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ARTICLE INFO ABSTRACT
Article history: Background: Abdominal pain is the most distressing symptom of chronic pancreatitis (CP), and current
Received 6 September 2021 treatments show limited benefit. Pain phenotypes may be more useful than diagnostic categories when
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Available online 2 May 2022 Aims: This cross-sectional study examined dimensions of pain in CP, compared pain in CP with chronic

primary pain (CPP), and assessed whether constant pain in CP is associated with poorer outcomes.
Methods: Patients with CP (N = 91) and CPP (N = 127) completed the Comprehensive Pancreatitis

Il?ffgp‘;‘:;/rcfc')social model Assessment Tool. Differences in clinical characteristics and pain dimensions were assessed between a) CP
Chronic pain and CPP and b) CP patients with constant versus intermittent pain. Latent class regression analysis was
Chronic pancreatitis performed (N = 192) to group participants based on pain dimensions and clinical characteristics.
Pain assessment Results: Compared to CPP, CP patients had higher quality of life (p < 0.001), lower pain severity
Pain phenotypes (p < 0.001), and were more likely to use strong opioids (p < 0.001). Within CP, constant pain was
associated with a stronger response to pain triggers (p < 0.05), greater pain spread (p < 0.01), greater
pain severity, more features of central sensitization, greater pain catastrophising, and lower quality of life
compared to intermittent pain (all p values < 0.001). Latent class regression analysis identified three
groups, that mapped onto the following patient groups 1) combined CPP and CP-constant, 2) majority
CPP, and 3) majority CP-intermittent.
Conclusions: Within CP, constant pain may represent a pain phenotype that corresponds with poorer
outcomes. CP patients with constant pain show similarities to some patients with CPP, potentially
indicating shared mechanisms.
© 2022 IAP and EPC. Published by Elsevier B.V. All rights reserved.
1. Introduction difficult to assess [2] and treat [3—5], and can be due to a combi-

nation of parenchymal and pancreatic nerve inflammation, ductal

Abdominal pain is the most common reason people with obstruction from stones and strictures, peripheral sensitization,
chronic pancreatitis (CP) seek medical attention [1]. Pain in CP is and neuroplastic changes in central pain pathways [6—11]. Local
pancreatic and extrapancreatic sources of pain, such as pseudo-

cysts, may also contribute [12]. When central pain mechanisms
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or pain phenotypes, may correspond with underlying mechanisms
such as central sensitization [4,18—21]. Therefore, identifying pain
phenotypes in CP should facilitate a mechanism-based approach to
treatment and improve patient outcomes [19,22—24].

When considering pain phenotypes within CP, the typical fluc-
tuations of pain, or the pattern of pain intensity has been examined,
with studies differentiating between those with and without con-
stant pain [4,25,26]. Compared to intermittent pain, constant pain
is associated with poorer outcomes [4,26—29], including greater
disability and healthcare utilization regardless of pain intensity [4],
higher rates of pain medication use [4,16,26,29], poorer quality of
life [4,26], and poorer surgical outcomes [27], and it has been
suggested that constant pain in CP may indicate the involvement of
central pain mechanisms [17,21].

In addition to pain patterns, pain-specific cognitive and
emotional processes [30—33], and the descriptive characteristics of
pain [20,23,34,35] also have links to pain mechanisms, and reliably
predict outcomes [20,23,30—36]. For example, pain catastrophizing
is associated with reduced top-down inhibition [37,38], greater
pain intensity, and poorer functional outcomes [39]. Similarly,
descriptive characteristics of pain, such as whether pain is
described as ‘burning’ or ‘squeezing’ (among others) have been
associated with distinct pain mechanisms [23] and treatment
response [20,35]. Therefore, if constant pain in CP represents a
phenotype that corresponds with underlying mechanisms [19,23],
then those with and without constant pain are likely to also show
systematic differences across other pain dimensions, such as the
descriptive  characteristics of pain, and pain-related
catastrophising.

Another way of understanding pain in CP is to compare the
features of CP pain, with chronic pain from other causes. The In-
ternational Classification of Diseases 11th edition (ICD-11) differ-
entiates between chronic primary pain (CPP), that is not accounted
for by another condition, and chronic secondary pain, that is
attributed to specific pathology (such as CP) [40,41]. Although both
primary and secondary pain can involve overlapping nociplastic
(from a sensitized nervous system), neuropathic (from nerve
injury), and nociceptive (from tissue injury) processes [42—44],
nociplastic pain mechanisms are particularly relevant in CPP [42].
Nociplastic mechanisms have also been implicated in CP
[9,11,14,16,21,45,46]. If there are shared nociplastic mechanisms,
then some patients with CP may display a similar pain phenotype to
patients with CPP, however comparisons between these two pa-
tient groups have not been made.

Despite the importance of pain patterns and other pain di-
mensions in predicting outcomes [4,26,27] and the recognition that
mechanism-based approaches to pain assessment and classifica-
tion are needed [47,48], a review of published pain assessment
tools for CP found that most assessed few pain dimensions, with
little evidence for scale validity [2]. To address these limitations, the
Comprehensive Pain Assessment Tool (COMPAT) was designed to
assess a broad range of pain dimensions [2] and prospectively
validated [29,49]. Work using the COMPAT has found that it can
classify CP patients according to the presence or absence of con-
stant pain, with approximately 40% reporting intermittent pain,
and 60% reporting constant pain [2]. However, it is not known how
these two patient groups differ across other pain dimensions, or
how they compare to patients with CPP.

1.1. Hypotheses and aims

This study aimed to compare dimensions of pain between CP
and CPP and assess differences between CP patients with constant
pain (CP-constant), intermittent pain (CP-intermittent), and CPP. It
was hypothesized that a) CP patients as a whole would differ from

573

Pancreatology 22 (2022) 572—582

CPP across a range of pain dimensions, b) CP-constant and CP-
intermittent would systematically differ across pain dimensions,
and c) CP-constant would show some similarities to CPP.

