (SD), mmol/L (.1.20)
Triglyserides, mean (SD), mmol/L (,1.70)
hs-CRP, median (IQR), mg/L (0.05-3.00)
ORM, mean (SD), mg/L (500-1200)
25-Hydroxyvitamin-D, mean (SD), nmol/L
(.50)

CPSNP (n 5 135)

Non-CPSNP (N 5 65)

P

60.4 (8.01)
77.9 (13.31)
26.2 (3.90)

61.4 (8.89)
77.7 (13.35)
24.1 (3.95)

0.45*
0.93*
<0.001*
0.96†

76 (56.3)
22 (16.3)
37 (27.4)

38 (58.5)
10 (15.4)
17 (26.2)

18 (13.3)
33 (24.4)
84 (62.2)

9 (13.8)
13 (20.0)
43 (66.2)

66 (48.9)
24 (17.8)
45 (33.3)

30 (46.2)
14 (21.5)
21 (32.3)

20 (14.8)
84 (62.2)
30 (22.2)

13 (20.0)
36 (55.4)
16 (24.6)

3 (1-5)

0 (0-2)

<0.001‡

82 (60.7)
42 (31.1)
47 (34.8)
15 (11.1)
67 (49.6)

21 (32.3)
11 (16.9)
5 (7.7)
2 (3.1)
15 (23.1)

<0.001†
0.033†
<0.001†
0.056†
<0.001†
<0.001†

15 (11.1)
80 (59.3)
40 (29.6)

33 (50.8)
27 (41.5)
5 (7.7)

6 (4.4)

3 (4.6)

0.96†

25 (18.5)

3 (4.6)

0.008†

9 (5-14)
5 (3-7)
3 (1-6)
6 (1-13)
8 (4-12)

5 (2-9)
3 (1-5)
1 (0-3)
1 (0-8)
4 (2-9)

<0.001‡
<0.001‡
0.001‡
<0.001‡
0.001‡

5.6 (0.4)
5.5 (1.1)
3.3 (0.9)
2.01 (0.55)
1.13 (0.46)
0.99 (0.37-2.42)
852 (237)
76 (25)

5.5 (0.3)
5.6 (0.9)
3.4 (0.8)
2.03 (0.53)
1.20 (0.57)
0.53 (0.27-1.14)
781 (178)
82 (22)

0.36*
0.47*
0.69*
0.75*
0.37*
0.005‡
0.019*
0.094*

0.78†

0.82†

0.56†

* Student t test.
† Chi-square test.
‡ Mann–Whitney U test.
§ One answer is missing from the NP group. One dose corresponds to 12 g of pure alcohol.
‖ Seventeen values are missing from the NP group and 5 from the non-NP group.
{ The normative values are shown in parenthesis.
P values , 0.05 are shown in bold. BDI II, Beck’s Depression Inventory II; BMI, body mass index; CPSNP, chronic postsurgical neuropathic pain; GHb-A1C, glycated hemoglobin A1C; HADS-A, Hospital Anxiety and Depression
Scale–Anxiety; HADS-D, Hospital Anxiety and Depression Scale–Depression; HDL, high-density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IQR, interquartile range; ISI, insomnia severity index; LDL, low-density
lipoprotein; NSAID, nonsteroidal anti-inflammatory drug; ORM, orosomucoid (alpha-1-acid glycoprotein); PCS, pain catastrophizing scale; SNRI, serotonin–norepinephrine reuptake inhibitors.
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Table 3

Characteristics of breast cancer and its treatment.
CPSNP (n 5 135)

Non-CPSNP (N 5 65)

Histology, number (%)
Ductal
Lobular
Other

P

94 (69.6)
27 (20.0)
14 (10.4)

40 (61.5)
13 (20.0)
12 (18.5)

Gradus, number (%)
I
II
III

27 (20.0)
61 (45.2)
47 (34.8)

14 (21.5)
23 (35.4)
28 (43.1)

Size of the tumor, median (IQR), mm

18 (13-25)

18 (14-25)

0.96†

No. of lymph nodes evacuated, mean (SD)

20.8 (10.35)

20.8 (9.42)

0.98‡
0.066†

0.27*

0.40*

No. of metastatic lymph nodes, median (IQR)

1 (1-4)

1 (1-2)

Breast surgery type, number (%)
Mastectomy
BCS

69 (51.1)
66 (48.9)

50 (76.9)
15 (23.1)

Axillary surgery type, number (%)
SLNB
ALND

11 (8.1)
124 (91.9)

8 (12.3)
57 (87.7)

Type of ICBN resection, number (%)
Partial
Total

88 (65.2)
47 (34.8)

50 (76.9)
15 (23.1)

Reoperation, number (%)

17 (12.6)

10 (15.4)

0.59*

Late reconstruction, number (%)

45 (33.3)

25 (38.5)

0.48*

Chemotherapy, number (%)

120 (88.9)

56 (86.2)

0.58*

Radiotherapy, number (%)

102 (75.6)

38 (58.5)

0.013*

Endocrine therapy, number (%)

116 (85.9)

54 (83.1)

0.60*

Tamoxifen, number (%)

92 (68.1)

42 (64.6)

0.62*

Aromatase inhibitor, number (%)

90 (66.7)

47 (72.3)

0.42*

<0.001*

0.35*

0.093*

* Chi-square test.
† Mann–Whitney U test.
‡ Student t test.
P values , 0.05 are shown in bold. ALND, axillary lymph node dissection; BCS, breast-conserving surgery; CPSNP, chronic postsurgical neuropathic pain; ICBN, intercostobrachial nerve; IQR, interquartile range; SLNB,
sentinel lymph node biopsy.

CPSNP group were also more likely to score NRS 10 during CPT
compared with non-CPSNP patients (Fig. 2).
There was a significant association for cold pain tolerance and
hs-CRP (HR 5 1.06, CI: 1.02-1.10, P 5 0.005) but not for ORM (P
5 0.201). There was no significant interaction between CPSNP
and hs-CRP (P 5 0.831) or ORM (P 5 0.201) on cold pressor
tolerance.

4. Discussion
4.1. Main findings
Of the 440/1000 patients with surgeon-verified ICBN resection,
251/440 (57%) were examined 4 to 9 years after index breast
cancer surgery. Fifty-five percent of these patients (137/251)
fulfilled the diagnostic criteria for definite CPSNP. Twenty-two
percent (30/137) of them reported moderate to severe pain in selfreport (BPI), and 63% (86/137) had moderate to severe evoked
pain at clinical examination. Compared with the non-CPSNP
patients, CPSNP patients had more depressive symptoms,
anxiety, pain catastrophizing, impaired sleep, and other pains.
They also had higher levels of inflammatory markers and increased
sensitivity in the CPT, suggesting a possible role of central
sensitization. Preoperatively, CPSNP patients showed more

psychological distress, insomnia, and more pain both in the
surgical area and in other locations than the non-CPSNP patients.

4.2. Prevalence of chronic postsurgical neuropathic pain
after breast cancer surgery
The prevalence of NP after breast cancer surgery ranges from 33%
to 58% in those patients who have PPSP,17 depending on when
and how the diagnosis of NP is made. The diagnosis is usually
based on validated questionnaires in cross-sectional studies. So
far, few prospective assessments with clinical examination have
been conducted with follow-ups to 1 year.17,32 Our study is the
first, to our knowledge, to use the revised NP grading criteria,
combining a thorough clinical sensory examination with surgeons’
report of nerve injury to reach the diagnostic level of “definite”
CPSNP. Extensive sensory examination of multiple modalities,
especially reports of evoked pain, allowed identification of CPSNP
patients who might have been unnoticed in previous studies. In
addition, our study had a 4-year to 9-year follow-up to provide
further evidence of CPSNP being a long-lasting consequence of
nerve injury. This is in line with a previous study that showed pain
and sensory disturbances to be a marked problem after breast
cancer surgery during a follow-up of 5 to 7 years. In that study,
PPSP was reported by over a third of the patients.27
16
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Table 4

Logistic regression model of the associations of preoperative and treatment-related factors with CPSNP after ICBN resection.
Bivariate analysis
BMI at the time of surgery, mean (SD), kg/m2
Type of breast operation and radiotherapy,
number (%)
BCS with radiotherapy§
Mastectomy without radiotherapy
Mastectomy with radiotherapy

Stepwise logistic regression analysis

CPSNP (n 5 135)

Non-CPSNP (n 5 65)

P

25.4 (3.90)

23.8 (3.64)

0.006*

B

OR (95% CI)

P

21.79
21.41

1 [reference]
0.17 (0.06-0.44)
0.24 (0.09-0.65)

,0.001
0.005

0.83

2.29 (1.55-3.39)

,0.001

1.64

5.16 (1.53-17.34)

0.008

0.002†
64 (47.4)
31 (23.0)
37 (28.1)

15 (23.1)
27 (41.5)
23 (35.4)

Worst pain in the surgical area past week
preoperatively, median (IQR), 0-10 NRS

2 (1-3)

0 (0-1)

,0.001‡

Worst other pain past week preoperatively,
median (IQR), 0-10 NRS

2 (1-4)

0 (0-3)

,0.001‡

Presence of any chronic pain condition
preoperatively, number (%)

40 (29.6)

4 (6.2)

,0.001†

Pain in the surgical area upon arrival to PACU,
median (IQR), 0-10 NRS║

3 (0-5)

0 (0-4)

0.015†

Oxycodone consumption at PACU, mg/kg

0.18 (0.10)

0.14 (0.10)

0.010*

BDI II preoperatively, median (IQR){

9 (4-13)

5 (2-9)

0.002‡

STAI state preoperatively, mean (SD)#

41.1 (10.41)

37.8 (11.74)

0.041*

STAI trait preoperatively, mean (SD)**

37.9 (9.39)

34.7 (10.70)

0.034*

Insomnia preoperatively, number (%)††
Not at all
At least once a week
Every night

50 (37.0)
40 (29.6)
24 (17.8)

37 (56.9)
16 (24.6)
5 (7.7)

0.027‡

Nagelkerke pseudo-R2 was 0.364. Hosmer and Lemeshow Test for the model suggests a good fit to data as P 5 0.423 (.0.05). Preoperative and treatment-related variables with P , 0.05 in the bivariate analysis were
included in the logistic regression analysis. Thirty-six patients (28 from the NP group and 8 from the non-NP group) had missing values in some of the variables. Only cases with complete sets of data were included in the
analysis. The missing values were not imputed. Preoperative insomnia was the source of most missing values in the regression analysis. The outcome of the analysis remained unaltered whether or not preoperative insomnia
was included.
* Student t test.
† Chi-squared test.
‡ Mann–Whitney U test.
§ Two patients from the NP group had undergone BCS without radiotherapy and were excluded from the analysis.
║ Value missing from one non-NP patient.
{ Value missing from one NP patient.
# Values missing from one NP and one non-NP patient.
** Values missing from 2 NP patients.
†† Values missing from 21 (15.6%) NP and 7 (10.8%) non-NP patients.
BCS, breast-conserving surgery; BDI II, Beck’s Depression Inventory II; BMI, body mass index; CI, confidence interval; CPSNP, chronic postsurgical neuropathic pain; IQR, interquartile range; OR, odds ratio; PACU,
postanesthesia care unit; STAI, State-Trait Anxiety Inventory.

