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EDITOR’S PERSPECTIVE
What We Already Know about This Topic

e Persistent pain after surgery is common, limits functional recovery,
and contributes to psychologic distress

e Most studies examining persistent postoperative pain have been
small and involved limited time frames

What This Article Tells Us That Is New

e Incisional pain persisting for up to 1 yr after major noncardiac sur-
gery was assessed prospectively in a cohort of more than 14,000
patients

e Persistent incisional pain was identified in 3.3% of the patients,
with nearly half reporting moderate to severe pain

e Several risk factors, including female sex, history of chronic pain,
coronary heart disease, and others, were identified

ABSTRACT

Background: The purpose of this study was to determine the incidence,
characteristics, impact, and risk factors associated with persistent incisional
pain. The hypothesis was that patient demographics and perioperative inter-
ventions are associated with persistent pain.

Methods: This was a secondary analysis of an international prospective cohort
study from 2012 to 2014. This study included patients who were 45 yr of age
or older who underwent major inpatient noncardiac surgery. Data were collected
perioperatively and at 1 yr after surgery to assess for the development of per-
sistent incisional pain (pain present around incision at 1 yr after surgery).

Results: Among 14,831 patients, 495 (3.3%; 95% Cl, 3.1 to 3.6) reported 2
persistent incisional pain at 1 yr, with an average pain intensity of 3.6 + 2.5 (0 %
to 10 numeric rating scale), with 35% and 14% reporting moderate and severe §
pain intensities, respectively. More than half of patients with persistent pain =
reported needing analgesic medications, and 85% reported interference with %
daily activities (denominator = 495 in the above proportions). Risk factors for ﬁ
persistent pain included female sex (P = 0.007), Asian ethnicity (P < 0.001), 2
surgery for fracture (P < 0.001), history of chronic pain (P < 0.001), coronary

artery disease (P < 0.001), history of tobacco use (P = 0.048), postoperative g
patient-controlled analgesia (P< 0.001), postoperative continuous nerve block
(P=10.010), insulin initiation within 24 h of surgery (P < 0.001), and withhold- é
ing nonsteroidal anti-inflammatory medication or cyclooxygenase-2 inhibitors §
on the day of surgery (P = 0.029 and P < 0.001, respectively). Older age §
(P < 0.001), endoscopic surgery (P = 0.005), and South Asian (P < 0.001),
Native American/Australian (P = 0.004), and Latin/Hispanic ethnicities (P < 4
0.001) were associated with a lower risk of persistent pain.
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Conclusions: Persistent incisional pain is a common complication of
inpatient noncardiac surgery, occurring in approximately 1 in 30 adults. It 3
results in significant morbidity, interferes with daily living, and is associated z
with persistent analgesic consumption. Certain demographics, ethnicities, and %
perioperative practices are associated with increased risk of persistent pain.

(AnesTHEsloLogy 2021; 135:711-23)
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urgery appears to be a major cause of chronic pain, as

22% of patients seeking care at a chronic pain clinic
attribute their pain to a surgical procedure.' Persistent
postsurgical pain has been defined as the presence of pain
after the usual healing time of surgery (3 months), local-
ized to the surgical incision or referred pattern of pain (e.g.,
along a nerve distribution or dermatome), and not due
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to any organic cause of pain (i.e., infection, malignancy).

Because chronic pain is often refractory to treatment, efforts
have been directed toward identifying preventative thera-
pies within the perioperative period.” Unfortunately, no
definitive interventions have been identified, and chronic
postsurgical pain continues to be a significant source of
long-term physical, psychologic, emotional, and social dis-
tress.* Chronic pain contributes to concurrent depression
and anxiety, and 10% of patients with chronic pain will
attempt suicide.” Economic hardships are common in
those with chronic pain due to disability and reduced work
productivity.'"” Additionally, chronic opioid use is associated
with long-term morbidities (overdose, tolerance, hyperal-
gesia), and surgery and trauma are responsible for chronic
opioid use in 2.6% of opioid-naive adults.!

Although surgery is known to be a trigger for chronic
pain, there 1s substantial variation in the reported incidences
of persistent pain after noncardiac surgery. The majority of
studies have been conducted within specific surgical pop-
ulations and provide estimates ranging from 0 to 60%.'>!?
Variation is likely due to a number of factors including
differences in regional surgical and perioperative practices,
small sample sizes (100 to 300 patients), time of outcome
assessment after surgery, and inconsistent definitions.?

Using data from a large, international, prospective cohort
study (the Vascular Events in Noncardiac Surgery Patients
Cohort Evaluation [VISION] Study; clinicaltrials.gov iden-
tifier NCT00512109), we aimed to identify the incidence,
characteristics, impact, and risk factors associated with the
development of persistent incisional pain after noncardiac
surgery. Our hypotheses for this analysis were that demo-
graphics and perioperative pain interventions would influ-
ence the risk of developing persistent pain.

Materials and Methods
The VISION Study

VISION was an international, prospective cohort study
of 40,004 patients who underwent noncardiac surgery
between August 2007 and February 2014 in 28 centers
in North and South America, Africa, Asia, Australia, and
Europe.' The primary aim of VISION was to determine
the incidence of myocardial injuries and major vascular
complications after noncardiac surgery. During the con-
duct of VISION, we developed a substudy to evaluate per-
sistent incisional pain at 1 yr after surgery. This substudy
and accompanying data collection started in June 2012 and
included all patients that were alive and able to provide 1-yr
follow-up data.

Eligible patients were identified by screening daily
patient lists (in preoperative assessment clinics, surgical
wards, and intensive care units), screening daily and previous-
day surgical lists, and assessing patients in the preoperative
holding area on the day of surgery. Patients provided writ-
ten informed consent to participate in the study (VISION)
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and associated substudies before undergoing surgery. For
those unable to provide consent before surgery (i.e., emer-
gency surgery), consent was obtained within 24h after
surgery. Eight centers used a deferred consent process for
patients unable to provide consent (e.g., patients who were
sedated or mechanically ventilated) when no next of kin
was available.