2. Methods
2.1. Study design and setting

This three-centre cross-sectional study involved tertiary hospi-
tals in New Zealand (Auckland City Hospital and Middlemore
Hospital) and in Denmark (Aalborg University Hospital). In New
Zealand ethical approval was obtained from the Health and
Disability Ethics Committees, New Zealand (Ref: 16/NTA/27). In
Denmark ethical approval was obtained from the local institutional
review board (N-20090008).

2.2. Participants

Two patient groups were recruited in New Zealand. The first
group were patients that were either a) discharged from Auckland
City Hospital or Middlemore Hospital with CP as a diagnosis be-
tween 1 March 2010 and 29 February 2016. Other patients who
were admitted as inpatients during the study period or who
attended Pancreas Clinic appointments were also identified. Pa-
tients meeting the following criteria were invited to take part; a)
diagnosis of CP based on Mayo criteria [50,51] with a score >4
indicating a high probability of chronic pancreatitis; or b) recurrent
acute pancreatitis defined as more than one episode of acute
pancreatitis, symptom-free in-between and with no evidence of
underlying chronic pancreatitis [52—54]. Participants were
excluded if they were under 18 years old or had any of the following
co-morbidities; end-stage cancer, HIV, end-stage congestive heart
failure, end-stage chronic obstructive pulmonary disease, cirrhosis
or renal failure; or if they had acute pancreatitis (single episode);
autoimmune pancreatitis; chronic pancreatitis secondary to ma-
lignancy; or were non-English speaking.

The second group were patients with CPP recruited from a
tertiary-level, interdisciplinary, chronic pain treatment centre, The
Auckland Regional Pain Service (TARPS), between June 2016 and
March 2019. TARPS sees patients with persistent and disabling pain
and delivers interdisciplinary pain self-management treatments.
Most patients attending TARPS have pain in multiple sites, with
common presentations including musculoskeletal pain conditions,
complex regional pain syndrome, visceral pain, pelvic pain, and
headaches among others. Patients attending either initial assess-
ments or ongoing treatment at TARPS were approached in waiting
areas or at the end of group sessions and invited to take part. Par-
ticipants were included if they a) had pain for >6 months, b) were
over 18 years old, c) were English speaking, and d) did not currently
have CP. Although some people attending TARPS do have CP, in each
instance these patients were identified through the CP recruitment
strategy and were excluded from participating in the CPP arm of the
study. Eligible participants from both groups provided informed
consent before completing the COMPAT questionnaire.

For the Danish cohort eligible outpatients with CP meeting the
above criteria were invited to participate in the study from the
outpatient clinic at Aalborg University Hospital from 1st August
2016 to March 31, 2019. The COMPAT questionnaire was translated
by a native Danish speaking translator who had in-depth knowl-
edge of the English language, attested by an International English
Language Testing System (IELTS) score of 8.5. The back-translation
was reviewed to detect any linguistic loss. The Short-form McGill
Pain Questionnaire-2 (SF-MPQ-2) forms part of the COMPAT
questionnaire, for which a previously validated Danish translation
was used [49,55].
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2.3. Data collection

Demographics: Age, gender, country, and ethnicity data were
extracted from clinical records.

Pain location: Participants in the CPP sample completed the
Michigan Body Map (MBM) [56], a diagram of a human figure with
35 location sites marked by text labels (e.g., ‘left upper leg’) and tick
boxes. Participants were instructed to ‘check all areas of your body
where you have felt persistent or recurrent pain for the past 3 months
or longer (chronic pain)’. Pain locations were then grouped into the
following categories: 1) head, face, or jaw; 2) neck or shoulder, 3)
chest, 4) upper limb, 5) lower limb, 6) pelvis/groin, 7) upper back, 8)
lower back, 9) abdomen. See Table 1.

The Comprehensive Pancreatitis Pain Assessment Tool (COMPAT).
All other variables were assessed using the COMPAT, an assessment
tool developed to assess multidimensional aspects of pain in CP
including; pain patterns, hospital admissions, pain duration, pain
triggers, pain spread, pain related catastrophizing, quality of life,
features of central sensitization, pain descriptors, and medication
use [2,29]. The COMPAT was developed in accordance with rec-
ommendations from the American Gastroenterological Association,
and items were based on a review of published pain assessment
tools used in CP [29]. The Revised Short McGill Pain Questionnaire
Version-2 (SF-MPQ-2) [57,58] and The Pancreatitis Quality of Life
Instrument (PANQOLI) [59] are incorporated into the COMPAT in
full. The face validity of the COMPAT was established via expert and
patient consensus and CP patients have successfully used COMPAT
to describe the dimensions of their pain [29]. Pain patterns assessed
in the COMPAT are similar to those examined in previous work,
including a recent longitudinal cohort study [26], and have been
prospectively validated and associated with descriptive character-
istics of pain, frequency of pain flares, and use of opioid medications
[29,49]. For this study the COMPAT was adapted for the CPP sample
by changing the phrasing from ‘pancreatic pain’ or ‘chronic pancre-
atitis’ to ‘chronic pain’. Additionally, subscales documenting surgical
and endoscopic interventions for pancreatitis, alcohol, and ciga-
rette use were omitted from the chronic pain version. All subscales
in the COMPAT that were analyzed in this study are described
below.

Pain patterns: Participants indicated which of the following four
pain patterns best represented their experience of pain over the
previous 12 months.

Pattern A - pain flares with no pain in-between

Pattern B - constant daily pain

Pattern C - constant pain with added pain flares

Pattern D - constant pain with episodes of reduced pain. See
Fig. 1

Those reporting Pattern A were classified as having intermittent
pain only (CP-intermittent), whereas those with patterns B, C, and
D, were classified as having constant pain (CP-constant).

Hospital admissions: Participants indicated the number of times
they had been admitted to hospital for pain relief in the previous 12
months.

Medication use: Participants listed all medications they were
currently taking. These were categorized as strong opioids (fenta-
nyl, methadone, morphine, oxycodone and pethidine) [60], weak
opioids (codeine and tramadol) [60], adjuvants analgesics (gaba-
pentinoids, selective serotonin reuptake inhibitors (SSRIs),
serotonin-norepinephrine reuptake inhibitors (SNRIs), tricyclic
antidepressants, and anticonvulsants), non-steroidal anti-inflam-
matory drugs (NSAIDs), and acetaminophen and scored as binary
(yes/no) variables.