4.3. Type of surgery and chronic postsurgical
neuropathic pain
Axillary lymph node dissection has emerged as an important risk
factor for PPSP in multiple studies.3,15,27,28 In this cohort, ALND
was significantly more frequent than SLNB in both groups
because ICBN resection is typically performed in ALND but not in
SLNB. However, this study demonstrates that CPSNP may also
occur in SLNB patients with ICBN resection. The small number of
SLNB patients in our cohort does not allow for multivariate
analyses of type of axillary surgery. The type of ICBN resection,
partial or total, did not associate with a higher risk of having NP
agreeing with previous studies.14
Breast-conserving surgery was associated with a higher
prevalence of CPSNP than mastectomy in multivariate analysis,
even after controlling for radiotherapy. Previous studies have also
reported high incidence of PPSP after BCS, especially in the
ipsilateral arm,3,41 which may indicate a role for ICBN lesions in
the subsequent pain. The association between the type of breast
surgery and CPSNP is multifactorial. The access and visualization
of the axilla is usually better in mastectomy than in BCS.
Mastectomy and BCS patients differ in terms of breast cancer
17

characteristics–mastectomy patients have, on average, larger
tumors and more metastatic lymph nodes in the axilla. However,
these factors did not differ between CPSNP and non-CPSNP
groups (Table 3).
4.4. Preoperative factors associating with future chronic
postsurgical neuropathic pain
Preoperatively, future CPSNP patients presented more pain,
anxiety, and depressive symptoms than non-CPSNP patients.
Preoperative pain in the surgical area and other chronic pains
have previously been shown to predispose to PPSP.15,28,36,37
Similarly, we found other chronic pain and preoperative pain in the
surgical area to predispose to CPSNP. Chronic pain patients
often have significant symptom overlap, which makes assessment of depressive symptoms challenging.22 Therefore, the
intergroup differences in BDI II scores in our cohort may partly
reflect the chronic pain load in the patients who developed
CPSNP. Moreover, depressive symptoms and anxiety did not
present as statistically significant in the multivariate analysis for
the prediction of CPSNP, and the impact of preoperative pain and
other chronic pains seems to override their effect in our model.
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Orosomucoid is an acute-phase protein with various immunomodulatory functions, and it has been associated with neuroinflammation.13,18 To our knowledge, it has not been studied in
NP patients before. Further studies are needed to assess its role
in the pathogenesis of NP.
Our results suggest a role for low-grade inflammation in the
maintenance of CPSNP, in line with previous evidence for other
NP conditions.8,10,38 A recent study also showed that NP patients
have increased levels of proinflammatory cytokines in the
cerebrospinal fluid compared with healthy individuals.7 Interestingly, neuroinflammation has also been associated with depression, anxiety, and impaired sleep,43 which all associated with
CPSNP in our cohort.

Table 5

General pain sensitivity: preoperative and postoperative cold
pressor test and preoperative heat pain test.
Preoperative measurements
Heat pain intensity at 43˚C,
median (IQR), 0-10 NRS
Heat pain intensity at 48˚C,
median (IQR), 0-10 NRS
CPT withdrawal time†, median
(IQR), s
CPT pain intensity at
withdrawal†, median (IQR),
0-10 NRS
Postoperative measurements after
4-9 y
CPT withdrawal time, median
(IQR), s
CPT pain intensity at withdrawal,
median (IQR), 0-10 NRS

CPSNP

Non-CPSNP

P

0 (0-1)

0 (0-0)

0.14*

3 (2-5)

3 (1-4)

0.020*

38 (21-89)

51 (27-90)

0.12*

9 (8-9)

9 (8-9)

0.89*

65 (33-90)

90 (44-90)

0.019*

9 (8-10)

8 (6-9)

0.003*

4.7. Cold pain sensitivity and tolerance
Sensitization and chronic inflammation have been suggested as
possible mechanisms in NP. The CPT was assessed preoperatively and re-assessed 4 to 9 years later. To our knowledge,
there are no other studies to show consistent CPT results
preoperatively and several years after surgery. Previously, a good
test–retest reliability of the CPT was shown within a 2-week
interval.23 In this study, years after the initial CPT, patients
tolerated the cold water significantly longer (Table 5). We were
unable to identify an explanation for this. The follow-up period
was several years, and the patients had received oncological
treatments, which may have affected the cold pressor tolerance.
Nearly 90% of the patients in both CPSNP and non-CPSNP
groups had received chemotherapy.
Sensitivity to preoperative CPT was not associated with
CPSNP at 4 to 9 years postoperatively. However, postoperatively,
the CPSNP patients were significantly more sensitive and less
tolerant in the CPT than the non-CPSNP patients. A previous
cross-sectional study on CPT and PPSP suggested that other
chronic pains might override the effect of PPSP on CPT.19 Our
results, however, showed that CPSNP patients were more
sensitive in the CPT, even after multivariate adjustment of
confounding factors including other pains. In line with this, a small
previous study showed that patients having NP after ulnar or
median nerve transection had decreased pain tolerance and
increased pain sensitivity in CPT, compared with non-NP
patients.42 These results together with ours may suggest a role
for central sensitization in NP.

* Mann–Whitney U test.
† Ten values are missing from the CPSNP and 3 from the non-CPSNP group.
P values , 0.05 are shown in bold. CPSNP, chronic postsurgical neuropathic pain; CPT, cold pressor test;
IQR, interquartile range.

4.5. Chronic pain load
Chronic postsurgical neuropathic pain patients seem to accumulate pain conditions. They had significantly more multisite
pains than non-CPSNP patients. This suggests that inherent
patient-related risk factors play a role in both the development
and maintenance of CPSNP. Interestingly, increased anxiety,
pain catastrophizing, depressive symptoms, and impaired quality
of sleep in the CPSNP patients may reflect a similar biopsychosocial profile previously reported in patients with chronic and
overlapping pain conditions.24

4.6. Lipids, glucose, and inflammatory markers
Lipid profiles and glucose levels did not differ between CPSNP
and non-CPSNP patients. A similar finding was reported in
patients having painful or nonpainful diabetic polyneuropathies.34
The CPSNP patients showed higher levels in inflammatory
markers (hs-CRP and ORM) compared with non-CPSNP
patients. In addition, higher levels of hs-CRP, but not ORM,
associated with increased cold pain tolerance in CPT, but with no
interaction with CPSNP. Subclinical inflammation with high hsCRP levels has previously been associated with lower pain
tolerance in CPT.1,35

4.8. Strengths and limitations of the study
Strengths of this study are the relatively large and homogenous
patient cohort, with a long follow-up, with rich clinical data and

Table 6

Logistic regression analysis of preoperative experimental pain measures to predict CPSNP after ICBN resection.
Unadjusted model

Fully adjusted model*

B

OR (95% CI)

P

B

OR (95% CI)

P

Cold pain (n 5 187)
Withdrawal time, s
Pain intensity at withdrawal, 0-10 NRS

20.01
0.04

0.99 (0.98-1.00)
1.04 (0.89-1.21)

0.15
0.63

20.01
0.01

0.99 (0.98-1.00)
1.00 (0.85-1.19)

0.27
0.97

Heat pain (n 5 199)
Pain intensity at 43˚C, 0-10 NRS
Pain intensity at 48˚C, 0-10 NRS

0.21
0.15

1.24 (0.92-1.67)
1.16 (1.01-1.33)

0.16
0.03

0.15
0.10

1.16 (0.85-1.60)
1.10 (0.96-1.28)

0.35
0.18

Hosmer and Lemeshow Test: cold pain model P 5 0.714; heat pain model P 5 0.272 (.0.05).
* Models are adjusted for the following preoperative variables: age, BMI, chronic pain (no/yes), depression (yes/no, cutoff $19 in BDI II), and anxiety (yes/no, cutoff $40 in STAI state). P values , 0.05 are shown in bold.
B, unstandardized regression weight, BMI, body mass index; BDI II, Beck’s Depression Inventory II; CI, confidence interval; CPSNP, chronic postsurgical neuropathic pain; ICBN, intercostobrachial nerve; NRS, numeric rating
scale; OR, odds ratio; STAI, State-Trait Anxiety Inventory.
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Table 7

Cox-regression analysis of cold pressor test in CPSNP and
non-CPSNP patients.
Cold pressor tolerance
Unadjusted model
CPSNP (yes)
Fully adjusted* model
CPSNP (yes)
Age (y)
BMI (kg/m2)
Other pain (yes)
Anxiety (yes)
Depression (yes)
Maximum pain intensity NRS 5 10
Unadjusted model
CPSNP (yes)
Fully adjusted* model
CPSNP (yes)
Age (y)
BMI (kg/m2)
Other pain (yes)
Anxiety (yes)
Depression (yes)

HR

95% CI

P

1.70

1.10-2.61

0.016

1.59
0.99
0.99
1.18
0.94
1.04

1.01-2.51
0.97-1.01
0.94-1.04
0.79-1.78
0.86-1.03
0.99-1.07

0.047
0.268
0.653
0.419
0.190
0.064

2.09

1.13-3.89

0.019

2.12
0.97
0.95
0.89
0.93
1.05

1.11-4.07
0.94-0.99
0.89-1.02
0.50-1.58
0.82-1.05
0.99-1.11

0.023
0.020
0.188
0.689
0.234
0.090

* Adjusted for age, BMI, other pain of at least moderate intensity (yes/no), depression (yes/no, cutoff $19 in
BDI II), and anxiety (yes/no, cutoff $11 in HADS-A). P values , 0.05 are shown in bold.
BDI II, Beck’s Depression Inventory II; BMI, body mass index; CI, confidence interval; CPSNP, chronic
postsurgical neuropathic pain; HADS-A, Hospital Anxiety-Depression Scale-Anxiety; HR, hazard ratio.

new insights into factors predisposing to and associating with
CPSNP. All patients were clinically examined and classified
according to latest NP grading criteria. The study provides new
support for the role of central sensitization in CPSNP as shown
with decreased CPT tolerance in the CPSNP patients.
A limitation of this study is that all patients had been treated for
cancer and the results can therefore not be directly translated to
other traumatic nerve injuries. Second, some of the variables
were only cross-sectional, and no conclusions regarding causal
relationship can be drawn, eg, regarding the possible role of
preoperative inflammation. Third, the data of chronic and other
pains were collected more thoroughly at the research visit 4 to 9
years from surgery than preoperatively. Although this does not
allow for direct comparison between the time points, we can
demonstrate a clear difference between CPSNP and nonCPSNP groups at both time points. Fourth, due to the long and
varying follow-up period, we cannot exclude the possibility that
some of the non-CPSNP could have fulfilled the NP diagnostic
criteria at some point during the follow-up. However, the time
span from the index operation did not differ significantly between
the CPSNP and non-CPSNP groups.

5. Conclusions
The CPSNP and non-CPSNP patient groups differed preoperatively in terms of other chronic pain, sleep, and psychological
factors. The CPSNP patients showed enhanced pain sensitivity
and decreased pain tolerance in CPT only after they had
developed NP, suggesting central sensitization. In addition to
the mounting load of chronic pain, systemic inflammation may
also have contributed to this. Our results suggest that several,
possibly interlinked, patient-related risk factors may play a significant role in the development and maintenance of chronic NP
after ICBN resection. These factors should be considered when
attempting to improve prevention and management of CPSNP.
19

Figure 2. Cox-regression analysis. Survival curves for cold pain tolerance (A)
and sensitivity (B). CPSNP, chronic postsurgical neuropathic pain; NRS,
Numeric Rating Scale.
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Abstract
Chronic pain remains a prevalent and disabling problem for people living with HIV in the current antiretroviral treatment era.
Psychosocial treatments may have promise for managing the impact of this pain. However, research is needed to identify
psychosocial processes to target through such treatments. The current systematic review and meta-analysis examined the
evidence for psychosocial factors associated with pain, disability, and quality of life in people living with HIV and persistent pain.
Observational and experimental studies reporting on the association between one or more psychosocial factors and one or more
pain-related variables in an adult sample of people living with HIV and pain were eligible. Two reviewers independently conducted
eligibility screening, data extraction, and quality assessment. Forty-six studies were included in the review and 37 of these provided
data for meta-analyses (12,493 participants). “Some” or “moderate” evidence supported an association between pain outcomes in
people with HIV and the following psychosocial factors: depression, psychological distress, posttraumatic stress, drug abuse, sleep
disturbance, reduced antiretroviral adherence, health care use, missed HIV clinic visits, unemployment, and protective
psychological factors. Surprisingly, few studies examined protective psychological factors or social processes, such as stigma.
There were few high-quality studies. These findings can inform future research and psychosocial treatment development in this area.
Greater theoretical and empirical focus is needed to examine the role of protective factors and social processes on pain outcomes in
this context. The review protocol was registered with PROSPERO (CRD42016036329).
Keywords: HIV, Pain, Systematic review, Psychosocial factors

