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ABSTRACT

Introduction: Chronic postsurgical pain (CPSP)
is a global issue with high prevalence. This
study compared acute pain descriptors among
patients undergoing carpal tunnel release (CTR)
or trigger finger release (TFR). We hypothesized
worst pain intensity on postoperative day (POD)
10 would be best to predict the time to pain
resolution.
Methods: In this secondary analysis of a nega-
tive, randomized, double-blind placebo-con-
trolled trial, adult veterans undergoing CTR or
TFR were enrolled January 2012–January 2014,
with data analysis February 2020–October 2020.
Participants were randomized to receive
minocycline 200 mg or placebo 2 h prior to the
operation, then minocycline 100 mg or placebo
twice daily for 5 days. The Brief Pain Inventory,

assessed daily, captured three pain scores: aver-
age and worst pain over the past 24 h, and
current pain intensity. Fifteen acute pain
descriptors based on the pain scores (clusters,
mean, median, pain scores on POD 10, and
linear slopes) were compared as predictors of
time to pain resolution.
Results: Of 131 randomized participants, 114
(83 CTR, 31 TFR) were included. Average pain
over the last 24 h reported on POD 10 best
predicted time to pain cessation. Every one-
point increase in the average pain score was
associated with a 36.0% reduced rate of pain
cessation (HR, 0.64, 95% CI 0.55–0.74,
p\0.001). Average pain on POD 10 was sig-
nificantly associated with the development of
CPSP at 90 days (OR 1.74, 95% CI 1.30–2.33,
p value\0.001). The optimal cutoff score for
the high-risk group was determined as average
pain on POD 10 C 3.
Conclusions: This study validates prior work
and demonstrates the importance of assessing
pain severity on POD 10 to identify patients at
high risk for CPSP who are most likely to benefit
from early pain intervention. Future research in
diverse surgical cohorts is needed to further
validate pain assessment on POD 10 as a sig-
nificant predictor of CPSP.
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Key Summary Points

Why carry out this study?

The prevalence of severe chronic
postsurgical pain (CPSP) is 10% across a
range of operations, and 22% of patients
undergoing hand surgery develop CPSP 1
year after surgery.

Identifying an immediate postoperative
predictor of remote pain resolution
occurring months after surgery has
important clinical implications for the
management of acute pain and
prevention of CPSP.

We hypothesized that, by comparing 15
acute pain descriptors among patients
undergoing CTR or TFR, worst pain
reported on postoperative day (POD) 10
would best predict time to pain resolution.

What was learned from the study?

Assessment of pain intensity on POD 10
best predicts remote time to pain
resolution in patients undergoing minor
hand surgery under local anesthesia. Early
identification of patients at high risk for
CPSP allows for early intervention, closer
follow-up, and initiation of multimodal
pain therapy.

Average pain intensity reported on POD
10 best predicted time to pain resolution
and was significantly associated with the
development of CPSP 90 days after
surgery. Patients at high risk for the
development of CPSP reported average
pain on POD 10 C 3.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.14340404.

INTRODUCTION

The prevalence of chronic postsurgical pain
(CPSP) severe enough to cause functional limi-
tations is 10% across a wide variety of opera-
tions [1]. CPSP is more common than most
other postoperative complications and often
results in long-term consequences. Thus, the
global impact of CPSP on healthcare resource
utilization remains enormous.

CPSP has a particularly high prevalence after
major operations such as mastectomy, thora-
cotomy, or total knee arthroplasty, but even
minor operations can result in CPSP. For
example, extremely common hand procedures
such as carpal tunnel release (CTR) and trigger
finger release (TFR) result in a 20% rate of CPSP
1 year after surgery [2]. Although patients
undergoing CTR often do not receive general
anesthesia, and the operation is minor, the
incidence of CPSP is comparable to that of
major operations [3, 4]. The burden of CPSP is
also reflected in duration of postoperative opi-
oid use after hand surgery. Among patients not
taking preoperative opioids who underwent
common hand surgery procedures including
CTR and TFR, 13% of patients continued to fill
opioid prescriptions 90 days after their opera-
tion [5]. Thus, CPSP is a universal surgical
complication and reducing the incidence of
CPSP will play a role in optimizing opioid use
after surgery.