Pain triggers: Participants rated the degree to which 12 stimuli

574

Pancreatology 22 (2022) 572—582

led to pain flares on scales from O (‘Never/Not Applicable’) to 5
(Always). Principal axis factoring was used to categorize items into
meaningful subscales. Eigen values supported a two-factor solution
with the first factor characterized by general triggers (temperature,
pressure, touch, weather, exercise, socializing, stress), and the
second factor primarily characterized by postprandial triggers
(fatty food, any food, fluids, alcohol, smoking). Crohnbach's alpha
for the two factors were in the ‘good/very good’ range (post-
prandial; o = 0.80, general; o = 0.88) [61]. Scores for each subscale
were computed by adding the items, with total scores for the
‘postprandial’ subscale ranging from 0 to 18 with higher scores
indicating greater sensitivity to postprandial triggers, and the
‘general’ subscale ranging from O to 28, with higher scores indi-
cating greater sensitivity to general triggers.

Descriptive characteristics of pain: The Revised Short McGill Pain
Questionnaire Version-2 (SF-MPQ-2) is a brief and well validated
measure of pain quality [57,58]. Participants rated the degree to
which they experienced 22 qualities of pain and pain related
symptoms on Likert scales ranging from ‘0’ (‘none’) to ‘10’ (‘worst
possible’) over the past 3—6 months. In addition to total scores, the
SF-MPQ-2 includes the following subscales; [1]; continuous pain
(throbbing, cramping, gnawing, aching, heavy, and tender pain);
[2]; intermittent pain (shooting, stabbing, sharp pain, splitting pain,
electric-shock, and piercing pain); [3]; neuropathic pain (hot-
burning, cold-freezing, pain caused by light touch, itching, tingling
or pins and needles, and numbness pain), and [4] affective pain
(tiring-exhausting, sickening, fearful, and punishing-cruel). Total,
and subscale scores are calculated using the mean of the relevant
items. In the present study all alpha coefficients were in the ‘good/
acceptable’ to ‘very good’ range (o = 0.76—0.91).

Pain Spread: In addition to their ‘typical pancreatic pain/chronic
pain’ participants indicated the frequency with which they expe-
rienced pain in other body sites such as ‘head and/or facial pain’,
‘joint pain’, or ‘upper and/or lower limb pain’. Each site with at least
weekly pain (i.e. ‘always’, ‘more than once a day’, ‘daily’, ‘weekly’)
were given a score of 1, whereas those with less than weekly pain
(i.e. ‘monthly’, ‘yearly’, ‘never’) were scored zero. Scores were
summed to create a measure of pain spread. Scores ranged from
0 to 7 with higher scores indicating a greater number of body sites
with at least weekly pain (in addition to their ‘main pancreatic/
chronic pain’). Internal consistency was in the good range
(a=0.79).

Characteristics of central sensitization: Six items assessed pain
characteristics that often occur in the presence of central sensiti-
zation [62]. Participants indicated the degree to which they expe-
rienced ‘stretching (pain)’, ‘squeezing (pain)’, ‘night pain’, ‘night
sweats’, ‘widespread pain’, and ‘skin colour change at the location
of pain’ over the past 3—6 months on Likert scales ranging from ‘0’
(‘none’) to ‘10’ (‘worst possible’). Mean scores were computed, with
higher scores indicating the presence of more characteristics of
central sensitization [62]. Internal consistency was in the moderate
range (o = 0.67).

Pain related catastrophizing: Participants rated the following 4
items indicative of pain-related catastrophizing on scales from
0 (‘Not at all’) to 5 (‘All the time); ‘I try to avoid things that bring on
my pain or make it worse’, ‘It's awful and I feel it overwhelms me’, ‘I
feel I can't stand it anymore’, and ‘I keep thinking about how much
it hurts’. Mean scores were calculated with higher scores indicating
greater pain-related catastrophizing. In the present sample Cron-
bach's alpha was 0.83 indicating ‘very good’ internal consistency.

Quality of life: The Pancreatitis Quality of Life Instrument
(PANQOLI) is an 18 item scale measuring quality of life in CP [59].
Participants rated the degree to which statements assessing change
in physical, social, economic, general, and emotional response to
living with CP/CPP over the past 4 weeks, compared with the prior
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Table 1
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Demographics and clinical characteristics with comparisons between chronic pancreatitis (N = 91) and chronic primary pain (N = 127).

Chronic Pancreatitis (N = 91)

Chronic Primary Pain

(N =127)
N* %/mean (SD) N %/mean (SD) t -test? P value

Country (NZ) % 91 51.6 127 100
Age in years (M, SD) 91 54.1 (14.7) 124 47.2 (12.6) 3.73 <0.001
Gender (% men) 91 57.1 126 40.5 0.019
Ethnicity (% white) 91 85.7 122 82.8 0.706
Pain Patterns (%) 85 127

Intermittent 40.7 3.1 <0.001

Constant 59.3 96.9 <0.001
Duration of pain in years (M, SD) 72 10.7 (9.7) 90 7.5(7.9) 2.26 0.025
Admissions past 12mths (M, SD) 77 1.5 (2.6) 124 0.8 (3.9) 1.53 0.128
Pain Triggers (M, SD)

General 91 5.8 (5.2) 127 14.3 (6.0) 10.93 <0.001

Postprandial 91 5.9(4.3) 127 1.6 (2.7) 8.58 <0.001
Pain Spread 88 22(2.2) 125 3.4(2.1) 3.89 <0.001
Medication Use % 91 127

