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ABSTRACT

Background: Diverting attention away from noxious stimulation (i.e., distraction) is a common pain-coping strategy. Its
effects are variable across individuals, however, and the authors hypothesized that chronic pain patients who reported higher
levels of pain catastrophizing would derive less pain-reducing benefit from distraction.

Methods: Chronic pain patients (n = 149) underwent psychometric and quantitative sensory testing, including assessment of
the temporal summation of pain in the presence and absence of a distracting motor task.

Results: A simple distraction task decreased temporal summation of pain overall, but, surprisingly, a greater distraction anal-
gesia was observed in high catastrophizers. This enhanced distraction analgesia in high catastrophizers was not altered when
controlling for current pain scores, depression, anxiety, or opioid use (analysis of covariance [ANCOVA]: F = 8.7, P < 0.005).
Interestingly, the magnitude of distraction analgesia was inversely correlated with conditioned pain modulation (Pearson
R =-0.23, P =0.005).

Conclusion: Distraction produced greater analgesia among chronic pain patients with higher catastrophizing, suggesting that
catastrophizing’s pain-amplifying effects may be due in part to greater attention to pain, and these patients may benefit from
distraction-based pain management approaches. Furthermore, these data suggest that distraction analgesia and conditioned
pain modulation may involve separate underlying mechanisms. (ANESTHESIOLOGY 2014; 121:1292-301)

HE biopsychosocial model of pain acknowledges many
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Catastrophizing, often associated with chronic pain, might
reduce the analgesic effects of distraction
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as catastrophizing,” attentional capacity,”’ and the presence of While there is some evidence that catastrophizing is asso-
chronic pain.!® Collectively, chronic pain patients appear to  ciated with less effective, or more delayed, distraction analge-
have an attentional bias toward painful stimuli'! and higher ~sia,””'*? it is also plausible that effective external distraction
pain sensitivity on formal testing,'*"!® which may be exacer- ~ could diminish the negative consequences of catastrophiz-
bated by negative cognitive processes (e.g., catastrophizing). ~ ing, as catastrophizing may involve difficulty with internally
What is less well understood is whether this association var-  distracting oneself from pain. Importantly, previous research
ies among individual chronic pain patients. If so, this could investigating the relationship between catastrophizing and
impact the efficacy of coping strategies such as distraction. distraction analgesia has been conducted in healthy controls,
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rather than in patients with chronic pain. The salience of
pain-related information is likely to be heightened in indi-
viduals with chronic pain,?! and chronic opioid use.??%4
Moreover, the impact of catastrophizing, which is guantita-
tively less in healthy controls than chronic pain patients, may
also be gualitatively different between these two populations.

Temporal Summation of Pain (TSP), which measures the
increase in pain sensation during a train of stimuli, is a quan-
titative sensory test (QST) which assays central sensitization.
TSP is variable among normal individuals®> and groups (gen-
der,26 ag627), and may also indicate an individual’s endoge-
nous analgesic response,?® predict postsurgical pain?*-* and
clinical outcomes,?>3¢ distinguish differences between low-
and high-opioid users,? and risk for opiate misuse.?” Patients
with fibromyalgia,'>!* temporomandibular disorders,'* per-
sistent postoperative pain,’> and functional abdominal
pain,'® have demonstrated increased TSP relative to pain-free
controls. TSP has been associated with catastrophizing in
pain patients,? and is relatively portable and easy to perform.

In the current study, we investigated the effect of a brief,
simple distraction task on TSP in 149 patients with chronic
pain. We hypothesized that distraction would reduce TSP,
but to a variable extent among individuals. On the basis of
previous studies in normal volunteers, we hypothesized that
catastrophizing would be associated with that variability,
with higher levels of catastrophizing predicting less distrac-
tion analgesia. Finally, as there is evidence that distraction
analgesia may work through a mechanism distinct from that
underlying descending endogenous analgesia in healthy vol-

unteers,6

we also investigated the relationship between dis-
traction analgesia and conditioned pain modulation (CPM)

in these chronic pain patients.

Materials and Methods
Study Design and Participants

This was a cross-sectional cohort study of 149 patients with
persistent spine pain performed in a single, large, urban,
university-based pain management center. Participants were
recruited by posters advertising the study in and around the
Pain Management Center at Brigham and Women’s Hos-
pital. Pain site was primarily low back, but included upper
back and neck as well. Patients were eligible if they had expe-
rienced persistent spinal pain for more than 6 months, and
were able to speak, read, and write in English. Patients were
excluded if they had a diagnosis of cancer or other malignant
disease, cognitive limitations that precluded providing self-
report data, or a history of myocardial infarction. Recruit-
ment was conducted via local posting of electronic and
print advertisements. Interested participants called in, and
underwent a telephone-based screening before coming in for
an initial study visit. Participants received $50 as compensa-
tion for their participation. The study was conducted with
Institutional Review Board approval (Partners Institutional

* Available at: http://www.wma.net. Accessed May, 30, 2011.
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Review Board at Brigham and Women’s Hospital) and
within the Helsinki guidelines for pain research in human
subjects.* All patients underwent an informed consent pro-
cess before participation in the study.