Early postsurgical pain is an important factor
in the course of CPSP. The severity of acute pain
after major operations has been associated with
the development of CPSP [6]. The presence of
pain in the first 3 days after CTR was signifi-
cantly associated with the CPSP persisting 1
year after CTR [2]. However, only a minority of
patients who experience severe acute pain will
progress to experience CPSP, and other factors
than the severity of acute and subacute pain
may better predict which patients go on to
develop chronic pain after surgery. Characteri-
zation of postoperative pain trajectories
through postoperative days 5–6 may yield more
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granularity in describing a patient’s acute pain
experience to include both pain resolution and
pain severity [7]. Other work shows that surgical
patients may report a non-linear trajectory [2]
with increasing pain in the subacute postoper-
ative phase perhaps signaling the development
of neuropathic pain and/or initiation of central
sensitization [8]. Thus, analysis of acute post-
operative pain trajectories limited to the first
postoperative week may miss important infor-
mation on who is likely to develop CPSP. Hand
surgery is increasingly performed in the ambu-
latory setting [9], so remote assessments to aid
in early identification of high-risk patients are
needed. Once patients at high risk for pro-
longed pain, prolonged opioid use, and delayed
recovery are identified, early intervention and
targeted resource allocation can be
implemented.

Of 15 acute postsurgical pain descriptors
evaluated with data-mining algorithms, worst
pain intensity over the previous 24 h assessed
on POD 10 was significantly associated with
time to pain resolution, opioid cessation and
complete surgical recovery [10]. Metrics such as
this may allow identification of patients at high
risk for prolonged pain, prolonged opioid use,
and delayed recovery in the subacute phase
after surgery to be targeted for early interven-
tion and more intensive resource allocation.
The subacute postoperative phase lasting sev-
eral weeks after surgery has been minimally
characterized and recovery during this period
warrants further research [8].

The aim of this study was to replicate this
prior work in a cohort having minor surgery
under local anesthesia. This study conducted a
secondary analysis of a double-blind random-
ized controlled trial of 131 patients undergoing
CTR or TFR under local anesthesia. This clinical
trial assessed the effect of perioperative
minocycline vs. placebo on time to pain reso-
lution. Minocycline did not reduce time to pain
resolution and appeared to increase time to pain
resolution among patients with elevated post-
traumatic stress disorder symptoms [11]. We
used previously reported acute pain cluster
centroids based on the first ten daily pain scores
after surgery [10] to categorize patients into
high vs. low acute pain clusters. We compared

these clusters with 12 additional acute pain
descriptors of postoperative pain intensity over
the first 10 postoperative days to determine
which descriptor best estimated the probability
of time to pain resolution. Our aim was to
characterize acute pain after hand surgery and
replicate prior research findings of the optimal
acute pain descriptor predicting the likelihood
and speed of pain resolution, this time in a
novel cohort of patients undergoing CTR or TFR
under local anesthesia. We hypothesized that
worst pain intensity over the prior 24 h assessed
on POD 10 would be the best predictor of time
to pain resolution among patients undergoing
minor hand surgery.

METHODS

We conducted a secondary analysis of a ran-
domized, double-blind placebo-controlled trial
of adult veterans scheduled for CTR or TFR at a
single center (VA Palo Alto Health Care System
Hospital). Participants were randomized to
receive either minocycline 200 mg or placebo 2
h prior to the operation. They received either
minocycline 100 mg twice daily or placebo for
5 days at the same intervals. The study was
approved by the Stanford University IRB
#21,794 (clinicaltrials.gov identifier
NCT02051296, RX000487) and all patients
provided informed consent to participate. A
detailed description of the study protocol,
demographics, measures, and methods has been
published [11]. The study was performed in
accordance with the Helsinki Declaration of
1964, and its later amendments. Participants
were enrolled between January 2012 and Jan-
uary 2014. Data analysis for the present study
was performed from February 2020 to October
2020.

Assessments

Participants completed preoperative assess-
ments in-person, and postoperative assessments
via phone calls. The Brief Pain Inventory (BPI) is
a validated measure of pain and pain interfer-
ence of physical functioning measured on 0–10
numeric scales [12]. The Screen for
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Posttraumatic Stress Symptoms (SPTSS) consists
of 17 items, and measures PTSD symptoms.
SPTSS is intended to be a brief, validated, self-
report screening tool for psychological distress
associated with trauma [13]. SPTSS scores were
dichotomized to greater than or equal to 16, or
below 16 to denote the presence or absence of
PTSD, respectively [11]. The Beck Depression
Inventory-II (BDI-II) is a validated measure of
depressive symptoms, and scores range from 0
to 63 with higher scores representing higher
depressive symptoms [14]. The QuickDASH
measures patient-reported upper-extremity
physical function and disability, consists of 11
items, with scores ranging from 0 (best func-
tion) to 100 (worst function) [15]. The Short
Form Health Survey (SF-36) consists of qualify-
of-life measures covering eight domains of
health. Physical and mental component sum-
mary scores of the SF-36 were calculated [16].
Preoperative assessments included the SF-36,
QuickDASH, BPI, SPTSS, and BDI.