1. Introduction
HIV remains a significant global health concern with 36.7 million
people living with HIV worldwide.130 The availability of combined
antiretroviral therapy (cART) has drastically improved life expectancy.9,93,120 In well-resourced countries, and increasingly in less
well-resourced regions, the shift in HIV from a terminal illness to
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a chronic condition has led to a focus on disease and symptom
management.59
Chronic pain is a common symptom in people with HIV. Data
from one systematic review indicate that 54% to 83% of people
with HIV may experience clinically meaningful persistent pain, and
these estimates seem to be stable from the pre- to current-cART
era.80 Neuropathic pain is a frequent complication of HIV and/or
antiretroviral therapy.15 Approximately 42% to 66% of people with
HIV have peripheral sensory neuropathy (HIV-SN), and around
54% to 78% of these experience neuropathic pain.84,88,129
Importantly, pain in people with HIV is associated with increased
disability and reduced quality of life.27
There are few pharmacological options for managing chronic
HIV-related pain. A systematic review of 14 randomized
controlled trials (RCTs) of pharmacotherapy for painful HIV-SN
found efficacy only for topical capsaicin, smoked cannabis, and
subcutaneous nerve growth factor.85 However, nerve growth
factor is not clinically available, capsaicin is not feasible in lowerresourced settings, and a subsequent review of cannabis
showed no effect on neuropathic pain and concerns about
long-term side effects.32 Additional negative RCTs of pregabalin,
capsaicin, and amitriptyline have been published.17,24,103
In the wider literature, psychological approaches are common
in chronic pain management.34 Psychological treatments, including cognitive–behavioural therapy (CBT), are associated with
improved functioning and mood for chronic pain that is primarily
musculoskeletal.124 However, research on psychological treatments for pain in HIV is less well developed. Only 2 RCTs have
examined CBT for people with HIV and chronic pain, but
www.painjournalonline.com
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interpretation of these trials is hampered by small samples118 and
high dropout rates.29 An observational study of CBT for HIVrelated pain showed similarly poor treatment completion.21,113
There is a clear need for improving psychological treatments for
people with HIV-related pain.
Improving psychological approaches for chronic pain in HIV will
require consideration of the psychosocial complexities associated with HIV. For example, stigma, mental health problems, and
substance abuse may influence pain and treatment engagement
in people with HIV.36,69,71,111,123,132 However, research has not
systematically examined psychosocial factors associated with
pain in this context. The systematic review by Parker et al. (2014),
which estimated the prevalence of pain in HIV, described 5
studies reporting psychosocial factors. However, that review did
not specifically include assessment of psychosocial factors in the
eligibility criteria. Furthermore, 33 potentially eligible studies were
excluded due to low-quality ratings,80 which limits our understanding of the range of psychosocial factors examined in this
context. Therefore, we conducted a systematic review and metaanalyses to examine the associations between psychosocial
factors and persistent pain in HIV. Because the aims of the review
were exploratory, we did not formulate specific hypotheses about
the associations between these variables.

2. Methods
The review protocol was registered with PROSPERO (http://
www.crd.york.ac.uk/PROSPERO/display_record.php?ID5CRD
42016036329).
2.1. Inclusion and exclusion criteria
2.1.1. Inclusion
(1) People with HIV aged 18 years and older.
(2) The original protocol specified the study must have a “(sub)
sample with average pain duration of $3 months.” After
piloting this criterion, a large number of studies did not define
or report pain duration. We contacted authors to enquire
about pain chronicity; however, these data were generally not
available. Given the potentially high prevalence of chronic pain
in HIV,80 we decided to include studies with (sub)samples of
ambiguous pain duration, provided that “pain” vs “no pain”
subgroup analyses were reported in studies for which chronic
pain was not an eligibility criterion or which did not report pain
duration.
(3) Data on presence of pain, pain intensity, functioning, and/or
quality of life.
(4) Data on one or more psychosocial variable, representing any
potentially modifiable cognitive, affective, behavioural, or
interpersonal process. Adherence to antiretroviral therapy
and health care use variables represent modifiable behaviour
patterns. Therefore, we considered these as psychosocial
variables eligible for this review.
(5) Observational (cross-sectional, case-control, or prospective)
or experimental studies (RCTs) reporting between- or withingroups associations between pain and psychosocial variables
in a (sub)sample with pain.
(6) Any language, from any region, from 1981 onwards (the date
that HIV was identified in the literature).
(7) Studies (published and unpublished) with an available full-text.
Where only abstracts or trial registration summaries were
available, the authors provided unpublished data for the
review. Unpublished studies are commonly included in

systematic reviews, given recognition of overestimation of
effects in published research.62 In addition, studies conducted
in lower-resourced countries where HIV is particularly
prevalent may not always proceed through to publication.
Therefore, the inclusion of unpublished studies and dissertations may help overcome this disparity and allows us to
consider potential contextual differences.
2.1.2. Exclusion
(1) Studies only measuring associations between unchangeable
demographic factors (eg, age, ethnicity) and pain. While
piloting the eligibility criteria, we found a number of studies
reporting history of injecting drug use as participants’ HIV risk
factor. Given lack of further information about substance
abuse history or current abuse, we excluded studies for which
injecting drug use history was the only psychosocial factor.
Likewise, we excluded studies reporting only average units of
alcohol consumed, rather than alcohol abuse.
(2) Qualitative studies.
2.2. Search strategy
We searched the following databases during March 2016:
Medline, EMBASE, CINAHL, PsycINFO, Cochrane, and Web of
Science. We also searched ISRCTN, clinicaltrials.gov, and EU
Clinical Trials Register. Reference lists of eligible studies were
searched and key authors were contacted. We reran the search
in August 2017. The search included terms for the target
population (HIV or AIDS), outcome (chronic pain), and exposure
measurement (psychosocial factors). Relevant search terms
were identified from previous reviews on pain in HIV,80,124
psychosocial factors in HIV,99 and psychosocial factors in chronic
pain40 (Appendix A, available at http://links.lww.com/PAIN/
A643).
2.3. Data extraction
Two reviewers (W.S. and C.A.) independently screened titles/
abstracts and full-texts for eligibility. The following data were
extracted from eligible studies: year; design; country; sample
size; demographics (ie, age, sex, and race/ethnicity); clinical
factors (ie, HIV duration, use of ART, CD41 count and viral load,
and pain duration and type); assessment of pain and psychosocial variables; and, statistical analyses. In cases where both
cross-sectional and prospective data reported the same (or an
overlapping) cohort and variables, the prospective analyses were
extracted. Data were extracted from all studies by W.S., and
independently by C.A. and K.K. who each extracted data from
approximately half of the studies. Disagreements regarding
eligibility and data extraction were discussed to reach consensus
and, where discrepancies remained, W.S. discussed these with
the wider team. The reviewers were not blinded to the authorship
of the studies reviewed.
2.4. Quality assessment
We assessed the methodological quality of studies using an
adapted version of quality assessment tools used in previous
systematic reviews of observational studies relevant to pain and
HIV.3,40,80 The quality assessment tool contained items
assessing: study purpose, recruitment, response rates,
sample description, assessment measurements, data analysis, and confounding/matching (Appendix B, available at
22
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http://links.lww.com/PAIN/A643). Additional items assessed
features specific to prospective designs. Thus, quality scores
differed for cross-sectional and prospective studies. In some
cases, the overall study design did not correspond to the nature of
the data extracted for the purpose of this review. In addition, in
some cohorts, a cross-sectional design was used to examine one
psychosocial variable, whereas a prospective design was used to
examine another variable using the same sample. In all cases, the
quality assessment was applied to the design used for the nature of
the data extracted for a given psychosocial variable. Quality
assessment items were rated as “positive” (1), “negative” (0), or
“unclear” (?), and total scores were computed and classified as low
(,50%), medium (50%-80%), and high (.80%).3,40 W.S. completed quality assessment ratings for all studies, whereas C.A. and
K.K. each independently completed the quality assessment for
approximately half of the studies. The strength of evidence was
assessed according to the levels outlined by Ariëns et al.3 in
a systematic review of observational studies of psychosocial risk

factors for neck pain: (1) Strong: consistent results in multiple highquality prospective and/or case-control studies; (2) Moderate:
consistent results in multiple prospective and/or case-control
studies; (3) Some Evidence: findings in one prospective or casecontrol study, or consistent findings in multiple cross-sectional
studies with at least one high-quality study; and (4) Inconclusive:
Inconsistent findings in multiple studies or consistent findings in
multiple low-quality cross-sectional studies.3
2.5. Data synthesis
Meta-analyses were conducted using Stata 15.0 where there
were at least 2 studies43 with the same design and effect
estimate of the association between the same pain (eg,
intensity) and psychosocial variables (eg, depression). We
took a broad approach to the meta-analyses,37,45 and
grouped psychosocial variables on the basis that they
reflected conceptually similar underlying constructs with

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA75) flow diagram.
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Table 1

Summary of the evidence for psychosocial variables.
Study quality
Depression
High: (n 5 2)79,84

Medium: (n 5 19)

Psychosocial assessment

Study design/analyses

Main summary

BDI* (n 5 11); BSI (n 5 2)

Prospective (HR) (n 5 2; Fig. S1,
http://links.lww.com/PAIN/A643)

CDC (n 5 1); CES-D (n 5 6)

Prospective (OR) (n 5 2; Fig. S2,
http://links.lww.com/PAIN/A643)

Depression consistently positively associated
with pain presence, intensity, and interference,
and negatively with quality of life in prospective
and cross-sectional studies.
Evidence level: moderate

CIDI* (n 5 1); DAPOS (n 5 1)

Cross-sectional (OR) (n 5 9, includes 1
cross-sectional case-control; Fig. 2)
Cross-sectional (SMD) (n 5 13; Fig. 3/text)
Cross-sectional (correlation) (n 5 8; Fig. S8,
http://links.lww.com/PAIN/A643/text)

2,27,29†,31,48,50,60,61,67,88,89,91,
92,96,97,102,104,114,116,119

Low: (n 5 8)8,28,39,55,57,95,101,110

DASS (n 5 1); GAIN (n 5 1)
HADS (n 5 1); HSC (n 5 1)
PHQ (n 5 2); PRISM (n 5 1)
Nonvalidated (n 5 1)
Psychological distress
High: (n 5 1)84

Medium: (n 5 11)
2,29†,31,44,47,50,61,66,86,88,91,104

Low: (n 5 6)5,53,54,57,65,110

BSI (n 5 2); CSQ (n 5 1)

Prospective (OR) (n 5 1; in text)

GAIN (n 5 1); HADS (n 5 1)
Prospective (correlation) (n 5 1; in text)
HSC*(n 5 1); INTRP (n 5 1)
Cross-sectional (OR) (n 5 5; Fig. 4)
PASS (n 5 1); PCS* (n 5 4)
PHQ (n 5 1); POMS (n 5 1)
PRISM (n 5 1)
Clinician diagnosis‡ (n 5 1)
Medical file (ICD-9, n 5 1; unclear, n 5 2)
Cross-sectional (SMD) (n 5 8; Fig. 5/text)

Distress consistently positively associated
with pain presence, intensity, and
interference in cross-sectional analyses, but
this was not consistent in the 2 prospective
studies.
Evidence level: some

Cross-sectional (correlation) (n 5 5; Fig. S9,
http://links.lww.com/PAIN/A643)
Posttraumatic stress (PTSS)
High: (n 5 1)79

Medium: (n 5 2)31,107

HTQ (n 5 1)

Prospective (ANCOVA) (n 5 1; text)

PCL-C (n 5 1)

Cross-sectional (SMD and correlation)
(n 5 1; text)
Cross-sectional (OR) (n 5 1; text)

PRISM (n 5 1)
Drug abuse
Medium: (n 5 9)

CIDI (n 5 1); DIS-IV (n 5 1)

Prospective (OR) (n 5 4; Fig. S10,
http://links.lww.com/PAIN/A643/text)

GAIN (n 5 1); PRISM (n 5 1)

Cross-sectional (OR) (n 5 8, includes 1
cross-sectional case-control; Fig. 6)
Cross-sectional (SMD) (n 5 1; text)
Cross-sectional (correlation) (n 5 1; text)