Questionnaires

Standard demographic information was collected by self-
report, including current opioid use. Questionnaires admin-
istered included: (1) the Brief Pain Inventory,®® which is
frequently recommended as a measure of pain severity and
pain interference for patients with chronic malignant or non-
malignant pain,®® (2) the Beck Depression Inventory (BDI), a
well-validated, commonly used, general measure of depressive
symptomatology,’’ (3) the Pain Catastrophizing Scale (PCS), a
well-validated, widely used, self-report measure of catastrophic
thinking associated with pain,*! with good psychometric prop-
erties in pain patients and controls,”> and (4) Assessment of
pain-related anxiety, consisting of the Pain Anxiety Symptoms
Scale (PASS),® a verbal anxiety rating (on a 0~100 scale, with
“no anxiety” and “severe anxiety” as the respective anchors).

Session Protocol

Study subjects provided informed consent. Many of these
procedures have been described in our previous studies.”” 44>
Ratings of current clinical pain intensity (on a 0-10 scale,
0 = “no pain”, 100 = “the most intense pain imaginable”)
were obtained before the psychophysical testing session.
During the session, subjects were seated comfortably in a
reclining chair. First, resting blood pressure and heart rate
were assessed, after which participants underwent the psy-
chophysical testing procedures described below, with the
order of testing: mechanical temporal summation task, dis-
traction task, thermal threshold and tolerance testing, pres-
sure threshold and tolerance testing, cuff pressure testing,

followed by CPM. One tester did all the QST assessments.

Mechanical Temporal Summation Task

Participants first underwent an assessment of mechanical
temporal summation using weighted punctate probes, as in
a previous study.?” The lowest-force stimulator that produced
a sensation of discomfort (128 or 256 mN for most subjects)
was used to apply a train of 10 stimuli to the skin of the dor-
sum of the hand, on the middle phalange of the middle finger
at the rate of 1 per second. Participants rated the painfulness
of the first, fifth, and tenth stimulus, and also rated any ongo-
ing pain after-sensations 15 s after the final stimulus. There
were two total temporal summation runs. The first tempo-
ral summation run was in the absence and the second in the
presence of the distracting stimulus. These were separated
in time by a task to determine the subject’s 20% grip force
strength (two trials of maximum grip strength—see below).

Distraction Task
We developed a brief active distraction task involving per-
formance of sustained handgrip of a targeted grip force.

Schreiber et al.
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Numerous studies in adults® and children®® have docu-
mented the effectiveness of similar distraction techniques in
reducing pain perception, while generating a broad distribu-
tion of individual differences in the magnitude of distrac-
tion analgesia. In the current study, we used a simple active
physical task that could be completed quickly. After the ini-
tial temporal summation run, participants twice squeezed a
handgrip dynamometer (Vakind Technology Co., Shenzen,
China) to assess maximum grip strength in their dominant
hand. These two trials were averaged, after which the experi-
menter calculated 20% of the maximum handgrip force and
marked this level on the dynamometer. Next, the experi-
menter informed subjects that the task involving temporal
summation of mechanical probe pain would be performed
on the nondominant hand while the subject was asked to
“concentrate on trying to maintain 20% handgrip strength
as uniformly as possible” using the dominant hand. Partici-
pants were again asked to rate the pain intensity of the first,
fifth, and tenth probe stimulus, as well as after-sensations,
while maintaining 20% grip strength until the final rat-
ing. Distraction analgesia was calculated as the difference in
temporal summation of mechanical pain between the “dis-
tracted” and “nondistracted” conditions.