Acetaminophen 38.5 26.0 0.055

NSAIDs 16.5 16.5 0.999

Adjuvants 31.9 59.8 <0.001

Weak Opioids 253 27.6 0.757

Strong Opioids 38.5 12.6 <0.001
SF-MPQ-2 (M, SD) 91 127

Continuous 3.6(2.4) 4.7 (2.2) 3.41 <0.001

Intermittent 3.3(24) 4.7 (2.4) 4.06 <0.001

Affective 4.5 (2.9) 4.5 (2.6) 0.07 0.948

Neuropathic 1.7 (1.4) 4.1 (2.2) 9.77 <0.001

Total 3.2(1.8) 4.5(2.0) 4.93 <0.001
Characteristics of sensitization (M, SD) 91 3.2(2.0) 127 4.0(2.1) 3.01 0.003
Catastrophizing (M, SD) 91 22(1.2) 127 2.1(1.0) 1.15 0.252
PANQOLI (M, SD) 66 96

Physical 21.6 (6.4) 20.4 (3.6) 1.37 0.175

Role 14.5 (3.2) 13.5(3.1) 2.01 0.046

Emotional 15.6 (6.4) 10.5 (3.7) 5.88 <0.001

Worth 17.0 (5.8) 149 (4.1) 2.51 0.014

Total 68.0 (18.3) 58.9 (9.9) 3.69 <0.001
Daily standard drinks (%) 91

none 49.5

1-2 154

34 6.6
>5 11.0

Not stated 17.6
Endoscopy Procedures (% Yes) 91 63.7

Dilate 16.5

Stent 374

Clear Duct 220

Other 253

Lithotripsy 2.2
Surgical Procedures (% Yes) 91 26.4

Remove part of pancreas 9.9

Open duct 5.5

Open duct & remove part of pancreas 7.7

Remove whole pancreas 1.1

Other 8.8
Pain Locations (% Yes) 127

Head, face, or jaw 22.8

Neck or shoulder 46.5

Chest 10.2

Upper limb (arm, elbow, wrist, hand) 41.7

Lower limb (leg, knee, ankle, foot) 59.8

Pelvis (pelvis, groin, hip, buttocks) 449

Upper Back 23.6

Lower Back 41.7

Abdomen 15.0

SD; Standard Deviation; *N = number of participants with complete data;  Fishers exact test does not have a test statistic; NZ; New Zealand, SF-MPQ-2; Short Form McGill Pain

Questionnaire Version 2, PANQOLI; Pancreatitis Quality of Life Instrument.

4 weeks on scales ranging from ‘1’ ‘much less’ to ‘5’ ‘much more’
with scores of ‘3’ indicating ‘no change’ and ‘0’ for ‘not applicable.
Total scores range from O to 103 with higher scores representing
greater quality of life. The PANQOLI has excellent internal reliability
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(e = 0.91) and construct validity [59]. In the present study internal
reliability was in the ‘very good’ range for the overall scale
(o 0.87), ‘moderate’ to ‘very good’ for the subscales
(o = 0.66—0.89).
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AN

N VAN N

No pain

A Pain attacks with no pain in-between

C. Constant background pain with pain
attacks

B. Constant pain daily

D. Severe constant background pain with

reduced pain periods in-between

Fig. 1. Pain Patterns; Pattern A comprises the CP-intermittent group, and Patterns B, C, and D comprise the CP-constant group.

Medical Interventions: CP participants were given a list of
endoscopic and surgical procedures commonly used to treat CP and
were instructed to indicate the number of times they had under-
gone each procedure.

Alcohol use: CP participants were given details regarding what
represents a ‘standard drink’ with examples, before indicating the
number of standard drinks that they had on a typical day. Data were
categorized as: ‘none’; ‘1 to 2’, ‘3 to 4’, or ‘>5".

2.4. Statistical analyses

Statistical analyses were performed with SPSS Statistics version
27 (IBM Corporation, New York) and R environment for statistical
computing version 4.1.1 using package poLCA version 1.4.1 [63,64].
Missing data were accounted for as follows. For single item mea-
sures missing data were excluded from analyses. For pain triggers
missing data were imputed as the mean score for each of the two
subscales, and for multi-item scales missing data were imputed as
the mean score for each item. The PANQOLI was published in 2016
and was added to the COMPAT questionnaire partway through
recruitment, therefore 56 participants (25 with CP and 31 with CPP)
did not complete the PANQOLI, so were excluded from the PANQOLI
analysis. Six people from the CP sample had missing data for pain
patterns, so were excluded from between group analyses. Contin-
uous data were screened for normality by examining histograms
and estimates of skewness and kurtosis. Hospital admissions, pain
duration, pain spread, and pain triggers were not normally
distributed, however because the sample size is sufficiently large to
account for deviations from normality [65—67], parametric test
results are reported. Descriptive statistics with independent sam-
ples t-tests or Fisher's exact tests (for categorical variables) were
used to examine demographics, pain patterns, clinical characteris-
tics, and pain dimensions between the CP and CPP samples. General
linear models controlling for age and/or gender, Fisher-Freeman-
Halton Exact Tests (for categorical variables), and Welsh tests (for
models that did not meet the homogeneity of variance assumption)
were then used to examine differences between the following three
groups: CP-constant, CP-intermittent, and CPP for pain duration,
hospital admissions, pain dimensions, use of strong opioids, and
pain related quality of life. To account for multiple tests, the false
discovery rate was controlled at the o = 0.05 level using the
Benjamin-Hochberg method to calculate critical values using the
formula (i/m)Q, where: i = the individual p-value's rank, m = total
number of tests, Q = the false discovery rate (o = 0.05). All p values
below 0.05 that did not meet the above criteria are indicated (by ™)
in tables. Differences between the CP and CPP groups are reported
as percentages or mean + standard deviation, and results for linear
models are reported as percentages or mean + standard error.
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Using complete cases (N = 192), a post-hoc latent class regres-
sion analysis was then conducted to identify clusters of participants
based on pain dimensions and clinical characteristics. Four models
were fitted which allowed one to four latent categories. Akaike's
information criterion (AIC) was used to choose the best model.
Gender (male/female), race (non-white/white), constant pain (no/
yes), pain patten (A, B, C, D), use of strong opioids (no/yes), acet-
aminophen (no/yes), NSAIDs (no/yes), adjuvant analgesics (no/yes),
and any other opioid (no/yes) were included as categorical manifest
variables. Age, hospital admissions, postprandial triggers, general
triggers, sf-MPQ-2 subscales, features of central sensitization, pain
catastrophising, and total number of surgical and endoscopy pro-
cedures were included as continuous covariates. Because only cases
with complete data could be included, and 56 participants did not
complete the PANQOLI, this scale was omitted from latent class
analyses. Additionally, given similarities between the measure of
pain spread, and the central sensitization metric (which includes an
item assessing pain spread), only central sensitization was included
in the latent class regression analysis. The relationship between
latent classes and manifest variables is reported as conditional
probabilities. For example, a probability of 0.54 for class 1 and fe-
male indicates that the probability of a class 1 member being fe-
male is 0.54. For continuous covariates, the relationship is reported
as the change in log-odds of belonging to a latent class compared to
the reference class for a unit change in the covariate. A conditional
probability was deemed statistically significant if it differed by 2
standard errors from another probability. A continuous covariate
was deemed statistically significant if the corresponding change in
log odds was larger than 2 standard errors.