Patients were included into VISION if they were 45 yr
of age or more, had noncardiac surgery, and received a gen-
eral or regional anesthetic. Patients were excluded from the
study if they did not require at least an overnight hospital
admission after surgery, received only local infiltration (i.e.,
local anesthesia), were previously enrolled in VISION, or
did not provide informed consent. Research ethics board/
institutional review board approval was obtained from
each participating site. Details on patient enrollment, data
collection, and follow-up in VISION has been published
previously."

At the time of enrollment, patient information was col-
lected including demographics, past medical history, medi-
cations, indications for surgery, and history of chronic pain.
Research personnel also collected information regarding
the type of surgery, anesthetic technique, and perioperative
medications. At the 1-yr follow-up, the diagnosis of per-
sistent incisional pain was made by asking patients about
the presence of pain localized to their surgical incision
that was not present before surgery or caused by any other
known cause such as infection or malignancy. This assess-
ment was typically performed via a telephone follow-up
interview. Those who reported the presence of persistent
pain were further assessed for neuropathic pain character-
istics, use of pain medications, severity of pain at its worst
and least, average pain (over the last 24 h), pain at time of
interview using the numeric rating scale (0 to 10, where 0
is no pain and 10 1s worst possible pain), interference of pain
on aspects of daily living, whether an analgesic medication
was used to manage their pain (did not specify whether
opioid or nonopioid analgesic), and neuropathic pain char-
acteristics. Assessment of neuropathic pain characteristics
was performed by asking patients to gently rub the skin
around their surgical incision and rate the presence of neu-
ropathic characteristics (e.g., tingling, numbness, increased
pain caused by light touch [allodynia]) using a 0 to 10 scale.
Research personnel at each site submitted patient data on
case report forms directly to an online data management
system (iDataFax, McMaster University, Hamilton, Ontario,
Canada). Data monitoring occurred through the use of
iDataFax data system checks, statistical monitoring, and
on-site monitoring for all participating centers.

Statistical Analysis

An a priori, written, date-stamped (November 14,2018) sta-
tistical analysis plan was recorded in the investigators’ files
before accessing the study data. All patients who were asked
about persistent incisional pain at the 1-yr follow-up were
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included in our analysis. We expressed the incidence of per-
sistent incisional pain, across all patients and per specific sur-
gery subgroup, as a percentage of patients affected over the
total number of patients at follow-up assessed with a 95%
CI. We reported the mean and SD of continuous variables
and the number of occurrences with proportions repre-
sented as percentages for categorical variables (neuropathic
pain features, interference on aspects of daily living, those
taking a medication to treat their pain). We also reported
those who were taking a medication to treat their pain at
1 yr and then identified the level of interference between
those who were and were not taking a pain medication.
We conducted univariate analyses on baseline patient
demographics between the entire sample and those report-
ing persistent pain (table 1), using a f test for continuous
variables and chi-square test for categorical variables. Two
separate multivariable logistic regression models were
planned a priori to identify preoperative and perioperative
risk factors associated with the development of persistent
incisional pain.Variables chosen for inclusion in these mod-
els were selected a priori based on clinical suspicion and bio-
logic plausibility (described in our statistical analysis plan).
Preoperative variables included patient demographics (i.e.,
age [in decades], sex, body mass index, ethnicity [eight cat-
egories|, comorbidities [i.e., a history of diabetes, chronic
pain, tobacco use, coronary artery disease, peripheral vas-
cular disease, or active cancer|) and indications for surgery
(i.e., surgery for fracture). We defined a preoperative history
of chronic pain as daily pain for 3 months or more during
which patients were taking one more of the following pain
medications daily: tricyclic antidepressants, anticonvul-
sants, or opioids other than codeine. Perioperative variables
included preoperative medications (i.e., aspirin, insulin, oral

Persistent Incisional Pain after Noncardiac Surgery

hypoglycemic drugs, cyclooxygenase-2 inhibitors, nonste-
roidal anti-inflammatories) taken within 24 h and the previ-
ous 7 days, within 24 h only, and within 7 days only but not
within 24 h before surgery; intraoperative anesthetic tech-
nique (i.e., spinal or epidural anesthesia, regional anesthetic
block, use of nitrous oxide); postoperative pain management
modalities (i.e., epidural, patient-controlled analgesia [PCA],
postoperative continuous nerve block, intramuscular or
intravenous opioids); and whether the surgery was open or
endoscopic. We excluded independent variables with fewer
than 50 observations per category unless we were able to
collapse them with other related variables to exceed this
threshold. The dependent variable in both models was per-
sistent incisional pain at 1 yr after surgery. The number of
variables included in the model was limited to the num-
ber of events of incisional pain using a ratio of 10 events
for every variable included to ensure model stability and
reduce overfitting.'> All variables were included into the
model using forced simultaneous entry, and the reported
estimates were adjusted (controlling for other variables in
the model) to identify the independent effects of each vari-
able. We tested for collinearity using the variance inflation
factor, and if two variables were highly correlated (a vari-
ance inflation factor greater than 5), the least significant
variable (lower coefficient) was dropped from the model."
The goodness of fit of the logistic regression models was
assessed using the Hosmer—Lemeshow test.'” Missing data
were handled by using only cases with complete data.