Other QST measures

In addition to the temporal summation task in the absence
and presence of distraction, subjects underwent several
QSTs. Contact heat stimuli were delivered using a contact
thermode (Medoc Advanced Medical Systems, Ramat Yis-
hai, Israel). A 9 cm2 thermode was applied to the volar fore-
arm, and followed an ascending method of limits paradigm
with a rate of rise of 0.5°C/s. Thermal assessment included
sampling of warmth and cool thresholds, followed by heat
pain thresholds and cold pain threshold, followed by heat
pain tolerance all tested on the ventral forearm.?”4” Mechan-
ical pain thresholds were assessed using a digital pressure
algometer (Somedic, Sollentuna, Sweden). Pressure pain
thresholds (PPTh) were determined twice, bilaterally at the
trapezius muscle and the metacarpophalangeal joint of the
thumb. At each site, mechanical force was applied using a
0.5-cm? probe covered with polypropylene pressure-trans-
ducing material; pressure was increased at a steady rate of
30 kPA/s until the subject indicated that the pressure was
“first perceived as painful.” Reaction to prolonged pressure
pain was ascertained using a pneumatic tourniquet cuff over
the gastrocnemius muscle, which was inflated to and main-
tained at a particular pressure to produce a pain intensity
rating of 40/100 (tailored to each individual), maintained
for 2 min, and rated each 30 s.4 Responses to noxious cold
were evaluated upon immersion of the right hand in a cir-
culating cold water bath maintained at 4°C, which was also
used to assess CPM, a noninvasive test of endogenous pain-
inhibitory systems using a heterotopic noxious conditioning
stimulation paradigm.?*® In the current protocol, during
each cold pressor test, PP'Th was assessed on the contralateral
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trapezius. CPM was quantified as percent change in PPTh
during the cold pressor tasks relative to baseline PPTh, with
an increase in PPTh being expected. A final cold pressor test
was used to derive an index of cold pain tolerance, with cold
pain intensity ratings (0—100) also obtained at 30 s intervals
during and following cold pressor test.

While no formal a priori power analysis was performed,

sample size was based on previous literature®!-5

investigating
the impact of catastrophizing on pain processing, which had
fewer patients than the current work. We therefore consid-
ered that the number of patients in the current study were

sufficient to detect the effects we were investigating.

Statistics

All analyses were performed using SPSS (V 19, Chicago,
IL). Patients were classified as high or low catastrophizers
based on a median split of PCS scores (PCS median = 22).
Descriptive data for continuous variables were presented as
means and SDs, whereas descriptive data for categorical vari-
ables were presented as percentages, and differences between
low and high catastrophizers among these variables were
analyzed using 7 test and Fisher’s exact test, respectively. A
temporal summation score was computed by subtracting a
patient’s first pinprick pain rating from their tenth pinprick
pain rating in a train of 10.

To examine whether pinprick pain ratings varied as a
function of catastrophizing and the distraction task, a three-
way (catastrophizing x distraction task x pinprick stimulus
number) mixed analysis of variance (ANOVA) was con-
ducted. Furthermore, to examine whether temporal summa-
tion score varied as a function of patients’ catastrophizing,
opioid status, or the distraction task, a three-way (catastro-
phizing x opioid status x distraction task) mixed ANOVA
was used, with TSP scores (ratings of tenth stimulus - rat-
ings of first stimulus) as the dependent variable. Significant
interactions between these factors were investigated. A fol-
low-up (catastrophizing x distraction task) ANCOVA with
BDI and PASS included as a covariate was conducted to
investigate the potentially confounding impact of depres-
sion on this relationship. To investigate the interrelation-
ships among QST outcomes (and determine whether any
significant associations were accounted for by catastrophiz-
ing), both raw Pearson correlation coeflicients and partial
correlations (controlling for PCS scores) were calculated
between QST measures, and between PCS and depres-
sion and anxiety scores. To account for the multiple QSTs
used, we adjusted the P value considered significant using a
Bonferroni correction for each modality tested. Specifically,
when comparing groups of patients (high and low catastro-
phizing, opioid- and nonopioid users) on 10 psychosocial
and demographic variables, we adjusted the significance level
to P < 0.005 (table 1). Five Mechanical QSTs (cuff, pres-
sure) were employed, and therefore we adjusted the signifi-
cance level to P < 0.01 (table 2). Three heat QSTs and three
cold pain QSTs were used, and therefore we adjusted the
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significance level to P < 0.02 (table 2). Four pinprick mea-
sures were included in the temporal summation task, and
therefore we adjusted the significance level to P < 0.0125
(table 3). Eight comparisons were made between opioid and
nonopioid-treated patients, and therefore we adjusted the
significance level to P < 0.00625 (table 4). In considering
correlations between QSTs, we performed a total of 11 cor-
relations, and therefore we adjusted the significance level to

P <0.005 (table 5).

Results

Study Population

Slightly more than half (55%) of the 149 participants
were women, and mean age was 47.8+10.5 years. Sub-
jects reported an average current pain score of 5.0 +2.4/10.
Roughly half (48%) of patients reported taking opioids
chronically. Of note, men and women pain patients did not
differ on any of the QSTs or psychosocial measures exam-
ined, with the exception of PPTh at the trapezius, with
women patients having a lower PPTh (¢ (147) = -2.95,
P =0.004).