After surgery, participants were called start-
ing POD 1 daily up to 3 months, and then
weekly thereafter up to 2 years after the opera-
tion until pain resolution. A modified BPI was
assessed at each call to assess pain at the surgical
site, analgesic use, and recovery. This amounted
to 3917 postoperative phone assessments.

Operation

All patients underwent either open CTR or open
TFR with local anesthesia only. Both operations
consisted of longitudinal incisions extending
through the palmar fascia, closed with nylon
sutures. Sutures were removed at POD 12.

Study Outcomes

The primary outcome was time to pain resolu-
tion defined as the number of days between
surgery and the first of three consecutive days of
0 of 10 average pain at the surgical site assessed
with the BPI [12].

Statistical Analysis

Postoperative Acute Pain Cluster Analysis
Previously reported cluster centroids [1], from a
separate non-Veteran mixed surgical cohort,
were used to assign patients to high and low
acute pain clusters based on postoperative pain
scores assessed over the first 10 days post-sur-
gery. During each call, the patient reported
their average and worst pain intensity over the
preceding 24 h and current pain intensity at the
surgical site. Each category of pain scores (av-
erage, current, worst) was examined as an acute
pain trajectory, and each patient had three dis-
tinct trajectories representing the average, cur-
rent, and worst pain scores over the first ten
postoperative days. Cluster assignment was
determined through Euclidean distance (the
square root of the sum of each dimensional
distance squared) between values and cluster
centroids at each time point [10].

Cox Proportional Hazard Regression
and Sensitivity Analyses
Time to pain resolution was analyzed using Cox
proportional hazards regression. Given the
possibility of different underlying hazard rates
attributed to CTR vs. TFR, all subsequent anal-
yses controlled for the type of operation. Fifteen
acute pain descriptors (including average, cur-
rent, and worst acute pain clusters; mean and
median of each set of pain scores over the first
ten postoperative days; and average, current,
and worst pain scores reported POD 10) were
evaluated as predictors of time to pain resolu-
tion. The linear slope of each acute pain tra-
jectory was calculated for each patient and also
evaluated as one of the acute pain descriptors.
Model efficiency was determined with lower
Akaike information criteria scores indicating
the model with the best fit. Subgroup analyses
for the optimal acute pain descriptor were
conducted for treatment group, operation type,
and presence of PTSD. Additional sensitivity
analyses included examining the interaction of
treatment group (minocycline vs. placebo) and
presence of PTSD symptoms per the previously
reported clinical trial findings in the best-fit
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model [11]. The preceding data analysis was
conducted using R 4.0.2 (R Foundation).

Determining Optimal Cutoff Value for the Best
Acute Pain Descriptor
SAS software, version 9.4 (SAS Institute Inc) was
used for this analysis. A receiver operating
characteristic (ROC) curve analysis was con-
ducted examining the association of the best
acute pain descriptor with persistent post-sur-
gical pain continuing 90 days after surgery
using the PROC LOGISTIC function in SAS. The
AUC was determined for the best acute pain
descriptor. Based on examination of the maxi-
mum Youden index (J) value, minimum D value
(minimum distance to the ideal point of the
ROC plot), and the equality point (minimum
difference between the sensitivity and speci-
ficity), an optimal cut-off for the best acute pain
descriptor was determined.

Modified Poisson Regression Analysis
of the Highest-Risk Patient Cluster
Based on the optimal cut-off for the best acute
pain descriptor, a high- vs. low-risk group for
CPSP was identified. Continuous variables were
compared with two-tailed, unpaired t tests, and
categorical variables were compared with Chi-
square tests. Modified Poisson regression anal-
ysis was conducted to identify preoperative
characteristics associated with the high-risk
group [17]. This analysis estimates relative risk
and 95% confidence intervals with use of robust
error variances. Preoperative variables consid-
ered for model inclusion were those previously
reported to be associated with the development
of CPSP, including treatment group, surgery
type, sex, age, race/ethnicity, marital status,
income, baseline pain, receipt of opioid pre-
scription in the 6 months prior to surgery, BDI-
II score, QuickDASH score, SF-36 physical
component score, SF-36 mental component
score, and positive SPTSS score. Model building
sensitivity analyses included forward, backward,
stepwise, and lasso selection algorithms. Model
efficiency was determined with goodness-of-fit
indices. Collinearity diagnostics for all variables
considered for model inclusion were conducted.