47,52,60,67,76,92,104,114,119

Low: (n 5 5)39,53,54,81,110

RBS (n 5 1)
Medical file (ICD-9; n 5 1)
Medical file (other; n 5 2)
Other self-report (n 5 6)
Alcohol abuse
Medium: (n 5 8)

CIDI (n 5 2); DIS-IV (n 5 1)

Prospective (HR) (n 5 1; text)

DSM-IV (n 5 1); NIAAA (n 5 2)

Prospective (OR) (n 5 3; Fig. S11, http://
links.lww.com/PAIN/A643/text)
Cross-sectional (OR) (n 5 7) (Fig. S12,
http://links.lww.com/PAIN/A643)

27,52,60,76,77,115,117,119

Low: (n 5 3)6,39,56

PRISM (n 5 1); SCID (n 5 1)

PTSS associated with poorer pain outcomes
in one prospective and one high-quality
cross-sectional study.
Evidence level: some

Pain and drug abuse consistently positively
associated in prospective and crosssectional studies.
Evidence level: moderate

Lack of association between pain and
alcohol abuse in cross-sectional studies;
inconsistent findings in prospective studies.
Evidence level: inconclusive

Other self-report (n 5 2)
Unclear (n 5 1)
Sleep disturbance
High: (n 5 1)84
Medium: (n 5 2)2,94

GSDS (n 5 1)
ISI (n 5 1)
PSQI (n 5 1)

Cross-sectional (SMD) (n 5 2; Fig. S13,
http://links.lww.com/PAIN/A643)

Sleep disturbance and pain positively
associated in 2/3 cross-sectional studies.
Evidence level: some

Cross-sectional (correlation) (n 5 1; text)

(continued on next page)
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Table 1 (continued)
Study quality
Antiretroviral nonadherence
Medium: (n 5 2)66,68

Low: (n 5 5)8,46,57,72,110

Psychosocial assessment

Study design/analyses

Main summary

ACTG-AQ (n 5 5)

Prospective (OR) (n 5 1; text)

Pain associated with reduced antiretroviral
adherence in one prospective study and
majority of cross-sectional studies.
Evidence: some

Other self-report (n 5 2)

Cross-sectional (OR) (n 5 4; Fig. S14/15,
http://links.lww.com/PAIN/A643)
Cross-sectional (correlation/SEM; n 5 2;
text)

Health care use
Medium: (n 5 4)47,61,68,119

Low: (n 5 2)39,53

Medical records (GP/HIV/urgent care visits) Prospective (OR) (n 5 1; text)
(n 5 4)

Self-report (mental health treatment) (n 5 2) Cross-sectional (OR) (n 5 2; Fig. S16,
http://links.lww.com/PAIN/A643)
Cross-sectional (SMD) (n 5 3; Fig. S17,
http://links.lww.com/PAIN/A643/text)

Pain associated with greater health care use
in one large prospective study and 2 large
cross-sectional studies. No association in 3
relatively small cross-sectional studies.
Evidence level: some

Missed HIV clinic visits
Medium: (n 5 2)68,92

Medical records

Prospective (OR) (n 5 2; Fig. S18, http://
links.lww.com/PAIN/A643)

Pain associated with greater missed HIV
clinic visits based on pooled effect of 2 large
prospective studies.
Evidence level: some

Unemployment
High: (n 5 1)79

WPAIQ (n 5 1)

Cross-sectional (OR) (n 5 8, includes 1
cross-sectional case-control; Fig. S19,
http://links.lww.com/PAIN/A643)

Pain consistently associated with
unemployment (cross-sectional studies).

Medium: (n 5 7)2,27,61,92,114,119,121
Protective factors
High: (n 5 1)79

Medium: (n 5 2)86,121
Low: (n 5 2)8,101

Other self-report (n 5 7)

Evidence level: some

ACTG-AQ self-efficacy item (n 5 1)

Prospective (correlation) (n 5 1)

CPAQ (n 5 1)
Life orientation test (n 5 1)

Cross-sectional (OR) (n 5 1)
Cross-sectional (SMD/correlation) (n 5 3,
includes 1 cross-sectional case-control)
All discussed in text

The resilience scale (n 5 1)
SE-6 (n 5 1)
Social factors
Medium: (n 5 3)73,74,91,122

Low: (n 5 2)72,98

HASI-P (n 5 1) (stigma)

Prospective (correlation) (n 5 1)

RSS (n 5 1) (stigma)
SSQ-SF (n 5 1) (support quality/number)
Self-report: Negative support/support
reciprocity/patient–provider engagement
(not validated; n 5 1)

Cross-sectional (OR) (n 5 1)
Cross-sectional (SMD/correlation) (n 5 3)
All discussed in text

Resilience (1 case-control), acceptance (1
prospective), and self-efficacy (2 crosssectional, including 1 high quality)
associated with improved pain outcomes.
Optimism examined in only one low-quality
cross-sectional study.
Evidence level: some

Too few studies, lack of high-quality studies,
and some inconsistencies for social
processes (eg, negative support/support
quality)
Evidence level: inconclusive

As justified in the Methods, we chose to focus on interpreting bivariate data. However, studies reporting a multivariate model between psychosocial and pain variables are bolded in column 1 for ease of reference. Additional
references relating to the same or overlapping studies reported in Table 1: 11, 12, 13, 22, 30, 70, 90, 105.
* Where different measures of the same variable were used for between-groups and within-group analyses in the same study, both measures are reported.
† Reference for multivariate analyses related to bivariate data reported in Ref. 29 is Ref. 38.
‡ Patient report of diagnosis of mental illness by a clinician.
ACTG-AQ, AIDS Clinical Trials Group Adherence Questionnaire; ANCOVA, analysis of covariance; BDI, Beck Depression Inventory; BSI, Brief Symptom Inventory; CDC, Centers for Disease Control; CES-D, Centre for
Epidemiological Studies Depression Scale; CIDI, Composite International Diagnostic Interview; CPAQ, Chronic Pain Acceptance Questionnaire; CSQ, Coping Strategies Questionnaire; DAPOS, Depression, Anxiety, and Positive
Outlook Scale; DASS, Depression Anxiety Stress Scales; DIS-IV, Diagnostic Interview Schedule for DSM-IV (Diagnostic and Statistical Manual of Mental Disorders, 4th Edition); GAIN, Global Appraisal of Individual Needs; GSDS;
General Sleep Disturbance Scale; HADS, Hospital Anxiety and Depression Scale; HASI-P, HIV/AIDS Stigma Scale—People Living with AIDS; HR, hazard ratio; HSC, Hopkins Symptoms Checklist; HTQ, Harvard Trauma
Questionnaire; ICD-9, International Classification of Disease mental illness/substance abuse codes extracted from medical file; INTRP, Inventory of Negative Thoughts in Response to Pain; ISI, Insomnia Severity Index; NIAAA,
National Institute on Alcoholism and Alcohol Abuse Guidelines; OR, odds ratio; PASS, Pain Anxiety Symptom Scale; PCL-C: PTSD Checklist-Civilian; PCS, Pain Catastrophizing Scale; PHQ, Patient Health Questionnaire
Depression/Anxiety Module; POMS, Profile of Mood States—Tension/Anxiety; PRISM, Psychiatric Research Interview for Substance and Mental Disorders; PSQI, Pittsburgh Sleep Quality Index; PTSS, posttraumatic stress
symptom; RBS, Risk Behaviour Survey; RSS, Reece Stigma Scale; SCID, Structured Clinical Interview for DSM-IV; SE-6, Self-Efficacy for Managing Chronic Disease—6 Item Scale; SEM, structural equation model; SMD,
standardized mean difference; SSQ-SF, Social Support Questionnaire—Short Form; WPAIQ, Work Productivity and Activity Impairment Questionnaire.
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Figure 2. Forest plot of cross-sectional odds ratios (ORs) for depression. Depression was more likely in participants with vs without pain, as reflected in the pooled
OR of .1. Gray boxes show weighting of individual studies; the red dotted line indicates the pooled effect around which effects from individual studies vary; the
blue diamond shows the 95% CI around the pooled effect. CI, confidence interval.

overlapping measurement content. All analyses were conducted using random effects, given likely heterogeneity.43
Between-study heterogeneity (I2 statistic) was interpreted as
low (,25%), medium (25%-50%), and high (.50%).124 For
between-groups comparisons of continuous data, mean
values, SDs, and sample sizes were extracted to compute

the pooled standardized mean difference (SMD). For betweengroups comparisons of dichotomous data, events data and
sample sizes were extracted. Where events data were not
reported, odds or hazard ratios, 95% confidence intervals
(95% CIs), and sample sizes were extracted. To aggregate
studies reporting a mixture of odds ratios (ORs) and events

Figure 3. Forest plot of cross-sectional standardized mean differences (SMDs) for depression. Depression symptoms were more severe in participants with vs
without pain, as indicated by a positive pooled SMD. CI, confidence interval.
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data, ORs were first computed from studies reporting events
data and then pooled with ORs reported in other studies. Odds
ratios and hazard ratios were analysed separately. Where
applicable, correlation coefficients (Pearson r) were extracted
with sample sizes. We transformed r to Fisher z and computed
95% CIs of z to compute the pooled estimate. 18,100
Data extracted were from bivariate analyses. Multivariate data
(eg, adjusted ORs) were only extracted where bivariate data were
not available. We focused on bivariate analyses because many
studies did not report multivariate analyses. Moreover, studies
that reported multivariate models varied substantially with respect
to control variables included and inconsistently used psychosocial variables as independent or dependent variables. Taken
together, these differences limit meaningful interpretation of
multivariate analyses across studies.
Several studies presented data on more than 2 pain/no pain
groups, often with idiosyncratic group definitions, which limited
our ability to compare studies. Where studies reported 3 or more
groups, we collapsed these into 2 to represent groups with and
without pain (eg, frequent/moderate/severe vs infrequent/mild/
none), and computed effects between these. This approach
facilitated more direct comparison across studies and thus
enabled us to include a larger number of studies in the analyses.
For studies comparing participants on the presence of neuropathy, we prioritised extracting data from these comparisons in the
following order depending on the data reported: (1) painful vs
nonpainful neuropathy; (2) painful neuropathy vs no neuropathy;
and (3) neuropathy vs no neuropathy. Where there was more than
one measure of the same variable, we extracted data for the
measure with the widest usage or the longer measure to increase
reliability.124 Our protocol specified that funnel plots would be
inspected to assess for publication bias. However, due to the
relatively small number of studies in each meta-analysis and the
likelihood of high heterogeneity, inspection of funnels plots was
not appropriate109 and, therefore, was not undertaken.
We conducted sensitivity analyses to examine the influence of
the following study and patient characteristics on the findings:
certainty of pain chronicity, pain type, immune functioning and
viral suppression, ART treatment era, and health care system.
With the exception of the pain chronicity analysis, these sensitivity
analyses were prespecified. Given the large number of potential
analyses, we restricted sensitivity analyses to the betweengroups SMDs for depression because this was the analysis with
the largest number of studies.

