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Purpose: Hysterectomy is associated with a high incidence of chronic post-hysterectomy
pain (CPHP). Pain catastrophizing, a negative cognitive-affective response to pain, is asso-
ciated with various pain disorders but its role in CPHP is unclear. We aimed to determine the
association of high preoperative pain catastrophizing with CPHP development and functional
impairment 4 months after surgery.

Patients and Methods: Secondary analysis of a prospective cohort study of women
undergoing abdominal/laparoscopic hysterectomy to investigate the association between
high pain catastrophizing (pain catastrophizing scale, PCS>20) with CPHP and associated
functional impairment (defined as impairment with standing for >30 minutes, sitting for >30
minutes, or walking up or down stairs). CPHP and functional impairment were assessed via
4- and 6-month phone surveys.

Results: Of 216 patients, 72 (33.3%) had high PCS, with mean (SD) of 30.0 (7.9). In
contrast, 144 (66.7%) patients had low PCS, with mean (SD) of 9.0 (4.7). At 4 months, 26/63
(41.3%) patients in the high PCS group developed CPHP, compared to 24/109 (22.0%) in the
low PCS group. At 6 months, 14/53 (26.4%) high PCS patients developed CPHP, compared
to 10/97 (10.3%) patients with low PCS. High PCS was independently associated with CPHP
at 4 months (OR 2.49 [95% CI 1.27 to 4.89], p=0.0082) and 6 months (OR 3.12 [95% CI
1.28 to 7.64], p=0.0126) but was not associated with functional impairment. High PCS>20,
presence of evoked mechanical temporal summation (MTS), and history of abdominal/pelvic
surgery predict CPHP at 4 months with area under the curve (AUC) of 0.69. Similarly,
PCS>20 and increasing MTS magnitude predicted CPHP at 6 months with AUC of 0.76.
Conclusion: High PCS was independently associated with CPHP. Future studies should
identify other CPHP associated factors to formulate a risk-prediction model and investigate the
effectiveness of early intervention for pain catastrophizers in improving pain-related outcomes.

Keywords: pain catastrophizing scale, mechanical temporal summation

Introduction

Chronic post-surgical pain (CPSP) is defined as pain developing or increasing after
a surgical procedure that is localized to the surgical site, and lasts at least 3 months
with other possible causes excluded." CPHP has an estimated incidence of up to
60% for high-risk procedures.? Patients undergoing hysterectomy are at particularly
high risk, with a global incidence of chronic post-hysterectomy pain (CPHP) of
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14% to 50%.° In Singapore, hysterectomy for benign
indications is associated with 32% risk of CPHP.* With
more than 600,000 hysterectomies performed annually in
the USA alone,” the combination of large surgical numbers
and high CPHP incidence results in significant adverse
impact on health-related quality of life and socioeconomic
burden.®

The pathogenesis of CPHP involves a complex interplay
of psychological and pain vulnerability, genetic predisposi-
tion, and sociodemographic factors.” In particular, an ele-
ment of psychological vulnerability called catastrophizing
has been associated with poor pain-related outcomes.® Pain
catastrophizing is defined as a negative cognitive-affective
response to anticipated or actual pain, and is a multidimen-
sional concept comprising elements of rumination, magnifi-
cation, and helplessness.” '' The presence of catastrophizing
has been associated with multiple pain etiologies including
osteoarthritis,'? fibromyalgia,'* endometriosis, ' neuropathic

. 15 16-18
pain,

post-surgical pain, and development of
CPHP.*" Furthermore, catastrophizing may contribute to
the development of affective disorders, pain-related disabil-
ity, and poor response to pain interventions.'*!>17:19-27

Several assessments have been developed to quantify
pain catastrophizing, of which the most commonly used is
the Pain Catastrophizing Scale (PCS) by Sullivan et al.'
The PCS was found to have high internal consistency
(Cronbach alpha = 0.87),”'° with a threshold of above
20 to 24 reported to be clinically meaningful for poor
pain outcomes and disability.”* > Moreover, unlike other
assessments such as the Revised Coping Strategies
Questionnaire (CSQ-R),*! the PCS has greater specificity
for pain catastrophizing® and assesses specific elements of
the catastrophizing construct such as rumination, helpless-
ness, and magnification.'’

In addition to its potential role as a risk-prediction
modality for CPHP, preoperative identification of catastro-
phizing may facilitate interventions such as physical and
psychosocial therapy. These interventions have been
shown to be effective in treating catastrophizing;
Sullivan et al reported a 43% reduction in catastrophizing,
using exercise and psychosocial intervention by occupa-
tional and physiotherapists.”’ Notably, earlier intervention
resulted in 39% reduction in catastrophizing during the
subacute period, compared to only 10% reduction if treat-
ment was delayed over 6 months,*? thus highlighting the
importance of early risk-assessment and intervention,

especially since the reduction of catastrophizing may

forestall CPHP development and improve pain-related
outcomes. >~

In our previous study, we identified several factors
associated with the development of CPHP, and reported
that patients with CPHP had significantly higher PCS
scores (mean (SD) PCS 20.0 (12.20)) compared to 14.9
(11.64) in patients who did not develop CPHP.* However,
the association of high preoperative PCS scores with
CPHP development has not been fully elucidated, hence
this secondary analysis of patients undergoing abdominal
or laparoscopic hysterectomy was performed with two
First,
assessed using the PCS, and the association between high
PCS scores (PCS>20) and the development of CPHP was
determined. Our second objective was to investigate the

objectives. preoperative  catastrophizing was

association of high preoperative PCS scores with pain-
related functional impairment of activities such as stand-
ing, sitting, and stair-climbing. Additionally, we investi-
gated the associations between preoperative anxiety
(assessed using the State-Trait Anxiety Inventory, STAI),
mechanical temporal summation (MTS), and tonic heat
stimulation with CPHP development.