RESULTS

Sample Characteristics

Of 131 randomized participants, 114 (83 CTR,
31 TFR) received treatment, provided at least
1 day of follow-up data after their operation,
and were included in this secondary analysis.
These 114 patients were the same cohort ana-
lyzed in the original clinical trial. Table 1
reports the preoperative characteristics for par-
ticipants in high vs. low-risk categories for per-
sistent post-surgical pain based on their average
pain score on POD 10. Patients reporting an
average pain score on POD 10\3 were con-
sidered a part of the low-risk group while those
reporting and average pain score on POD 10 C 3
were considered part of the high-risk group. A
total of 87 patients (76.3%) were partitioned
into the low-risk category, and 27 patients
(23.7%) were partitioned into the high-risk
category. Overall, median (interquartile range
[IQR]) pain duration in the high vs. low-risk
category was 70 (25–160) vs. 14 (7–24) days.

Cox Proportional Hazards Regression
and Sensitivity Analyses

We examined 15 acute pain descriptors includ-
ing the pain clusters of the average, current, and
worst pain trajectories (Fig. 1); mean and med-
ian of the average, current, and worst pain
scores during the first ten postoperative days;
average, current, and worst pain scores reported
on POD 10; and linear slopes of the average,
current, and worst pain trajectories using Cox
proportional hazards regression controlling for
operation type. Table 2 lists the corresponding
hazard ratios (HRs) for each acute pain descrip-
tor as a predictor of time to pain resolution. All
of the acute pain descriptors except the median
of the worst pain scores, and the linear slopes of
the average, current, and worst pain trajectories
were significantly associated with time to pain
cessation. Of all the descriptors, average pain
over the last 24 h reported on POD 10 was the
best predictor of subsequent remote time to
pain cessation. Every one-point increase in the
average pain score on POD 10 was associated
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Table 1 Preoperative characteristics of patients according to average pain on postoperative day 10

Characteristic No. (%)a p value

Average pain on
postoperative day 10 < 3

Average pain on
postoperative day 10 ‡ 3

Patients, no. 87 (76.3%) 27 (23.7%)

Age, mean (SD), years 60.8 (10.6) 55.7 (11.0) 0.03

Male gender 71 (84.5%) 19 (70.4%) 0.10

Martial status 0.48

Married 40 (47.6%) 16 (59.3%)

Never married 3 (3.6%) 2 (7.4%)

Living with someone but not married 5 (6.0%) 2 (7.4%)

Divorced or separated 31 (36.9%) 7 (25.9%)

Widowed 5 (6.0%) 0 (0.0%)

Race 0.48

Caucasian 62 (73.8%) 16 (59.3%)

African American 5 (6.0%) 3 (11.1%)

Asian 2 (2.4%) 0 (0.0%)

Pacific Islander 1 (1.2%) 1 (3.7%)

American Indian 4 (4.8%) 1 (3.7%)

Other 7 (8.3%) 4 (14.8%)

Ethnicity

Hispanic or Latino 13 (15.5%) 9 (33.3%) 0.04

Income (%) 0.17

\ $10,000 13 (15.5%) 2 (7.4%)

$10,000–$29,999 31 (36.9%) 9 (33.3%)

$30,000–$49,999 15 (17.9%) 5 (18.5%)

$50,000–$69,999 10 (11.9%) 1 (3.7%)

$70,000–$89,000 2 (2.4%) 1 (3.7%)

$90,000 ? 9 (10.7%) 3 (11.1%)

Treatment group 0.91

Placebo 43 (49.4%) 13 (48.2%)

Minocycline 44 (50.6%) 14 (51.9%)

Surgery type 0.52

CTR 60 (71.4%) 21 (77.8%)
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with a 36.0% reduced rate of pain cessation.
(HR, 0.64, 95% CI 0.55–0.74, p\ 0.001).

There was a significant interaction between
the average POD 10 pain score and treatment
group (p value for interaction = 0.02), and
patients receiving minocycline were more likely
to experience delayed pain resolution as POD 10
pain score increased compared to the group
receiving placebo. No significant interactions
were found between average POD 10 pain score
and operation or SPTSS score (Table 3). After
controlling for the interaction between treat-
ment group and SPTSS, the average POD 10 pain
score remained significantly associated with
time to pain cessation (HR 0.64, 95% CI
0.54–0.76, P\ 0.0001).

