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Abstract: Background and Objectives: Despite the established association between greater pain catastrophizing and
enhanced postoperative pain, it is still unclear: (i) what is the relative contribution of each of the pain catastrophizing scale
(PCS) dimensions in the prediction of acute and chronic postoperative pain; and (ii) whether PCS scores mediate the
association between acute and chronic postoperative pain intensity.

Methods: The current prospective, observational study was conducted at Rambam Health Care Campus, Haifa, Israel.
PCS was obtained in 48 pain-free patients a day before an elective thoracotomy in response to tonic heat pain. Acute
postthoracotomy pain (APTP) was assessed during rest, including general pain (Restyenera), and incision-related pain
(Restiycision), and in response to provoked physical activity, including hand elevation (Provokedy,,q) and cough (Provoked-
cough)- Chronic postthoracotomy pain (CPTP) was assessed after 4.5+2.3 months.

Results: Of the PCS subscales, only rumination: (i) was correlated with Restgenera scores (r=0.337, P=0.027); and (ii)
predicted chronic postthoracotomy pain in a regression analysis (P=0.001). General PCS and its subscales mediated the
correlation between Restyenera and chronic postthoracotomy pain intensity (Ps<0.006).

Conclusions: Findings may elucidate the unique role of the rumination subscale in reflecting an individual’s postoperative
acute and chronic pain responsiveness. The transition from acute to chronic postoperative pain seems to be facilitated by

enhanced pain catastrophizing.

Keywords: Pain catastrophizing, postoperative pain, acute postoperative pain, chronic postoperative pain, mediation analysis.

INTRODUCTION

Various factors have been indicated as potential
predictors of individual pain experiences, including
attentional and emotional processes, avoidance behavior,
hypervigilance, and pain-related anxiety and catastrophizing
[1-4]. Of these, pain catastrophizing has been broadly
conceived as an exaggerated negative "mental set" brought
to bear during an actual or anticipated pain experience and
has risen to the status of one of the most important
psychological predictors of pain [1, 5, 6]. In keeping,
enhanced scores of pain catastrophizing were found to
characterize patients who suffer from various chronic pain
disorders, such as temporomandibular muscle and joint
disorders [7] as well as endometriosis [8], fibromyalgia, [4]
and headache [9].

While the association between postoperative pain reports
during the acute and chronic phases and pain catastrophizing
levels has been established [3,10-13], it is still unclear
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whether individual predisposition towards enhanced pain
catastrophizing directly shapes and determines pain
manifestation in the clinical setting or indirectly affects pain
experiences. Furthermore, it has not been fully revealed
whether pain catastrophizing directly affects the intensity of
acute and chronic postoperative pain, or indirectly mediates
the transition of the former to the latter.

Relevant literature addressed the valuable contribution of
pain catastrophizing to the prediction of postoperative pain,
during the acute phase, [14-16] including total knee
replacement [15] and lumbar fusion surgery [17], as well as
the chronic phase, [18, 19]. Conversely, several studies
reported no association between pain catastrophizing and the
experiences of postoperative pain [11]. This discrepancy
emphasizes the need to further explore the role of
presurgically obtained pain catastrophizing scores in the
prediction of postoperative pain. Specifically, whether pain
catastrophizing  directly leads to greater chronic
postoperative pain, or is indirectly involved in the transition
from acute into chronic pain, has not yet been revealed. The
characteristics of such association are affected by the
condition in which the postoperative pain is assessed,
namely rest or activity. The former includes spontaneous
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postoperative pain relating to either the incision area or the
entire body, while the latter comprises provoked pain
stimulated by somatic and/or visceral nociceptive activity.
Such an elaborate set of measures of postoperative pain
intensity is to be included in an investigation aimed at
elucidating whether pain catastrophizing interacts with or
mediates chronic postoperative pain. According to Sullivan
et al. [1], the pain catastrophizing scale (PCS) contains three
distinguished subscales: rumination, magnification, and
helplessness. It may be assumed that a specific subscale
reflects subjective pain experiences to a greater extent
compared to the others.

The goal of the current study was to address the role of
each PCS subscale in each of the postoperative pain
measures during the acute and chronic postoperative phases.
Thoracotomy is known as a surgery that induces a great deal
of acute postoperative pain, and is associated with a high
incidence of chronic postoperative pain. Thus, the current
study enrolled thoracotomy patients in whom the level of
clinical pain was obtained during the acute and chronic
postoperative phases in order to reveal (i) the relative
contribution of each of the PCS subscales to postoperative
pain experiences; and (ii) whether the association is direct or
indirect.