Patients and Methods

This is a post-hoc secondary analysis of data collected in a
prospective cohort study assessing factors associated with
CPHP development.* The study is in accordance with the
Declaration of Helsinki, was approved by SingHealth
Centralized Institutional Review Board (CIRB ref 2013/
512/D), and registered at clinicaltrials.gov (NCT02025153).
Informed written consent was obtained from all participants.
The inclusion criteria were women undergoing scheduled
abdominal or laparoscopic hysterectomy for benign indica-
tions (eg, fibroids, adenomyosis) at KK Women’s and
Children’s Hospital, Singapore from 2013 to 2017, between
21 and 70 years of age, and American Society of
Anesthesiologists (ASA) physical status 1 and 2. Patients
undergoing vaginal hysterectomy, with gynecological condi-
tions such as uterine prolapse, endometriosis, malignant dis-
ease, chronic pelvic pain, or with preoperative chronic pain
or opioid use were excluded.

After enrolment in the study, demographic and medical
data were recorded, and patients were asked to complete
the PCS preoperatively. The PCS consists of 13 items
assessing three components of catastrophizing; rumination,
magnification, and helplessness on a five-point scale.'® In
this study, the threshold for clinically-meaningful PCS
scores was set at PCS>20, with our study cohort classified
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as PCS>20 (referred as ‘“high PCS”), and PCS<20
(referred as “low PCS”). The threshold of PCS>20 was
selected based on our previous finding that patients who
developed CPHP within 4 months after abdominal or
laparoscopic hysterectomy had mean (SD) PCS of 20.0
(12.20) compared PCS of 14.9 (11.64) in patients who did
not develop CPHP,* as well as reported estimates that PCS
cut-off values of 20 to 24 are clinically meaningful for
poor pain outcomes and disability.”*>°

Additional preoperative pain assessments included the
STAI, MTS, and tonic heat stimulation. STAI is a self-
reported tool for assessing anxiety via two sub-scales, each
containing 20 items on a four-point rating scale; the state
anxiety sub-scale measures transient anxiety at the time of
scoring, while trait anxiety measures dispositional anxiety
or anxiety in general.*> MTS is a dynamic assessment for
central sensitization, and the presence of evoked MTS has
been associated with pain augmentation.>®>” In the MTS
assessment, a 180-gram von Frey filament was applied to
the volar aspect of the dominant forearm, and the patient
was asked to rate her perceived pain intensity from 0 to
100. Subsequently, 10 repetitive stimuli were applied to an
area lcm in diameter and the pain intensity of the last
stimulus was rated. MTS magnitude was calculated as the
difference between the last and first pain scores, while the
presence of evoked MTS was defined as MTS magnitude
>0. Finally, preoperative pain response to tonic heat sti-
mulation at 47°C predicts chronic postoperative pain, with
30% increase in risk per point of numerical rating scale
(NRS).*® In this test, a Thermosensory Analyzer (TSA) II
system (Medoc, Israel) was applied to the right arm. After
a warning signal, the temperature rose at 5°C.s"' to 47°C
and was maintained for 7 minutes. The patient rated the
pain intensity (NRS 0-10; O=no pain, 10=worst pain ima-
ginable) every 30 seconds. If the patient found the dis-
comfort intolerable, the test would be stopped and
remaining timepoints scored as 10/10 pain.

Our institutional practice for patients undergoing
abdominal hysterectomy was the use of morphine
patient-controlled analgesia (PCA) and paracetamol for
post-operative pain relief. Patients undergoing laparo-
scopic hysterectomy received paracetamol, non-steroidal
anti-inflammatory drugs and opioids as needed for post-
operative analgesia. Intraoperative analgesic use and post-
operative pain scores in the recovery area (NRS 0-10;
0=no pain, 10=worst pain imaginable) around the surgical
scar at rest, when sitting at the edge of the bed, and when
coughing were recorded. In addition, pain scores at

postoperative 24-, 48-, and 72 hours were recorded.
During the prospective trial, the attending anesthesiolo-
gists, surgeons, and outcome assessors were blinded to
the preoperative assessment data and PCS scores.

