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Abstract: Anxiety, depression, and catastrophizing are generally considered to be predictive of
chronic postoperative pain, but this may not be the case after all types of surgery, raising the possibility
that the results depend on the surgical model. We assessed the predictive value of these factors
for chronic postsurgical pain in 2 different surgical models: total knee arthroplasty for osteoarthritis
(89 patients, 65% women, age = 69 * 9 years, baseline pain intensity = 4.7 + 2.1) and breast surgery
for cancer (100 patients, 100% women, age = 55 + 12 years, no preoperative pain). Data were collected
before surgery, then 2 days and 3 months after surgery. Anxiety, depression, and catastrophizing were
measured with the Spielberger State-Trait Anxiety Inventory, Beck Depression Inventory, and Pain
Catastrophizing Scale, respectively. Pain was assessed with the Brief Pain Inventory. Neuropathic
pain was detected with the DN4 questionnaire. Multivariate logistic regression analyses for the total
knee arthroplasty and breast surgery models considered together indicated that the presence of
clinically meaningful chronic pain at 3 months (pain intensity =3/10) was predicted independently
by age (P =.04), pain intensity on day 2 (P =.009), and state anxiety (P=.001). Linear regression models
also showed that pain magnification, one of the dimensions of catastrophizing, independently
predicted chronic pain intensity (P = .04). These results were not affected by the surgical model or by
the neuropathic characteristics of the pain. Thus, state anxiety and pain magnification seem to consti-
tute psychological risk factors for chronic postsurgical pain relevant in all surgical models.
Perspective: This prospective study performed in patients with total knee arthroplasty or breast sur-
gery for cancer shows that state anxiety, amplification of pain, and acute postoperative pain indepen-
dently predict postsurgical pain at 3 months and that this does not depend on the surgical model.
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lem.?*?” The impact of sociodemographic and

physical factors has been largely demonstrated
(see®®?* for reviews) and the role of psychological
factors has been evaluated more recently in prospective
studies (for reviews, see'®202427.48)  Anxijety and
depression have been evaluated most frequently,’® but
pain cognition, including catastrophizing in particular,
is increasingly being considered.?”*®  However,
discrepant results have been reported regarding
the role of these predictors in chronic postsurgical pain
and their relationship. For example, preoperative

Chronic postsurgical painis a significant health prob-
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anxiety and depression have been found to be predictive
of chronic postsurgical pain, particularly after
musculoskeletal surgery,*® but not after other types of
surgery (eg, prostatectomy, chest surgery, hysterectomy,
herniotomy)®'%?®  or were not independently
associated with pain after breast surgery.3® Other studies
have shown that only early postoperative depression was
predictive of chronic pain after spine surgery.*' Similarly,
pain catastrophizing has been found to be predictive of
chronic pain after total knee arthroplasty (eg,'"*") or
spine surgery,®'® but not after chest surgery®® or hyster-
ectomy.® Catastrophizing assessed 1 month after limb
amputation has even been found to predict a favorable
outcome 5 to 12 months later.'®2' All these studies
were performed in single surgical models, making it
impossible to determine whether the role of
psychological predictors is dependent on the surgical
model or similar in various types of surgery, despite the
heterogeneity of procedures, age and sex, the presence
or absence of preoperative pain, the benignity or
malignancy of the lesion, and the distinct quality of
postoperative pain.

We addressed this question by comparing the extent to
which affect (anxiety, depression) and pain cognition
(catastrophizing) were predictive of the prevalence and
intensity of chronic postsurgical pain 3 months after the
intervention, in 2 different surgical models: total knee
arthroplasty (TKA) for osteoarthritis, a benign interven-
tion mostly carried out in elderly people having chronic
preoperative pain®**%; and breast cancer surgery, mostly
in younger women with little or no preoperative pain.'?
We hypothesized that it might be possible to detect pre-
dictive affective or cognitive risk factors common to both
these surgical models, despite their heterogeneity, which
therefore could be considered potentially “invariant”
risks for chronic postsurgical pain. These surgical models
also induce different types of pain: mostly non-neuro-
pathic pain in the TKA model and neuropathic pain in
the breast surgery model. We therefore also assessed
the impact of the same predictive variables on pain with
neuropathic characteristics (NC) in both models.

Methods

Participants and Procedure

The study sample consisted of 2 groups of patients un-
dergoing TKA or breast cancer surgery, recruited be-
tween May 2008 and September 2011. The study was
approved by the local ethics committee (Comité de Pro-
tection des Personnes lle-de-France VIII), and all patients
were asked to provide informed consent for the study.