MATERIALS AND METHODOLOGY
Patient Population

Participants were pain-free patients, with both malignant
and non-malignant diseases, who were scheduled to undergo
major elective thoracic surgery at Rambam Health Care
Campus, Haifa, Israel, during the time period of 2007 to
2008. All patients were informed of the study procedure and
signed a written informed consent. The study was approved
by the Rambam Health Care Campus Research Ethics Board
(Approval RBM2036). Exclusion criteria were: 1) Presence
of thoracic pain; 2) Consumption of analgesics on a regular
basis; 3) Psychiatric disorders or cognitive dysfunctions; and
4) Ages below 18 and above 80 years. Data were collected
by the same experimenter (SF).

Assessment of Pain Catastrophizing Levels

Pain catastrophizing was prospectively assessed one day
before the surgery by the PCS [1]. This questionnaire
includes 13 items representing the three components of pain
catastrophizing: rumination (e.g., “I can’t seem to keep it out
of my mind”); magnification (e.g., “I wonder whether
something serious may happen”); and helplessness (e.g.,
“There is nothing I can do to reduce the intensity of pain™).
This scale has been validated in Hebrew [12]. The
questionnaire was completed in relation to an experimental
pain stimulation induced by tonic contact-heat.

Contact-Heat Stimulation

The experimental pain stimulation was of 46°C, and was
applied for 30 seconds by a contact-heat Thermal Sensory
Analyzer 2001 system (TSA; Medoc, Ramat-Yishai, Israel)
with a 30 X 30 mm Peltier surface stimulator. The probe was
attached by Velcro straps to the volar surface of the forearm
of the subjects’ non-dominant hand; this enabled the
application of constant pressure throughout the stimulation
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and minimized the variability of the applied pressure across
subjects.

Surgical Procedure

All patients underwent a thoracotomy operation by the
same thoracic surgeon (RK), based on the Limited ribs
spreading lateral thoracotomy procedure. This procedure
was applied to attenuate pain during the immediate and long-
term postoperative phases. All patients underwent such pro-
cedure in which lateral thoracotomy was conducted while
sparing the serratus muscle and avoiding rib fracture. Special
attention was given to minimizing rib spreading, which was
limited to 10 cm. Compared to the standard thoracotomy
procedure, gradual ribs expansion was applied by using a
smaller rib-spreader at the beginning, which was replaced
subsequently by the usual rib-spreader. Special attention was
given to the level of mechanical strength of the pericostal
fixation. In order to avoid unintentional unseen rib fractures,
the intercostal muscle incision was extended in order to al-
low better chest-wall compliance. As to the chest wall clo-
sure procedure, the technique was modified from the con-
tinuous non-absorbable pericostal sutures (prolane) to ab-
sorbable interrupted sutures (vycril).

All surgeries were performed under general anaesthesia
using double lumen endotracheal intubation, in addition to
regional anaesthesia with continuous thoracic epidural cathe-
ter using local anaesthetics and opioids. The same experi-
enced team of anaesthetists was in charge of the epidural
catheterization. Time of surgery was approximately 100
minutes (skin to skin).

Postthoracotomy Pain Management

All patients were treated with the routine acute
postthoracotomy pain management protocol, consisting of
epidural analgesia for the first three days after surgery
(continuous infusion of 6 ml/hour bupivacaine 0.125% (144
ml/day) with fentanyl 2 pg/ml (288 pg/d)) and supplemented
by oral medications, including opioid analgesics (morphine
up to 10 mg/d x 3/day (30 mg/day), tramadex 100 mg/d x
3/day (300 mg/day), Voltaren 75 mg/d x 3/day (225
mg/day)), according to each patient’s requirement. Two
patients had their epidural stopped, due to systemic itching
unrelated to analgesic effectiveness. After removal of the
epidural catheter, patients received oral analgesics as
detailed above according to requirement. The individual
opioid consumption, requested in addition to the epidural
analgesia, was calculated daily during the first six
postthoracotomy hospitalization days.