Determining Optimal Cutoff Value
for the Best Acute Pain Descriptor

We conducted a ROC curve analysis of persis-
tent pain 90 days after surgery. Average pain
reported on postoperative day (POD) #10 was
significantly associated with persistent pain
90 days after surgery (OR 1.74, 95% CI
1.30–2.33, p value\0.001). Overall, average
pain over the last 24 h reported on POD #10 was
predictive of persistent pain 90 days after sur-
gery (AUC = 0.85, 95% CI 0.77–0.93,
p value\0.0001). Based on the optimal Youden
index (J) value, D value closest to the ideal point
of the ROC plot, and equality point, patients
reporting an average pain score on POD #10 C 3
will have a 75.0% chance of having persistent
pain 90 days after surgery. Conversely, patients

Table 1 continued

Characteristic No. (%)a p value

Average pain on
postoperative day 10 < 3

Average pain on
postoperative day 10 ‡ 3

TFR 24 (28.6%) 6 (22.2%)

Baseline pain, mean (SD)b 3.2 (2.4) 6.1 (2.6) \ 0.0001

Receipt of opioid prescription in the

6 months prior to surgery

31 (36.9%) 19 (70.4%) \ 0.01

Beck Depression Inventory-II score, mean

(SD)c
8.9 (9.0) 18.4 (11.9) \ 0.0001

QuickDASH, mean (SD)d 36.3 (21.7) 55.7 (17.1) \ 0.0001

SF-36 Physical health, mean (SD)e 58.8 (7.2) 52.9 (7.6) \ 0.001

SF-36 Mental health, mean (SD)e 47.9 (4.9) 42.9 (5.0) \ 0.0001

Positive SPTSS Score for PTSDf 24 (27.6) 20 (74.1) \ 0.0001

Postoperative pain duration, median (IQR),

days

14 (7–24) 70 (25–160) \ 0.01

CTR carpal tunnel release, TFR trigger finger release, SPTSS screen for posttraumatic stress symptoms, PTSD post-
traumatic stress disorder
a Percentages do not include patients with missing data
b Scale range, 1–10 (1, no pain; 10, pain as bad as you can imagine)
c Scale range, 0–63 (higher scores represent higher depressive symptoms)
d QuickDASH score range, 0–100; higher score indicates greater disability
e Short Form 36-item (SF-36) range, 0–100; 50 is average health
f SPTSS Score[ 15 cutoff for PTSD
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reporting an average pain score on POD #10\3
will have 84.6% chance of not developing per-
sistent pain 90 days after surgery.

Modified Poisson Regression Analysis

Table 1 compares preoperative characteristics of
low vs. high-risk patients based on average pain
on POD 10 scores (C 3 or less than 3). Twelve
(46.2%) high-risk patients vs. 4 (4.8%) low-risk
patients developed CPSP 90 days after their
operation. Figure 2 shows the corresponding
Kaplan–Meier curves stratified by risk category
of average pain reported on POD 10 demon-
strating good separation and maintenance of
the proportional hazards assumption. Those in
the high-risk group were slightly younger and
more likely to report Hispanic or Latino eth-
nicity. These high-risk patients also reported
significantly higher baseline pain severity, more
often received opioid prescriptions in the
6 months prior to surgery, and exhibited greater

psychological distress, disability, and reduced
physical function.

We compared preoperative characteristics of
participants between the high- and low-risk
groups based on average pain reported on POD
10 (C 3 or less than 3) in a modified Poisson
regression analysis. There was a low chance of
collinearity when examining variables consid-
ered for inclusion in the final model (tolerance
range, 0.81–0.97; variance inflation factor
range, 1.03–1.23). Several preoperative factors
were associated with an increased risk of cate-
gorization to the high-risk acute pain cluster
(Table 4). Elevated baseline pain severity (ad-
justed relative risk [ARR], 1.25; 95% CI
1.07–1.48; p value\ 0.01) and Hispanic or
Latino ethnicity (ARR 1.80; 95% CI 1.05–3.07;
p value = 0.03) were associated with categoriza-
tion to the high-risk acute pain group. Higher
SF-36 physical component scores, indicating
better physical function, were associated with a
decreased risk of categorization to the high-risk
acute pain group (ARR, 0.94; 95% CI 0.90–0.98;
p value\0.01).

DISCUSSION

We used a previously trained machine-learning
classifier [10] and examined the first ten post-
operative days of pain scores to sort patients
undergoing CTR and TFR under local anesthesia
into acute pain clusters [10, 18]. After compar-
ison of these clusters and 12 additional acute
pain descriptors, average pain intensity over the
preceding 24-h reported on POD 10 was most
predictive of remote time to pain resolution.
Previously, the worst pain intensity over the
past 24-h reported on POD 10 was reported as a
significant immediate postoperative predictor
of remote pain resolution, opioid cessation, and
complete surgical recovery comparing the same
series of acute pain descriptors [10]. This prior
analysis was conducted among a mixed surgical
cohort receiving general anesthesia, while we
examined acute pain descriptors among
patients undergoing hand surgery under local
anesthesia. In our analysis, worst pain on POD
10 was the second-best acute pain descriptor of
time to pain resolution. The difference in

Fig. 1 Individual acute pain trajectories comparing the
high vs. low acute pain clusters. Each line represents an
individual patient’s acute pain trajectory for the average
pain scores reported over the first ten postoperative days.
The solid bold lines represent the overall high vs. low pain
cluster trajectory in red vs. blue, respectively. Previously
calculated centroids used to classify patient trajectories are
denoted by the black broken line
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findings may reflect the uniformity of the
operations performed in the current clinical
trial. Similar to prior research, we found that
pain intensity fluctuates widely in any given
patient over the first ten postoperative days.
Further, linear characterization of acute pain
was a poor predictor of time to pain cessation
consistent with prior research findings [10].
Overall, clinical assessment of pain intensity on
POD10 was a better predictor of remote pain
resolution than a series of other acute pain

descriptors, thus validating and extending our
prior work [10].