We reported adjusted odds ratios along with their 95%
CIs for all independent factors assessed in our regression
models including absolute risk increase or reductions for
each significant predictor. Baseline risk for persistent post-
surgical incisional pain was determined by calculating the

Table 1. Patient Characteristics of Total Sample and Those with Persistent Incisional Pain
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Variables Total Sample (n = 14,831) Persistent Incisional Pain (n = 495)
Mean age (SD), yr 68.7 (10.9) 66.3 (10.2)*
Sex, male/female, no. (%) 7,288 (49.1)/7,543 (50.9) 209 (42.2)/286 (57.8)*
Mean body mass index, kg/m? (SD) 27.8(7.9) 28.3(6.9)
Diabetes, no. (%) 3,030 (20.4) 102 (20.6)
Active cancer, no. (%) 2,081 (14.0) 60 (12.1)
History of tobacco use, no. (%) 6,076 (41.0) 239 (48.3)*
Coronary artery disease, no. (%) 1,705 (11.5) 83 (16.8)*
Peripheral vascular disease, no. (%) 791 (5.3) 32 (6.5)
History of chronic pain, no. (%) 1,500 (10.1) 109 (22.0)*
Surgeries, no (%)
General surgeries 2,936 (19.1) 97 (19.6)
Orthopedic surgeries 2,793 (18.8) 143 (28.9)*
Urologic—gynecologic surgeries 2,156 (14.5) 36 (7.3)*
Neurosurgery 817 (5.5) 47 (9.5)*
Vascular surgery 700 (4.7) 18 (3.6)
Thoracic surgery 287 (1.9) 14 (2.8)
Head and neck surgeries 189 (1.3) 7(1.4)
Other surgery 5,500 (37.1) 152 (30.7)*
*P < 0.05 for between-group differences
Khan et al. Anesthesiology 2021; 135:711-23 713
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incidence among surgical patients with removing major

significant risk factors. No sample size calculation was per-
formed before this study because it was primarily explor-
atory in nature and based on available data.

Two post hoc sensitivity analyses were conducted. The
first sought to assess the potential impact of missing data on
the estimate of persistent incisional pain at 1 yr. Multiple
imputation was performed across 20 iterations to impute
pain data for patients who were missing at 1 yr after sur-
gery. Available baseline data (i.e., a priori variables selected
to be included in the multivariable regression models and
surgical categories) were used in the regression model to
impute missing data. Incidence of persistent incisional
pain was averaged across the 20 iterations to identify a
pooled incidence and 95% CI.The second sensitivity anal-
ysis sought to confirm the results of our individual preop-
erative and perioperative multivariable regression models
by constructing a single model that included all predictors

in addition to surgical groups (eight categories). All statis-
tical analyses were performed using SPSS (USA) version
10 software. All tests were two-sided, and significance was
defined as P < 0.05.

Results

The primary study (VISION) enrolled 40,037 patients of
which 33 were excluded from the cohort (fig. 1). At the
1-yr follow-up, 1,353 patients had died, and 6,080 patients
were unable to be contacted for follow-up data. Because
pain outcomes were only introduced in 2012 (5 yr after
the start of the study), 17,740 patients were never asked
about pain at their 1-yr follow-up.This resulted in a total of
14,831 patients who were alive and who provided data on
persistent pain at the 1-yr point (fig. 1).

The mean age of patients included in the analysis was
68.7 £ 10.9 yr old, 51% were female, 20% had a history

58,458 Patients fulfilled eligibility criteria

18,421 Not enrolled

13,819 Did not consent

2,482 Not identifiedin time

1,059 No staff available to consent

747 Surgeon did not approve participation

237 Unable to obtain consentbecause of
cognitive impairment

77 Unable to provide consentbecause of

language barrier

40,037 Patients enrolled in VISION

33 Excluded from cohort

31 Lost to follow-upin hospital after
enrolment
2 Missingin-hospital data

40,004 Patients

25,173 Excluded from analysis

6,080 Missingat 1-year
1,353 Died prior to 1-year follow-up
17,740 Enrolled prior to pain data added to

VISION

14,831 Patients enrolled into analysis

Fig. 1. Patient flow diagram. VISION, Vascular Events in Noncardiac Surgery Patients Cohort Evaluation Study.

Anesthesiology 2021; 135:711-23
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of diabetes, 14% had active cancer, and 41% had a history
of tobacco use. Approximately 10% of patients reported
chronic pain before surgery. The most common procedures
were general surgery (19.1%), orthopedic surgery (18.8%),
and urologic—gynecologic surgery (14.5%; table 1).

At 1 yr, 495 patients (3.3%; 95% CI, 3.1 to 3.6%)
reported persistent incisional pain. In the univariate anal-
ysis (table 1), compared to the entire sample, those with
persistent pain were significantly younger; included more
females; had a higher rate of tobacco use, coronary artery
disease, and history of chronic pain; and had undergone
more orthopedic and neurosurgeries and fewer urologic—
gynecologic surgeries and other surgeries. The incidence
of incisional pain varied across type of surgical subgroups
(fig. 2). Pneumonectomies had the highest rate (7.1%)
followed by major spine surgery (6.2%), complex visceral
resections (6.1%), thoracic aortic reconstructions (5.7%),
and other thoracic surgery (5.5%). The incidence of per-
sistent pain in those with a history of chronic pain was 7.3%
(95% CI, 6.0 to 8.7%), and those without chronic pain had
an incidence of 2.9% (95% CI, 2.6 to 3.2%).

Among participants with persistent incisional pain at
1-yr follow-up, in the previous 24 h, the worst pain was on

Persistent Incisional Pain after Noncardiac Surgery

average 5.1 * 2.7, least pain was 2.0 = 2.3, pain on average
was 3.6 £ 2.5, and pain at time of interview was 2.7 £
2.7 (table 2). With regards to pain intensities over the past
24h, 51.5% reported mild pain (pain scores 0 to 3), 34.9%
reported moderate pain (pain scores 4 to 6), and 13.6%
reported severe pain (pain scores 7 to 10; tables 2 and Al).
Furthermore, 81% of patients reported one or more features
of neuropathic pain characteristics (i.e., tingling, numbness,
or allodynia associated with touch around their surgical
scar); specifically, 39.6% of patients with incisional pain
reported tingling, 47.1% reported numbness, and 57.4%
reported allodynia (table A2).

Most patients (85.1%) reported interference of pain on
some aspect of their daily living, with the majority of patients
reporting some level of interference on specific activities
(table 3). The highest interference was reported with walk-
ing (scale O to 10: 3.5 £ 3.7), normal work (3.5 + 3.4), and
general activity (3.4 £ 3.3). Specifically, with respect to inter-
ference on general activities, 33.5% reported no interference,
22.2% reported mild interference, 22.5% reported moderate
interference, and 21.7% reported severe interference.