3. Results
Forty-six studies were included in the review (13,480 participants)
and 37 of these provided data for meta-analyses (12,493
participants; Fig. 1). Most (83%) were conducted in the United
States, with 4 studies from South Africa,79,88,121,122 and one each
from the United Kingdom,84 Thailand,89 Uganda,95 and Russia.114 Participants were primarily recruited from HIV clinics or
using multifaceted strategies that also included recruitment from
substance abuse clinics and community outreach. One study
recruited exclusively from a methadone clinic,8 whereas 2 others
recruited in high-poverty areas.39,110 The samples comprised
predominantly men in 41 studies, with the proportion of men in
these studies ranging from 51%50 to 100%.28,104 Five studies (4
from South Africa and 1 from the United States) recruited women
exclusively79,92 or predominantly (proportion of women ranging
from 72% to 88%).88,121,122 The mean age ranged from 30.1 (SD
5 5.2)114,115 to 51.0 (SD 5 9.3) years.119 HIV duration was not
consistently reported; however, of the studies providing data,
27
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duration ranged from 2.09 (SD 5 1.22)102 to 16.95 years (SD 5
8.70).119 Eighteen studies (39%) reported on mixed HIV/AIDS
samples (reported proportion with AIDS ranged from 10% to
74%). Four studies included only participants with AIDS, one
study excluded patients with AIDS, whereas 23 studies did not
clearly report the proportion (if any) with AIDS. Supplemental
Table 1 shows further demographic characteristics of the study
samples (available at http://links.lww.com/PAIN/A643).
Table 1 provides a summary of study designs, quality, and
evidence level for each psychosocial factor. The studies showed
substantial variability in the measurement of pain and psychosocial variables. Most studies (63%) were of medium quality. Fifteen
studies were of low quality, and only 2 were of high quality.79,84
The most common limitations included unclear reporting of
response rates, no a priori sample size justification, and poor
reporting of HIV and pain characteristics. There is no single
agreed upon strategy to best address low-quality studies within
meta-analyses, an issue which is compounded by the arbitrary
nature of study quality scoring and cutoff points.43 This can be
dealt with by only including high-quality studies, performing
sensitivity analyses, or including all studies irrespective of quality
and discussing risk of bias.43 Given that only 2 of 46 studies were
rated as high quality, a meta-analysis of these cannot be regarded
as reflecting most of the studies. Sensitivity analyses would
likewise not be meaningful. Including all studies is thus the most
justifiable approach for the current data. Although we have
chosen to focus on data from bivariate analyses for reasons
outlined in the Methods, studies that reported a multivariate
model of the association between psychosocial and pain
variables are shown in bold in Table 1 for ease of reference.
3.1. Depression
Depression was the most frequently assessed psychological
variable, investigated in 29 studies. Two prospective studies
reported hazard ratios for baseline depression predicting time to
onset of symptomatic neuropathy. The pooled hazard ratio was
significant and indicated that baseline depression was more
severe in participants who developed symptomatic neuropathy
at follow-up than those who did not: HR 5 1.04 (95% CI 1.021.07), z 5 3.23, P 5 0.001 (supplemental Figure 1, available at
http://links.lww.com/PAIN/A643). Heterogeneity was 0.0%.
Two further prospective studies reported ORs. The pooled OR
was significant and indicted that higher baseline depression
symptoms were associated with greater likelihood of follow-up
pain: OR 5 2.26 (95% CI 1.47-3.47), z 5 3.72, P , 0.001
(supplemental Figure 2, available at http://links.lww.com/PAIN/
A643). Heterogeneity was medium (40.1%). Nine crosssectional studies provided events data or ORs. The pooled OR
was significant such that depression was more likely in
participants with vs without pain: OR 5 2.65 (95% CI 1.624.34), z 5 3.90, P , 0.001 (Fig. 2). Heterogeneity was high
(83.0%). Twelve cross-sectional studies provided data to
compute SMDs (Fig. 3). The overall effect was significant and
showed moderately greater depression in participants with vs
without pain: SMD 5 0.68 (95% CI 0.42-0.93), z 5 5.22, P ,
0.001. Heterogeneity was high (I2 5 89.2%). Another crosssectional study that reported the median and interquartile range
found no difference in depression between groups with (n 5 125)
and without pain (n 5 72).88
Six cross-sectional studies reported correlation coefficients
between depression and pain severity. The pooled correlation
was small, but significant: Fisher z 5 0.26 (95% CI 0.18-0.33), z 5
6.77, P , 0.001. Heterogeneity was 0.0%. One additional study
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Figure 4. Forest plot of cross-sectional events data for psychological distress. Distress was more likely in participants with vs without pain, as reflected in the
pooled odds ratio (OR) of .1. CI, confidence interval.

found a nonsignificant correlation, although the coefficient was
not reported.27 Four cross-sectional studies reported correlations between depression and pain interference/disability. The
pooled correlation was moderate: Fisher z 5 0.48 (95% CI 0.410.56), z 5 12.48, P , 0.001. Heterogeneity was 0.0%. Three
cross-sectional studies reported correlations between depression and quality of life. The pooled correlation was large and
significant: Fisher z 5 20.52 (95% CI 20.75 to 20.30), z 5 4.51,
P , 0.001. Heterogeneity was high at 73.3% (all correlation
analyses, supplemental Figure 8, available at http://links.lww.
com/PAIN/A643). One final cross-sectional study (n 5 120)
reported a moderate correlation between pain presence and
depression.55

3.2. Depression sensitivity analyses
We conducted sensitivity analyses on the SMDs for depression
between pain and no pain groups (supplemental Figures 3–7,
available at http://links.lww.com/PAIN/A643). We excluded data
from the Kirkland study here because the SMD from this study
was substantial and seemed to be driving heterogeneity in the
primary meta-analysis. Excluding the Kirkland data reduced
heterogeneity from I2 5 89.2% to 52.2%. Thus, 11 studies were
included in sensitivity analyses.
The pooled SMD for depression was medium for studies with
certain (0.61, 95% CI 0.11-1.12, z 5 2.39, P 5 0.02; I2 5 75.1%) and
uncertain pain chronicity (0.53, 95% CI 0.41-0.64, z 5 9.04,

Figure 5. Forest plot of cross-sectional standardized mean differences (SMDs) for psychological distress. Distress was more severe in participants with vs without
pain, as reflected by a positive pooled SMD. CI, confidence interval.
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Figure 6. Forest plot of cross-sectional events data for drug abuse. Drug abuse was more likely in participants with vs without pain, as reflected in the pooled odds
ratio (OR) of .1. CI, confidence interval.

P , 0.001; I2 5 34.5%). In the analysis by pain type, the pooled SMD
for depression was moderate in studies with mixed pain types (0.75,
95% CI 0.58-0.92, z 5 8.51, P , 0.001; I2 5 31.7%) and for which
pain type was not reported (0.52, 95% CI 0.39-0.65; z 5 7.91, P ,
0.001; I2 5 0.0%). By contrast, studies with neuropathic pain (0.31,
95% CI 0.11-0.52; z 5 2.96, P 5 0.003; I2 5 0.0%) or headache
(0.38, 95% CI 0.06-0.70, z 5 2.34, P 5 0.02) showed small but
significant differences between groups on depression.
The pooled SMD for depression was moderate for studies in
which participants had less than adequate immune functioning and
viral suppression (0.56, 95% CI 0.42-0.70, z 5 7.77, P , 0.001; I2 5
0.0%) and for studies in which these indicators were uncertain (0.53,
95% CI 0.33-0.73, z 5 5.28, P , 0.001; I2 5 69.1%). There were no
studies with “adequate” functioning on these indices in this analysis.
Studies from the pre-cART (0.49, 95% CI 0.32-0.66, z 5 5.75, P ,
0.001; I2 5 0.0%), cART (0.73, 95% CI 0.37-1.10, z 5 3.91, P ,
0.001), and current-cART era (0.55, 95% CI 0.38-0.72, z 5 6.21, P
, 0.001; I2 5 62.5%) all had moderate or near-moderate pooled
SMDs. Finally, pooled SMDs for depression were similar in studies
from the United States, which has a mixed health care system (0.57,
95% CI 0.43-0.72, z 5 7.58, P , 0.001; I2 5 55.7%), and one study
from the United Kingdom, which has universal health care (0.68,
95% CI 0.09-1.28; z 5 2.25, P 5 0.03). The pooled SMD of 2 studies
conducted in lower- and middle-income countries was smaller, but
statistically significant (0.43, 95% CI 0.14-0.72, z 5 2.90, P 5 0.004;
I2 5 54.2%).

z 5 4.34, P , 0.001. Heterogeneity was high (I2 5 68.3%). One
prospective study (n 5 127) found that baseline mental illness did
not predict presence of pain over follow-up.54 Seven crosssectional studies provided mean values and SDs (Fig. 5). The
pooled SMD showed a large and statistically significant difference
between groups such that distress was worse in participants with
vs without pain (SMD 5 0.85, 95% CI 0.35-1.35); z 5 3.33, P 5
0.001). Heterogeneity was very high (I2 5 95.4%). One further
study that reported the median and interquartile range found no
difference between groups.88
Four cross-sectional studies reported correlations between
distress and pain severity (supplemental Figure 9, available at
http://links.lww.com/PAIN/A643). The pooled correlation was
moderate: Fisher z 5 0.35 (95% CI 0.09-0.60), z 5 2.68, P 5
0.007. Heterogeneity was high (82.2%). Three cross-sectional
studies reported correlations between distress and pain
interference/disability. The pooled correlation was moderate:
Fisher z 5 0.59 (95% CI 0.24-0.93), z 5 3.34, P 5 0.001.
Heterogeneity was high (81.2%). One prospective study (n 5 4562) found a nonsignificant correlation between change in distress
and pain severity after CBT, and a significant, moderate
correlation between change in distress and pain interference.44,86
Finally, one cross-sectional study reported a nonsignificant
correlation between pain intensity and distress (r not reported),
and a small negative correlation between distress and quality of
life.88

3.3. Psychological distress

3.4. Posttraumatic stress

Eighteen studies examined variables representing psychological
distress, including anxiety-related constructs and the presence of
“mental illness,” which generally described a combination of
anxiety and depression. Five cross-sectional studies provided
events data (Fig. 4). The pooled OR was significant and indicated
that participants with pain were more likely to have psychological
distress than those without pain: OR 5 2.56 (95% CI 1.67-3.90),

Three studies investigated posttraumatic stress. These studies
are reported separate from studies measuring psychological
distress, given the specificity of posttraumatic stress as a variable.
Different study designs and analyses precluded meta-analysis.
One prospective study (n 5 143) found that posttraumatic stress
symptoms (PTSSs) were associated with significantly higher pain
severity and interference over time in a sample with HIV and
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persistent pain.107 One high-quality cross-sectional study found
that participants with pain (n 5 170) had significantly higher PTSS
than those without pain (n 5 59).79 Within the pain group in this
study, there was a nonsignificant correlation between PTSSs and
pain severity, and small but significant correlations between
PTSSs and pain interference (positive correlation) and quality of
life (negative correlation).79 Posttraumatic stress disorder did not
differ between groups with (n 5 150) and without (n 5 128)
neuropathy in another cross-sectional study.31

effect was significant and showed moderately greater sleep
problems in participants with vs without pain: SMD 5 0.66 (95%
CI 0.45-0.87), z 5 6.12, P , 0.001. Heterogeneity was 0.0%
(supplemental Figure 13, available at http://links.lww.com/PAIN/
A643). Another cross-sectional (n 5 45) study reported a significant correlation between pain severity and sleep disturbance,
and a nonsignificant correlation between sleep and functioning.94

3.8. Antiretroviral nonadherence
3.5. Drug abuse
Fourteen studies examined drug abuse. We prioritised extracting
opioid abuse data when multiple drug abuse categories were
reported, given the relevance of opioid use in chronic pain. Two
prospective studies reported ORs for pain predicting heroin use
at the time of follow-up. The pooled OR indicated that participants
with pain at baseline were more likely at follow-up to be using
heroin: OR 5 1.70 (95% CI 1.22-2.38), z 5 3.13, P 5 0.002
(supplemental Figure 10, available at http://links.lww.com/PAIN/
A643). Heterogeneity was low (I2 5 14.0%). Conversely, another
prospective study (n 5 493) reported that baseline opioid use
disorder history predicted new onset of neuropathic pain, OR 5
2.87 (1.31-6.28), P , 0.01.60 One low-quality prospective study
(n 5 127) found that baseline drug abuse history did not predict
the presence of pain at follow-up, 0.55 (0.25-1.21).54 These 2
studies could not be combined due to different coding of the
dependent variable.
Eight cross-sectional studies reported events data (Fig. 6). The
pooled OR was significant such that participants with pain were
more likely to have comorbid drug abuse than those without pain:
OR 5 1.59 (95% CI 1.12-2.26), z 5 2.58, P 5 0.01. Heterogeneity
was high (I2 5 69.8%), mainly attributable to one study that found
the opposite effect, such that participants with symptomatic
distal sensory polyneuropathy were less likely to have opioid use
disorder than those with asymptomatic distal sensory polyneuropathy.76 One low-quality cross-sectional study (n 5 503) found
that participants with “untreated” pain had greater dependence
symptoms than those with “treated” pain or without pain.110
Another low-quality cross-sectional study (n 5 73) found a small
positive correlation between “aberrant drug behaviours” and pain
interference, but not quality of life.81
3.6. Alcohol abuse
Eleven studies investigated alcohol abuse. Two prospective
studies reported ORs for baseline pain predicting subsequent
alcohol abuse. The pooled OR was not significant: OR 5 0.94
(95% CI 0.39-2.26), z 5 0.13, P 5 0.90 (supplemental Figure 11,
available at http://links.lww.com/PAIN/A643). Heterogeneity was
high (84.1%). Two additional prospective studies examined
baseline alcohol abuse as a predictor of developing pain/
neuropathy but could not be combined due to different analyses.
Both studies reported a nonsignificant association between these
variables.60,77 Seven cross-sectional studies provided events
data or ORs. The pooled OR was not significant: OR 5 1.22 (95%
CI 0.92-1.62), z 5 1.36, P 5 0.17 (supplemental Figure 12,
available at http://links.lww.com/PAIN/A643). Heterogeneity was
medium (I2 5 39.0%).
3.7. Sleep disturbance
Three studies investigated sleep disturbance. Two crosssectional studies reported mean values and SDs. The pooled