Acute pain severity is associated with an
increased risk of persistent pain prevalence at
varied time points after surgery. Among 72
elderly patients who underwent surgery for hip
fractures, pain with movement assessed 2 and 4
weeks after surgery was significantly associated
with persistent pain at 8 weeks after surgery
[19]. Similarly, severe acute postoperative pain
after Cesarean section has been associated with
the development of CPSP [20]. Acute pain

Table 2 Univariate sensitivity analyses of acute pain descriptors as determinants of remote pain cessation after hand
surgerya

Predictor HR (95% CI for HR) AIC p value

High pain cluster of pain trajectories

Average 0.45 (0.28–0.74) 816.07 0.001

Current 0.42 (0.26–0.68) 813.15 \ 0.001

Worst 0.32 (0.22–0.48) 797.15 \ 0.001

Postoperative day 10 pain score

Average 0.64 (0.55–0.74) 754.37 \ 0.001

Current 0.78 (0.69–0.87) 786.80 \ 0.001

Worst 0.76 (0.68–0.84) 763.82 \ 0.001

Average pain scores over 10 days

Average 0.53 (0.41–0.67) 795.00 \ 0.001

Median 0.46 (0.36–0.59) 780.28 \ 0.001

Current pain scores over 10 days

Average 0.57 (0.45–0.72) 800.61 \ 0.001

Median 0.60(0.48–0.74) 800.14 \ 0.001

Worst pain scores over 10 days

Average 0.63 (0.53–0.74) 824.13 \ 0.001

Median 0.82 (0.63–1.06) 825.43 0.13

Linear slope of the pain trajectories

Average 0.73 (0.33–1.62) 799.11 0.44

Median 0.78 (0.37–1.61) 799.25 0.50

Worst 0.60 (0.33–1.08) 796.91 0.09

HR hazard ratio, CI confidence interval, AIC Akaike Information Criterion
a All results presented adjusted for type of operation
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intensity assessed on POD 3 after cardiac sur-
gery was associated with both the presence and
intensity of postoperative non-anginal pain
24 months after surgery [21]. Among 123
patients undergoing breast cancer surgery,
group-based trajectory modeling of pain

intensity during movement over the first 7
postoperative days yielded mild, moderate, and
severe pain clusters. The severe pain cluster was
at significantly increased risk of elevated pain
intensity assessed 6 months post-op. Our find-
ings add to this research examining a group of
patients undergoing hand surgery under local

Fig. 2 High vs. low average pain reported on post-
operative day 10 and post-operative pain resolution. Time
to pain resolution in days comparing patients reporting an
average pain score on postoperative day 10 of C 3 (red
line) vs. those reporting a score\ 3 (blue line). Log rank
p value\ 0.0001

Table 3 Subgroup analyses for remote pain cessation after
hand surgery

Subgroup HR (95% CI
for HR)

p value for
interaction

Effect of one-unit change in

average postoperative day

10 pain score by

treatment group

0.02

Placebo 0.74

(0.62–0.90)

Minocycline 0.52

(0.41–0.66)

Effect of one-unit change in

average postoperative day

10 pain score by

operation

0.10

CTR 0.68

(0.58–0.80)

TFR 0.51

(0.37–0.70)

Effect of 1-unit change in

average postoperative day

10 pain score by SPTSS

score

0.52

SPTS\ 16 (no PTSD

subgroup)

0.59

(0.45–0.77)

SPTSS C 16 (PTSD

subgroup)

0.65

(0.53–0.80)

Average post-operative day

10 pain scorea
0.64

(0.54–0.76)

\ 0.0001

HR hazard ratio, CI confidence interval, CTR carpal
tunnel release, TFR trigger finger release, SPTSS screen for
posttraumatic stress symptoms, PTSD post-traumatic
stress disorder
a Adjusted for interaction of treatment group and SPTSS
score

Table 4 Preoperative risk factors for high average pain
reported on post-operative day 10a