Approximately 52.7% of patients with persistent inci-
sional pain reported taking a pain medication specifically

Pneumonectomy

Major spine surgery

Complex visceral resection

Thoracic aortic recon.

Other thoracic surgery

Knee arthoplasty —_——
Major hip/pelvic surgery ——
Lobectomy L g
Craniotomy L L

Internal fixation femur

Lower leg amputation

Stomach surgery
Peripherval vascular recon.

Head & neck resection
Intra-abdominal surgery
Visceral resection

Aorto-iliac recon.
Above knee amputation

Hysterectomy
Radical hysterectomy °
Cerebrovascular surgery

Cytoreductive surgery ®
Endo. Aneurysm Repair e
Radical prostatectomy +—@———
Transurethral prostatectomy +—@———

0.0 20 4.0

6.0 8.0 10.0 12.0 14.0

Fig. 2. Incidence of persistent incisional pain in specific surgical populations. Error bars indicate 95% Cl.
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Table 2. Pain Intensities Associated with Persistent Incisional
Pain (n = 495)

Pain Scores Values
Mean (SD)
Worst pain (last 24 h) 51(2.7)
Least pain (last 24 h) 2.0(2.3
Average pain (last 24 h) 3.6 (2.5)
Pain intensity now (at time of follow-up) 2.7(2.7)
No., %
Mild pain (pain scores 0 to 3) 251 (51.5)
Moderate pain (pain scores 4 to 6) 170 (34.9)
Severe pain (pain scores 7 to 10) 66 (13.6)

Pain scores indicate the patient rating of pain on a numeric rating scale from 0
0 10.

for relief of their incisional pain. Those taking a pain med-
ication suffered significantly greater interference on all
aspects of daily living (all P < 0.001) compared to those
who were not taking pain medication for their incisional
pain (table A3).

In the multivariable logistic regression model of pre-
operative risk factors associated with the development of
persistent incisional pain, nine independent predictors were
identified: Asian ethnicity (odds ratio, 2.98; 95% CI, 2.36
to 3.76; P < 0.001), history of chronic pain (odds ratio,
2.29; 95% CI, 1.82 to 2.88; P < 0.001), surgery for frac-
ture (odds ratio, 2.08; 95% CI, 1.43 to 3.02; P < 0.001),
history of coronary artery disease (odds ratio, 1.89; 95%
CI, 1.44 to 2.47; P < 0.001), female sex (odds ratio, 1.32;
95% CI, 1.08 to 1.61; P = 0.007), history of tobacco use
(odds ratio, 1.23; 95% CI, 1.0 to 1.52; P = 0.048), age (odds
ratio, 0.71 [per decade]; 95% CI, 0.65 to 0.78; P < 0.001),
South Asian ethnicity (odds ratio, 0.315; 95% CI, 0.210 to
0.473; P < 0.001), Native American/Australian ethnicity
(odds ratio, 0.303; 95% CI, 0.134 to 0.686; P = 0.004), and
Latin/Hispanic ethnicity (odds ratio, 0.152; 95% CI, 0.080
to 0.289; P < 0.001; table 4).

In the multivariable logistic regression model of periop-
erative interventions to predict the development of persistent

Table 3. Interference of Pain on Aspects of Daily Activities in
Patients with Persistent Incisional Pain (n = 495)

Daily Activity No. (%) Scale 0 to 10, mean (SD)*
General activity 325 (66.5%) 3.4 (3.3
Normal work 323 (66.3%) 3.5(3.4)
Walking activity 315 (64.5%) 35(3.7)
Mood 297 (61.0%) 29(3.1)
Sleep 294 (60.4%) 3.0(3.3)
Enjoyment of life 284 (58.2%) 28(3.2)
Relations with other people 202 (41.5%) 2.0(29

*Patients reporting some level of interference.

Anesthesiology 2021; 135:711-23
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incisional pain at 1 yr after surgery, six variables were found

to be significantly associated (table 5). Only one of these
variables were associated with a lower risk of persistent pain,
which was endoscopic surgery (odds ratio, 0.71; 95% CI,
0.56 to 0.90; P = 0.005). Five variables were associated with
increased risk of pain, including (in order of increasing risk):
NSAIDs taken 1 to 7 days before surgery but stopped within
24h of surgery (odds ratio, 1.55; 95% CI, 1.05 to 2.30; P
= 0.029); postoperative PCA use (odds ratio, 1.92; 95% CI,
1.57 to 2.34; P < 0.001); postoperative continuous nerve
block use (odds ratio, 2.27; 95% CI, 1.21 to 4.24; P = 0.010);
cyclooxygenase-2 inhibitors taken 1 to 7 days before surgery
but stopped within 24 h of surgery (odds ratio, 2.59; 95% ClI,
1.66 to 4.07; P < 0.001); and insulin not taken within 1 to 7
days of surgery but given within 24h of surgery (odds ratio,
3.02;95% CI, 1.82 to 5.00; P < 0.001).

The post hoc sensitivity analysis on missing data indicated
that the incidence of persistent pain may be slightly higher
(3.7%; 95% CI, 3.2 to 4.2%) than our observed incidence
rate. The second sensitivity analysis confirmed the signifi-
cance of all predictors identified in the separate preoperative
and perioperative regression models except for endoscopic
surgery (P = 0.076), history of tobacco use (0.058), and
postoperative continuous nerve block (P = 0.127; table A4).

Discussion

In this secondary analysis of a large, international, repre-
sentative sample of patients who underwent inpatient non-
cardiac surgery between 2012 and 2014, approximately 1
in 30 patients reported persistent incisional pain 1-yr after
their surgery. Persistent incisional pain is associated with
mild-to-moderate pain intensity, neuropathic pain features,
interference with aspects of daily living, and persistent anal-
gesic use.