Assessment of Acute and Chronic Postthoracotomy Pain
Intensity

Postthoracotomy pain intensity was reported using a 0—
100 Numerical Pain Score (NPS) in which 0 represented "no
pain" and 100 corresponded to "the worst pain imaginable".
The assessment of acute postthoracotomy pain (APTP) was
performed during two different conditions: (1) spontaneous
pain at rest, and (2) in response to provoked physical
activity. The first condition included two aspects, namely the
(a) general pain experience, defined as Restyenera, and (b)
incision-related pain, i.e. Restjcision. The second condition
also included two aspects, which were induced by instructed
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physical activities, guided by the study experimenter (SF):
(a) hand elevation ipsilateral to surgery site, defined as Pro-
vokedpang and (b) cough, defined as Provokedcoygn.
Assessments of APTP intensities were performed during
morning hours in order to minimize the variation in pain
scores. APTP scores were assessed twice along the period of
hospitalization, once during the second day (at least 24 hours
after the completion of surgery, while all patients received
epidural analgesia) and again during the fifth day
postthoracotomy (at least 24 hours after removal of the
epidural catheter).

Follow-up for chronic pain (CPTP) was conducted at
least 3 months postthoracotomy. Patients were asked during
their follow-up visits in the postthoracotomy outpatient
clinic to report the average pain intensity experienced in the
area of the thoracotomy-induced scar during the last week.
CPTP intensity > 30 defined chronic pain patients.

Statistical Analysis

Statistical analyses were conducted using SPSS 19 (SPSS
Inc., Chicago, IL, USA). The outcome measures were the
means of Restyeneral, ReStincision, Provokednang, Provokedcougn
and CPTP intensities. Differences between the CPTP and
non-CPTP patients were examined by unpaired two-tailed ¢-
tests. Associations between pain catastrophizing level, age,
and APTP as well as CPTP intensities were examined by
Pearson correlations. Sobel mediation analysis examined
whether the transition from acute to chronic pain was
mediated by PCS scores. Linear regression analysis was
conducted to explore the effect of pain catastrophizing level,
age, and gender on the intensity of postthoracotomy pain.
Statistical significance was set at P<0.05.

RESULTS
Descriptive Statistics

Data analysis consisted of 48 postthoracotomy patients,
of whom 17 were females (35.4%) and 31 were males
(64.6%). A total of 46 patients were available for both acute
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and chronic postthoracotomy pain assessments. Mean age
and education years were 61.90+11.44 and 12.54+4.30,
respectively. Table 1 presents the scores of the total PCS
questionnaire as well as its three subscales. No gender-
related differences were observed in PCS scores. PCS scores
for each of its subscales were not associated with opioid
consumption.

Table 1. Descriptive Statistics of the Scores of the Total PCS
Questionnaire as Well as its Three Subscales
Score Range Mean = SD
Rumination 0-16 4.00+4.4
Magnification 0-6 1.48+1.8
Helplessness 0-21 475+£5.1
Total PCS 0-41 10.02 +10.3

Characteristics of APTP

Fig. (1) depicts the characteristics of the four measures of
the APTP scores obtained on the 2™ and 5™ days. Two pain
measures obtained during rest differed in the two time points
of their assessment. Namely, higher pain intensities were
reported on the 5™ postthoracotomy day compared to the 2™
for the ReStgeneral (43.3£29.96 vs. 26.4+26.5; P<0.0001) as
well as Restincision pain (19.1£23.9 vs. 10.7+17.3; P=0.003).
However, no differences were observed in the scores of
provoked APTP induced by hand elevation and cough
between the two postthoracotomy time points of pain
assessment.

Reports of general pain, incision-related pain and cough-
induced pain, which were assessed on the 2n
postthoracotomy day, were positively correlated with those
reported on the 5™ postthoracotomy day Table 2. However,
no such correlation was observed in regards to Provokedyang
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Fig. (1). The comparison between APTP scores obtained on the 2" and 5" postoperative days. POD: Postoperative Day; NS: Non-

Significant.
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pain. Neither rest nor provoked APTP intensities were
associated with opioid consumption.

Table 2. Correlation Tests Between General Pain, Incision-
Related Pain and Cough-Induced Pain Scores
Assessed on the 2" and 5 Postthoracotomy Days
lati
Pain Rating Corre a. ton P-value
Coefficient
Restyencral 0.543 0.001
Restincision 0.370 0.022
Provokedpana 0.124 0.466
Provoked.ough 0.410 0.012

Characteristics of CPTP

Mean time of chronic pain follow-up was 4.5+2.3
months. Eleven patients (23.9%) reported of CPTP greater
than 30 during the past week, and were thus defined as
suffering from chronic pain; their mean pain score was
47.73+£10.3. The remaining non-CPTP 35 patients (76.1%)
reported a mean pain score of 10.57+12.1. The mean CPTP
score reported by all patients collectively was 19.46+19.8.
Of all the four APTP measures, only the Restyenerl, assessed
on both the 2™ and 5™ days, was associated with CPTP
scores (r=0.321, P=0.034; r=0.400, P=0.024, respectively).