Characteristic ARR 95% confidence
interval

p value

SF-36 Physical

Health scoreb
0.94 (0.90–0.98) \ 0.01

Baseline painc 1.25 (1.07–1.48) \ 0.01

Hispanic or Latino

ethnicity

1.80 (1.05–3.07) 0.03

Positive SPTSS score

for PTSD

2.30 (0.94–5.59) 0.06

ARR adjusted relative risk, SPTSS screen for post-trau-
matic stress symptoms, PTSD post-traumatic stress
disorder
a Modified Poisson regression
b Every 1-point increase in the SF-36 Physical Health
score
c Every 1-point increase in the Numeric Rating Scale of
Pain
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anesthesia. We conducted a thorough compar-
ison of a series of acute pain descriptors to
identify average pain on POD 10 as the best
predictor of CPSP compared to other more
sophisticated acute pain metrics. We further
report a significant association between this
descriptor and persistent post-surgical pain
rather than the association with postoperative
pain prevalence at any given time point.
Assessing postoperative pain resolution in our
study may be less prone to patient-reporting
bias towards higher pain severity scores in both
the acute and chronic phases, which is likely to
overestimate the significance of associations.
For added clinical significance, we report the
optimal cutoff value for average pain on POD 10
with the capacity to discriminate between
patients at low or high risk of prolonged post-
operative pain.

These findings show the value of pain
assessment long after hospital discharge in
patients undergoing either minor or major
operations is highlighted by these findings.
Measurement of pain intensity on POD 10 can
be readily implemented in current clinical
practice. POD 10 is around the time patients
return for a postoperative assessment. Thus, a
deliberate pain assessment would facilitate early
identification of patients requiring more inten-
sive postoperative pain management or other
multimodal pain interventions. We found
improved discriminative capacity for average
pain on POD 10 to predict persistent pain
90 days after CTR or TFR compared to prior
research [10]. Future work to replicate our cur-
rent findings and assess additional outcomes
including postoperative opioid cessation and
surgical recovery are needed to understand the
importance of this acute pain descriptor. In
addition, future work should begin to explore
candidate early interventions to improve 90-day
outcomes among that group of patients identi-
fied as high risk by POD 10 average pain
intensity. In our previous studies of periopera-
tive minocycline and gabapentin, we observed
that many patients were reluctant to participate
in trials of preoperative or perioperative inter-
ventions to reduce the chance of developing
chronic pain for two commonly cited reasons:
(1) they believed themselves unlikely to be

affected by such an outcome; and (2) they
already have many very practical issues com-
peting for their attention and time in the days
leading up to their surgery. In contrast, patients
experiencing greater-than-expected postopera-
tive pain severity, especially by POD 10, are
often quite eager to explore interventions that
may ultimately prove in the future to reduce
future pain and suffering. Efforts to replicate the
significance of acute pain intensity on POD 10
in predicting postoperative pain resolution
across a variety of operations is likely to
improve identification of high-risk patients
before pain becomes chronic and refractory to
intervention.

Another application is to consider subacute
pain intensity on POD 10 as a surrogate end-
point for the development of CPSP. Thus,
average pain intensity reported on POD 10 may
be considered a surrogate endpoint for the
development of CPSP. Preliminary or pilot
clinical trials could be conducted while sparing
resources. Our study involved 3917 assessments
of postoperative pain with longitudinal follow-
up to 2 years after the operation. A surrogate
endpoint would allow for a significant decrease
in resources for follow-up assessments. How-
ever, an important question is whether inter-
ventions that significantly improve pain
intensity on POD 10 consistently decrease the
incidence of CPSP.

Subgroup analysis revealed a significant
interaction of the best acute pain descriptor
with treatment group, and patients receiving
minocycline reporting higher average pain on
POD10 were significantly more likely to expe-
rience remote delayed postoperative pain reso-
lution. These findings may reflect two distinct
phenomena. First, patients reporting higher
average pain on POD 10 may be globally
refractory to positive outcomes to perioperative
pain interventions given patient-specific pre-
operative characteristics. Patients in our study
reporting higher levels of preoperative pain
severity were more likely to report higher acute
postoperative pain. Preoperative pain has been
reported as a risk factor for both increased pain
and CPSP [22]. It is possible that pre-existing
pain stimuli predisposes a patient to pain sen-
sitization resulting from surgical tissue trauma
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[22]. However, when examining patients
undergoing total knee arthroplasty, a systematic
review graded the association between preop-
erative pain and CPSP as low quality and
reported an inverse relationship between higher
levels of preoperative pain associated with lower
pain levels after total knee arthroplasty [23].
Also, patients in our study reporting lower
levels of preoperative physical function were
more likely to be categorized in the high-risk
acute pain group. In a retrospective analysis of
91 patients undergoing single-level, primary
anterior cervical discectomy and fusion,
patients with reduced preoperative physical
function reported increased acute pain during
their hospital stay. However, long-term
improvements in neck and arm pain from were
comparable from 6 weeks to 1 year after surgery
[24]. Patients undergoing primary CTR report
significant rapid and sustained improvement in
physical function, and a similar relationship
with postoperative pain is possible whereby
preoperative physical function is not signifi-
cantly associated with CPSP [25].