Seven studies investigated the association between pain and
suboptimal ART adherence. Data were analysed separately
according to whether the adherence variable was coded in the
direction of nonadherence or adherence. One prospective study
(n 5 258) reported that severe pain at baseline predicted higher
odds (OR 5 1.37, 95% CI 1.02-1.85) of follow-up ART
nonadherence.46 One cross-sectional study provided events
data, whereas another provided an OR. The pooled OR was
significant and indicated that participants with pain were more
likely to report nonadherence: OR 5 1.40 (95% CI 1.07-1.82), z
5 2.50, P 5 0.01 (supplemental Figure 14, available at http://
links.lww.com/PAIN/A643). Heterogeneity was 0.00%. One
cross-sectional study (n 5 42) found significant positive
correlations between pain severity and adherence forgetfulness
and fears.57
Two cross-sectional studies reported data for the association
between pain and adherence (events data or OR). The pooled
OR was less than one, indicating the likelihood of adherence
was lower in participants with pain, but this was not statistically
significant: OR 5 0.32 (95% CI 0.08-1.32), z 5 1.57, P 5 0.12
(supplemental Figure 15, available at http://links.lww.com/
PAIN/A643). Heterogeneity was high (74.3%). Finally, one lowquality cross-sectional study (n 5 377) found that pain presence
was not associated with adherence in a structural equation
model.72

3.9. Health care use
Six studies examined health care use. One prospective study (n 5
1521) found that baseline pain predicted significantly higher odds
(OR 5 1.6, 95% CI 1.2-2.0) of urgent care visits.68 Two crosssectional studies reported events data. The pooled OR was not
significant: OR 5 0.98 (95% CI 0.58-1.66, z 5 0.07, P 5 0.94)
(supplemental Figure 16, available at http://links.lww.com/PAIN/
A643). Heterogeneity was 0.0%. Two further cross-sectional
studies reported mean values and SDs. The pooled effect was
small but significant, such that participants with pain had greater
health care use than those without pain: SMD 5 0.36 (95% CI
0.21-0.51, z 5 4.66, P , 0.001). Heterogeneity was 0.0%
(supplemental Figure 17, available at http://links.lww.com/PAIN/
A643). One further cross-sectional study (n 5 1120) found that
participants with pain and daily opioid use had more clinic visits
than those with pain without daily opioid use and those without
pain (SD not reported).53

3.10. Missed HIV clinic visits
Two prospective studies reported ORs for baseline presence of pain
predicting missed HIV clinic visits over 1-year follow-up. The pooled
OR was significant, such that those with pain at baseline had higher
odds of a missed HIV clinic visit: OR 5 1.42 (95% CI 1.13-1.79), z 5
2.98, P 5 0.003 (supplemental Figure 18, available at http://links.
lww.com/PAIN/A643). Heterogeneity was 0.0%.
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3.11. Unemployment
Seven cross-sectional studies provided events data or ORs for
the association between unemployment and pain. The pooled
OR was significant and indicated that participants with pain had
higher odds of being unemployed than those without pain: OR 5
2.09 (95% CI 1.59-2.76, z 5 5.25, P , 0.001) (supplemental
Figure 19, available at http://links.lww.com/PAIN/A643). Heterogeneity was moderate (48.6%). One further cross-sectional study
(n 5 229) that did not have data available for meta-analysis
likewise found that participants with pain were significantly more
likely to be unemployed than those without pain.79
3.12. Protective factors
Five studies examined protective psychological factors. One
prospective study (n 5 62) found significant small and medium
correlations between change in self-reported pain acceptance
during CBT and posttreatment pain severity and interference,
respectively.86 One cross-sectional case-control study observed
lower resilience in participants with (n 5 99) vs without pain (n 5
98; medium effect); however, this study found nonsignificant
correlations between resilience and pain severity and interference
in the pain group.121
One high-quality cross-sectional study found that participants
with pain (n 5 170) reported lower disease management selfefficacy than did those without pain (n 5 59) (small effect).79
Within the pain group in this study, there were nonsignificant
correlations between self-efficacy and pain severity and interference, and a small positive correlation between self-efficacy
and quality of life.79 One low-quality cross-sectional study found
that those with greater adherence self-efficacy were less likely to
report pain (n 5 70).8 Finally, one low-quality cross-sectional
study found lower mean self-reported optimism in participants
with (n 5 50) vs without pain (n 5 46) (small effect).101
3.13. Social factors
Four studies investigated social factors. The BEACON study (n 5
377) explored social processes across 3 papers, 2 of which
describe prospective data (medium quality), whereas the third
reported cross-sectional data (low quality). Baseline chronic pain
predicted “negative social support” (ie, overly intrusive or
insensitive responses from others and a lack of support) at 12
months, controlling for baseline social support.73 Another
prospective analysis showed that no chronic pain at baseline
predicted greater support reciprocity at follow-up.74 Chronic pain
was associated with significantly poorer ratings of patient–
provider engagement in cross-sectional analyses.72
Two studies examined self-reported stigma, but could not be
combined. One medium-quality cross-sectional study (n 5 50)
found a moderate positive correlation between stigma and pain
severity.122 One low-quality cross-sectional study (n 5 201)
found that participants with “pain disorder” reported higher
stigma scores than those without “pain disorder.”98 One
medium-quality cross-sectional study found no difference in
mean number or quality of self-reported social supports between
participants with (n 5 274) and without pain (n 5 164).91

4. Discussion
This review including over 13,000 participants found “some” or
“moderate” evidence supporting an association between pain
outcomes and depression, psychological distress, posttraumatic
31

2471

stress, drug abuse, sleep disturbance, health care use, missed
HIV clinic visits, ART adherence, unemployment, and protective
psychological factors in people with HIV. Surprisingly few studies
have examined protective psychological factors or social processes. There is a lack of high-quality research on psychosocial
factors related to chronic pain in people with HIV. These findings
can inform future research and treatment development in this
area.
The association between depression and poorer self-reported
pain outcomes in HIV is consistent with the wider pain
literature.4,64 Data from prospective studies suggest depression
is a risk factor for pain. However, caution is warranted in this
interpretation, given the observational nature of studies. There is
likely a bidirectional relationship, with shared neurobiological
pathways, cognitive appraisals, and behavioural disengagement
underpinning this association.4,7,14 Evidence supporting the
association between pain and sleep disturbance is consistent
with the wider literature that reports reciprocal associations
between pain, sleep, and depression.106
There was substantial variability in the assessment of “psychological distress,” which may have contributed to the statistical
heterogeneity observed. Although different measures were used to
assess variables such as pain catastrophizing, pain-related fear,
stress, and general anxiety, these measures overlap conceptually
and in item content. The consistency of results within the
psychological distress category suggests the findings are robust
across different assessment methods. Several studies assessed
“mental illness” based on a range of diagnoses in participants’
medical file without clear diagnostic criteria. Studies exploring mental
health diagnoses should use valid and reliable criteria and, ideally,
semi-structured clinician-administered interviews as the gold
standard.128 In light of high rates of posttraumatic stress disorder
(PTSD) in HIV,99 further research is particularly needed to understand
the role of PTSD in pain in this context. Alternately, rather than
focusing on specific mental health diagnoses, research investigating
psychosocial processes that explain the impact of a range of
psychological difficulties may prove useful moving forward.42
Few studies investigated fear-avoidance model variables, such
as pain catastrophizing and pain-related fear, which have
dominated the musculoskeletal pain literature. Fear of movement
is strongly associated with musculoskeletal pain disability.20
However, neuropathic pain is often spontaneous and not clearly
provoked by movement, although it may inhibit movement.
Therefore, research is needed to determine the relevance of fearavoidance model constructs in neuropathic pain that is common
in HIV.
A bidirectional association between drug abuse and pain in HIV
is suggested by prospective data showing opioid abuse as both
predictor60 and outcome114 of pain. In a population where there
are concerns about analgesic prescribing,58 poorly managed
pain may contribute to increased abuse of nonprescribed
opioids, which may be exacerbated by depression.114 Alternately, prolonged opioid abuse may disrupt descending pain
inhibition, exacerbating pain.49 Differing definitions of drug and
alcohol abuse across studies may account for variability in
effects. Future research on substance abuse in this context
should use validated assessments, either screening tools or
diagnostic interviews that capture key features of abuse, such as
continued use despite harm.1,41,128
Adherence to ART and retention in care are psychosocial
factors unique to the HIV context and are of vital importance,
given their associations with mortality, morbidity, and drug
resistance.112 The finding that pain was associated with reduced
ART adherence and missed HIV clinic visits highlights the

2472

·

PAIN®

W. Scott et al. 159 (2018) 2461–2476

necessity of adequate pain management in HIV. Understanding
the links between pain, ART adherence, and retention in care
likely requires consideration of other psychosocial factors, such
as substance abuse and depression, which may mediate or
moderate this association.68,92
Findings that pain was associated with greater unemployment
and health care use highlight the individual, societal, and
economic costs of pain in HIV. This is consistent with the broader
literature, although health care use is typically underassessed in
trials of psychotherapy for chronic pain.87 Studies assessing
health care use were restricted to the United States, whereas the
unemployment–pain link was consistent in studies from the
United States, Russia, and South Africa. The association
between pain and health care use differed across studies on
the basis of the type of health care assessed. Assessment of the
most frequently accessed services (eg, general practitioner visits),
rather than relatively infrequent events (eg, hospitalisations), may
increase the interpretability of future health care data.
Surprisingly, only 5 studies assessed protective psychological
factors. The lack of studies on protective factors mirrors historical
trends in the general pain literature, although there has been
greater focus on protective factors more recently. The focus on
“maladaptive” responses to pain is problematic because such
responses can be understood as a function of their short-term
utility.126 Moreover, abnormal conceptualizations often fail to
specify pathways through which recovery and successful
functioning occur when pain is present. The psychological
flexibility model, within which pain acceptance has been
conceptualised, might prove useful for future research.63
A recent proposal for updating the definition of pain highlights
the central role of social factors.127 However, our review identified
only 4 studies exploring interpersonal variables. The lack of
research on stigma in relation to pain is particularly surprising
because managing stigma is key to the success of the HIV/AIDS
response.108 Stigma has recently been highlighted as important
for the well-being of patients with chronic pain in general.23,125
Future research is needed to determine the function of stigma in
chronic pain in people with and without HIV.
The study samples included in our review varied widely in terms
of the proportion of men and women, participant age, ethnicity,
and duration and severity of HIV. Our sensitivity analyses support
the potential applicability of findings across pain types, ART
treatment eras, and health care systems. Due to poor reporting of
viral loads and CD41 counts, our analysis stratifying by these
indicators is difficult to interpret. Caution is also warranted
regarding the cross-cultural applicability of the findings because
most studies were from the United States. One South African
study with a predominantly female sample found patients with
and without pain did not differ on depression or anxiety, likely due
to high scores across the sample.88 Socioeconomic factors, such
as poverty and gender, may thus alter the relationships between
pain, functioning, and mental health.88,121 Care is needed in
applying Western psychological concepts in non-Western
cultures.51,82,83 Research must also determine unique cultural
features that influence the experience and expression of pain
in HIV.
A guiding theoretical model is needed to integrate psychosocial
processes relevant to pain and HIV. Such a model should make
specific predictions about the relative contributions of cognitive,
affective, behavioural, and sociocultural processes in relation to
specific pain outcomes. This review identified a number of closely
related psychosocial constructs. Therefore, a theoretical model may
benefit from identifying a key set of nonoverlapping variables.63 This