TKA patients were recruited from the Raymond
Poincaré Hospital (APHP, Garches, France). Eligible pa-
tients were women or men aged 18 to 85 years, scheduled
for unilateral TKA for osteoarthritis of the knee. Patients
were not included if they had conditions other than oste-
oarthritis necessitating TKA (eg, rheumatoid arthritis,
spondylarthropathy), required bilateral TKA, or had un-
dergone previous knee surgery. Surgery was performed
in the same surgical ward in each case, by 1 of 3 highly
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experienced surgeons, in anidentical, standardized proto-
col (median skin incision, paramedial arthrotomy, condy-
lar femoral and tibial components implanted and
cemented). The anesthetic procedure was similar for all
patients and combined propofol, sufentanil, a muscle re-
laxant, and sevoflurane. In all patients, postoperative
pain was controlled by intravenous morphine patient-
controlled analgesia together with intravenous acetamin-
ophen, ketoprofen, and a femoral peripheral nerve block.
At follow-up, all the radiographic data confirmed that all
implants were well aligned mechanically and that implant
placement was satisfactory. There was no evidence of lig-
ament instability, and none of the patients displayed im-
plant displacement at the time of assessment.

The second group of patients consisted of women aged
18 to 85 years recruited from René Huguenin Hospital
(Saint Cloud, France) for mastectomy or lumpectomy to
treat breast cancer, with axillary lymph node dissection
in all cases. The intercostobrachial nerve is more likely to
be damaged in these conditions, and this damage may re-
sultin chronic neuropathic pain.®® Surgery was performed
in the same surgical ward in each case, by 1 of 5 surgeons,
according to anidentical procedure. The lumpectomy and
mastectomy groups did not differ in terms of the incidence
or severity of postsurgical pain, as previously reported,3®
and were therefore analyzed together. Furthermore, the
choice of surgeon had no impact on the prevalence or in-
tensity of pain at 3 months (not shown). Women were not
included if they had any past surgery of the thoracic or cer-
vicobrachial region, including prior mastectomy or lump-
ectomy; were scheduled for lumpectomy for a benign
tumor, for bilateral mastectomy, or for a second breast sur-
gery procedure during the 3 months of follow-up; had
other malignant conditions or evidence of distant metas-
tases (apart from lymph node macrometastases); or had
undergone radiotherapy or chemotherapy before sur-
gery. Data for radiotherapy and chemotherapy during
the 3 months following surgery were obtained from the
patients’ medical reports or were directly reported by
the patients. The anesthetic procedure was similar for all
patients: general anesthesia was induced with propofol,
sufentanil, and atracurium or cisatracurium, to facilitate
orotracheal intubation. Anesthesia was maintained with
nitrous oxide, sevoflurane, or desflurane and boluses of
sufentanil, as required. In all patients, postoperative
pain was controlled by intravenous acetaminophen.

All the patients in both surgical groups were native
French speakers. We did not include patients with clini-
cally significant or unstable psychiatric or somatic condi-
tions (eg, major depression, psychosis, uncontrolled
diabetes mellitus or hypertension, neurologic disorders,
immune disease, or body mass index >45), cognitive im-
pairment, or past or present substance abuse.

Participants were asked to complete questionnaires
about their demographic characteristics, trait anxiety,
and catastrophizing 1 month prior to surgery and
then were again questioned about their pain status
and intensity, state anxiety, and depression the day be-
fore surgery in the presence of a certified psychologist
(A.M.-D. or S.B.). Because state and trait anxiety do
not measure the same dimension of anxiety, they
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were administered at distinct time points. Another rea-
son for choosing distinct periods of administration be-
fore surgery was the fact that we also used other
guestionnaires and we wished to reduce the length of
testing sessions. Patients were questioned again about
their postsurgical pain status 2 days after surgery (dur-
ing their hospital stay) by the anesthesiologist, and
then via a postal survey 3, 6, and 12 months after sur-
gery, but the data obtained at 6 and 12 months will
be presented separately. The level of missing data was
minimized by having the investigators telephone those
who did not send their pain evaluation at 3 months.

Measurements

Pre- and Postoperative Pain

Identical questionnaires were used to assess pain in the
2 surgical groups, to ensure that the results obtained were
comparable. The Brief Pain Inventory (BPI)® was used to
assess "average pain intensity” on a numerical scale from
0 (no pain) to 10 (pain as bad as you can imagine) (ie,
“please rate your pain by circling the one number that
best described your pain on the average”) preoperatively
and 3 months postoperatively, and “pain right now” on
a 0 to 10 numerical scale 48 hours after surgery. Clinically
meaningful pain was considered to be present if patients
rated their average pain or pain right now as =3/10 on the
BPI. This cutoff corresponds to at least moderate pain with
a potential impact on physical or emotional functioning.
The BPI interference score was also used at baseline in pa-
tients scheduled for TKA and 3 months after surgery in
both groupsto measure pain interference with daily activ-
ities.® This is a 7-item scale measuring the degree to which
pain interferes with areas of daily life: general activity,
mood, walking, work, relations with others, sleep, and en-
joyment with life (0 = do not interfere to 10 = completely
interfere). Patients were asked to fill this questionnaire if
they had at least minimal pain (=1/10). For patients with-
out pain, the score for BPI interference was 0.

