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Assessment of visceral pain with
special reference to chronic
pancreatitis
Louise Kuhlmann1,2*, Søren Schou Olesen1,2 and Asbjørn
Mohr Drewes1,2

1Mech-Sense, Department of Gastroenterology and Hepatology, Aalborg University Hospital, Aalborg,
Denmark, 2Department of Clinical Medicine, Aalborg University, Aalborg, Denmark

A thorough pain assessment is of utmost importance when managing pain in
clinical practice as it is the foundation for defining pain in need of treatment,
either interventional or pharmacological. Pain characteristics can also guide
interventional strategies and help evaluate the effect of treatment. In
research settings, standardized pain assessment is crucial to improve
comparability across studies and facilitate meta-analysis. Due to the
importance of thorough visceral pain assessment, this manuscript describes
the key elements of pain evaluation focusing on chronic pancreatitis. Most
studies in pain assessment have focused on somatic pain, and although
chronic pain often shares characteristics between etiologies, some
differences must be addressed when assessing visceral pain. Especially
differences between somatic and visceral pain are apparent, where visceral
pain is diffuse and difficult to localize, with referred pain aspects and often
autonomic symptoms dominating the clinical picture. These aspects need to
be incorporated into the pain assessment instrument. The manuscript will
discuss the different ways of assessing pain, including unidimensional
measurement scales, multidimensional questionnaires, and quantitative
sensory testing. The advantages and challenges linked to the different
methods will be evaluated.
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Introduction

Pain is a frequent symptom in the adult population, with a prevalence of up to 20%

(1). It is a common cause of seeking medical advice in primary, secondary, and tertiary

health sectors. Chronic pain has significant consequences for the patient’s life quality, as

it affects not only physical health but also psychological well-being, daily activities, and

economic functioning (2–5). Besides this, chronic pain also has enormous direct and

indirect, associated societal costs (6). Pain treatment is essential in optimizing patient

quality of life and disease-related cost. It can minimize pain-related admission and

diminish the need for disability payments by maintaining the ability to work (5, 6).

Somatic and visceral pain have many similarities; however, the differences are also

considerable. The transmission of visceral pain sensation varies from somatic pain as

the afferent nerves innervating viscera terminate at several spinal levels leading to
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diffuse pain perception. In the projection to the spinal cord

alongside sympathetic fibers, cross-talk often occurs with

resultant autonomic symptoms such as nausea, sweating, early

satiety, and diarrhea (7). In the spinal cord, the fibers

converge with somatic fibers (8). This may lead to pain

referred to somatic and other visceral structures.

Visceral diseases are typically associated with severe and

disabling pain. According to the International Association for

the Study of Pain (IASP) classification of chronic pain,

visceral pain can be either primary (previously labeled

functional) or secondary (to organic diseases) (9). Although

pain is a hallmark of primary visceral pain, in this chapter,

we will focus on organic pain, where the diseases are better

characterized and understood, with special reference to

chronic pancreatitis (CP). However, the principles mentioned

in this article can typically also be used in other types of

visceral pain, including irritable bowel syndrome, bladder pain

syndrome, and endometriosis.

CP is a progressive fibroinflammatory disease where the

dominating symptom is visceral pain (10). Pain affects up to

60%–70% of patients, affecting mental health and quality of

life (11). The pathophysiology of pain in CP is multifactorial

and often caused by a complex interplay between factors such

as pancreatic duct obstruction, inflammation, and pancreatic

neuropathy (12, 13).

Patients often describe their pain as a continuous, severe,

epigastric pain radiating to the back (12), but pain localization

varies between individuals (14). The pain is typically

fluctuating over time, some patients have pain-free intervals,

and other patients have chronic pain with exacerbations (15).

In clinical studies, pain assessment in CP varies

considerably. The Pancreatitis-Quantitative Sensory Testing

(P-QST) consortium (16) is currently working on a meta-

analysis assessing the effect of endoscopic and surgical pain

treatment in CP, and preliminary results show that although

pain score improvements are similar in the two groups, there

are problems with comparing the treatments, as the pain

assessment differs considerably between studies. As such, pain

assessment varies from comprehensive pain questionnaires to

simply asking the patients how they feel. As pain relief is

often the primary endpoint in interventional studies of CP,

the greatly varying methods for pain assessment across studies

are problematic, and studies addressing different treatments

can hardly be compared.
Pain assessment tools in chronic
pancreatitis

Pain treatment is a difficult and complicated task as chronic

pain patients are very heterogenous due to many different

origins of pain, diversity in affected pain mechanisms, many

pain-associated risk factors, differences in coping strategies,
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and differing responses to pharmacological treatments that,

again, often are associated with many side effects (17). Due to

the heterogenicity of the patient group, treatment should be

individualized to fit the patient’s pain phenotype, depending

on, for instance, pain characteristics and affected pain

mechanisms. In this context, pain assessment is essential. A

scoring of pain severity is used to evaluate the need for

analgesic treatment; pain management strategies can be

developed from thorough pain characterization; finally, pain

assessment is central in evaluating treatment effects (18).