Our primary outcome was the association of high PCS
scores with CPHP in the 4-month pain survey. Secondary
outcomes included the association of high PCS with CPHP
at 6 months, the association of functional impairment with
CPHP at 4- and 6-months, and the association of perio-
perative pain-related variables such as pre-existing pain,
STAI, MTS and tonic heat stimulation tests with CPHP at
4- and 6-months. Assessment for the development of
CPHP and functional impairment were performed via 4-
and 6-month phone surveys, based on Brandsborg et al.*
Each survey determined pain duration in terms of “I don’t
know/I don’t remember”, “less than 1 month”, “1-3
months”, “more than 3 months, but not now”, “I still
have pain, ever since the operation”, and “I still have
pain, it started sometime after the operation”. In our
study, CPHP was defined as follows: mention of any of
the last three options and with pain scores of 3 or greater.
Similarly, CPHP in the 6-month survey was defined as a
patient who selected any of the last two above-mentioned
options and with pain scores of 3 or more. The presence or
absence of CPHP was treated as binary data. During the 4-
and 6-month surveys, we also assessed for pain-related
functional impairment, defined as patient report of pain
affecting her ability to either stand for >30 minutes, sit for
>30 minutes, or walk up or down stairs. Impairment in any
of these activities was considered positive for pain-related
functional impairment in this study.

Statistical Analysis

Total sample size of 164 (63 in high PCS and 101 in low
PCS) would achieve 80% power to detect CPHP with an
odds ratio of 2.3 based on following assumptions: propor-
tion of CPHP in low PCS of 20%, group proportion 1.6,
and level of significance as 5%. Two-sided Fisher’s exact
test statistic was used to calculate the sample size.

The endpoint of CPHP, and primary outcome of high
PCS versus low PCS were analyzed as binary variables.
The presence of evoked MTS and pain-related functional
impairment were analyzed as binary outcomes, while
STAIL, MTS magnitude, and tonic heat stimulation were
treated as continuous variables. Demographic, clinical and
anesthetic variables were summarized based on PCS
groups — “high PCS” and “low PCS”. Categorical vari-
ables were presented as frequency with corresponding
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proportion, while all continuous variables were presented
as mean (standard deviation, SD) based on high and low
PCS groups. The difference in categorical and continuous
variables between the high and low PCS groups were
tested using Fisher’s exact test and two-sample Student’s
t-test, respectively. Univariate and multivariable logistic
regression models were used to quantify the association
between potential covariates and the primary and second-
ary outcomes. The association from logistic regression was
expressed using odds ratio (OR) and corresponding 95%
confidence intervals (95% CI). Stepwise variable selection
method was used to finalize the multivariable logistic
regression model. We also looked at the area under the
curve (AUC) from receiver operating characteristics
(ROC) curve based on the generated multivariate model.
Significance level was set at 0.05, all tests were 2-tailed,
and SAS version 9.4 software (SAS Institute, Cary, NC,
USA) was used.

Results

Data from 216 patients undergoing elective abdominal or
laparoscopic hysterectomy for benign indications at KK
Women’s and Children’s Hospital, Singapore were ana-
lyzed. All patients completed the preoperative PCS,
STAI, MTS, and tonic heat stimulation assessments and
underwent hysterectomy as scheduled. Of 216 patients, 72
(33.3%) had high PCS, while 144 (66.7%) had low PCS.

The response rates on the phone surveys at 4- and 6-
months were 79.6% (172 patients) and 69.4% (150
patients) respectively. At 4 months, 63/172 (36.6%)
patients had high PCS, of whom 26/63 (41.3%) developed
CPHP, compared to 109/172 (63.4%) with low PCS, of
whom 24/109 (22.0%) developing CPHP. This was statis-
tically significant with OR 2.49 [95% CI 1.27 to 4.89],
p=0.0082. At 6 months, 53/150 (35.3%) patients had high
PCS and 14/53 (26.4%) developed CPHP, while 97/150
(64.7%) had low PCS with 10/97 (10.3%) developing
CPHP (OR 3.12 [95% CI 1.28 to 7.64], p=0.0126). All
172 and 150 patients at 4- and 6-month phone surveys,
respectively, were included in the final analysis. The study
flow diagram is illustrated in Figure 1.

Baseline patient and surgical characteristics are sum-
marized in Table 1. Age, height, weight, ASA status, race,
education level, history of previous surgery (cesarean
delivery, myomectomy, cystectomy, or inguinal hernia
repair), type of hysterectomy (abdominal or laparoscopic),
concomitant surgery, and surgical duration were not sig-
nificantly associated with both high and low PCS groups.

Baseline pain-related variables classified according to
preoperative PCS are summarized in Table 2. In the high
PCS group, the mean (SD) of total PCS was 30.0 (7.9),
and is significantly higher compared to 9.0 (4.7) in the low
PCS group (p<0.0001). Furthermore, mean (SD) total
STAI score in the high PCS group was significantly higher

216 patients recruited

—>| 72 patients (33.3%) had high PCS (PCS 2 20) |

* 216 completed PCS, STAI, MTS, and
preoperative assessment.