Taken together, the interaction between the
high-risk acute pain group and treatment
assignment is unlikely solely related to preop-
erative patient-specific risk factors. Unplanned
re-admissions and emergency department visits
after hand surgery commonly relate to uncon-
trolled postoperative pain, and operative risks
factors for unplanned readmissions include
increasing operative time, and procedures per-
formed by surgeons other than plastic or
orthopedic surgeons [26, 27]. Patients catego-
rized to high acute pain based on the average
POD 10 score may represent a confluence of risk
factors both intrinsic and extrinsic to the
patients, and related to pre-, intra-, and post-
operative factors. This score may represent the
confluence of a patient’s response to surgery
tissue trauma taking both intrinsic and extrinsic
factors into consideration. Therefore, the sig-
nificantly reduced response to minocycline in
the high-risk acute pain group may indicate an
altered subacute trajectory that ultimately pre-
disposes to delayed remote postoperative pain
resolution.

Previously, a significant association between
preoperative depressive symptoms and

postoperative scar pain after CTR was reported.
Ultimately, a small percentage of variance was
explained with this psychological factor further
pointing to the importance of other mecha-
nisms in the development of CPSP [28]. In our
study, psychological factors were not signifi-
cantly associated with categorization to the
high-risk acute group. Rather, Hispanic or
Latino ethnicity was a significant predictor of
higher reported average pain intensity on POD
10. Prior research reported that Hispanics were
less likely to receive analgesia for acute pain in
US emergency departments [29]. Similarly, His-
panics receive less opioids during hospitaliza-
tion for acute pancreatitis compared to non-
Hispanic white patients [30]. Given that our
study represents a randomized controlled trial
of an analgesic intervention, the disparity may
not be explained entirely by a disparity in
analgesic prescribing. Future research is needed
to determine whether this disparity is consis-
tently seen across different operations.

Our study possesses a number of strengths.
The frequency of daily postoperative assess-
ments provides granularity in the assessment of
postoperative pain resolution. With extended
longitudinal follow-up up to 2 years after CTR
or TFR, we did not rely on reports of pain
intensity at discreet time points such as 3, 6, or
12 months after the operation. Our definition of
pain resolution required a sustained remission
of pain. Also, we aimed to test a specific
hypothesis first suggested by prior work in a
separate and distinct surgical cohort, that acute
pain assessment on POD10 was a better predic-
tor of future pain outcomes than all other
competing metrics. Our study identified an
acute pain descriptor that is easy to assess in
real-time and the ease of clinical implementa-
tion has the potential to substantially improve
perioperative pain management. More complex
acute pain descriptors requiring data collection
and processing may decrease ease of imple-
mentation and reduce test interpretability.

Our study has limitations as a secondary
analysis of a clinical trial. The trial did not
specify a standard postoperative pain manage-
ment protocol beyond dosing of minocycline.
Although operative details were standardized, it
is unclear whether the rate of non-opioid and

1116 Pain Ther (2021) 10:1105–1119



opioid analgesic use was consistent across
treatment groups after the operation, which
could ultimately affect postoperative pain reso-
lution. Further, the analysis was limited by a
modest sample size, and future work to replicate
findings in larger surgical cohorts is needed.
However, 14% of patients in our study reported
persistent pain 90 days after surgery, which
represents a sizeable group. The patients in our
study also represent a predominately male vet-
eran cohort. Higher rates of mental health dis-
orders and social stress occur among veterans.
Further, carpal tunnel or trigger finger typically
affects women more commonly than men. Prior
work noted that female sex was a risk factor for
categorization to a high acute pain cluster in a
mixed surgical cohort [10], and future research
should include non-veteran cohorts with a
higher percentage of females.

CONCLUSIONS

Our study findings suggest average pain inten-
sity over the past 24 h reported on POD 10 is a
significant postoperative predictor of delayed
pain resolution after CTR or TFR. This measure
can be quickly assessed in person, via phone, or
through digital app-based assessments to iden-
tify patients at high risk for prolonged postop-
erative pain. These high-risk patients would
likely benefit from early pain intervention, clo-
ser follow-up, and initiation of multimodal pain
treatments. Continued research in larger surgi-
cal cohorts comparing a series of acute pain
descriptors is needed to validate the importance
of postoperative pain intensity reported on POD
10.
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