3. Results
3.1. Patients, demographics, and clinical features

There were 91 patients with CP (47 from New Zealand and 44
from Denmark) and 127 with CPP. The CP sample were older than
the CPP sample (54.1 + 14.7 vs. 47.2 + 12.6; p < 0.001) and had a
higher proportion of men (57.1% vs. 40.5%, p = 0.019). The CPP
sample reported an average of 3.1 pain sites, with the most com-
mon being the lower limb (59.8%), neck or shoulder (46.5%), pelvis
(44.9%), and lower back (41.7%). Within the CP group just over a
quarter (26.4%) had undergone surgical procedures, and nearly two
thirds (63.7%) had undergone endoscopic procedures. See Table 1.

Pain Patterns: There were significant differences in pain patterns
between CP and CPP. The CP sample were more likely to have
intermittent pain (Pattern A) compared to the CPP sample (40.7% vs
3.1% p < 0.001), whereas almost all of the CPP sample (96.9%) re-
ported constant pain (patterns B, C, D) (Table 1 and Fig. 2).
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80.0%
70.0%
60.0%
50.0%
10.0% 40.7%
30.0%

20.0% 13.4%
9.3%

|

Pattern B

10.0% 31%

Pattern A

0.0%

B Chronic Pancreatitis
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72.4%
39.5%
10.5% 11.0%
Pattern C Pattern D

O Chronic Primary Pain

Fig. 2. Pain patterns in chronic pancreatitis and chronic primary pain. A; Pain attacks with no pain in-between, B; Constant daily pain, C; Constant background pain with pain

attacks, D; Severe constant background pain with reduced pain periods in-between.

Pain duration: CP had longer pain duration than CPP (10.7 + 9.7
vs 7.5 + 7.9, p = 0.025) (Table 1). There was also a main effect be-
tween the three groups (CP-constant, CP-intermittent, CPP)
(p = 0.046), with CP-constant having a longer pain duration than
CPP (11.6 + 1.4 vs 7.5 + 0.9, p = 0.013) (Table 2 and Fig. 3).

Hospital admissions: There were no differences between CP and
CPP for pain related hospital admissions (Table 1), however there was
an overall difference between CP-constant, CP-intermittent and CPP
(p = 0.035), with CP-constant reporting more pain-related admis-
sions than CPP (2.3 + 0.5 vs 0.8 + 0.3, p = 0.013). (Table 2 and Fig. 3).

Pain Triggers: CP reported fewer general triggers than CPP
(5.8 + 5.2 vs 14.3 + 6.0, p < 0.001) (Table 1). There was also a sig-
nificant main effect for general triggers (p < 0.001), with CP-
intermittent reporting fewer general triggers than CP-constant

Table 2

(4.5 + 1.0 vs 74 + 0.8, p = 0.024), and both CP groups reporting
fewer general triggers than CPP (14.0 + 0.5) both p values < 0.001).
Conversely, CP reported more postprandial triggers than CPP
(5.9 +43vs 16 + 2.7 p <0.001) (Table 1). Again, there was a sig-
nificant main effect (p < 0.001), with CP-constant reporting more
postprandial triggers than both CP-intermittent (7.3 + 0.6 vs
4.6 + 0.6, p = 0.007) and chronic primary pain (1.6 + 0.2, p < 0.001).
Table 2, Fig. 3, and Fig. 4.

Pain Spread: CP had less pain spread than CPP (2.2 + 2.2 vs
3.2 + 2.1, p < 0.001) (Table 1). There was also a significant main
effect (p < 0,001), with CP-intermittent reporting less pain spread
than both CP-constant (1.6 + 1.8 vs 2.8 + 2.3, p = 0.008), and CPP
(3.4 + 2.1, p < 0.001), whereas CP-constant and CPP did not differ.
Table 2 and Fig. 3.

Pain characteristics: Linear models comparing CP intermittent, CP constant, and chronic primary pain controlling for age and/or gender as applicable*.