The 7-item version of the DN4 questionnaire was used
to screen for the presence of pain with NC before surgery
in patients scheduled for TKA then at 3 months in both
groups, with a score =3/7 considered indicative of pain
with NC with good sensitivity (78%) and specificity
(81.2%). It has been used in several prospective epide-
miologic surveys to assess the prevalence of pain with
NC (eg, see ref®).

Emotional Functioning

We assessed emotional functioning before surgery
with 2 different tools in both groups. The 13-item Beck
Depression Inven‘cory3 was used to assess the presence
and severity of depressive symptoms. For this scale,
each item is scored on a 4-point scale (0-3), with higher
scores reflecting more severe symptoms (range 0-39,
with higher scores indicating greater depression). The
Spielberger State Trait Anxiety Inventory was used to as-
sess self-reported anxiety.43 The state form (20 items) was
used to assess the severity of preoperative anxiety,
whereas the trait form (20 items) was used to assess
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the more general anxiety status of the subject (range
20-80, with higher scores indicating greater anxiety).

Cognition and Pain-Related Behavior

The French version of the Pain Catastrophizing Scale
(PCS) was used before surgery in both groups to assess
catastrophic thinking related to pain.** The PCS consists
of 13 items describing the thoughts and feelings that
individuals may experience when in pain (range 0-52).
Factor analysis identified 3 distinct dimensions: magnifi-
cation, rumination, and helplessness. The PCS has been
shown to be highly internally consistent and to be asso-
ciated with heightened pain and disability in patients
with osteoarthritis.*® Women scheduled for breast inter-
ventions completed this questionnaire by referring to
past experiences of pain. In these women, the PCS
was administered again 2 days after surgery, during the
period of acute postoperative pain.

Statistical Methods

Descriptive statistics were used to summarize the de-
mographic and clinical characteristics of the sample.
The relationships between study variables before surgery
were assessed with the Spearman correlation coefficients
(rho). The correlations between presurgical values and
the values obtained 3 months after surgery were also as-
sessed with the Spearman rho. Student t-tests for quanti-
tative variables and corrected %? tests for categorical
variables were performed to compare the demographic,
clinical, and preoperative emotional/cognitive data be-
tween patients who did and did not develop chronic
pain at 3 months, and between the groups of patients
with pain who did and did not develop pain with NC.
Wilcoxon signed rank tests were used to compare pain
intensity before surgery and 3 months after surgery.

To identify independent factors predictive of the pres-
ence of clinically meaningful pain in the total sample of pa-
tients (based on a score =3/10 on the BPI at 3 months) and
to check whether these factors differed between surgical
groups (presence or absence of an interaction between
each predictive variable and surgery used as a moderator
variable), we built the following logistic regression model:

Step A: Selection of independent variables. These in-
cluded the surgical group (as a categorical variable:

TKA, breast), age (as a continuous variable), postoper-

ative pain at 2 days (yes: =3/10, no: <3/10), and 3 mea-

surements of affect/cognition (Beck Depression

Inventory, Spielberger State Anxiety, PCS score or 1 of

its 3 subscores, as continuous variables). These vari-

ables were entered in the model if they were found
to distinguish between patients with and without
pain in univariate analyses in both surgical groups, us-
ing a liberal significance level of P < .20 in all cases.

Step B: Addition of all the interactions between
each independent variable and the moderator
variable “surgery.”

Similarly, linear regression analyses were conducted
for the total sample of patients, to identify independent
factors predictive of postsurgical pain intensity (with av-
erage pain intensity on the BPI as a continuous variable).
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Independent variables were entered in this model if they
were found to be correlated with postsurgical pain
intensity in univariate analyses in both surgical groups,
using a liberal significance level of P < .20. These vari-
ables were entered in addition to all the interactions
between each independent variable and the moderator
variable “surgery.” Finally, logistic regression analyses
were conducted using the same statistical model in the
subsample of patients with pain from both surgical
groups to identify independent factors predictive of
the presence of pain with NC at 3 months (based on
a score =3/7 on the DN4 questionnaire).

Two regression analyses were calculated for each
model: the backward selection included only variables
with P values < .10 in multivariate analyses, and the full
model included all the independent variables proposed
for regression analysis and their respective interactions
with the surgical model.

Statistical analyses were performed with SAS/STAT 9.1
(SAS Institute, Cary, NC), by an independent statistician.
We considered P values < .05 to be significant.

Results

Characteristics of the Patients

Fig 1 shows a flow chart outlining the recruitment of pa-
tients for this study. In total, we contacted 220 consecutive
patients scheduled to undergo TKA at Raymond Poincaré
Hospital (Garches) concerning possible participation in
this study: 55 declined to participate and 35 were ineligi-
ble (prior TKA, TKA for rheumatoid arthritis or spondy-
larthropathy, significant medical/psychiatric comorbidity,

TKA
N =220
scheduled for
55 declined; 35 ineligible : prior
TKA (13), TKA for arthritis (6),
comorbidities (10), cognitive/
language disorders (6)
v
N = 140
Eligible
55 excluded :
refusal to complete testing (26),
cognitive/language/visual disorders
A4 (25), surgery cancelled (4)
N =89
BASELINE
v
N =83
2 DAYS
N =89
3 MONTHS
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cognitive disorders, or language difficulties). In total,
144 subjects provided informed consent, 55 of whom
were subsequently excluded (refusal of the whole testing;
cancellation of surgery; or cognitive, language, or visual
disorders detected during testing). Overall, 89 patients
completed the presurgical assessment; 83 (94%) were as-
sessed on day 2 and 89 were reassessed at 3 months.