The incidence of persistent incisional pain in our study
(3.3%) is lower than most estimates reported in the lit-
erature. Although most investigations on persistent pain
after surgery have been conducted within specific surgi-
cal subgroups, previous studies that included a noncardiac
surgical cohort have reported rates greater than 10% at 1
yr postoperatively.'™?" Several reasons may explain differ-
ences between our findings and previous investigations.
First, many previous studies have typically not specified
the location of persistent pain, whereas our investigation
focused on pain around the incisional.?! For example, per-
sistent pain after breast cancer surgery presents with pain
in the chest wall, medial arm, shoulder, or axilla and not
necessarily pain at the incision site.?** Similarly, only 15%
of patients with persistent pain after inguinal hernia repair
report pain in the area of surgery.** Second, differences
in postoperative follow-up times for outcome assessment
after surgery has a drastic impact on the incidence rate
detected.” For example, in the same cohort of patients
who had radical prostatectomies, the incidence rate of
persistent pain was 14.3 and 1.2% at the 3- and 6-month
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Table 4. Adjusted Risks and Odds Ratios of Preoperative Variables to Predict Persistent Incisional Pain (n = 14,831)

Frequency in Those Absolute Risk Difference Adjusted 0dds
with Persistent Pain, % (95% Cl), % Ratio (95% CI) PValues
Latin/Hispanic ethnicity 10 (2.0) -1.4(-1.6t0-1.2) 0.152 (0.08 to 0.289) <0.001
Native American/Australian ethnicity 6(1.2) -1.2(-1.51t0-0.5) 0.303 (0.134 t0 0.686) 0.004
South Asian ethnicity 34 (6.9) -1.2(-1.3t0-0.9) 0.315(0.210 t0 0.473) < 0.001
Age, decades — -0.5 (0.6 to -0.4) 0.71(0.6510 0.78) <0.001
History of tobacco use 239 (48.5) 4(0t00.9) 1.23(1.0t0 1.52) 0.048
Female sex 286 (57.8) 5(0.1t01) 1.32 (1.08 to 1.61) 0.007
History of coronary artery disease 83(16.8) 5 (0.7 to 2.4) 1.89 (1.44 t0 2.47) < 0.001
Surgery for fracture 36 (7.3) 1.8(0.7t03.3) 2.08 (1.43 10 3.02) < 0.001
History of chronic pain 109 (22.0) 1(1.3103) 2.29 (1.82 10 2.88) < 0.001
Asian ethnicity 147 (29.7) 2 (2.2t04.4) 2.98 (2.36 10 3.76) < 0.001
Body mass index — 0(-0.01 10 0.02) 1(0.99101.01) 0.730
Arabic/Persian ethnicity 2(0.4) —0 8(-1.5102) 0.54 (0.131102.2) 0.386
African ethnicity 23 (4.6) 4 (-0.4101.6) 1.22 (0.77 t0 1.95) 0.400
Other ethnicity 2(0.4) —1 1 (-1.5100.9) 0.37 (0.091 t0 1.52) 0.169
History of diabetes 102 (20.6) 0(-0.3t00.5 1.01(0.8101.29) 0.905
Active cancer 60 (12.1) -0.2(-0.6t00.3) 0.87 (0.65t0 1.15) 0.325
History of peripheral vascular disease 32 (6.5 0(-0.6100.9 1.02 (0.66 to 1.56) 0.935

All variables were included in the final model. The reported estimates were adjusted to identify the independent effects of each variable.

*P<0.05.

follow-up, respectively.?

Given that the majority of studies
on persistent postsurgical pain evaluate for pain within 6
months after surgery, with few assessing at follow-up dates
1 yr or later, this may also account for the lower incidence
of pain found in our study. Third, VISION was restricted
to surgical inpatients and therefore excluded outpatient
surgeries that are typically associated with higher rates
of persistent pain (e.g., breast surgeries, inguinal hernia
surgeries).

Missing data may have also contributed to a lower
observed incidence rate. A total of 6,080 patients who were
eligible to report on persistent pain were lost to follow-up
at 1 yr (30% missing data). Our sensitivity analysis using
multiple imputation suggests that the overall incidence may
be slightly higher (3.7% vs. 3.3%) and that our observed
incidence is likely an underestimation.

Our logistic regression models have confirmed previ-
ously identified risk factors for persistent pain after noncar-
diac surgery. Consistent with previous literature, younger
age, females, and those with a history of chronic pain are at
increased risk of persistent pain after surgery.'>?? We also
found that patients undergoing surgery for a fracture had
double the risk for developing persistent pain, potentially
because of neuronal injuries associated with trauma and the
presence of preoperative pain, which is known to be asso-

ciated with persistent pain.**!

Endoscopic surgeries were
predictive of less persistent pain, and the mechanism for this
may be due to potentially less tissue and neuronal injury
compared to open surgeries.”” A history of tobacco smok-
ing was associated with persistent incisional pain, which is
consistent with previous literature identifying tobacco use
as a predictor of persistent pain after surgery.*> However,

similar to endoscopic surgeries, the association with tobacco

smoking was not seen in our sensitivity analysis, indicating
that these findings are not robust.

We also identified novel risk factors that may be associ-
ated with persistent pain. Ethnicity was one of the stron-
gest predictors of persistent pain that we found. Specifically,
Asian ethnicity was associated with the highest risk,
whereas Latin/Hispanic, Native American/Australian, and
South Asian ethnicities had the lowest risk for persistent
pain. Racial and ethnic differences in pain thresholds are
well documented in experimental pain studies, yet there are
limited data on the clinical significance of these differences,
particularly in the perioperative setting.***’ Furthermore,
experimental studies are often conducted within the same
geographic region (i.e., all subjects come from the United
States),”” whereas in our sample, the patients were evaluated
within their respective countries and continents, and thus
any differences could also represent sociocultural variations.