 All 216 underwent hysterectomy

_pl 144 patients (66.7%) had low PCS (PCS < 20) |

v

—>| 63 patients (36.6%) had high PCS (PCS = 20) |—>| 26 (41.3%) patients developed CPHP ® |

172 patients at 4-month follow-up I

—>| 109 patients (63.4%) had low PCS (PCS < 20) |—>| 24 (22.0%) patients developed CPHP |

v —>| 53 patients (35.3%) had high PCS (PCS = 20) |—>| 14 (26.4%) patients developed CPHP * I

150 patients at 6-month follow-up

—»l 97 patients (64.7%) had low PCS (PCS < 20) |—>| 10 (10.3%) patients developed CPHP |

Figure | Study flow diagram. Data from 216 patients undergoing hysterectomy were included in our analysis, all of whom completed preoperative assessment, including pain
catastrophizing scale (PCS), state-trait anxiety inventory (STAI), and mechanical temporal summation (MTS). The patients were classified according to high PCS (PCS220)
and low PCS (PCS<20), with chronic post-hysterectomy pain (CPHP) at 4 months being our primary endpoint.

Note: *CPHP incidence in the high PCS group at both 4- and 6-months were significantly different (p<0.05) compared to the low PCS group based on univariate and

multivariable analysis.

Abbreviations: PCS, pain catastrophizing scale; STAI, state-trait anxiety inventory; MTS, mechanical temporal summation; CPHP, chronic post-hysterectomy pain.
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Table | Demographic and Surgical Characteristics of Patients Based on Status of High PCS (PCS220) and Low PCS (PCS<20). Values

are Presented as Mean (SD) or Frequency (%) as Appropriate

Characteristics

High PCS (PCS>20), n=72

Low PCS (PCS<20), n=144

Age (years), mean (SD) 49.0 (7.1) 48.6 (5.3)
Weight (kg), mean (SD) 629 (11.2) 65.2 (13.9)
Height (m), mean (SD) 1.6 (0.1) 1.6 (0.1)

ASA physical status, n (%)

| 35/72 (48.6%)
2 37/72 (51.4%)

54/144 (37.5%)
907144 (62.5%)

Race, n (%)
Chinese
Malay
Indian
Others

47/72 (65.3%)
15/72 (20.8%)
4172 (5.6%)
6/72 (8.3%)

101/144 (70.1%)
27/144 (18.8%)
5/144 (3.5%)
11/144 (7.6%)

Highest educational level, n (%)
No education/primary school
Secondary school/vocational/technical school

Junior college/polytechnic/university

18/72 (25.0%)
43/72 (59.7%)
11/72 (15.3%)

27/144 (18.8%)
95/144 (66.0%)
22/144 (15.3%)

Previous abdominal/pelvic surgery, n (%)

25/71 (35.2%)

54/144 (37.5%)

Hysterectomy type, n (%)
Open abdominal hysterectomy
Laparoscopic hysterectomy

Surgical duration (hrs), mean (SD)

37/72 (51.4%)
35/72 (48.6%)
23 (1.1

80/144 (55.6%)
641144 (44.4%)
23 (08)

Abbreviations: PCS, pain catastrophizing scale; ASA, American Society of Anesthesiologists.

than the low PCS group (91.6 (16.9) vs 76.4 (11.3),
p<0.0001). High PCS was associated with significantly
higher MTS magnitude compared to low PCS (10.2
(13.1) vs 5.8 (10.5), p=0.0155), as well as higher preva-
lence of evoked MTS (65.3% vs 43.1%, p=0.0024).
Average and worst preoperative pain scores and preopera-
tive pain affecting daily living were similar between the
groups. Patients with high PCS had significantly higher
intraoperative morphine requirements (9.1 (2.6) mg vs 8.2
(2.2) mg, p=0.0110), but intraoperative fentanyl and
opioids administered in the recovery area were similar.
Finally, the high PCS group had slightly higher resting
pain scores at 24 hours (2.4 (2.7) vs 1.5 (2.0), p=0.171).
Variables assessed during the 4- and 6-month phone sur-
veys are presented in Supplementary Table 1.

Table 3 summarizes the results of univariate and multi-
variable logistic regression analyses of variables associated
with CPHP. Based on univariate analysis, high total PCS
scores were associated with increased odds (OR 2.49 [95%
CI 1.27 to 4.89], p=0.0082) of developing CPHP within 4
months. The rumination (OR 1.09 [95% CI 1.01 to 1.17],
p=0.0357) and helplessness (OR 1.07 [95% CI 1.02 to 1.13],

p=0.0104) scores were also significantly associated with
CPHP at 4 months. Similar results were seen at 6 months,
with high total PCS (OR 3.12 [95% CI 1.276 to 7.644],
p=0.0126), rumination (OR 1.149 [95% CI 1.03 to 1.28],
p=0.0120) and helplessness (OR 1.10 [95% CI 1.03 to 1.19],
p=0.0079) scores associated with CPHP development.
Additionally, total STAI scores (OR 1.03 [95% CI 1.00 to
1.05], p=0.0222), presence of evoked MTS (OR 2.75 [95%
CI 1.36 to 5.55], p=0.0047), and increasing MTS magnitude
(OR 1.07 [95% CI 1.03 to 1.10], p=0.0001) were associated
with CPHP at 4 months. However, of these three additional
pain-related variables, only increasing MTS magnitude was
associated with CPHP at 6 months (OR 1.07 [95% CI 1.04 to
1.11], p=0.0001).