In total, 207 consecutive women scheduled for total
mastectomy or lumpectomy with lymph node resection
at René Huguenin Hospital were asked to participate in
the study: 49 declined to participate, and 41 were ineligi-
ble (age >85 years, cognitive disorders, preoperative che-
motherapy, language difficulties, previous breast
surgery, or psychiatric comorbidity). Thus, 120 women
provided informed consent, but 20 were subsequently
excluded (refusal of testing or cognitive deficits detected
during testing). In total, 100 women were assessed be-
fore surgery and reassessed at day 2 and at 3 months.

The clinical, demographic, and psychological charac-
teristics of the patients are indicated in Table 1. The
TKA sample consisted of 89 patients (65% women), gen-
erally elderly or middle-aged (mean age = 68.7 = 8.9
years), with chronic pain due to osteoarthritis of the
knee: 84% had at least moderate pain, pain duration
was 13.7 = 13.3 years (range = 0-53), average pain inten-
sity was 4.7 = 2.1 (range = 0-9), and interference with
pain (on the BPI) was 30.1 = 16.8 (range = 0-63). The
breast surgery sample consisted of 100 women, young
or middle aged (mean age =55.2 = 12.1years), scheduled
for breast mastectomy (64%) or lumpectomy (36%), all
but 2 of whom had no preoperative pain (the 2 excep-
tions had current intermittent low back pain with an in-
tensity of 3/10 in both cases). A subgroup of women was

Breast surgery

N =207

scheduled for
breast surgery

40 declined ; 41 ineligible :
cognitive/language disorders (19),
age > 85 (3), preoperative
v chemotherapy (5), prior breast

surgery (7), comorbidity (7)

N =120
Eligible

20 excluded :
refusal to complete testing (17)
cognitive deficits (3)

v

N =100
BASELINE

N =100
2 DAYS

N =100
3 MONTHS

Figure 1. Study flow chart.
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Table 1. Demographic, Clinical, and Psychological Variables Before Surgery in the TKA and Breast

Cancer Surgery Groups

TKA BRreasT CANCER SURGERY
N = 89* N =100
Clinical/demographics
Sex (women/men) (%) 65/35 100/0¢
Age 68.7 = 8.9 (44-85) 55.2 + 12.1 (32-80)f

Psychological variables

Spielberger state anxiety (20-80) 40.5 = 12.3 (20-69) (n = 88) 45.8 + 13.5 (21-79)}
Spielberger trait anxiety (20-80) 41.9 = 8.0 (28-65) (n = 88) 42.0 £ 9.2 (24-71)
BDI (0-39) 4.6 + 3.9 (0-20) 3.8 £ 3.6(0-18)
PCS total score (0-52) 19.4 = 11.2 (0-51) 14.6 = 11.4 (0-48)t
PCS magnification (0-11) 3.4 +29(0-11) 3.1+ 2.7(0-10)
PCS rumination (0-16) 7.2 +4.3(0-16) 5.6 + 4.4 (0-16)
PCS helplessness (0-25) 8.8 = 5.6 (0-24) 5.9 = 5.5 (0-24)t

Abbreviation: BDI, Beck Depression Inventory.

NOTE. Data are expressed as mean *+ SD (range) unless otherwise specified.
*Unless otherwise specified.

1P < .0001and P < .01 between the TKA and the breast surgical groups.

treated postoperatively, before the 3-month assessment,
by radiotherapy (26%) or chemotherapy (61%), accord-
ing to the same protocol in all cases (5-fluorouracil, epi-
rubicin, and cyclophosphamide every 3 weeks, followed
by docetaxel). No woman received hormone therapy
during the follow-up period.

Mean depression scores before surgery on the Beck De-
pression Inventory were in the normal range® and similar
between groups. By contrast, the scores for state or trait
anxiety suggested a moderate level of anxiety in both
groups,*® consistent with previous findings obtained
with a similar scale in the same surgical models."”-232>
PCS score was higher in the TKA than in the breast
model (P = .004), with values similar to those previously
reported for TKA patients.38%34% |n the breast cancer
surgery group, PCS total score and the scores of each
dimension remained unchanged 2 days after surgery
despite acute pain (PCS total score was 13.7 = 12.1 at 2
days vs 14.6 = 11.4 at baseline, P =.3).