Main Effects
Post Hoc Comparisons

CP- CP-Constant Chronic Pain CP-Int vs. CP- CP-Int vs. CP-Constant vs.
Intermittent Constant Chronic Pain Chronic Pain
N Mean(SE) N Mean (SE) N Mean (SE) Omnibus Pvalue ES Difference P value Difference P value Difference P value
Age 35 57.5(22) 51 505(1.9) 124 47.2(1.2) 830 <0.001 .07 7.0 0.018 103 <0.001 33 0.136
Gender (M) 35 60.0% 51 56.9% 126 40.5% 6.44 0.039 .18 3.1% 0826  19.5% 0.054 16.4% 0.066
Duration (years) 28 9.0(1.6) 40 116(14) 90 75(09) 3.15 0.046 .03 2.6 0230 1.6 0409 4.1 0.013
Admissions 32 06(0.6) 42 23(05) 124 08(0.3) 3.42 0.035 .03 1.7 0.041™ 0.1 0845 1.5 0.013
Pain Triggers
General®® 35 4.5(1.0) 51 7.4(0.8) 124 14.0(05) 47.80 <0.001 .32 28 0.024 95 <0.001 6.6 <0.001
Postprandial™ 35 4.6(0.6) 51 7.3(0.6) 126 1.6(0.2) 56.28 <0.001 35 27 0.007 3.0 <0.001 5.7 <0.001
Pain Spread 34 1.6(1.8) 50 2.8(2.3) 125 34(21) 9.89 <0.001 .09 1.3 0.008 1.8 <0.001 0.5 0.127
Strong Opioids (% yes) 35 25.7% 51 49.0% 124 12.6% 25.32 <0.001 .36 23.3% 0.043™ 13.1% 0.067 36.4% <0.001
SF-MPQ-2 35 51 124
Continuous® 2.6 (0.4) 4.5 (0.3) 4.6 (0.2) 10.82 <0.001 .10 1.8 <0.001 2.0 <0.001 0.1 0.668
Intermittent® 2.5(0.4) 4.2(0.3) 4.6(0.2) 10.40 <0.001 .09 1.7 0.001 2.1 <0.001 04 0.290
Affective? 3.2(0.5) 5.8 (0.4) 4.5 (0.2) 10.06 <0.001 .09 26 <0.001 1.3 0.015 1.3 0.003
Neuropathic™ 1.5(0.2) 1.8 (0.2) 4.1(0.2) 4030 <0.001 .28 04 0434 26 <0.001 22 <0.001
Total® 24(0.3) 3.9(0.3) 4.4(0.2) 15.68 <0.001 .13 15 <0.001 2.0 <0.001 0.5 0.091
Sensitization® 35 23(04) 51 3.9(0.3) 124 4.0(02) 9.12 <0.001 .08 1.6 <0.001 1.7 <0.001 0.0 0.896
Catastrophizing 35 1.8(0.2) 51 25(0.1) 127 2.1(0.1) 6.21 0.002 .06 0.7 0.001 03 0.162 0.5 0.006
PANQOLI 26 37 95
Physical™ 24.5(1.0) 18.9 (1.0) 20.5(03) 12.25 <0.001 .14 5.6 <0.001 4.0 0.002 1.6 0.303
Role 15.0 (0.6) 14.1 (0.5) 13.5(0.3) 248 0.087 .03 -— - - - - -
Emotional™ 179 (1.1) 13.2 (1.0) 10.5(04) 27.48 <0.001 .26 4.7 0.006 7.5 <0.001 2.8 0.035™
Worth? 18.2 (0.9) 14.9 (0.7) 154 (04) 442 0.014 .06 43 0.008 4.2 0.002 0.1 0.996
Total™ 76.1 (3.1) 60.5 (2.8) 58.9(1.0) 18.67 <0.001 .19 15.6 0.001 17.2 <0.001 1.6 0.846

* Covariates are included when significantly associated with the outcome variable and adjusted means are presented; a = controlling for age; g = controlling for gender; w = Welch
test with Games-Howell post hoc tests, N = Number of participants with complete data; CP = Chronic Pancreatitis; int = intermittent; SE = standard error; ES = effect size;
Admissions = number of hospital admissions for pain in the previous 12 months; SF-MPQ-2 = Short Form McGill Pain Questionnaire Version 2; PANQOLI = Pancreatitis Quality of Life
Instrument; ns = no longer significant when controlling for the false discovery rate; difference = mean or percentage difference between comparison groups.
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Fig. 4. Radar plots of pain triggering factors by pain phenotype (mean)
~ General triggers subscale; * Postprandial triggers subscale.

Strong Opioids: CP used more strong opioids than CPP (38.5% vs
12.6%, p < 0.001) (Table 1). There was also a significant main effect
(p < 0.001), with CP-constant using more strong opioids than CPP
(49.0% vs 12.6%, p < 0.001), whereas CP-intermittent and CP-
constant did not differ once corrections for the false discovery
rate were applied (25.7% vs 49.0%, p = 0.043) (Table 2 and Fig. 3).

SF-MPQ-2: The CP group had lower total SF-MPQ-2 scores than
CPP (3.2 + 1.8 vs 4.5 + 1.9, p < 0.001) (Table 1). There was a sig-
nificant main effect (p < 0.001), with CP-intermittent scoring lower
than both CP-constant (2.4 + 0.3 vs 3.9 + 0.3, p < 0.001), and CPP
(44 + 0.2, p < 0.001), whereas CP-constant and CPP did not differ
(Table 2 and Fig. 3).

Characteristics of sensitization: CP had lower self-reported

central sensitization than CPP (3.2 + 2.0 vs 4.0 + 2.1, p = 0.003)
(Table 1). There was also a significant main effect (p < 0.001), with
CP-intermittent scoring lower than both CP-constant (2.3 + 0.4 vs
3.9 + 0.3, p < 0.001), and CPP (4.0 + 0.2, p < 0.001), whereas CP-
constant and CPP did not differ (Table 2 and Fig. 3).

Pain related catastrophizing: Scores for pain-related catastroph-
izing did not differ between CP and CPP (Table 1). However, there
was a significant main effect (p = 0.002), with CP-constant scoring
higher than both CP-intermittent (2.5 + 0.1 vs 1.8 + 0.2, p = 0.001)
and CPP (2.1 + 0.1, p = 0.006). See Table 2 and Fig. 3.

Quality of life: CP had higher total PANQOLI scores than CPP
(68.0 + 18.3 vs 58.9 + 9.9, p < 0.001) (Table 1). There was also a
significant main effect (p < 0.001), with CP-intermittent scoring
higher than both CP-constant (76.1 + 3.1 vs 60.5 + 2.8, p < 0.001),
and CPP (58.9 + 1.0, p < 0.001), whereas CP-constant and CPP did
not differ (Table 2 and Fig. 3).