Association Between PCS and Postthoracotomy Pain

A comparison between CPTP and non-CPTP patients
revealed significantly greater scores in all three PCS
subscales for the former group (Fig. 2). All three PCS

20 1 mCPOP Patients

18 | ONon-CPOP Patients

16 -
P<0.000
14 1

12

PCS

10 -
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subscales were positively correlated with the CPTP scores,
namely Rumination (r=0.582, P<0.0001), Magnification,
(r=0.310, P=0.046) and Helplessness (r=0.453, P=0.003).
Mediation analyses with revealed that the PCS and its
subscales did not mediate the association between acute pain
assessed on the 2™ postthoracotomy day and chronic
postthoracotomy pain. However, the association between
acute Restyenerar pain assessed on the 5th postthoracotomy day
and chronic postthoracotomy pain was significantly
mediated by general PCS scores (P<0.001), rumination
(P=0.003), magnification, (P=0.006) and helplessness scores
(P=0.001).

Further examining the correlations between the PCS
subscales and the postthoracotomy pain paramenters
revealed that of the four APTP measures, only the
Rumination component and the Restyenern pain intensity
obtained during the 2™ postthoracotomy day were
significantly associated (r=0.337; P=0.027).

Prediction of CPTP

A linear rergession model was conducted to determine
the relative contriburtion of pain catastrophizing to the
prediction of CPTP scores. Since Restgenera Was associated
with the rumination component of the PCS, their interaction
was also included as a potential affector. Although no
differences were found between males and females as to the
scores of the various PCS subscales as well as
postthoracotomy pain scores, gender was also included in the
regression model due to the fact that females have been
demonstrated to report higher pain catastrophiing scores than
men [1,5,20]. The regression model (R*=0.442; P=0.001)
revealed that only the rumination subscale of the PCS
significantly predicted CPTP intensity (Table 3).

P<0.0001

P=0.001

-

Rumination

Magnification

Helplessness

Fig. (2). A comparison between CPTP and non-CPTP patients in terms of the three PCS subscales.
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Table3. A Linear Rergession Model for the Prediction of Chronic Postthoracotomy Pain, which Included the Three PCS Subscales
and the General Pain Obtained During the 2 Postoperative Day. POD: Postoperative Day

Unstandardized Coefficients Standardized Coefficients
Variable t P-value
B Std. Error Beta
Constant 1.313 5.044 0.260 0.796
Rumination 2.293 1.103 0.553 2.079 0.045
Magnification -2.002 1.986 -0.187 -1.008 0.321
Helplessness 0.093 0.839 0.026 0.111 0912
Restyenerar Pain (POD 2) 0.168 0.131 0.226 1.285 0.207
RuminationxResteperal
0.005 0.016 0.077 0.323 0.748
Pain (POD 2)
Female gender 7421 5.087 0.197 1.459 0.154
DISCUSSION patients with and without pain at 24 months after total knee

The main finding of this prospective study is that the
rumination subscale of the PCS assessed presurgically in
response to noxious experimental stimuli may serve as the
most sensitive predictor of both acute and chronic
postthoracotomy pain. This assertion is based on two
observations: First, greater scores of the rumination subscale
of the PCS were associated with higher general pain reports
obtained at rest during the 2" postthoracotomy day. Second,
the regression analyses revealed that only the rumination
subscale scores significantly predicated the intensity of
chronic postthoracotomy pain, notwithstanding that all three
PCS subscales were separately correlated with its intensity.
In addition, higher PCS scores were positively correlated
with higher CPTP scores. Moreover, the transition from
acute to chronic postthoracotomy pain was mediated by
general PCS scores as well as its subscales.

Thus far, the vast majority of the studies which explored
the association between pain catastrophizing and
characteristics of postoperative pain utilized the total score
of the PCS, which may have masked the distinctive role of
each of its components. The approach of the current study
was to characterize the associations between each of the PCS
subscales and postoperative pain intensity.

The rumination subscale, namely the tendency to focus
excessively on pain sensation [1], emerged in the current
study as the most sensitive predictor of acute and chronic
postthoracotomy pain. As to acute pain prediction, the
current finding is in line with a report by Sullivan and Neish
[21], who demonstrated that of the three PCS subscales,
rumination was the only significant predictor of pain
intensity following dental hygiene treatment. In another
report, Sullivan et al. [22] showed that the rumination
subscale was the strongest predictor of pain and disability in
patients with soft-tissue injuries to the neck, shoulders or
back. The rumination subscale also showed the strongest
association with the severity and number of symptoms
among patients with upper respiratory tract illness [23]. As
for chronic pain, Forsythe et al. [24] found that rumination
was the only subscale capable of discriminating between

arthroplasty.