Several significant correlations were found between
presurgery variables in each surgical group. The highest
correlation coefficients were those obtained for the cor-
relations between state/trait anxiety scores and depres-
sion scores (rho = .53-.61, P < .001) and between the
scores of the 3 dimensions of the PCS (rho = .52-.84,
P <.001), with similar correlation coefficients in both sur-
gical groups. Moderate correlations were also found be-
tween state and trait anxiety scores (rho = .47 and .41 in
the TKA and breast surgery groups, respectively, P<.001)
and between anxiety/depression and PCS magnification/
rumination scores, with higher correlation coefficientsin
the TKA group (rho =.37-.41 in the TKA group, P < .001;
rho = .28-.36 in the breast group, P < .05).

Postoperative Pain Outcome

Pain outcomes at 2 days and 3 months were recorded for
both surgical groups (Fig 2). The proportion of patients
presenting clinically meaningful pain (Fig 2) and interfer-

ence with pain on the BPI significantly decreased after
TKA surgery (P < .001) but remained higher at 2 days and
3 months as compared to the breast group (at 3 months,
50.5% had clinically meaningful pain vs 14% for breast; in-
terference score onthe BPlwas 21.6 = 16.1vs 9.3 + 10.4 for

A Patients (%)
100
90 1 84
80 1
70 A
60 - *kk ;;*6
50 - 46.9 HTKA
40 - W Breast
30 1
20 - 14 14
10 1
0
Presurgery 2 days 3 months
B Patients (%)
100
90
80 1
70 1
60
50 1 42.2 WTKA
40 - W Breast
0 | 30.7
20
10

o .

Presurgery

71.4

3 months

Figure 2. (A) Proportion of patients with clinically meaningful
pain (based on the average pain intensity on the BPI) in the TKA
and breast groups before and 2 days and 3 months after surgery.
This proportion significantly decreased 2 days and 3 months after
surgery in the TKA group (P < .0001) but was higher than in the
breast group at both time points (P<.0001). (B) Proportion of pa-
tients with pain and neuropathic characteristics based on the
DN4 questionnaire before and 3 months after surgery in the
TKA and breast groups. This proportion was significantly higher
in the breast group as compared to TKA after surgery (P<.0001).
**%P < .0001 between the TKA and breast cancer surgery groups.
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Table 2. Comparison of Somatic and Psychological Variables (Before Surgery or at 2 Days After) in
the TKA and Breast Surgery Groups, Between Patients With and Without Clinically Meaningful Pain

at 3 Months

TKA

BRreasT CANCER SURGERY

Patients WiTH PAIN

Patients WitHout PAIN

Parients WitH Pain - Patients WitHout Pain

CHARACTERISTICS BEFORE SURGERY OR AT 2 DAYs N =45* N =44* P N=14 N=386 P
Age 69.4 (7.9) 66.5 (9.9) .06 61.4(12.3) 54.1(11.8) .04
Sex (% women) 69.6 60.4 34 - - -
Radiotherapy (%) - - - 26.7 21.4 .95
Chemotherapy (%) - - 42.8 57.1 .25
Pain intensity (BPI) 5.0(2.1) 4.4(2.2) 23 - - -
% patients with pain 54 46 .37 - - -
Pain at 2 days (BPI) 3.5(2.8) (n = 44) 2.3(2.3)(n=39) .03 2.1(1.6) 1.2(1.1) .03
Pain duration (years) 15.7(15.5)(n=40) 12.7(11.5(n=37) .47 - - -
Trait anxiety 42.7 (7.8) 41.0(8.1) .35 47.1 (6.8) 41.2 (9.3) .02
State anxiety 43.7 (12.1) 34.6(10.9) .001 53.7(11.9) 44.2 (13.0) .002
BDI 5.4 (4.5) 3.0(1.9) .01 5.4(3.9) 3.4 (3.9 .06
PCS total 20.3(11.7) 17.2(10.3) .08 16.6 (14.9) 14.3(10.8) 47
PCS magnification 3.6(2.7) 2.7 (2.4) .09 4.2 (3.2) 2.9(2.5) .09
PCS rumination 7.4 (4.4) 6.7 (4.5) .36 5.7 (5.6) 5.5(5.7) .90
PCS helplessness 9.2 (5.9) 7.7 (4.9) .07 6.6 (6.9) 5.8 (5.8) .58

Abbreviation: BDI, Beck Depression Inventory.

NOTE. The data shown are mean (SD) unless otherwise specified. Patients with and without pain were compared in Student’s t-tests for continuous variables and cor-

rected 2 tests for categorical variables.
*Unless otherwise specified.

breast; average pain intensity was 2.9 = 2.6 vs 1.4 + 1.5 for
breast) (P < .001). The high proportion of clinically mean-
ingful residual pain of the operated knee at 3 months in
the TKA group has to be viewed in the context of presurgi-
cal pain of this knee (84%) and is similar to that reported
previously in the same model at the same time point (eg,
44.4% of significant pain at 3 months).” By contrast, the
proportion of patients with pain in whom neuropathic
pain was detected was higher after breast surgery (71%
vs 42% for TKA, P < .001) because of the higher risk of
nerve lesions after breast surgery.*®

Predictors of the Presence of Clinically
Meaningful Postsurgical Pain at 3
Months in the Total Sample of Patients

Step A

Several variables distinguished between patients with
and without pain at 3 months, in both groups, with a lib-
eral significance level of P < .20 (Table 2). They included
state anxiety (P < .01), depression score (P = .01 and .06
for the TKA and breast surgery models, respectively),
the magnification score of the PCS (P = .09), acute post-
operative pain (at 2 days) (P =.03), and age (P= .04 and
.06 for the TKA and breast surgery groups, respectively).