Multivariable analysis showed that the presence of
history of previous abdominal or pelvic surgery; total
PCS>20; and presence of evoked MTS predicted CPHP
development within 4 months with AUC of 0.691.
Similarly, total PCS>20 and increasing MTS magnitude
predicted CPHP at 6 months, with AUC of 0.759.

Univariate and multivariable associations with pain-
related functional impairment are summarized in Table 4.
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Table 2 Preoperative Pain Assessment, Perioperative Analgesia Requirements and Pain Outcomes Based on Status of High PCS
(PCS220) and Low PCS (PCS<20). Values Presented as Mean (SD) or Frequency (%) as Appropriate

Characteristics High PCS (PCS>20) n=72 Low PCS (PCS<20) n=144 P-value
Preoperative assessment
PCS score, mean (SD)
Total 30.0 (7.9) 9.0 (4.7) < 0.0001
Rumination score 11.5 (3.0) 49 (2.7) < 0.0001
Magnification score 6.3 (24) 1.8 (1.6) < 0.0001
Helplessness score 12.3 (4.8) 24 (2.3) < 0.0001
STAI score, mean (SD)
Total 91.6 (16.9) 764 (11.3) < 0.0001
State anxiety score 50.1 (10.0) 43.5 (8.1) < 0.0001
Trait anxiety score 41.6 (9.9) 329 (4.9) < 0.0001
MTS magnitude, mean (SD) 10.2 (13.1) 5.8 (10.5) 0.0155
Presence of evoked MTS, n (%) 47172 (65.3%) 62/144 (43.1%) 0.0024
Presence of preoperative pain in lower abdomen, n (%) 6/72 (8.3%) 9/144 (6.3%) 1.0000
Average preoperative pain score (NRS 0 to 10), mean (SD) 3.0 (5.0) 2.0 (1.0) 0.3129
Worst preoperative pain score (NRS 0 to 10), mean (SD) 5.5 (3.0) 2.0 (0.0) 0.0680
Pain affecting activities of daily living, n (%) 0.4545
Not at all 4/6 (66.7%) 5/6 (83.3%)
Some 2/6 (33.3%) 0 (0.0%)
A lot, very much 0 (0.0%) 116 (16.7%)
Presence of pain during sexual intercourse, n (%) 772 (9.7%) 13/144 (9.0%) 0.1011
Perioperative assessment
Perioperative analgesia
Intraoperative morphine (mg), mean (SD) 9.1 (2.6) 8.2 (2.2) 0.0l10
Intraoperative fentanyl (mcg), mean (SD) 82.8 (41.2) 79.3 (43.5) 0.5710
PACU morphine (mg), mean (SD) 0.4 (1.2) 0.4 (1.2) 0.8123
PACU fentanyl (mcg), mean (SD) 4.6 (17.3) 3.6 (15.9) 0.7000
Pain score on discharge from PACU, mean (SD) 1.9 (1.5) 1.6 (1.4) 0.1494
Postoperative assessment
24-hour pain score at rest, mean (SD) 24 (2.7) 1.5 (2.0 0.0171
0 to 24-hour morphine consumption (mg), mean (SD) 5.7 (8.3) 5.1 (7.3) 0.6003
48-hour pain score at rest, mean (SD) 1.3 (2.1) 0.9 (1.4) 0.0813
24 to 48-hour morphine consumption (mg), mean (SD) 1.7 (4.1) 1.2 (2.8) 0.3894
72-hour pain score at rest, mean (SD) 0.8 (1.6) 0.4 (1.0 0.1035
48 to 72-hour morphine consumption (mg), mean (SD) 0.2 (1.5) 0.0 (0.2) 0.4090
Length of surgical incision at skin (cm), mean (SD) 15.7 (2.4) 15.7 (2.4) 0.9938

Abbreviations: PCS, pain catastrophizing scale; STAI, state-trait anxiety inventory; NRS, numerical pain score; PACU, post-anesthesia care unit; MTS, mechanical temporal

summation.

In the high PCS group, 31/62 (50.0%) patients reported
pain affecting their ability to stand for >30 minutes, sit for
>30 minutes, or walk up or down stairs at 4 months,
compared to 47/106 (44.3%) in the low PCS group.
Based on univariate analysis, total PCS>20 was not asso-
ciated with functional impairment at 4 months, although
higher MTS magnitude (OR 1.05 [95% CI 1.01 to 1.08],
p=0.0055) and the presence of CPHP (OR 6.82 [95% CI
3.16 to 14.76], p=0.0001) were associated with functional
impairment. Utilizing multivariable analysis, the presence
of five factors: (1) Malay or Indian race; (2) increasing

number of children delivered via cesarean delivery; (3)
increasing total STAI score; (4) increasing MTS magni-
tude; and (5) lower pain score at 6.5 minutes during tonic
heat stimulation predicted functional impairment at 4
months with AUC of 0.739.