Several mechanisms may underlie these observations.
First, rumination has originally been established as the
predisposition to disproportionately focus on pain sensation
[1]. Accordingly, it may be that subjects with higher
rumination scores overly attend to pain sensations, and,
therefore, amplify the experience of pain [1, 25, 26]. This
concept follows the lines of previous reports, where
increased attention has been closely coupled with greater
individual pain experiences [26, 27]. Second, increased
tendencies to focus on pain sensations, which may be
reflected through greater rumination scores, were suggested
to obstruct the effective utilization of pain coping strategies
[28]. This may be expressed as a difficulty to control or
suppress pain-related thoughts [25, 29, 30]. Third,
rumination may facilitate the association between adverse
emotional states and (i) perceived pain [5] as well as (ii)
increased physical symptoms [23]. This notion aligns with
models suggesting that anxiety states direct attention toward
the feared or threatening stimulus [31], which may result in
heightened clinical bodily indications. These mechanisms
may explain the distinctive role of the rumination subscale in
the prediction of both acute and chronic pain observed in the
current study.

Nevertheless, efforts to turn attention away from pain
among individuals who catastrophize failed to alleviate their
pain [29]. As such, it has been suggested that patients with
high PCS scores may posses a ‘pain schema’ that enhances
the accessibility of pain-related information. This raises the
question of whether the efforts are to be directed at altering
catastrophizing thoughts or, alternatively, adjusting pain
management to patients who demonstrate higher PCS scores,
and are potentially more vulnerable to suffer from enhanced
postoperative pain.

Pain ratings collected at rest during the acute
postthoracotomy phase, i.e. reports of general pain and
incision-related pain, differed between the 2" and 5"
postthoracotomy days. However, provoked pain, be it due to
hand elevation or cough, was comparable in the 2" and 5™
postthoracotomy days. This observation may indicate that
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pain ratings collected at rest more reliably represent the
postthoracotomy nociceptive processes, while pain ratings of
provoked activities veil the sensations that exclusively stem
from the invasive procedure. Despite these differences in
general pain and incision-related pain obtained during the 2n
vs. 5" postthoracotomy day, current results suggest that
individuals may be characterized with a unique pain
responsiveness profile; this may be indicated by the
correlations between these two pain score assessments.

The framework of the current study allowed us to assess
the distinct role of the three PCS subscales as well as the
four APTP parameters, each representing a particular facet of
the immediate postoperative pain experience. Moreover,
these four measures were obtained on two time points along
the acute postoperative phase, which attest to the examined
patient's pain experience with and without regional
analgesia. This study design enabled the elucidation of the
manner in which pain catastrophizing affects the
manifestation of postoperative pain.

Recent literature suggests that less efficient pain
modulation capacity is associated with greater risk of
postoperative pain [31, 32]. This study emphasizes the role
of the cognitive aspect in determining individual
postoperative pain responsiveness. Therefore, a better
exploration of the association between pain modulation
efficacy and cognitive processes induced by nociceptive
events may advance the construction of a clinically reliable
pain profile predicting augmented postoperative pain.

PCS and its subscales mediated the transition from acute
pain, which was assessed on the 5t postoperative day and
not the 2™, to chronic postoperative pain. One possible
explanation may be attributed to the fact that on the 5™ day
patients were not under the thoracic epidural catheter.
Therefore, the pain intensity that patients experienced was
not as masked by analgesics, and, accordingly, may have
reflected more reliably their increased tendency for pain-
related thoughts.

The main limitations of the current study are that APTP
scores were assessed only twice during the patients’
hospitalization, and that potentially relevant socio-
demographic and personality factors were not assessed. As
to the former — a more delineated individual pain profile may
have yielded a more accurate analysis; as to the latter — such
factors may have more specifically elucidated the individual
predisposition to the development of acute and chronic pain
conditions.

CONCLUSION

This study emphasizes the significance of the PCS in
general, and its three subscales in particular, in the
manifestation of cognitive pain processes induced by
surgery. The particular role of rumination points that patients
characterized by higher predisposition to focus on their pain
may necessitate an adjusted clinical care in order to reduce
their expected enhanced postoperative pain experiences.
Moreover, current findings illuminate the particular role of
pain catastrophizing thinking as a mediator between acute
and chronic pain.
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