Catastrophizing about pain was assessed using the PCS,
which yielded a mean score of 22.2+11.9 (range 0-48).
No differences in age, gender, baseline or posttesting vitals
were observed between low and high catastrophizers. How-
ever, consistent with other studies, pain scores (present pain,
worst pain, least pain) were significantly higher among high
catastrophizers. Similarly, anxiety (PASS) and depressive
symptoms (BDI) were significantly greater in high catastro-
phizers (table 1).

Relationship of Catastrophizing to QST Outcomes and
Measures of Negative Affect

To characterize the relationship between catastrophizing and
pain sensitivity in this chronic pain cohort, we compared
scores on several standard QST measures between high and

Table 1.

low catastrophizers. High catastrophizers had higher cuff
pressure sensitivity (table 2). Conversely, other QST mea-
sures (e.g., pressure, heat, and cold pain threshold and tol-
erance) were not significantly different between high and
low catastrophizing groups (table 2). Repeated pinprick
stimuli did evoke a greater degree of temporal summation
of mechanical pain in high catatrophizers (table 3, fig. 1).
Conversely, CPM, a measure of descending inhibition, was
not different between high and low catastrophizers in this
sample of pain patients (table 3).

To investigate the relationship of catastrophizing to mea-
sures of negative affect, a Pearson correlation was performed.
Consistent with previous studies, results of these correla-
tional analyses indicated that catastrophizing was associated
with significantly higher scores on the BDI (r = 0.47, P <
0.0001) and on the PASS (r = 0.66, P < 0.0001).

Influence of Catastrophizing and Distraction on Pinprick
Pain Ratings
To investigate the relationship of catastrophizing and dis-
traction and stimulus order, a three-way (catastrophizing x
distraction x pinprick stimulus number) mixed ANOVA was
conducted to examine whether pinprick pain ratings and
temporal summation varied as a function of catastrophizing
and the distraction task. Results of this ANOVA revealed
a significant main effect for catastrophizing (F [1, 143] =
7.2, P <0.008), such that average pinprick pain ratings were
significantly higher in high catastrophizers (m = 27.2, SD =
2.2) than low catastrophizers (m = 18.3, SD = 2.4). There
was also a significant main effect for distraction (F [1,143]
=26.6, P < 0.0001), such that pinprick rating were lower in
the presence of the distraction task. As expected, a significant
main effect was observed for stimulus number (F [2,286] =
83.9, P < 0.0001), revealing that temporal summation of
mechanical pain did occur across the 10 stimuli.

These main effects were qualified by a significant cata-
strophizing x pinprick stimulus number interaction effect

Subject Demographics and Pain Characteristics: Differences between Patients with Low and High Catastrophizing

Low Catastrophizing

All Subjects

High Catastrophizing

(n=69) (n=76)

Demographics and Pain

Characteristics Mean + SD or % Mean + SD or % Mean + SD or % P Value
Age 47.8+10.5 49.1+£11.2 46.7+9.8 0.19

Female gender 56% 51% 58% 0.41

Opioid use 48% 51% 55% 0.62

BPI: current pain* 5.1+£2.6 4.0+£2.5 6.1+1.8 <0.0001
BPI: least pain* 3.8+25 2.7+23 4.7+2.3 <0.0001
BPI: worst pain* 6.5+2.6 5.4+2.6 74x22 <0.0001
Pain-related anxiety* 40.2+19.1 30.0+14.8 50.0+17.5 <0.0001
BDI* 10.4+7.5 16.5+8.8 <0.0001
PCS* 22.2+11.8 12.2+6.4 31.3+7.5 <0.0001

Missing values for PCS, BDI, and Pain-related Anxiety Score on four subjects; statistical tests were t test for continuous variables, Fisher’s exact test for

discrete variables.
*After Bonferroni adjustment for multiple comparisons, significance set as P < 0

.005.