Discussion

In this study, we found that preoperative PCS>20, as well
as helplessness and rumination sub-scores were indepen-
dently associated with CPHP at both 4- and 6-months.
Other factors associated with CPHP at 4 months include
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Table 3 Univariate and Multivariable Analyses of Variables Associated with Development of Chronic Post-Hysterectomy Pain (CPHP)
at 4- and 6 Months. Values Presented as Odds Ratio [95% ClI]

sexual intercourse

Variables Presence of CPHP at 4 Months Presence of CPHP at 6 Months
Univariate p-value Multivariable p- Univariate p-value Multivariable p-
Analysis Odds Analysis Odds value Analysis Odds Analysis Odds value
Ratio [95% CI] Ratio [95% CI] Ratio [95% CI] Ratio [95% CI]
Age 0.99 [0.94 to 1.05] | 0.7881 1.00 [0.93 to 1.07] | 0.9653
BMI 0.98 [0.92 to 1.04] | 0.4712 1.04[0.96 to 1.13] | 0.3023
Race 0.5330 * 0.9357 ¢
Chinese Reference Reference
Malay 1.82[0.77 t0 4.32] | 0.1738 1.34 [0.40 to 4.48] | 0.6317
Indian 0.88 [0.17 t0 4.59] | 0.8817 1.43[0.15t0 13.55] | 0.7570
Others 0.79 [0.2] to 3.06] | 0.7378 1.43[0.28 t0 7.30] | 0.6697
Highest educational level 0.6220 * 0.3466 °
No education/primary 1.21 [0.55 to 2.66] | 0.6352 0.97 [0.35t0 2.71] | 0.9545
school
Secondary school/ Reference Reference
vocational/technical school
Junior college/polytechnic/ 0.69 [0.26 to 1.88] | 0.4691 0.22[0.03 to 1.72] | 0.1471
university
Previous surgery at 1.94 [0.99 to 3.81] | 0.0535 2.03 [1.00 to 4.11] 0.0495 | 1.36 [0.56 to 3.27] | 0.4962
abdominal or pelvic region
Surgical type
Open abdominal 1.08 [0.56 t0 2.09] | 0.8117 0.79[0.33 to 1.90] | 0.5927
hysterectomy
Laparoscopic hysterectomy | 0.92[0.48to 1.78] | 0.8117 1.27 [0.53 t0 3.08] | 0.5927
PCS categories
High total PCS 2.49[1.27 t0 4.89] | 0.0082 2.16 [1.06 to 4417 | 0.0339 | 3.12[1.28t0 7.64] | 0.0126 2.66 [1.01 to 6.97] | 0.0472
Low total PCS Reference Reference Reference Reference
PCS domains
Rumination score 1.09 [1.01 to 1.17] | 0.0357 1.15[1.03 to 1.28] | 0.0120
Magnification score I.11 [1.00 to 1.24] | 0.0585 1.10[0.95to 1.27] | 0.2101
Helplessness score 1.07 [1.02to I.13] | 0.0104 1.10[1.03 to I.19] | 0.0079
STAI score
Total 1.03 [1.00 to 1.05] | 0.0222 1.01 [0.98 to 1.04] | 0.383I
State anxiety score 1.03 [0.99 to 1.07] | 0.1380 1.00 [0.96 to 1.05] | 0.9115
Trait anxiety score 1.06 [1.01 to I.11] | 0.0107 1.05[0.99to I.11] | 0.1261
MTS magnitude 1.07 [1.03 to I.10] | 0.0001 1.07 [1.04to I.11] | 0.0001 1.07 [1.03 to I.11] | 0.0002
Presence of evoked MTS 2.75[1.36 to 5.55] | 0.0047 244 [1.18 t0 5.08] | 0.0168 | 2.51 [0.97 to 6.46] | 0.0571
Presence of preoperative pain | 2.60[0.72 to 9.41] | 0.1456 1.82 [0.34 to 9.60] | 0.4812
in lower abdomen
Presence of pain during 2.04[0.72t0 5.83] | 0.1812 2.60[0.73 to 9.26] | 0.1402

Area under ROC (AUC)

0.6910

0.7590

Note: *Denotes type 3 p-values.

Abbreviations: CPHP, chronic post-hysterectomy pain; BMI, body mass index; STAI, state-trait anxiety inventory; PCS, pain catastrophizing scale; ROC, receiver-operator
curve; AUC, area under the curve; MTS, mechanical temporal summation.
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Table 4 Univariate and Multivariable Analyses of Variables Associated with Functional Impairment, Defined as Pain Affecting Ability to
Stand for 230 Minutes, Sit for 230 Minutes, or Walk Up or Down Stairs at 4- and 6 Months. Values Presented as Odds Ratio [95% Cl]