Interestingly, history of coronary artery disease was asso-
ciated with an increased risk of persistent pain. This is a
novel finding, and the mechanism is not entirely clear. In
addition, in the same model, peripheral vascular disease was
not associated with persistent pain despite the strong over-
lap with coronary artery disease, suggesting a possible spu-
rious finding or that a link exists that is specific to coronary
atherosclerosis. Anti-inflammatory medications (NSAID or
cyclooxygenase-2 inhibitors) taken regularly for the previ-
ous 7 days preoperatively but discontinued within 24h of
surgery were associated with an increased risk of persistent
pain 1 yr later (compared to patients not taking NSAIDs
or cyclooxygenase-2 inhibitors at all preoperatively). The
mechanism for this is unclear, but it may indicate that
patients were taking these medications daily for a pain dis-
order and that abrupt cessation of these medications led
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Table 5. Adjusted Risks and Odds Ratios of Perioperative Variables to Predict Persistent Incisional Pain (n = 14,831)

Frequency in Absolute
Those with Risk Difference  Adjusted Odds
Persistent Pain, % (95% Cl), % Ratio (95% CI) P Values

Endoscopic surgery

NSAID 1 to 7 days preoperative, none less than 24 h preoperative
Postoperative PCA

Postoperative continuous nerve block

Cyclooxygenase-2 1 to 7 days preoperative, none less than 24 h preoperative
Insulin less than 24 h preoperative, none 1 to 7 days preoperative
Intraoperative nitrous oxide

Intraoperative spinal anesthesia

Intraoperative regional anesthesia

Intraoperative epidural anesthesia

Postoperative epidural opioid analgesia

Postoperative epidural local analgesia

Postoperative IM/IV opioids

Insulin 1 to 7 days preoperative, none less than 24 h preoperative
Insulin less than 24 h preoperative and 1 to 7 days preoperative
Aspirin less than 24 h preoperative, none 1 to 7 days preoperative
Aspirin 1 to 7 days preoperative, none less than 24 h preoperative
Aspirin less than 24 h preoperative and 1 to 7 days preoperative

Oral hypoglycemia agent less than 24 h preoperative, none 1 to 7 days preoperative
Oral hypoglycemia agent 1 to 7 days preoperative, none less than 24 h preoperative

Oral hypoglycemia agent less than 24 h preoperative and 1 to 7 days preoperative
Cyclooxygenase-2 less than 24 h preoperative, none 1 to 7 days preoperative
Cyclooxygenase-2 less than 24 h preoperative and 1 to 7 days preoperative
NSAID less than 24 h preoperative, none 1 to 7 days preoperative

NSAID less than 24 h preoperative and 1 to 7 days preoperative

91 (18.4) -o 5(-07t0-02) 0.71(0.56t0 0.9) 0.005
30 6.1) 9(01t021)  1.55(1.05t02.3) 0.029
207 (41.9) 5091022  1.92(157102.34) <0.001
13 (2.6) 1041051  227(121104.24)  0.010
24 (4.8) 60111049  259(1.66104.07) <0.001
25(5.1) 3(141063)  3.02(1.82105.00) < 0.001
33(6.7) —0 5(-09t00.1) 072(049101.03)  0.075
129 (26.1) —0 2(-05t002  09(0.72t01.13)  0.379
418.3) 1(-051%08 10307210149  0.854
57 (11.5) —0 5(-091002)  0.73(0.48t01.1) 0.132
418.3) 4(-061021) 12106410229 0553
438.7) 9(-0.3103) 155(0.83t02.87)  0.167
226 (45.8) 1(021004) 1.04(0.86101.26)  0.666
4(0.8) —0 8(-141007)  051(0.188t01.41)  0.195
23 (4.6) 0(-061009)  099(0.63t01.54)  0.963
2(0.4) 7(0710147) 263(0.611011.38)  0.195
46 (9.3) —0 1(-06t004) 092(0.67t01.27)  0.616
25 (5.1) 0(-0.6100.9) 1(066101.53)  0.992
— —1 7(-1.7t0-1.7) 0(0t00) 0.998

52 (10.5) 4(-021013)  1.25(0.87t01.8) 0.218
21(4.2) —0 6 (110 0) 0.63(0.388t01.01)  0.054
2(0.4) —0 7(-15102.3)  059(0.143t02.43)  0.466
7(1.4) 4(-081029) 12305410282 0625
27 (5.5) 02(-05t12)  1.09(069t01.73) 0712
14 (2.8) —06(-1.11002)  065(0.38t01.11)  0.116

All variables were included in the final model. The reported estimates were adjusted to identify the independent effects of each variable.

*P<0.05.

IM, intramuscular; 1V, intravenous; NSAID, nonsteroidal anti-inflammatory drug; PCA, patient-controlled analgesia.

4 Nevertheless, it raises

to increased perioperative pain.
questions about whether anti-inflammatory drugs should
be discontinued before surgery in the setting where there
are no identifiable contraindications. Furthermore, our
model identified that insulin given within 24 h before sur-
gery was associated with an increased risk of persistent pain.
Although potentially spurious, there is evidence to sug-
gest that abrupt improvements in glycemic control in the
context of chronic hyperglycemia are associated with an
increase in neuropathic pain, referred to as insulin neuritis.*

Postoperative PCA or continuous nerve catheter infu-
sions appeared to be associated with a significant increase
in persistent pain. Most likely, this finding results from
confounding. The decision to offer a patient a PCA pump
or nerve catheter after surgery is highly influenced by the
intensity of their acute pain, and there is ample data to sup-
port that acute pain is associated with the development of
chronic pain.*** Because we did not collect acute postop-
erative pain scores, they were not adjusted for in the model,
potentially confounding the relationship between PCA/
nerve blocks and persistent incisional pain.