Step B

In the backward selection (Table 3), several variables
emerged as independent predictors of the presence of
clinically meaningful pain at 3 months. As expected, the
nature of surgery was independently associated with
the presence of pain: the odds ratio (OR) for the develop-

ment of chronic pain was .19 for breast surgery with re-
spect to TKA (P < .001), breast cancer surgery being
associated with significantly lower levels of pain at 3
months than TKA (see Table 3). Other independent pre-
dictors of clinically meaningful pain at 3 monthsincluded
age (OR = 1.04, confidence interval [Cl] = 1.0-1.1, P=.03),
pain at 2 days (OR = 2.9, Cl = 1.3-6.4, P = .009), and state
anxiety (OR = 1.07, CI = 1.0-1.1, P = .001). The ClIs for
pain at 2 days were larger than those of the other vari-
ables, suggesting a lack of precision of the exact estimate
of the OR in this case, but values were highly significant.
Similar results were obtained in the full statistical model
(not shown). Furthermore, this model found no interac-
tion between independent variables and the moderator
variable “surgery” (P=.3-.9), which shows that the predic-
tive variables are the same whatever the surgical group.

An additional logistic regression analysis in the breast
group only, using trait anxiety as an additional indepen-
dentvariable, showed that trait anxiety did not indepen-
dently predict the presence of clinically meaningful pain
(P=.19).

Predictors of the Intensity of
Postoperative Pain

Step A

Several variables were weakly or moderately corre-
lated with postoperative pain intensity in both surgical
groups with a liberal significance threshold of P < .20.
These included acute pain intensity at 2 days (rho = .29
and .38 in the TKA and breast surgery groups, respec-
tively, P < .01), state anxiety (rho = .20, P = .06, for TKA;
rho = .26, P < .001, for breast cancer surgery), Beck
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Table 3. Logistic Regression Analysis (Backward
Selection) for the Identification of
Independent Risk Factors for the Presence of
Clinically Meaningful Pain at 3 Months in the
Total Sample of Patients (n = 182)

TotaL SampLe oF Patients (Breast, TKA) (N = 182)

Obps Ratio 95% ConFIDENCE INTERVAL P
Surgery (breast) 19 .08-.49 .0006
Age 1.04 1.00-1.08 .03
BDI .90 .79-1.01 .09
Pain at 2 days (yes) 2.88 1.29-6.38 .009
State anxiety 1.06 1.02-1.10 .0014

Abbreviation: BDI, Beck Depression Inventory.

NOTE. The variables included in regression analyses were those distinguishing
between patients with and without pain in both surgical models in analyses of
variance, with P < .20. Variables: age and state anxiety: continuous variables;
pain at day 2: dichotomous variable (yes: pain intensity =3/10; no: pain inten-
sity <3/10); surgery: dichotomous variable (breast or TKA).

Depression Inventory score (rho = .20, P = .06, for TKA;
rho=.17, P=.08, for breast cancer surgery), and the mag-
nification score of the PCS (rho =.21, P=.05, for the TKA;
rho = .19, P = .06, for breast cancer surgery).

Trait anxiety was correlated with chronic pain intensity
in the breast group only (rho = .19, P =.06), whereas PCS
total and rumination/helplessness scores were correlated
with pain intensity in the TKA group only (rho = .22,
P = .04, for total score; rho = .22, P = .04, for rumination;
rho = .19, P = .07, for helplessness).

Step B

In the backward selection (Table 4), several variables
emerged as independent predictors of pain intensity at
3 months. As expected, the nature of surgery (breast can-
cer surgery, TKA) was independently predictive of pain
intensity (b = —.93 for breast cancer surgery vs TKA,
P =.002), because average pain intensity 3 months after
breast cancer surgery was significantly lower than that 3
months after TKA (see Table 3). Other independent pre-
dictors of pain intensity were older age (b =.03, P=.005),
state anxiety (b =.04, P=.0001), PCS magnification score
(b = .14, P =.04), and the presence of pain at 2 days (b =
.96, P = .0009). Similar results were obtained in the full
statistical model (not shown). Furthermore, this model
found no interaction between independent variables
and the moderator variable “surgery” (P = .4-.9). This
shows that the predictive variables make a significant
contribution to pain intensity at 3 months, regardless
of the surgical model.