BDI = Beck’s Depression Inventory; BPI = Brief Pain Inventory; PCS = Pain Catastrophizing Scale.
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Table 2. Comparison of Low and High Catastrophizing Chronic Pain Patients on Quantitative Sensory Testing Measures

Low Catastrophizing High Catastrophizing

Quantitative Sensory Testing Measure Mean + SD Mean + SD P Value
Cuff pressure (mmHg) at 40/100 pain intensity* (n = 69/76) 155+44 129+56 0.002
Pain rating at end of 2min cuff test (out of 100) (n = 69/75) 43+20 46+23 0.368
Pain rating 15 s after cessation of cuff test (n = 69/75) 4+10 9+17 0.021
Pressure pain threshold trapezius (n = 69/76) 336+169 281+142 0.038
Pressure pain threshold thumb (n = 69/76) 390+168 342+188 0.112
Warmth detection threshold (°C) (n = 55/65) 33.7+5.0 34.1+£4.7 0.665
Heat pain threshold (°C) (n = 55/65) 41.1+6.8 40.0+6.3 0.393
Cold pain threshold (°C) (n = 55/64) 12.4+11.0 15.9+9.9 0.080
Heat pain tolerance (°C) (n = 55/64) 451+7.0 44.1+6.6 0.427
Cold pain tolerance (s) (n = 66/74) 54.1+50.0 39.2+40.0 0.053
Max cold pain rating (n = 66/74) 84.0£14.2 89.0+£15.2 0.044

Statistics used were t tests for continuous variables.

* After Bonferroni adjustment for multiple comparisons, significance set as P < 0.01 for pressure-related QSTs and P < 0.02 for heat and cold pain-related

QSTs.
QST = Quantitative sensory test.

(F [2,286] = 6.4, P = 0.002), with higher catastrophizers
showing more dramatically increasing pain scores in the
train of stimuli. There was also a significant distraction x
stimulus number interaction effect (F [2,286] = 6.0, P =
0.003), which was driven by a reduction of temporal sum-
mation in the distraction condition. Finally, there was also a
significant three-way interaction between catastrophizing x
stimulus number x distraction (F [2,286] = 4.7, P = 0.010).
As depicted in figure 1, this three-way interaction was char-
acterized by a prominent reduction in temporal summation
within the high catastrophizing group during the distraction
task, such that high and low catastrophizers did not differ
significantly in temporal summation during the distraction

condition, # (143) = -1.46, P = 0.147.

Influence of Gatastrophizing, Opioid Status, and
Distraction on Temporal Summation

A three-way (catastrophizing x opioid status x distraction
task) mixed ANOVA was used to examine whether temporal
summation varied as a function of patients’ catastrophizing,
opioid status, or the distraction task. Results of this analysis

again revealed a significant main effect for catastrophizing
(F [1,141] = 6.8 P=0.01), such that scores on the temporal
summation index were significantly greater in high catastro-
phizers (m = 17.1, SD = 1.9) than low catastrophizers (m
=9.8, SD = 2.0). There was also a significant main effect for
distraction on temporal summation (F [1,141] = 8.6, P =
0.004), with lower temporal summation during the distrac-
tion task than the control task. These main effects were qual-
ified by a significant catastrophizing x distraction interaction
effect (F [1,141] = 6.6, P = 0.011), as high catatrophizers
showed a greater diminution of temporal summation during
conditions of distraction (“distraction analgesia”) than did
low catastrophizers (fig. 1, C). There was not a clear main
effect of opioid use on temporal summation and also no sig-
nificant two- or three-way interactions with opioid status.
Given the significant positive correlation between cata-
strophizing and higher depressive and anxiety symptoms,
a follow-up ANCOVA was conducted to examine whether
the PCS x distraction interaction effect on temporal sum-
mation remained significant even after controlling for BDI

and PASS scores. Results of this ANCOVA revealed that the

Table 3. Measures of Pain Modulation in Low and High Catastrophizing

Low Catastrophizing (n = 69)

High Catastrophizing (n = 76)

Quantitative Sensory Testing Measure Mean + SD or % Mean + SD or % P Value
Pinprick 1 pain rating 15.0+15.2 18.6+17.9 0.186
Pinprick 5 pain rating* 20.7+19.4 31.1+25.3 0.007
Pinprick 10 pain rating* 25.0£22.2 39.1+£30.5 0.002
Post 15 s pain rating 2.1+6.3 5.1+13.0 0.080
Temporal summation score (Difference tenth to first)* 10.0+£15.0 20.4+21.8 0.001
CPM index (pain threshold with/without conditioning 130+33 122+33 0.127

stimulus x 100)

Statistics used were t tests for continuous variables.

*After Bonferroni adjustment for multiple comparisons, significance set as P < 0.0125.

CPM = Conditioned Pain Modulation.
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Table 4. Comparison of Opioid and Nonopioid Users

Nonopioid Opioid
Factor Mean + SD or % Mean + SD or % P Value
Age (n=77/72) 48.6+10.7 47.0+10.3 0.364
Female gender (n = 77/72) 58% 53% 0.513
BPI:current pain* (n = 77/68) 4.4+2.7 5.8+1.7 0.002
BPI: least pain* (n = 77/68) 3.2+2.6 45+2.2 0.001
BPI: worst pain* (n = 77/68) 5.8+2.8 72+23 0.001
Pain-related anxiety (n = 77/68) 39.7+22.7 40.6+14.0 0.767
PCS (n = 77/68) 22.1+£12.7 22.3+10.9 0.910
BDI (n = 77/68) 12.1+8.9 15.2+8.4 0.036

Missing values for PCS, BDI, and Pain-related Anxiety Score on 4 subjects; statistical tests were t test for continuous variables, Fisher’s exact test for

discrete variables.