There are several limitations to this study. This study uti-
lized the infrastructure of a large multicenter observational
study, and for this reason, we were limited in collecting other
baseline and perioperative variables that could be associated
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with persistent pain (e.g., baseline pain catastrophizing, anx-
iety, depression, acute postoperative pain scores, persistent
opioid use). The lack of pain-specific data available for sta-
tistical adjustments could have led to potential confound-
ing in our analysis, as seen with our findings of PCA and
continuous nerve blocks with persistent pain. Similarly, we

were limited to the main study’s follow-up periods (1 yr),

preventing collection of pain scores at earlier time points
that could inform a pain trajectory analysis.* Furthermore,
although our outcome assessment included many of the
criteria in the recently established International Association
for the Study of Pain definition of chronic postsurgical pain
(outcome assessment more than 3 months after surgery, not
caused by preexisting pain and not caused by other reason
[infection, malignancy]),? outcome assessment was limited
to pain localized to the surgical incision (we did not assess
for referred/projected pain to a nerve innervation territory
or to a dermatome), and assessment occurred over a tele-
phone follow-up. Given this slight variation in definitions
and lack of validity testing, this could be a source of mea-
surement error and bias (over- or underestimating actual
incidences). Additionally, although our study included a
large sample with multicenter data, it is important to recog-
nize that our estimates are primarily generalizable to adult
patients 45 yr old or older (VISION inclusion was limited

Khan et al.

20z Idy 01 uo 3senb Aq Jpd'L£000-0"0001 L 20Z/7L8LES/L L LIF/SE LIypd-ajoie/ABojosayisaue/Woo JIeyDIaA|IS Zesk//:d)y woy papeojumog



Khan et al.

to this age group) undergoing inpatient surgical procedures
(VISION did not include ambulatory surgeries, many of
which are associated with high incidences of chronic post-
surgical pain [e.g., breast, inguinal hernia surgeries]).

In conclusion, our findings across a large international
cohort of patients suggest that persistent pain is unfortu-
nately a common and problematic complication after sur-
gery. The majority of patients who develop persistent pain
will report interference across aspects of daily life, and
more than half will seek analgesic use, which can result in
increased medication side effects and personal healthcare
expenditures. Several demographic and perioperative fac-
tors have been identified to be associated with increased
risk of persistent pain, and these data can help inform future
studies in identifying high-risk patients and randomized tri-
als on whether modification of these risk factors can lead to
reduced rates of persistent pain.
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Appendix

Table A1. Patient Characteristics of Those with Mild, Moderate, and Severe Pain in Those with Persistent Incisional Pain

Mild Pain Moderate Pain Severe Pain

Variables (Pain Scores 0 to 3; n = 251) (Pain Scores 4 to 6; n = 170) (Pain Scores 7 to 10; n = 66)
Mean age, yr (SD) 68.0 (10.6) 64.7 (9.9) 64.8 (8.4)
Female sex, no. (%) 144 (50.5) 102 (60.0) 36 (54.5)
Mean body mass index, kg/m? (SD) 27.8 (6.9 28.6 (7.0) 29.7 (6.7)
Diabetes, no. (%) 58 (23.1) 30(17.6) 13(19.7)
Active cancer, no. (%) 42 (16.7) 12(7.1) 4(6.1)
History of tobacco use, no. (%) 108 (43.4) 87 (51.2) 41 (62.1)
Coronary artery disease, no. (%) 44 (17.7) 25 (14.7) 11 (16.7)
Peripheral vascular disease, no. (%) 13(5.2) 14 (8.2) 4(6.1)
History of chronic pain, no. (%) 48 (19.1) 41 (24.1) 19 (28.8)

Pain scores indicate the patient rating of pain on a numeric rating scale from 0 to 10.

Table A2. Neuropathic Pain Characteristics in Those with
Persistent Incisional Pain

Number Reporting Score 0 to 10,

Pain Characteristic Pain, no. (%) Mean (SD)
Increased pain to touch 284 (57.4) 2.7(3.1)
Numbness 233 (47.1) 2.1(2.9)
Tingling 193 (39.6) 1.8 (2.8)

Table A3. Impact of Medications Taken for Persistent Inci-
sional Pain on Aspects of Daily Living

Medications for Scale 0 to 10,
Aspect of Daily Life Incisional Pain Mean (SD)
General activity Yes 4.7 (3.3)*
No 2.0 (2.7)
Mood Yes 4.0 (3.3*
No 1.7 (2.4)
Walking activity Yes 4.6 (3.4
No 2.2(2.8)
Normal work Yes 4.8 (3.7)*
No 2.0(2.8)
Relations Yes 2.7 (3.3*
No 1.0 (2.0)
Sleep Yes 41 (3.3*
No 1.9(2.8)
Enjoyment of life Yes 3.9 (3.4
No 1.6 (2.4)

*P<0.001.
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Table A4. Adjusted Risks Odds Ratios of Perioperative Variables to Predict Persistent Incisional Pain