Variables Adverse Effect on Functional Outcomes at 4 Months Adverse Effect on Functional Outcomes at 6 Months
Univariate p-value Multivariable p-value Univariate Anal p-value Multivariable p-
Analysis Odds Analysis Odds sis Odds Ratio Analysis Odds value
Ratio [95% CI] Ratio [95% CI] [95% CI] Ratio [95% CI]
Age 0.97 [0.92 to 1.02] | 0.2754 0.99 [0.93 to 1.04] | 0.6421
BMI 1.03 [0.97 to 1.09] | 0.3204 1.00 [0.94 to 1.07] | 0.9245
Race 0.0765 * 0.0493 * 0.5387 *
Chinese Reference Reference Reference
Malay 2.33[0.99 to 5.52] | 0.0536 2.09 [0.83 to 5.22] 0.1160 0.78 [0.28 to 2.17] | 0.6327
Indian 4.12 [0.80 to 0.0909 5.11 [0.97 to 26.97] | 0.0549 2.92 [0.47 to 0.2513
21.24] 18.24]
Others 0.69 [0.20 to 2.40] | 0.5560 0.43 [0.11 to 1.69] 0.2255 0.56 [0.11 to 2.81] | 0.4780
Highest educational level 0.4745 * 0.2313 *°
No education/primary school | 0.62 [0.29 to 1.34] | 0.2223 048 [0.19 to 1.23] | 0.1262 0.29 [0.10 to 0.87] 0.0277
Secondary school/vocational/ Reference Reference
technical school
Junior college/polytechnic/ 0.87 [0.37 to 2.07] | 0.7584 1.24 [0.48 to 3.20] | 0.6601 1.43 [0.50 to 4.06] 0.5042
university
Lives in private residence 2.38 [0.42 to 0.3250 4.27 [0.75 to 0.1010 8.87 [1.19 to 66.26] | 0.0333
(reference government- 13.35] 24.16]
subsidized housing)
Number of children via vaginal 0.95[0.75to 1.21] | 0.6814 0.91 [0.69 to 1.21] | 0.5078
delivery
Number of children via 1.38 [0.92 to 2.09] 0.1213 1.63 [1.01 to 2.64] 0.0454 1.25 [0.82 to 1.92] 0.2985
caesarean section
Previous surgery at abdominal 1.79 [0.49 to 6.60] | 0.3805 1.21 [0.28 to 5.30] | 0.7974
or pelvic region
Surgical type
Open abdominal 0.76 [0.4] to 1.39] | 0.3652 0.58 [0.29 to 1.17] | 0.1306
hysterectomy
Laparoscopic hysterectomy 1.32 [0.72 to 2.43] 0.3652 1.71 [0.85 to 3.44] | 0.1306
PCS categories
High total PCS 1.26 [0.67 to 2.35] | 0.4781 1.62 [0.80 to 3.29] | 0.1812
Low total PCS Reference Reference
PCS domains
Rumination score 1.05 [0.98 to 1.13] | 0.1830 1.08 [1.00 to 1.18] | 0.0598
Magnification score 1.07 [0.97 to 1.19] 0.1938 1.04 [0.92 to 1.17] | 0.5490
Helplessness score 1.04 [0.99 to 1.09] | 0.1591 1.07 [1.00 to 1.13] | 0.0360 1.062 [0.992 to 0.0827
1.136]
STAI score
Total 1.00 [0.98 to 1.03] | 0.6476 1.058 [1.007 to 0.0253 1.01 [0.98 to 1.03] | 0.5074
1LI1]
State anxiety score 0.99 [0.95 to 1.02] | 0.3693 0.99 [0.96 to 1.03] | 0.7045
Trait anxiety score 1.05 [1.00 to 1.09] | 0.0543 1.04 [0.99 to 1.10] | 0.0875
MTS magnitude 1.05 [1.01 to 1.08] | 0.0055 1.044 [1.012 to 0.0073 1.03 [1.00 to 1.06] | 0.0545 1.005 [0.972 to 0.7684
1.078] 1.040]
Presence of evoked MTS 1.49 [0.81 to 2.75] | 0.2002 1.18 [0.59 to 2.35] | 0.6406
Tonic heat stimulation at 6.5 0.81 [0.58 to 1.12] 0.2059 0.712 [0.498 to 0.0635 0.83 [0.58 to 1.19] | 0.3138
minutes 1.019]
(Continued)
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Table 4 (Continued).

Variables Adverse Effect on Functional Outcomes at 4 Months Adverse Effect on Functional Outcomes at 6 Months
Univariate p-value Multivariable p-value Univariate Anal p-value Multivariable p-
Analysis Odds Analysis Odds sis Odds Ratio Analysis Odds value
Ratio [95% CI] Ratio [95% CI] [95% CI] Ratio [95% CI]

Presence of preoperative pain in 1.79 [0.49 to 6.60] | 0.3805 1.21 [0.28 to 5.30] | 0.7974

lower abdomen

Presence of pain during sexual 1.55 [0.55 to 4.37] | 0.4099 0.88 [0.26 to 3.01] | 0.8373

intercourse

Presence of CPHP at 4 months 6.82 [3.16 to 0.0001 531 [242 to 0.0001 6.132 [2.614 to 0.0001
14.76] 11.65] 14.387]

Area under ROC (AUC) 0.7390 0.7630

Note: *Denotes type 3 p-values.

Abbreviations: CPHP, chronic post-hysterectomy pain; BMI, body mass index; STAI, state-trait anxiety inventory; PCS, pain catastrophizing scale; ROC, receiver-operator

curve; AUC, area under the curve; MTS, mechanical temporal summation.

increased anxiety (assessed by STAI), increased MTS
magnitude, and the presence of evoked MTS, but only
increased MTS magnitude was associated with CPHP at
6 months. Preoperative PCS>20 was not associated with
functional impairment, defined as pain-related impairment
with standing for >30 minutes, sitting for >30 minutes, or
walking up or down stairs. However, increasing MTS
magnitude and the presence of CPHP were associated
with functional impairment at 4 months, but only the
presence of CPHP was found to be an independent pre-
dictor of functional impairment at 6 months.