In the TKA group, we performed an additional linear
regression analysis that showed that total PCS score
and scores for other dimensions of the PCS (entered
into the model with the above variables) were also inde-
pendent predictors of pain intensity (b =.19, SE = .09, for
PCS total score, P<.01; b=.17, SE = .07, for the helpless-
ness or rumination score, P <.05). A regression analysis in
the breast group also showed that trait anxiety was not
an independent risk factor for chronic pain intensity
(P=.44).
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Predictors of Pain With Neuropathic
Characteristics at 3 Months

In total, 59 of the patients in the TKA and breast cancer
surgery groups presented clinically meaningful pain at 3
months: 29 developed pain with NC and 30 had pain
without NC (see Table 3). Several variables distinguished
between the patients with pain who had or did not have
NC, at a significance level of P < .20, and these variables
were entered into multivariate logistic regression analy-
ses. They included age (P = .12 between patients with
and without pain with NC), pain at 2 days (P = .11), de-
pression (P =.12), and PCS score (P = .08).

In the backward selection (n = 59), the surgical model
independently predicted the nature of the pain (neuro-
pathic or non-neuropathic: the OR for the development
of pain with NC after breast cancer surgery was 7.83 with
respect to TKA (95% Cl = 1.8-28.5, P=.005) (Table 3). The
other independent predictor of the presence of pain
with NC was pain at 2 days (OR = 3.82, 95% Cl = 1.3-
17.4, P=.02). By contrast, none of the psychological vari-
ables included in the statistical model differentiated be-
tween patients with and without pain with NC at 3
months. This was confirmed in the full statistical model
(not shown).

Discussion

In this study, we aimed to identify psychological factors
predictive of chronic postsurgical pain common to 2 sur-
gical models: TKA for chronic osteoarthritis and breast
surgery for cancer. Here we used clinically meaningful
pain as an outcome, that is, pain with an intensity =3/
10 on the BPI. This cutoff corresponds to at least moder-
ate pain with a potential impact on physical or emotional
functioning. The surgical models were chosen because
they differ considerably in terms of surgical procedure,
pain outcome, age and sex of the patients, and the pres-
ence or absence of preoperative pain. We considered tra-
ditionally used affective and cognitive predictors of
postoperative pain, including anxiety and depression
(negative affect®®) and catastrophizing, a cognitive pro-
cess involving negative thoughts about pain.*” Such vari-
ables were assessed with scales validated for use on
subjects with or without pain. We show that regardless
of the type of surgery, state anxiety is predictive of the
presence of clinically meaningful postsurgical pain and
its intensity at 3 months, whereas pain magnification,
one of the dimensions of pain catastrophizing, predicts
the intensity of postsurgical pain. These variables might
represent psychological risk factors for chronic postsurgi-
cal pain relevant for all surgical models.

The predictive value of anxiety and catastrophizing for
chronic postsurgical pain has been investigated in several
studies (see'®*® for reviews), but all the studies showing
positive relationships between these variables and
chronic postoperative pain concerned patients with
chronic pain before surgery (eg,*'%11.13:32:33,404547)
Thus, postsurgical pain in these cases may be
a continuation of the presurgical problem rather than
new pain generated by surgery.”® However, 2 studies
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Table 4. Linear Regression Analyses (Backward
Selection) Aiming to Identify Independent Risk
Factors for Pain Intensity at 3 Months (on the
BPI) in the Total Sample of Patients
Undergoing TKA or Breast Cancer Surgery
(n=182)

VARIABLES B STANDARD ERROR T P
Surgery (breast) -.93 .30 —-3.07 .002
Age .03 .01 2.82  .005
Pain at 2 days .95 .28 3.36  .0009
State anxiety .04 .01 3.88 .0001
PCS magnification score 14 .05 2.06 .04

NOTE. The variables included in the statistical models were those correlated with
pain at 3 months in univariate analyses in both surgical models at P < .20. Vari-
ables: age, state anxiety, and PCS magnification: continuous variables; pain at 2
days: dichotomous variable (yes: pain intensity = 3/10, no: pain intensity <3/10);
surgical model: dichotomous variable (breast or TKA).

specifically analyzed the predictors of “new pain” gener-
ated by surgery and reported conflicting results concern-
ing the predictive role of anxiety.’*32 Only few studies
have included patients without preoperative pain and
reported no role for anxiety or catastrophizing in
predicting postsurgical pain.'®?® However, in the first
of these studies, the patients (young men undergoing
chest surgery) developed only mild postsurgical pain,?®
whereas the other study, on patients undergoing breast
surgery, included a small sample of patients (n = 24) and
considered an outcome of mild to severe postoperative
pain,’® which may be less relevant than the clinically
meaningful pain used here. We show here that state anx-
iety and pain magnification are predictive of chronicclin-
ically meaningful postoperative pain, regardless of the
presence or absence of preoperative pain, confirming
that these psychological variables are associated with
a higher risk of new pain generated by surgery rather
than simply with the persistence of chronic pain.