Frequency of Absolute Adjusted
Those with Risk Difference 0dds Ratio
Persistent Pain, % (95% Cl) (95% CI) PValues
Active cancer 60 (12.1) -0.1(-0.5t00.5) 0.97 (0.72 10 1.32) 0.868
African ethnicity 23 (4.6) 0.5(-0.3t101.8) 1.29 (0.8 t0 2.08) 0.297
Age, decades -0.6 (-0.7to-0.5) 0.66 (0.61t00.73) < 0.001
Arabic/Persian ethnicity 2(0.4) —0.6 (-1.4102.6) 0.63 (0.1510 2.62) 0.530
Aspirin less than 24 h preoperative and 1 to 7 days preoperative 25(5.1) -0.3(-0.8t00.5)  0.81(0.5t01.32) 0.399
Aspirin less than 24 h preoperative, none 1 to 7 days preoperative 2(0.4) 25(-091t017.1) 2.51(0.47t013.35)  0.280
Aspirin 1 to 7 days preoperative, none less than 24 h preoperative 46 (9.3) —-0.1 (0.6 t0 0.6) 0.95 (0.67 to 1.36) 0.799
Asian ethnicity 147 (29.7) 4.6(3.2t06.3) 3.88 (2.98t05.06) < 0.001
Body mass index 0(-0.02 t0 0.02) 1(0.99101.01) 0.989
Cyclooxygenase-2 less than 24 h preoperative and 1 to 7 days preoperative 7(1.4) 0.1(-0.9102.4) 1.05 (0.45 t0 2.49) 0.907
Cyclooxygenase-2 less than 24 h preoperative, none 1 to 7 days preoperative 2(0.4) -0.8(-1.5t02) 0.53(0.13t02.22) 0.385
Cyclooxygenase-2 1 to 7 days preoperative, none less than 24 h preoperative 24 (4.8) 1.8(0.5103.9) 2.12(1.32t0 3.41) 0.002
Oral hypoglycemia agent less than 24 h preoperative and 1 to 7 days preoperative 21 (4.2 —0.4(-1100.7) 0.76 (0.41t0 1.4) 0.378
Oral hypoglycemia agent less than 24 h preoperative, none 1 to 7 days preoperative 0(0) 0(0to0) 0(0to0) 0.998
Oral hypoglycemia agent 1 to 7 days preoperative, none less than 24 h preoperative 52 (10.5) 0.2 (-0.5t01.5) 1.14 (0.68 t0 1.91) 0.618
Postoperative epidural local analgesia 43 (8.7) 0.4 (-0.6 t0 2.4) 1.27 (0.66 t0 2.47) 0.475
Endoscopic surgery 91 (18.4) -0.4(-0.7t00.1) 0.78 (0.59 10 1.03) 0.076
Otolaryngologic surgeries 7(1.4) 0.7 (-0.7t0 4.1) 1.45(0.59 t0 3.57) 0.424
Postoperative epidural opioid analgesia 41 (8.3) -0.1(-09t01.5) 0.95(0.471t01.9) 0.886
Intraoperative epidural anesthesia 57 (11.5) 0.6 (-0.3t02) 1.39 (0.8510 2.25) 0.185
Female sex 286 (57.8) 4 (0.1100.9) 1.27 (1.04 t0 1.57) 0.022
General surgery 97 (19.6) 4(-04101.9) 1.27 (0.76 t0 2.14) 0.360
History of coronary artery disease 83(16.8) 1 6 (0.8102.7) 1.99(1.48102.68) <0.001
History of chronic pain 109 (22.0 4(0.7t02.2) 1.83(1.43102.34) < 0.001
History of diabetes 102 (20.6) —0 1(-0.7100.8) 0.96 (0.61 to 1.51) 0.862
History of peripheral vascular disease 32 (6.5) 03(-05101.7) 1.21(0.7310 2.01) 0.450
History of tobacco use 239 (48.3) 04(0t00.9) 1.23(0.99 to 1.52) 0.058
Postoperative IM/IV opioids 226 (45.7) 2(-0.11t00.6) 1.13(0.92 to 1.39) 0.241
Insulin less than 24 h preoperative and 1 to 7 days preoperative 23 (4.6) 0(-0.7t01.2) 0.99 (0.58101.7) 0.980
Insulin less than 24 h preoperative, none 1 to 7 days preoperative 25(5.1) 1.5(0.1103.8) 1.89 (1.0510 3.39) 0.033
Insulin 1 to 7 days preoperative, none less than 24 h preoperative 4(0.8) -0.9(-1.5100.8) 0.44 (0.1310 1.47) 0.183
Latin/Hispanic ethnicity 10 (2.0) -1.3(-1.5t0-1) 0.21(0.11t0 0.41) < 0.001
Low-risk surgeries 152 (30.7) 0.2(-0.51t01.4) 1.11 (0.68 t0 1.83) 0.679
Native American/Australian ethnicity 6(1.2) -1(-1.41t00) 0.43 (0.1910 0.98) 0.046
Intraoperative regional anesthesia 41 (8.3) —0 1(-0.61t00.7) 0.95 (0.64 t0 1.41) 0.788
Postoperative continuous nerve block 13 (2.6) .1(-0.2103.6) 1.67 (0.86 t0 3.22) 0.127
Neurosurgeries 47 (9.5) 1(-02103.2) 1.64 (0.9 10 3) 0.109
Intraoperative nitrous oxide 33(6.7) 3(-04101.3) 1.19(0.79101.8) 0.396
NSAID less than 24 h preoperative and 1 to 7 days preoperative 14 (2.8) —0 4 (-1100.5) 0.74 (0.42t0 1.29) 0.290
NSAID less than 24 h preoperative, none 1 to 7 days preoperative 25 (5.5) 5(-04101.8) 1.28 (0.79 to 2.08) 0.320
NSAID 1 to 7 days preoperative, none less than 24 h preoperative 30 (6.1) 1(0.1t02.4) 1.63 (1.07 to 2.47) 0.023
Orthopedic surgeries 143 (28.9) 9(-021t02.9) 1.56 (0.88 t0 2.77) 0.127
Other ethnicity 2(0.4) —0 9( 1.5101.6) 0.48 (0.12t0 1.98) 0.312
Postoperative PCA 207 (41.8) 0.9(0.4t01.6) 1.55(1.23t101.96) < 0.001
South Asian ethnicity 34 (6.9) -1(-1.3t0-0.6) 0.39(0.25t00.63) < 0.001
Intraoperative spinal anesthesia 129 (26.1) 1(-0.3100.9) 1.08 (0.8 to 1.46) 0.622
Surgery for fracture 36 (7.3) 1 6 (0.6103.2) 1.99 (1.34 t0 2.96) 0.001
Thoracic surgery 14 (2.8) 1.2(-0.3t04.3) 1.75(0.83 t0 3.69) 0.138
Urologic—gynecologic surgeries 36 (7.3) -0.7(-1.1t0 0) 0.61(0.37 to 1.01) 0.052
Vascular surgery 18 (3.6) -0.1(-091t01.7) 0.96 (0.45 to 2.06) 0.914

IM, intramuscular; IV, intravenous; NSAID, nonsteroidal anti-inflammatory drug; PCA, patient-controlled analgesia.
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