Assessment of pain catastrophizing using the PCS
avoided potential overlap of the CSQ-R with measures of
depression,” and enabled analysis of the specific catastro-
phizing domains associated with CPHP development.
Moreover, we defined a threshold of PCS>20 a priori and
determined if patients with preoperative PCS scores above
this threshold were at increased risk of developing CPHP at
4- and 6-months. Our finding that preoperative PCS>20 was
independently associated with CPHP at both 4- and 6-months
supports the important contribution of pain catastrophizing
towards CPHP development, and highlights the potential use
of PCS>20 as a risk-prediction tool for CPHP. This is demon-
strated by the ability of two preoperative variables: PCS>20
and increasing MTS magnitude, to predict the presence of
CPHP at 6 months with an AUC of 0.76.

The PCS threshold of >20 used in this study was
selected based on our prior finding that patients with
CPHP at 4 months had a mean PCS of 20.0, compared
to a PCS of 14.9 in those who did not develop CPHP,*
suggesting that a suitable PCS threshold to predict CPHP
was likely between 15 and 20. Indeed, this was congruent

with other studies that recommended 20 to 24 as a clini-
cally-significant threshold for poor pain outcomes and
disability,”*>° but is lower than the PCS>30 recom-
mended by Sullivan.*® The difference in PCS thresholds
chosen for this study compared to that recommended by
Sullivan may be attributed to the different mode of injury
studied (hysterectomy in this study, versus work-related
injury by Sullivan).

Apart from pain catastrophizing, other studies have
reported the association of increasing MTS magnitude,
anxiety, and poorly-controlled pre- or post-operative pain
with the development of chronic post-surgical pain. For
instance, increasing MTS magnitude was associated with
acute pain after thoracotomy’ and chronic pain after knee
replacement,*' although its association with CPHP has not
been well established. MTS is a validated, non-invasive
dynamic assessment for central sensitization; a crucial
etiological process for chronic pain. Our finding that both
increasing MTS magnitude and presence of evoked MTS
were associated with CPHP at 4 months suggests that
MTS may be a useful predictive tool for CPHP.
Similarly, preoperative anxiety has been associated with

chronic post-surgical pain,***?

and is supported by our
finding that higher STAI scores are associated with
CPHP at 4 months. However, while other studies asso-
ciated pre-existing pain and severe postoperative pain with

chronic post-surgical pain® and CPHP,*'?#447

no signifi-
cant association between pre- and post-operative pain
scores or analgesia requirements with CPHP was found
with univariate analysis, suggesting that these variables are
either not associated with CPHP or our study was not

powered to detect this association.
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In addition, PCS>20 was not associated with pain-related
functional impairment such as standing for >30 minutes,
sitting for >30 minutes, or walking up or down stairs, and it
is possible that our study was not powered to detect this
association. Nonetheless, as our patients were instructed to
report pain-related impairment of these activities, it is unsur-
prising that the presence of CPHP was significantly asso-
ciated with functional impairment at both 4- and 6 months.

Finally, patients with high PCS were associated with
significantly higher STAI scores, MTS magnitude, and
prevalence of evoked MTS compared to patients with
low PCS. Both anxiety (assessed by STAI) and central
sensitization (assessed by MTS) are individually asso-
ciated with the development of chronic post-surgical
pain, and this may explain their co-association with pain
catastrophizing in this study. Although increased 24-hour
postoperative pain scores and morphine utilization in the
recovery area were noted in the high PCS group, the
absolute differences may not be clinically significant.

Our study has several limitations. While we attempted to
assess a wide range of clinically-relevant confounding factors
encompassing demographic, psychological, social, and surgi-
cal domains in our analyses, there could be unknown associa-
tion factors not included in our study. Our study results may not
be generalizable to all patients undergoing hysterectomy, as we
excluded patients with endometriosis and non-benign indica-
tions for hysterectomy, which may also be associated with
persistent pelvic pain and functional impairment.*® Patient
attrition is typically a concern given the 6-month follow up
period, though our retention rates were high (79.6% at 4
months; 69.4% at 6 months). Furthermore, our study outcomes
were assessed via phone survey, and are thus susceptible to
interviewer and response biases, though the assessor was
blinded to the perioperative assessment and PCS scores.
Finally, our study population is predominantly multi-ethnic
Asian, which may limit the external validity of our results to
other populations, given the potential influence of ethnic and
cultural differences on psychological factors and pain.

Conclusion

In summary, we showed that preoperative PCS>20, presence
of evoked MTS, and history of abdominal or pelvic surgery
are associated with the development of CPHP at 4 months.
Our findings highlight the association of preoperative pain
catastrophizing with CPHP, and the potential use of assess-
ment tools such as PCS in predicting CPHP development.
Future studies should focus on identifying other associated
factors with the aim of formulating a risk-prediction model

for CPHP. Furthermore, the effectiveness of early interven-
tion for pain catastrophizers in improving pain-related out-
comes should be investigated.
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