The subjective nature of pain sensation makes objective

estimation of pain intensity impossible (18). Therefore, the

gold standard for pain assessment is patients’ pain self-

reports. The method of the patient report can vary from

verbal, unidimensional measurements to written

comprehensive multidimensional pain assessment. Pain has

many components, including pain intensity, localization,

pattern, factors provoking pain, factors exacerbating pain,

pain-related symptoms, current treatment (pharmacological),

previous treatments (pharmacological as well as

interventional), quality of life, mental health, and risk factors

for pain. The many aspects of pain underline the need for

multidimensional pain assessment.

Unidimensional pain scales such as the Visual Analogue

Scale and the Numerical Rating Scale are commonly used in

clinic and research practice to assess pain intensity. There are,

however, several challenges in using unidimensional scales for

pain assessment. The scales are simple measurements, but the

interpretation reflects the individual’s conceptualization of

pain, resulting in significant differences between reports. It

has been suggested that the unidimensional scales should be

converted to ratio scales to provide information on changes

over time rather than a single measurement (19). As the

unidimensional scales leave several aspects of pain assessment

in the dark, it is likely more suited for assessing acute rather

than chronic pain when used as a stand-alone measure (18).

Different recommendations on pain assessment, including

the Initiative on Methods, Measurement, and Pain Assessment

in Clinical Trials (IMMPACT) and Validation and

Application of a patient-relevant core set of outcome domains

to assess multimodal PAIN therapy (VAPAIN)

recommendations, specify that several core domains in pain

should be considered in clinical studies (20, 21). When

complying with these recommendations, pain assessment will

provide information on pain intensity, characteristics, and

how pain affects different aspects of patients’ lives, including

sleep, economic function, and psychological health. In visceral

pain, changes in pain characteristics can be caused by new

disease-related complications, where targeted treatments might

exist and are therefore mandatory to assess (22). A more in-

depth assessment can provide important clinical knowledge

that can be used to evaluate the need for further

examinations. Multidimensional scales are, therefore, useful in
frontiersin.org
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visceral pain. It can focus on disease-specific characteristics and

evaluate further aspects of pain if developed for a specific

condition. This gives a complete image of how pain affects

the patients’ lives. However, a detailed multidimensional pain

characterization is time-consuming, limiting the use of

comprehensive pain assessment tools in research and clinical

practice.

Until recently, there has been a lack of formally validated

pain assessment tools developed specifically for CP. The

Izbicki pain scale has commonly been used, as it is developed

specifically for CP, but it still lacks the formal validation

process. It was presented in a study in 1995 and has been

used extensively afterward (23). The questionnaire is quite

simple, evaluating pain on intensity, frequency of pain attacks,

use of analgesic treatment, and inability to work. Each subpart

accounts for 25% of the score, but due to the workability

assessment, it is limited in its response to treatments over

shorter periods. Besides the Izbicki pain scale, other non-

chronic-pancreatitis-specific questionnaires, such as the brief

pain inventory, have been validated and used for pain

assessment. However, these questionnaires lack evaluation of

pancreatic pain-specific domains such as postprandial pain

and gastrointestinal manifestations (24).

Recently a comprehensive pain assessment questionnaire,

the Comprehensive Pain Assessment Tool (COMPAT), has

been developed specifically for CP, complying with the

IMMPACT and VAPAIN recommendations (14). It is useful

for a comprehensive evaluation of pancreatic pain, but due to

the extensive length of 17 pages, some patients might not be

able to answer the questionnaire sufficiently. Consequently, a

short form of the COMPAT questionnaire, the COMPAT-SF,

has been developed (25) and validated as a separate

questionnaire. The COMPAT-SF scores correlate to scores

from the brief pain inventory and the Izbicki pain scale. It

also correlates to patient quality of life and hospitalizations

due to pain in the previous year. Reliability has been

evaluated both on internal consistency and in a test-retest

examination. It has been proven acceptable, especially when

considering chronic pain’s fluctuating nature (25). Predictive

validity and the power as a decision-making tool are still

lacking but will be examined in future years.

An international guideline for using different pain

questionnaires and recommendations for their use in painful

CP has recently been published. For further details, the reader

is referred to (26).
Neurophysiological assessment of
pain in chronic pancreatitis

Questionnaires can however fail to capture the complexity

of visceral pain in CP, and research has focused on

identifying additional methods for assessing pain and guiding
Frontiers in Pain Research 03
treatment strategies (27). Quantitative Sensory Testing (QST)

can be used to assess pain, where it serves to characterize

sensory processing in both peripheral and central pain

pathways (Figure 1). It can serve as a means to phenotype

the patient’s nociceptive profile. In QST, standardized

stimulations of somatic and visceral tissue are used to explore

different neural pathways and networks. This results in a

response quantified with psychophysical and/or objective

methods (28). Visceral stimulations of patients are often not

well accepted in a clinical setting, and due to convergence

between visceral afferents from the pancreas and somatic

afferents from the T10 dermatome, QST of the skin can be

used to assess whether pain processing from the pancreas to

the central nervous system is sensitized (29). In addition,

when adding more specific examinations, such as assessment

of endogenous descending inhibition from centers in the

brainstem and temporal summation, we can analyze whether

pain processing in the central pathways is abnormal. QST can

be used as a biomarker to categorize pain phenotypes based

on affected pain mechanisms (30).