Latent class model: Based on the minimum Akaike's information
criterion, the latent class model with three classes had the best fit
(AIC = 1922) compared to models with one (AIC = 2191), two
(AIC = 1965) and four latent classes (AIC = 1965). The estimated
class population shares were 30% for class 1, 52% for class 2 and 18%
for class 3. The parameters obtained from the latent class model are
shown in Table 3. Class 1 overlapped with both CPP and CP-
constant (29 CPP, 28 CP-constant and 0 CP-intermittent partici-
pants), Class 2 overlapped with a diagnosis of CPP (85 CPP, 14 CP-
constant and O CP-intermittent), and Class 3 overlapped with a
diagnosis of CP-intermittent (4 CPP, O CP-constant and 32 CP-
intermittent). Compared to Classes 2 and 3, Class 1 (combined
CPP and CP-constant) were more likely to be using strong opioids,
and had more hospital admissions, higher scores on the sf-MPQ-2
continuous pain scale and more features of central sensitization,
but less postprandial pain, lower scores on the sf-MPQ-2 neuro-
pathic pain scale, and lower pain-related catastrophising. See
Table 3.

4. Discussion

This study compared the dimensions of pain in CP with CPP from
non-pancreatic causes, examined whether pain dimensions
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Table 3
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Results of latent regression model (N = 192) showing three latent classes. For categorical covariates, conditional item response probabilities + standard errors are shown, and
for continuous covariates the log-odds standard errors for class membership with respect to class 1 are shown.

Class 1 (30%) Class 2 (52%)

Class 3 (18%)

CP-intermittent 0 0 32
CP-constant 28 14 0
Chronic Primary Pain 29 85 4
Manifest variable Significant
Categorical variables Probability SE Probability SE Probability SE 1v2 1v3 2v3
Sex (F) 0.54 0.08 0.54 0.06 0.44 0.10 ns ns ns
Race (White) 0.79 0.06 0.83 0.04 0.86 0.09 ns ns ns
Constant Pain 1.00 0.00 1.00 0.00 0.00 0.00 ns v v
Pattern
A 0.00 0.00 0.00 0.00 1.00 0.00 ns v v
B 0.13 0.05 0.14 0.04 0.00 0.00 ns v v
C 0.66 0.07 0.75 0.05 0.00 0.00 ns v v
D 0.21 0.06 0.11 0.04 0.00 0.00 ns v v
Strong Opioids (Y) 0.54 0.08 0.06 0.03 0.25 0.10 v v ns
Acetaminophen (Y) 0.42 0.08 0.23 0.05 0.31 0.09 v ns ns
NSAID (Y) 0.21 0.06 0.15 0.04 0.11 0.07 ns ns ns
Adjuvants (Y) 0.60 0.08 0.56 0.06 0.19 0.10 ns v v
Other Opioid (Y) 0.21 0.06 0.30 0.06 0.28 0.11 ns ns ns
Continuous Variables Log odds SE Log odds SE
Age (years) -0.24 0.81 -0.19 0.17 ns ns
Hospital admissions —27.39 7.63 —26.76 7.66 v v
Triggers
Postprandial 5.11 1.50 5.13 1.52 v v
General 1.45 132 1.13 1.34 ns ns
sf-MPQ-2
Continuous -18.33 4.50 -17.36 4.61 v v
Intermittent -1.12 2.36 —0.93 2.37 ns ns
Affective 5.19 2.38 4.58 242 v ns
Neuropathic 15.34 3.41 14.32 3.38 v v
Central sensitivity —-11.42 4.61 -11.12 4.56 v v
Pain catastrophising 13.51 5.41 13.20 5.38 v v
Surgeries —7.69 10.06 —6.46 9.91 ns ns
Endoscopies -0.20 1.62 0.09 157 ns ns
Constant 47.64 9.34 46.81 8.61 v v

Note: Log-odds and change in log-odds larger than 2 standard errors are considered statistically significant “ns” stands for not statistically significant.

differed between CP patients with constant versus intermittent
pain, and compared pain dimensions in these two CP sub-groups,
with a CPP sample. A post hoc latent class regression analysis
then identified groups of patients based on pain dimensions and
clinical characteristics, and examined whether these latent groups
would map onto hypothesized CP phenotypes, characterized by
constant versus intermittent pain. Findings revealed that compared
to the CPP sample, CP patients were older, had a greater proportion
of men, were more likely to report intermittent pain and a longer
pain duration. CP patients also reported more postprandial triggers
and fewer general triggers, and were more likely to be using strong
opioids, but had less severe pain, less pain spread, fewer self-
reported features of central sensitization, and higher quality of
life than the CPP sample. Although this suggests better outcomes
for CP compared to CPP, classifying CP patients according to the
presence or absence of constant pain revealed important differ-
ences. Consistent with previous work [4,5,17,26—29], CP patients
with constant pain had poorer outcomes than those with inter-
mittent pain in terms of vulnerability to triggers, pain severity, pain
spread, features of central sensitization, pain related catastrophiz-
ing, and quality of life, and did not differ from CPP for total sf-MPQ
scores, pain spread, features of central sensitization, and quality of
life. Finally, latent class regression analysis revealed three groups in
which CPP and CP-intermittent patients formed largely separate
clusters, whereas the third cluster contained the majority of CP-
constant patients, with approximately 25% of the CPP patients.
Compared to the other two groups, this combined class were more
likely to be using strong opioids, had more hospitalizations for pain,
higher scores for central sensitization and the continuous pain
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subscale of the sf-MPQ-2, but less postprandial pain, and lower
scores on the neuropathic pain subscale of the sf-MPQ-2. Overall,
these findings support the hypothesis that CP patients can be
meaningfully grouped according to the presence or absence of
constant pain, and that CP patients with constant pain may show a
similar pain phenotype as some patients with CPP.

4.1. Links between pain patterns and pain mechanisms

Identifying observable pain phenotypes that correspond with
underlying mechanisms may improve CP outcomes by facilitating
precision medicine [19]. Although it is not possible to directly test
for central sensitization, self-reported assessment tools [68,69],
and pain descriptors assessed in this study (such as widespread
pain and night pain) correspond with nociplastic processes
[22,62,70], and findings that CP patients with constant pain scored
higher on a self-reported measure of central sensitization than
those with intermittent pain is consistent with prior work doc-
umenting links between constant pain in CP and nociplastic
mechanisms [14,17,21]. Moreover, nociplastic mechanisms are
central to CPP, and findings from latent cluster analysis that some
CPP patients clustered into the same class as the CP-constant
patients, and that these two patient groups did not differ across
several important outcomes including quality of life, total sf-MPQ-
2 scores, pain spread, and self-reported features of central sensi-
tization, indicates that CPP and CP-constant may share some un-
derlying mechanisms. Finally, evidence that the CP-constant
group reported similar pain triggers as CP-intermittent, but a
stronger pain response suggests greater allodynia and
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hyperalgesia among these patients [6], both of which are hall-
marks of central sensitization [22]. Overall, these findings add to
the growing body of work indicating that the presence of constant
pain in CP may represent an important prognostic indicator that
potentially corresponds with nociplastic processes.