*After Bonferroni adjustment for multiple comparisons, significance set as P < 0.00625.
BDI = Beck’s Depression Inventory; BPI = Brief Pain Inventory; PCS = Pain Catastrophizing Scale.

main effect of catastrophizing (F [1,142] = 4.7, P = 0.030)
and distraction (F [1,142] = 7.8, P = 0.005), as well as the
interaction between these two factors (F [1,142] = 10.7,
P = 0.001) remained significant even when including BDI
and PASS scores as covariates. We further explored the nature
of this interaction using partial correlations (controlling for
BDI and PASS scores), which allowed us to examine PCS
scores as a continuous, rather than a categorical, variable.
Partial correlations revealed a significant association between
PCS scores and temporal summation in the nondistracted
condition (r = 0.23, P = 0.006), but the partial correlation
between PCS scores and temporal summation in the dis-
traction condition was not significant (r = 0.02, P = 0.823).

Table 5. Correlation between Distraction Analgesia and
Nociceptive Sensitivity on Quantitative Sensory Testing

Correlation with
Distraction Analgesia
Index

Quantitative Sensory Pearson Correlation

Testing Measure Coefficient P Value

Cuff pressure (mmHg) at -0.055 0.506
40/100 pain intensity

Pain rating at end of 2min -0.012 0.882
cuff test

Pain rating 15 s after -0.004 0.961
cessation of cuff test

Pressure pain threshold -0.04 0.628
trapezius

Pressure pain threshold thumb -0.136 0.097

Warmth detection threshold (°C) -0.209 0.02

Heat pain threshold (°C)* -0.279 0.002

Cold pain threshold (°C) -0.014 0.882

Heat pain tolerance -0.236 0.009

Max cold pain rating 0.228 0.006

Conditioned Pain -0.231 0.005

Modulation index*

Pearson correlation coefficients were calculated between Quantitative
Sensory Testing measures.

*After Bonferroni adjustment for multiple comparisons, significance set as
P < 0.005.
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A follow-up Steiger’s Z-test revealed that the magnitude of
these correlation coefficients was significantly different (£ =
3.16, P < 0.01), indicating that the use of distraction elimi-
nates the initially significant association between catastroph-
izing and temporal summation of pain.

In this cohort, there was an equal distribution of patients
taking opioids chronically (n = 72) and nonopioid users
(n = 77), allowing an investigation of the impact of chronic
opioid use on distraction analgesia and its relation to cata-
strophizing. Opioid users reported significantly higher pain
scores on the Brief Pain Inventory (table 4). However, no
difference in age, gender, pain-related anxiety, depression,
stress, or catastrophizing was observed between opioid users
and nonusers (table 4). Similarly, there was no evidence for
baseline psychophysical differences between opioid users and
nonopioid users, as measured by all QST measures, with the
exception of the cold pain rating at 30 s (data not shown).

Relationship of Distraction Analgesia to Pain Sensitivity
and Conditioned Pain Modulation

Distraction analgesia was variable among patients. To under-
stand the relationship of distraction analgesia to general pain
sensitivity, and to CPM, we conducted a correlational analysis
of distraction analgesia with other QSTs. Among this group of
chronic pain patients, greater distraction analgesia correlated
with lower heat pain threshold (table 5), suggesting that more
heat pain sensitive patients displayed larger analgesic effect of
distraction. However, no such correlation was observed for
measures of pressure, heat or cold pain (table 5). Interestingly,
distraction analgesia magnitude was inversely correlated with
CPM R = -0.23, P = 0.005), such that those with the lowest
degree of pain inhibition showed relatively greater distraction
analgesia. The pattern of association between distraction anal-
gesia and other QST responses was not altered when control-
ling for baseline levels of temporal summation.