No study has simultaneously investigated the potential
independent predictive value of state and trait anxiety,
catastrophizing, and depression for chronic postsurgical
pain. Our results showing that state anxiety and cata-
strophizing independently predict chronic postsurgical
pain, despite significant correlations before surgery, ex-
tend previous findings for acute postoperative pain.'>34
They confirm that state anxiety and catastrophizing are
different dimensions of the experience of pain.'® By con-
trast, trait anxiety did not emerge as an independent pre-
dictor of chronic pain in our study, consistent with most
previous studies (refs in®®). Like trait anxiety, depression,
despite its association with chronic pain in univariate anal-
yses, had no independent impact on either the prevalence
or the severity of chronic postsurgical pain, consistent
with previous findings for the TKA model.***’ The low
baseline scores for depression in our population may
account for these results, although we cannot rule
out the possibility that depression, at least in severe
cases, makes an independent contribution to chronic
postsurgical pain (refs in'®).

Pain catastrophizing, as assessed by the PCS, has been
developed as a multidimensional construct comprising

The Journal of Pain 861

elements of magnification, rumination, and helpless-
ness.***>4” In our study, only pain magnification—
a heightened perception of the threat represented by
pain symptoms*’ —emerged as a significant predictor
of chronic pain intensity, even in patients with no preop-
erative pain. This suggests that the anticipation of strong
pain in the absence of current pain symptoms may have
the same negative consequences as that in patients cur-
rently experiencing pain. Interestingly, functional MRI
studies have shown that pain anticipation activates cere-
bral regions involved in or close to regions involved in
the experience of pain.3>374250 Fyrthermore, the
anticipation of strong pain has been reported to elicit
a shift in cerebral brain activity from the ventromedial
prefrontal cortex, which is involved in anticipation, to
the periaqueductal gray matter, which is involved in
pain modulation.?' Unlike pain magnification, rumina-
tion and helplessness were predictive of chronic postsur-
gical pain in the TKA model only, consistent with
previous findings.*>*® This suggests that these
dimensions of catastrophizing may be more specific to
some surgical models than pain magnification.

We also assessed the predictive value of somatic vari-
ables for clinically meaningful postsurgical pain at 3
months after breast cancer surgery and TKA. Acute
pain severity made a major contribution to chronic
pain severity and prevalence, consistent with previous
findings." 182323338 However, baseline pain intensity
was not predictive of pain after TKA, contrasting with
previous findings for this model.*>*>% One reason for
this discrepancy may be that the pain outcome measure
used here (average pain intensity in the BPI), to allow
comparisons with the breast cancer surgery model, is
less sensitive than the Western Ontario and McMaster
Universities Arthritis Index for determining the specific
nature of osteoarthritis pain before surgery.* Finally,
we found that older age of the patient was predictive
of postsurgical pain, although this effect was more sig-
nificant in the TKA model. These data go against previ-
ous findings suggesting that a younger age of the
patient is associated with higher levels of pain after sur-
gery.3:26:3436 However, the apparent protective effect of
older age in these studies mostly concerned acute
postsurgical pain (eg,?>** and pain after breast cancer
surgery.’®3®  Furthermore, after breast surgery,?®3®
younger age of the patient has been shown to be
predictive of postsurgical pain of any intensity,
including mild pain, but not specifically of moderate to
severe pain, the outcome used in our study.

Breast surgery and TKA induce different types of post-
operative pain. Neuropathic pain has been reported
more commonly after breast surgery®®%° than after
knee surgery.>' We found that most painful patients un-
dergoing breast surgery had pain with NC, as assessed by
the 7-item DN4 questionnaire (71%), whereas such pain
occurred in less than 50% of the painful patients under-
going knee surgery. In multivariate analyses, acute pain
was the only variable specifically predictive of pain
with NC (the psychological variables were not predic-
tive). These data suggest that somatic factors are of
greater predictive value than psychological factors for
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the occurrence of neuropathic pain. Psychological fac-
tors seem to have similar effects on the likelihood of
chronic postsurgical pain regardless of the nature of
that pain.

One of the major strengths of our study is the consid-
eration of a large group of consecutive patients sched-
uled for TKA or breast surgery for inclusion and the
completion of the 3-month assessment for all the pa-
tients. However, this study was also subject to limitations.
We used stringent inclusion criteria for this study to max-
imize the homogeneity of the sample for each surgical
model. This may limit the generalization of our data to
a broader range of patients undergoing surgery. How-
ever, the characteristics of the patients included were
similar to those reported in previous studies on patients
undergoing TKA**4® or breast surgery.'>3® Another
potential limitation concerns the small number of
affective and cognitive factors studied here, which do
not encompass all the diverse potential psychosocial
predictors of chronic postsurgical pain, including stress,
hypervigilance,  psychological  vulnerability, and
negative expectations.’>?®32  Finally, because we
limited our data to a 3-month time point that marks
the onset of chronic postsurgical pain, we cannot
exclude the possibility that the factors identified here
predict the transition to pain chronicity rather than the
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