4.2. A mechanism-based approach to assessment and treatment of
pain in CP

It is increasingly recognized that a mechanism-based approach
to the assessment and treatment of pain has advantages over
focusing on specific symptoms or disease states [19,71—74], and
phenotypes, such as the presence of constant pain, may be more
useful than disease-based diagnostic categories when planning
treatments [19,23]. One example of a mechanism-based approach
to pain assessment is the ACTTION-APS Pain Taxonomy (AAPT)
developed by the Analgesic, Anesthetic, and Addiction Clinical Trial
Translations Innovations Opportunities and Network (AACTION)
and American Pain Society (APS). This pain taxonomy incorporates
biopsychosocial pain mechanisms, and is applicable across disci-
plines and pain conditions [47,48]. Although AAPT criteria are yet to
be developed for CP, tools that assess biopsychosocial dimensions,
such as the recently developed COMPAT, enable a mechanism-
based approach to classifying pain in CP in a manner that can
guide treatment planning.

Although treatments for CP have traditionally focused on
reducing pain severity, these have shown limited success [3—5],
and it is increasingly evident that the temporal aspects of pain are
more closely associated with outcomes. For example, a multicenter
prospective study (N = 414) found that patients with constant pain
had greater rates of disability, hospitalizations, and medication use,
and poorer quality of life than those with intermittent pain,
regardless of pain severity. Conversely, compared to those with
mild/moderate pain, those with severe pain did not show greater
rates of disability, hospitalizations, or medication use [4]. Impor-
tantly, constant pain in CP appears to be independent of morpho-
logical findings [15,16,26], so rather than treatments that focus on
specific pathology, a mechanism-based approach to treating pain in
CP is needed [47,48].

When considering treatments for pain in CP, current guidelines
recommend behavioral interventions as part of a multidisciplinary
approach [12], and similarities between CP-constant and CPP across
descriptive characteristics of pain (sf-MPQ-2), pain spread, features
of central sensitization, and quality of life suggest that these two
patient groups may benefit from a similar therapeutic approach
that targets these outcomes. Specifically, interventions that address
pain-related catastrophising, general function, activities of daily
living, and quality of life may be of benefit [17,19,22,43,75,76], and
evidence indicates that cognitive behavioral therapy (CBT) may
improve pain-related outcomes in CP [77,78]. Conversely, CP pa-
tients with intermittent pain may benefit from earlier and more
aggressive treatments to prevent the development of nociplastic
mechanisms [4,12,17].

Finally, given some similarities between the CP-constant and
CPP groups, significant differences for hospital admissions and use
of strong opioids are noteworthy, and likely reflect different treat-
ment models and disease specific traditions. Nociplastic pain does
not respond well to surgical interventions [42,79], and is a risk
factor for opioid-induced hyperalgesia [80,81]. Current guidelines
advise against the use of strong opioids in the treatment of both
CPP [82], and chronic non-cancer pain [83]. Given the possibility of
nociplastic mechanisms in the CP-constant group, high rates of
opioid use in this population may be contributing to the poorer
outcomes observed [26,80,83—85].
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4.3. Limitations & future directions

The present study has several limitations. First, a priori power
analyses were not conducted, instead, patients were recruited over
given timeframes. Additionally, no objective tests of pain mecha-
nisms were used, instead, symptoms consistent with central sensi-
tization were self-reported, and because data are cross sectional,
temporal inferences cannot be made. Future studies confirming the
relationship between pain patterns and central sensitization using
quantitative sensory testing as a proxy for nociceptive processing are
needed to confirm the relationship between pain patterns and cen-
tral pain mechanisms. Additionally, data regarding clinical features
of the CP group such as dilated pancreatic duct, pancreatic stones,
exocrine function were not collected, and although pain patterns
have been shown to be independent of specific pathology [26] these
details may have helped to further characterize the CP sample.
Moreover, the exploratory nature of this study, and the compre-
hensiveness of the full COMPAT necessitated multiple analyses. To
account for this, the false discovery rate was controlled at the
a = 0.05 level using the Benjamin-Hochberg method, however, this
approach may have obscured some between group differences. In
particular, differences between CP-intermittent and CP-constant for
the use of strong opioids may be clinically important but were no
longer significant once corrections were applied. Confirmatory study
designs with long term follow-up addressing specific hypotheses
regarding the predictive validity of pain patterns, and how pain
patterns and other dimensions relate to one another over time are
needed. The recently developed short form COMPAT (sf-COMPAT)
[49] measures pain patterns and other key outcomes that differed
between these two groups and may be a useful tool for identifying
pain phenotypes within CP. Finally, the CPP sample were recruited
from a single, tertiary-level, hospital-based treatment center and
may not represent people with CPP more broadly.

4.4. Conclusion

The present study supports the hypothesis that pain in CP can be
considered in terms of pain phenotypes characterized by the
presence or absence of constant pain, with constant pain corre-
sponding with poorer outcomes. The single item measure of pain
pattern in the COMPAT appears to be an effective way of capturing
clinically meaningful information, that may correspond with un-
derlying pain mechanisms and broader psychosocial characteris-
tics. Latent class regression analysis supported the distinction
between CP patients with constant versus intermittent pain and
grouped the majority of CP-constant patients along with a sub-
group of CPP patients into a single class. This, along with similar-
ities between CP-constant and CPP groups in terms of pain char-
acteristics, quality of life, and self-reported features of central
sensitization suggest that for some CP patients, a transdiagnostic,
biopsychosocial approach to the assessment and treatment of pain
may improve outcomes.
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