Discussion

This study investigated individual differences in pain process-
ing among a group of chronic spine pain patients, including
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Fig. 1. The impact of distraction on temporal summation of pain in high and low catastrophizers was assessed. Using the
lowest-force weighted pinprick stimulator that produced a sensation of discomfort, a train of 10 stimuli (frequency 1 Hz) was
applied to the skin of the dorsum the middle phalange of the middle finger. Temporal summation of pain was more pronounced
in chronic pain patients with high catastrophizing (A). A distracting handgrip task decreased pinprick scores in both groups (B).
However, the distraction task reduced temporal summation in patients with high catastrophizing to a greater degree (C), es-
sentially reducing their temporal summation score to the level of patients with low catastrophizing. ANOVA showed a significant
interaction between distraction analgesia and catastrophizing, and follow-up t test indicated that high and low catastrophizers
did not differ significantly in temporal summation during the distraction condition, t (143) = -1.46, P = 0.147, while in the nondis-

tracted condition, they did, t (143) = -3.34, P < 0.001.

distraction analgesia, with a specific focus on the influence of
catastrophizing. The current findings support the conclusions
of previous research demonstrating enhanced TSP among
patients high in catastrophizing.® In addition, as expected, even
a brief and simple distracting motor task was able to reduce
pain. While the pain-relieving and hyperalgesia-reducing effects
of distraction have been well-documented in clinical and QST
studies, this is the first report of distraction’s capacity to reduce
TSP in a clinical cohort. It is noteworthy that a simple, brief,
cognitive mechanical task was able to substantially reduce an
endogenous pain-facilitatory process such as TSP Interest-
ingly, despite the overall effectiveness of distraction to reduce
TSP, there was a variable effect among this group of chronic
pain patients, with the most pronounced analgesia occurring
in patients who reported the highest levels of catastrophizing.
Given that previous studies in healthy volunteers have found /ess
effective distraction analgesia among higher catastrophizers, this
was somewhat surprising and contrary to our initial hypothesis.
It may suggest that nociceptive processing among chronic pain
patients is altered in comparison to individuals without chronic
pain. In addition, there may be important differences between
individual chronic pain patients, which may predict their differ-
ential response to various distraction-based treatments for pain.

Distraction Analgesia and Catastrophizing
Consistent with previous studies of individuals without
chronic pain, higher catastrophizing was associated with

Anesthesiology 2014; 121:1292-301 1298

amplified TSP. However, high catastrophizers also appeared
to benefit most from the analgesic effects of distraction, such
that their degree of TSP was essentially decreased to the level
of low catastrophizers in the presence of the distracting stim-
ulus (fig. 1, C). This seems especially remarkable because
catastrophizing is generally associated with reduced analgesic
effectiveness in a variety of contexts,® and would appear to be
at odds with some previous work showing higher catastroph-
izing to be associated with reduced distraction analgesia.>”
Importantly, these previous reports differ from current study
in multiple respects: subject samples (healthy participants in
previous studies vs. chronic pain patients in current study),
pain induction methods (capsaicin or cold pressor pain vs.
a brief mechanical temporal summation task), time course
of pain responses studied, and type of distraction task, all of
which potentially account for the differing results.

Several putative mechanisms could explain the finding
that chronic pain patients with higher catastrophizing in this
study exhibited greater distraction analgesia on the TSP assay.
First, the TSP assay may be particularly well-suited to detect
these interactions. The sustained attention that is required to
give repeated pain ratings during this test may allow a greater
degree of pain catastrophizing to develop, and as such, make
it more sensitive to detect the interaction of catastrophiz-
ing with attentional state. Second, chronic pain patients
exhibit an overall higher level of catastrophizing compared
with volunteers with no chronic pain, and it is possible that
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a qualitatively different relationship of catastrophizing and
attention occurs at this level. Third, there may be increased
relevance of attentional states to the experience of pain in
chronic pain patients.!"?! The long-term stress of living with
chronic pain may itself alter the psychological, physiological,
and cognitive processing,’® and negatively impact the abil-
ity to effectively modulate attention, and self-initiate coping
mechanisms such as distraction. As catastrophizing exerts
its impact in part by the individual involuntarily focusing
attention or ruminating on pain, high catastrophizers may be
more susceptible to effective external distraction and a sub-
sequent greater reduction of the pain response. Deliberate
diversion of attention away from this painful stimulus may
in fact buffer some of the pain-amplifying effects of negative
affective and cognitive processes involved in catastrophizing.

Collectively, the current findings suggest that the asso-
ciation between catastrophizing and distraction analgesia is
complex, and additional research is needed to elucidate all
the potentially interacting factors that contribute to indi-
vidual differences in the pain-relieving effects of distraction.
However, future treatment studies in those with high cata-
strophizing may benefit from the inclusion of distraction
training for this patient group, which is otherwise generally
considered to be treatment-resistant.