may draw on prominent models within the field of pain, such as the
fear-avoidance19 and psychological flexibility models,63 and those
within the HIV literature that focus heavily on sociocultural
perspectives to understand the impact of processes, such as
stigma, on well-being.78
The current findings suggest the relevance of psychosocial
treatments to manage persistent pain in HIV. To the best of our
knowledge, only 3 small RCTs have evaluated CBT and
mindfulness-based treatment.29,35,118 Nonrandomized trials of
CBT113 and hypnosis25 have also been conducted. Further
evaluation of psychosocial treatments for HIV and chronic pain is
thus needed. The development of treatments that specifically
target psychosocial factors identified in this review with “some” or
“moderate” evidence may prove fruitful.
Several limitations warrant consideration. We used a comprehensive search strategy that included efforts to identify gray literature to
limit publication bias; however, relevant studies may have been
missed, given the broad nature of the search. We used an adapted
quality assessment tool. Although we based this on previously
validated tools, the adaptations may have limited the reliability and
validity of our quality assessment. Assessment of pain was
inadequate in many studies. Future research should assess
information regarding pain duration, intensity, location, and type.
Studies investigating chronic pain should specify eligibility criteria in
line with recognized definitions: the presence of daily, clinically
meaningful pain intensity and functional interference for at least 3
months.10,26,131 Given the relevance of neuropathic pain in this
population, the use of well-validated screening tools of neuropathy
signs and symptoms is important.16,33,129
This review identified a large number of psychosocial factors.
As evidence on specific psychosocial factors develops in this
area, it may be useful for a future review to use a more targeted
approach to synthesize data on a smaller number of prespecified
variables. We focused on bivariate analyses and dichotomized
multiple between-groups analyses to facilitate comparison
across studies and minimise pairwise comparisons. However,
this may have limited an in-depth understanding of psychosocial
factors from multivariate models and more subtle subgroup
analyses. Future research examining the association between
psychosocial factors and pain outcomes in HIV should consider
controlling for such variables as age, sex/gender, race/ethnicity,
socioeconomic status, HIV duration, current and nadir CD41
count and current and peak viral load, current and past ART
regimens, and other medical comorbidities (eg, hepatitis C,
diabetes, and tuberculosis). Where multiple psychosocial variables are included, sufficient rationale for each variable should be
provided and care should be taken to minimize overlap in
assessment content between variables.
Despite these limitations, this is the first systematic review to
specifically explore psychosocial variables associated with
persistent pain in HIV. From this review, it is recommended that
researchers (1) focus greater attention on protective psychological factors and social processes, such as stigma and processes
to undermine stigma; (2) use higher-quality assessment tools;
and (3) develop and test treatments to target key psychosocial
factors to improve pain outcomes in HIV. Improving quality of life
is a priority as people with HIV live longer. Adequate, wholeperson pain management is vital to achieve this goal.
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1. Introduction

Key Points

“The pathetically grim and perspiring patient, fearful of
moving or breathing, has become a constant fixture on
postsurgical wards. His suffering was anticipated by his
physician and is accepted in the knowledge that it will
disappear in time.”22
Acute postoperative pain is considered an unavoidable consequence of a surgery, and is somewhat anticipated, given the
(typically) massive tissue injury, inflammation, and stress response
as a result of a surgical procedure. However, it is well documented
that the “perspiring patient, who is fearful of moving or breathing,”
ie, the patient who suffers from severe postoperative pain, is more
prone to adverse outcomes. Patients, in whom severe pain impairs
breathing, coughing, physical therapy, and early mobilization, are
more likely to develop complications such as respiratory infections
and thromboembolic events. The pain is also a significant stressor
both from the psychological and physiological points of view.
The responses of the central nervous system and the
hypothalamus-pituitary-adrenal (HPA) axis to a perceived stress
involve a complex network of signaling molecules, including
endorphins, catecholamines, and cortisol. The stress response to
surgery is characterized by activation of HPA axis, as reflected by
increased secretion of hypothalamic corticotropin-releasing
hormone (CRH), and subsequently increased levels of adrenocorticotropic hormone (ACTH) and cortisol. In addition, surgical
stress enhances the secretion of other catabolically active
hormones, mainly catecholamines and glucagon, but also
prolactin, growth hormone, and b-endorphin.42
The enhanced postsurgical stress response, which leads to
high cortisol levels, can result in immunosuppression,33 supporting the notion that the relief of pain should be beneficial in
preventing, eg, postoperative infections.33 In the setting of cancer
surgery, the immune function may have even further implications,
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1. Surgery is associated with a massive inflammatory and
stress response. Untreated postoperative pain results in
immunosuppression, increases the risk of thromboembolic events, and delays recovery.
2. Chronic opioid therapy results in major endocrine changes
such as opioid-induced androgen deficiency and bone
demineralization. The clinical relevance of these phenomena with short-term opioid use for postoperative pain is
unclear.
3. In the surgical setting, high-dose opioids may contribute to
inhibition of immune responses and curbing of stress
response (eg, cortisol rise), but the clinical consequences
of these observations are still unclear.
4. Multimodal postoperative approaches, especially those
combining regional anesthesia with local anesthetics, help
improve pain scores and reduce postoperative opioid
requirements; however, contradictory data exist on their
effect in reducing immune-mediated complications such
as infections or tumor dissemination.
as animal studies have shown that surgery-induced stress is
associated with impaired natural killer (NK) lymphocyte activity,
impairing the body’s ability to clear tumor cells.33
Although the description of a grim, perspiring, and suffering
patient as a constant fixture may not have been surprising in the
1950s, one would expect that the development of novel drugs
and multimodal analgesia approaches in the past few decades
would dramatically improve the quality of postoperative pain
management, and reduce the undesired hormonal and inflammatory consequences associated with the surgical stress.
However, current data from inpatient and outpatient surgical
settings indicate that between 30% and 50% of postoperative
patients consistently experience moderate to severe pain.19,35,36

2. The role of opioids in the management of acute
postoperative pain
Opioids are the most commonly used drugs for the management
of acute postoperative pain. Depending on the setting and type of
surgery, opioids are delivered systemically either through
scheduled or pro re nata (as needed) dosing, or through
a patient-controlled analgesia device. Alternatively, the postoperative opioid regimen may include neuraxial delivery through
an epidural catheter, as a part of patient-controlled epidural
www.painreportsonline.com
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analgesia (PCEA) technique. Mostly, opioids that are used for
acute postoperative pain relief, include the short-acting morphine, hydromorphone, oxycodone (in countries where parenteral formulation is available), and occasionally fentanyl or
tramadol (which is a weak opioid agonist and a serotonin–
norepinephrine reuptake inhibitor).
Opioids are very effective in treating acute postoperative pain;
however, not without important side effects. Among their most
commonly observed and reported adverse effects in this setting
are nausea, vomiting, sedation, pruritus, and constipation. The
more severe undesired outcome is respiratory depression, which
is potentially life-threatening, and is the most feared side effect of
opioid medications. The brainstem control of respiratory rate and
tidal volume is driven by afferent input of partial pressure of arterial
O2 (through chemosensors in carotid and aortic bodies) and CO2
(through chemosensors in the brainstem). Opioids, through
m-opioid receptor-mediated depression of excitability of brainstem chemosensory neurons, depress the ventilatory response
to increased CO2, thus depressing respiration.31

3. Literature search methodology and focus
This update will focus on a different subset of effects associated
with the use of opioid analgesics in the acute postoperative
setting; these are endocrine changes and immunosuppression.
This clinical update will discuss the evidence behind the role of
opioids in contributing to each of these phenomena in the
postoperative setting, discuss their clinical relevance, and
summarize the recent data on approaches that could be
considered when treating pain in patients after surgery.
To provide systematicity to literature retrieval, PubMed search
was performed in September 2017 with the following keywords:
“opioids” (All Fields) AND “surgery” (All Fields) AND “pain” (All Fields)
AND (“immune suppression” [All Fields] OR endocrine” [All Fields]).
The search resulted in 125 articles, which were screened for relevant
information, including articles identified from their reference lists.
To obtain a comprehensive evaluation of opioid effects in the
perioperative setting, information on both postoperative opioids
for pain relief and data on intraoperative opioids for analgesia/
anesthesia purposes were considered. As rapid recovery from
anesthesia is becoming an increasingly important outcome,
opioids with faster offset such as remifentanil and sufentanil are
used more commonly, but (especially remifentanil) may be
associated with certain adverse effects.

4. Major endocrine changes associated with opioids
The current evidence suggests that opioids cause endocrine
changes by 2 major mechanisms:
(1) Opioids affect the hypothalamic-pituitary-gonadal (HPG) axis.
(2) Opioids affect the HPA axis.
The impact on the HPG axis is a well-described dosedependent effect of opioids, particularly related to treatment with
daily doses above 100 to 200 mg of oral morphine equivalents for
more than a few weeks. The HPG cascade is initiated by the
release of gonadotropin-releasing hormone (GnRH) from the
hypothalamus, which stimulates the anterior pituitary to release
luteinizing hormone (LH) and follicle-stimulating hormone (FSH),
which stimulate the gonads to produce testosterone and
estrogen. Opioids bind to m-opioid receptors in the hypothalamus, inhibiting the release of GnRH, thus decreasing LH and FSH
secretion from the pituitary. Subsequently, this leads to decrease
in testosterone levels and hypogonadism, a condition typically
referred to as opioid-induced androgen deficiency (OPIAD).29