Relationship of Distraction Analgesia to Pain Sensitivity
and Endogenous Pain Modulation

Chronic pain patients show structural, functional, and neu-
rochemical brain changes compared with healthy controls®
and the success of any given analgesic strategy may vary
widely across individuals with any given chronic pain diagno-
sis. The current findings suggest that a tendency toward cata-
strophic thinking about pain may actually favor distraction
as an analgesic strategy. That is, some of the pain-amplifying
impact of catastrophizing may be effectively neutralized dur-
ing the deliberate diversion of attention away from noxious
stimulation. To better characterize the individuals who had
greater distraction analgesia, we also investigated the cor-
relation of distraction analgesia with other QST responses.
Interestingly, those with low levels of endogenous pain inhi-
bition measured as CPM had higher (more effective) distrac-
tion analgesia scores. This is perhaps not surprising, as TSP
is generally considered to be a measure of pain facilitation,
whereas CPM seems to be a measure of pain inhibition.”>>
The inverse correlation between distraction analgesia and
CPM observed in this study endorses the idea that these
pain modulatory processes may involve different underly-
ing neurobiological mechanisms, allowing the possibility for
synergistic combination of these analgesic approaches (e.g,
combining a CPM paradigm with a distraction task may
enhance its pain-reducing qualities). Indeed, one previous
study found that distraction analgesia and CPM were sepa-
rable and additive when applying both approaches simulta-
neously.® Similarly, another study found additive effects of
combining distraction with CPM, culminating in inhibition
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of thermal temporal summation, in a chronic pain cohort
(fibromyalgia patients).>

The current sample of patients was roughly evenly split
into those using opioids and those using exclusively nonopi-
oid medications. In both animal and human studies, chronic
opioid use is associated with both opioid tolerance and opi-
oid-induced hyperalgesia.’” Given that distraction analgesia

22 and
3

may involve endogenous opioid neurotransmission,
chronic opioid use may alter pain-modulatory processes’
and modulate the effect of emotional states on pain,** we
speculated that chronic opioid use might negatively impact
its efficacy. However, we did not observe a difference in dis-
traction analgesia in the temporal summation assay between
those patients on chronic opioid therapy compared to those
patients not currently using opioids. Similarly, there was no
significant interaction between opioid use and catastroph-
izing. An important consideration is that opioid use was not
randomized in this study, and indeed patients taking opioids
chronically reported greater pain and depression, potentially
confounding any definitive conclusion in this regard.

Limitations

Inclusion in the study was voluntary, which allows for selec-
tion bias among participants. We did not randomize the
order of distracted and nondistracted temporal summation
tasks, which increases the possibility of order effects (e.g.,
habituation). However, previous studies of temporal sum-
mation have reported no systematic changes across trials,>>’
and previous work has suggested that individuals high in
catastrophizing exhibit less habituation than low catastro-
phizers.’® We used only a single pain modality (noxious
mechanical punctate stimulation) in the assay of distraction
analgesia. In general, QST-assessed indices of pain sensitivity
and pain modulation tend to be moderately intercorrelated,
but further assessment of the pain-reducing effects of dis-
traction on other pain modalities (e.g., heat pain, cold pain,
electrical pain, etc.) could reveal the generalizability of dis-
traction’s analgesic effects that were observed in this study.
In addition, pinprick pain is a relatively moderate pain
stimulus, and possibly with a more intense pain stimulus,
low catastrophizing patients would exhibit higher distraction
analgesia, similar to that exhibited by high catastrophizing
patients. We did not include a “control” condition, and thus
cannot exclude the possibility that the observed effects were
attributable to a process other than distraction (e.g., motor
activity-dependent inhibition of pain, or a form of exercise-
induced analgesia). We are doubtful that such processes
played a major contributory role in this study, as analgesic
effects derived from physical activity typically require much
longer and more intense activity than the brief, mild, hand-
grip task used here, and as patients with chronic pain do not
generally demonstrate robust exercise-induced analgesia.®’
Finally, because of the nature of the distraction task data,
we treated PCS scores as dichotomous rather than continu-
ous. In response to peer review, we also performed additional
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analyses treating PCS as continuous variable, which did not
alter any of the significant findings.

Conclusions

The current study confirms previous reports of enhanced tem-
poral summation of pain in subjects high in catastrophizing,
and is the first to document the capacity of distraction to reduce
temporal summation of pain in pain patients, with this effect
being most pronounced among those highest in catastroph-
izing. In addition, we observed a modest but significant inverse
relationship between distraction analgesia and CPM, suggest-
ing that these pain-modulatory processes may occupy distinct
neurobiological pathways and contribute independently to
each individual’s pain experience. The results of this study
would suggest that patients high in catastrophizing, who may
be less likely to benefit from CPM, may, in fact, derive sizable
benefits from distraction-based pain-management approaches.
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