Opioid-induced androgen deficiency is a significant observation in the setting of chronic opioid therapy, affecting 53% to 90%
of male patients on chronic opioid therapy.29 The long-term
symptoms of OPIAD in this setting include decreased attention,
decreased libido, fatigue, erectile dysfunction, and osteoporosis.
In women receiving chronic opioids, LH and FSH levels are
markedly reduced and are associated with amenorrhea and
impaired adrenal androgen production.13
Some studies have questioned the suggestion that OPIAD is
associated only with chronic opioid therapy. Several animal studies
have shown that even acute opioid administration (eg, morphine,
fentanyl, and buprenorphine), especially at high doses, results in
reduced levels of testosterone,10 but the duration of this effect is
reported to last between 24 hours to up to 8 weeks after treatment.11
A significant drop in total testosterone level in humans is also
observed with a single $30 mg dose of methadone, or within 24
hours of perioperative morphine administration.30,41
Unfortunately, well-designed studies aimed at understanding
the mechanisms of testosterone suppression, and the clinical
relevance of short-term hypogonadism in the setting of acute
opioid administration are lacking. Moreover, surgical stress may
also contribute to these phenomena, and patients receiving
ketamine (and not morphine) analgesia still display reduced
testosterone plasma levels.30 Therefore, more careful studies are
warranted to dissect the magnitude and the importance of OPIAD
in the perioperative setting.
The impact of the opioids on the HPA axis is less well
described. The HPA cascade is initiated by CRH release from the
hypothalamus, which stimulates the pituitary to release ACTH to
the systemic circulation, stimulating, in turn, the adrenal glands to
produce 2 hormones—dehydroepiandrosterone (DHEA) and
cortisol. Opioids seem to inhibit the functioning of the entire
HPA axis. On one hand, they reduce the production/release of
CRH, and on the other, they decrease the responsiveness of the
anterior pituitary to CRH. Both processes lead to reduced ACTH
secretion. Independently, opioids may also directly interfere with
the adrenal gland production of cortisol and DHEA. Cortisol is
important for mounting stress responses, and DHEA is an
important precursor for testosterone (in men) and estradiol (in
women).
The mechanistic data on opioid-associated changes in HPA
axis come primarily from rodent and healthy volunteer experiments. For example, in healthy volunteers, single-dose morphine
suppresses ACTH and cortisol levels both at baseline and after
CRH stimulation.2 However, the extrapolation of healthy volunteer data to the surgical setting is not straightforward, as the
surgical stress, and the postoperative pain per se, can have
a substantial effect on the functionality of the HPA axis. The
surgery typically results in an increased stress response, which
subsides after about 24 hours. Certain opioids (remifentanil,
particularly) are reported to acutely suppress plasma cortisol in
a dose-dependent manner.1 In the setting of elective C-section,
remifentanil administered as a bolus followed by continuous
intraoperative infusion (compared with fentanyl administration
after delivery) partially obtunded the neuroendocrine response to
surgery with a decrease in ACTH rise (but not in norepinephrine,
epinephrine, and growth hormone).14
The association between opioids and blunting ACTH or cortisol
rise seems to be modest at best, and highly dependent on the
timeframe of the assessment. In addition, some studies failed to
find changes in cortisol levels after intraoperative remifentanil
infusion.3 As in the case of reduced testosterone concentrations,
the clinical relevance of altered cortisol levels in the setting of
perioperative opioid therapy is not clear.
38
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5. Opioids and immune response—inflammation
and infections
Opioids do not possess strong anti-inflammatory properties
such as nonsteroidal anti-inflammatory drugs or corticosteroid
drugs, and their potential effects on inflammatory responses
seem to be highly dependent on the setting. For example, in
patients undergoing coronary artery bypass graft procedure,
administration of continuous remifentanil infusions (vs intermittent fentanyl dosing) resulted in lower levels of proinflammatory
cytokines (such as TNF-a and IL-6) at some time points after
cardiopulmonary bypass. Eight hours after surgery, however, no
differences were observed between the groups.40 On the
contrary, some studies have reported lower inflammatory
response (lower C-reactive protein level) with opioidminimizing analgesia in the setting of colorectal surgery38 or
enhanced proinflammatory cytokine release in the spinal cord
as a response to opioid challenge. The clinical relevance of
these short-term effects of opioids on inflammatory markers
remains to be investigated.
The 2 main areas of research focused on opioid-associated
immune effects deal with (1) the effects of opioids on immune
response to infections; and (2) opioid effects on tumor-specific
immune responses, affecting tumor growth and dissemination.
Major histocompatibility complex, class II (MHC-II) molecules,
expressed on antigen-presenting cells, are important regulators
of immune cell development and function. Morphine has been
shown to alter gene expression of the MHC-II in circulating
immunocytes (Beagles 2004), and thus suspected in causing
immunosuppression. It is a matter of debate whether these
effects are mediated by opioid-induced alteration in cortisol levels
(as in adrenalectomized rats, morphine exposure does not affect
MHC-II), or there is a direct immunosuppressive effect attributable to opioids. Interestingly, morphine withdrawal results in
renewed increase in circulating corticosterone levels and
a renewed suppression of MHC-II in previously opioid-tolerant
animals.28
The risk of surgical site infection was higher after abdominal
surgery with remifentanil anesthesia vs fentanyl anesthesia.21 The
findings could be attributable to more substantial immunosuppression with remifentanil (although direct data are lacking), or to
opioid withdrawal, which is more likely with the short-acting
remifentanil. Additional data support this notion of immunosuppression associated with opioid withdrawal; for example,
remifentanil discontinuation increased the risk of intensive care
unit–acquired infection,27 and morphine withdrawal in mice (after
96-hour exposure) increased the risk of infection in an experimental model of septic shock. Interestingly, the most commonly
detected organisms in tissue of morphine-withdrawn mice were
bacteria that are part of the normal gastrointestinal flora.18 There
are additional rodent studies suggesting that morphine, by
altering gut microbiome, may increased the risk of sepsis by
bacterial dissemination.24
A review examining whether opioids increase the risk of
infections in the perioperative or intensive care setting, suggested
that patients receiving higher doses of systemic opioids had an
increased risk of developing pneumonia perioperatively.32
However, these results are not universal and were observed only
if laparoscopic vs open surgery (or epidural vs systemic opioid
therapy) was compared.
Overall, the data are both inconsistent and insufficient to
determine the extent of opioid-associated immune suppression
on infectious complications after surgery. Untreated pain itself
can increase the risk of infections, eg, because of impaired
39
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mobility; pain also enhances the body’s stress response, which
by enhancing circulating cortisol, can contribute to immunosuppression. It needs to be taken into account that low-dose opioid
control groups in some studies (eg, epidural analgesia and
laparoscopic surgeries) could have better quality of analgesia and
improved ability to clear secretions. It is also possible that
increased risk of infection is among the immunological sequelae
of opioid withdrawal, rather that opioid therapy, per se. The
microbiome-related effects of opioids (and the potential dissemination of gut microorganisms) are another area that requires
additional research. Although some studies suggest that
buprenorphine (partial m-opioid agonist and a k-opioid antagonist) may be devoid of immunosuppressive effects,33 whether
different opioids have differential effects on immune function still
requires detailed investigation.

6. Opioids and immune response—cancer
Opioids can suppress NK cell cytotoxicity. Both high-dose and
low-dose fentanyl suppressed NK cytotoxicity for 24 hours.5
However, rate of recovery of NK cell suppression was longer in
the high-dose fentanyl group. Rats, which were treated with 20
mg/kg morphine (vs saline), developed a decrease in Blymphocyte blood expression of MHC class II molecules within
2 hours.4 The same group has previously reported that in rats,
fentanyl suppresses NK cell cytotoxicity and increases the risk of
tumor metastases.34 Although there might be a dose-dependent
effect, it is not clear whether different opioids affect the NK
function differentially. In this regard, data suggest that endogenous opioids (b-endorphin) inhibit T-cell proliferation to a lesser
extent than exogenous morphine.15
Despite these experimental findings, it is unclear whether there
is any long-term immunosuppression associated with similar
changes in antigen-presenting cells in humans.
A large retrospective analysis of a national registry data from
Denmark (n 5 34,188) showed no difference of breast cancer
recurrence as a function of opioid use.12 The researchers
categorized “strong immunosuppressive opioids (codeine, morphine, and fentanyl) vs weakly immunosuppressive opioids
(oxycodone, tramadol, buprenorphine, and hydromorphone),”
based on previous literature, but found no difference between the
groups.
Considering the immunosuppressive effects attributable to
pain and the enhanced stress response (and cortisol increase),
which opioids may blunt, it is currently unclear whether the
clinically relevant “net effect” of postoperative pain management
with opioids tips the immune balance towards immune suppression. There is also insufficient evidence to determine that some
opioids produce strong immunosuppressive effects, whereas
others produce only weak or no such effects.

7. Mitigation approaches
7.1. Stress response and inflammation
Inflammatory reaction after surgery is a physiological response
that helps the healing process. An excessive inflammatory
response can lead to complications, but immune suppression
could negatively affect the healing process. With potential effects
of opioids on inflammation, and potential immunosuppressant
activity, the attempt in the recent years has been to use
multimodal analgesia approaches that provide adequate analgesia, but avoid excessive opioid use, especially high-dose intraoperative remifentanil.
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Patient-controlled epidural analgesia (with bupivacaine and
fentanyl) after lower abdominal surgery have resulted in blunted
postoperative elevation of cortisol and prolactin, and lower pain
scores, compared with other opioid-only systemic analgesia
regimens.42
In a setting of retropubic prostatectomy, PCEA (with ropivacaine and sufentanil) resulted in lower pain intensity, and reduced
the postoperative stress response (plasma cortisol and glucose),
but not the acute inflammatory response (TNF-a and IL-6
levels).17
Another study in 24 women undergoing laparoscopic cholecystectomy assessed the effect of a single-dose intrathecal
(bupivacaine with fentanyl) vs epidural (ropivacaine with fentanyl)
anesthesia, before general anesthesia in both groups.7 Intraoperative cortisol, noradrenaline, and total catecholamine levels
were significantly lower in the intrathecal (spinal) anesthesia group
(and patients required less systemic fentanyl); ie, spinal anaesthesia produced a more favourable endocrine response than
epidural anaesthesia.
In pediatric cardiac surgery, on the other hand, high-dose
intraoperative fentanyl has demonstrated better (lower) profile of
stress markers such as ACTH, glucose, cortisol, and lactate,
compared with low-dose fentanyl. High-dose intraoperative
fentanyl also resulted in lower postoperative opioid
requirements.26
The available results demonstrate that neuraxial anesthesia
and analgesia (intrathecal route perhaps more advantageous
than epidural), result in either lower pain scores or less systemic
opioid requirements, and can blunt the stress response, with
minimal effect on acute inflammatory response. This suggests
that multimodal anesthesia with neuraxial opioid and local
anesthetic delivery, where possible, may provide advantage to
systemic (especially high-dose) opioid administration. The
advantages in the pediatric surgery setting have not been
explored sufficiently and merit more thorough investigation.
7.2. Cancer
The literature is divided on the topic of regional anesthesia
approaches and their potential effect on cancer-related outcomes. Initial retrospective studies reported that perioperative
use of regional (neuraxial or peripheral) anesthesia is associated
with improved outcomes in terms of cancer recurrence and
survival after breast and prostate surgery.6,16
However, a later retrospective study in colorectal cancer
surgery,20 an ad hoc analysis of a prostatectomy study,37 and
a retrospective study in lung cancer did not show any benefit of
regional anesthesia on cancer-related outcomes.9 A prospective randomized controlled trial25 did not demonstrate prolonged survival in major abdominal surgery, and a recent
retrospective study in patients undergoing radical cystectomy
for bladder cancer demonstrated more than 50% reduction in
perioperative opioid consumption with spinal anesthesia, but
this difference was not associated with changes in outcomes
such as all-cause mortality, bladder cancer mortality, or cancer
recurrence.39
A prospective study8 found that innate immunity (NK cells,
CD41, and CD81 cells) was depressed in lung cancer patients
undergoing resection, but postoperative epidural analgesia did
not help preserve the immunity.
In addition, a recent systematic review of the literature (15
studies) found inconclusive evidence to support or refute the
suggestion that paravertebral blocks in breast cancer can reduce
cancer recurrence or improve survival.

Currently, there is no conclusive evidence that regional
anesthesia, by either reducing opioid doses or by other
mechanisms such as sympathetic blockade, can improve longterm cancer-related outcomes in cancer patients undergoing
surgery. With that said, there is no major disadvantage in using
regional techniques, and the opioid-sparing and stress
response–blunting acute effects justify the widespread use of
such approaches for postoperative pain relief.

8. Critical questions to be addressed by
future research
The undesired effects attributable to opioids, which were
discussed in this article, are often challenging to address, as
some of these effects may be related to surgical stress or
postoperative pain, per se. For example, endogenous opioids
such as beta-endorphins play an important role in the regulation
of gonadotropins through modulation of GnRH pulse amplitude
and frequency. Therefore, with the question of OPIAD in mind, it is
critical to control for this variable, as some data suggest that
testosterone levels are lower in subjects with pain compared with
controls, irrespective of opioid use.23 Are then patients, who are
in more pain (and therefore are likely to require higher opioid dose)
more likely to develop endocrine adverse effects? What is then
the contribution of pain vs opioid (type and dose)? Is it more
important to control the pain well, or avoid high-dose opioids,
even at the expense of higher pain? These research questions are
yet to be answered and need to be address accurately to move
the field forward, toward safer and more rational perioperative
opioid use.
In a similar scenario, severe pain is associated with enhanced
stress response, accompanied by catecholamine and cortisol
release. Numerous preclinical and clinical studies have focused
on the effect of opioid analgesics on the postoperative stress
response. As enhanced stress response may cause immune
suppression and lead to postsurgical complications, blunting
the stress response has been historically considered as a desirable perioperative outcome. However, the advantages of
blunting the stress response with opioids should be weighed
against potential immunosuppression, and more research is
needed to achieve an optimal balance that would positively
affect patient outcomes.
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