Quantitative sensory testing involves several tests to

enlighten the sensory function of pain perception, from

peripheral stimulation to evaluation of the processing in the

brain. The tests consist of different standardized stimulations

and evaluate patients’ subjective pain intensity response. The

stimulation can, for instance, be thermal, mechanical,

electrical, chemical, or ischemic (31). The resulting pain

intensity registration can be supplied with

electroencephalography (EEG) to examine an objective

measure. Resting state EEG can be used to examine the

brain’s default mode, whereas EEG during a painful

stimulation in QST gives us information on evoked brain

potentials as a result of the pain perception (32). Autonomic

reactivity to nociceptive input can also be measured

objectively, where heart rate variability is a promising measure

(33). It changes due to increased sympathetic-baroreflex

activity and a decrease in vagal-parasympathetic activity.

QST, EEG, and functional magnetic resonance imaging have

been used in several clinical studies and can be used to identify

different dysfunctional pain mechanisms. However, pain itself is

a subjective sensation and should be assessed as such (34–36).

The German Research Network on Neuropathic Pain has

published guidelines on comprehensive QST batteries to

examine pain thoroughly (37). Although this gives a detailed

description of pain processing, it is unsuitable for clinical

practice and cannot be used as a bedside tool to examine

visceral pain. Invasive visceral stimulations are also used to

examine pain processing in visceral pain (34, 38, 39). These

examinations may involve significant discomfort for the

patients, fragile and expensive equipment and are therefore

not optimal for bedside use in clinical routine work. However,

as visceral pain processing can be partly reflected in

convergent somatic dermatomes, this can be used as a proxy
frontiersin.org
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FIGURE 1

Pain responses ranging from normal through peripheral sensitization to central sensitization. Peripheral sensitization is characterized by increased
excitability of the second-order neurons sharing spinal innervation with the pancreatic gland but lacking changes in the central pain processing
pathways. Central sensitization is associated with changes in central pain processing pathways. The red stars indicate the generation of a
nociceptive response to stimulation, either peripherally or centrally. Hypersensitivity as tested by the P-QST study protocol (pain thresholds as
well as temporal summation) is indicated by the red circles; white circles indicate normal P-QST responses. In central sensitization, dynamic QST
measures such as conditioned pain modulation can also be affected as shown in the figure.
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of central aspects of visceral pain (40). The P-QST consortium

was formed to develop and promote knowledge of a bedside

QST examination that could be used to evaluate pain

processing (16). It consists of three simple tests. One

examines sensitization in several anatomical regions using

pain detection and tolerance thresholds to standardized

pressure (27, 41). If the nervous structures in anatomical

regions associated with the pancreas are evaluated as

sensitized, and other regions have normal thresholds, it could

indicate segmental hyperalgesia corresponding to the

pancreatic segment of the spinal cord. If pain thresholds are

affected at several sites, it indicates generalized hyperalgesia

where the damage is not only located in the peripheral nerve

and associated spinal segments but also changes in the central

processing of painful stimulations (42).

Another test in P-QST examines the temporal summation

score. First, a single pinprick stimulation is performed on a

somatic structure, such as the dominant forearm, the

pancreatic dermatome (T10), or both, and the patient’s

corresponding pain intensity is reported. Afterward, a
Frontiers in Pain Research 04
repetitive series of pinpricks are performed one second apart,

and the resulting pain intensity is reported. The ratio between

the two pain intensities is calculated as the temporal

summation score (43). The final P-QST examination evaluates

conditioned pain modulation, the change in pain perception

after a conditioning stimulus. Conditioned pain modulation

has previously been shown to correlate to clinical pain

intensity and is an important aspect to include in the

neurophysiological examination (41). In the P-QST

consortium, the cold pressor test is recommended where a

conditioning stimulus, lowering the patient’s hand in water

with a temperature of 2 degrees for 2 min, is performed. The

test stimulus, pressure stimulation on the thigh until the pain

tolerance level is reached, is performed before and

immediately after the conditioning stimulus and the two

values are compared (28).

The P-QST consortium has proposed an algorithm for

identifying central and segmental sensitization, where at least

2 out of the following 4 measures (conditioned pain

modulation, cold pressor endurance time, sum of pain
frontiersin.org
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detection thresholds, and temporal summation on the forearm)

indicate central sensitization, whereas 1 out of the following 2

measures (1: Ratio between pain thresholds in T10 and

control sites and 2: Enhanced temporal summation at the

upper abdominal) indicate segmental sensitization (27).

Over the last decades of pain research, it has been debated

whether QST results are gender-specific, as evidence has

pointed to a difference in pain perception and pain frequency

between males and females (44, 45). A systematic review by

Racine et al. from 2012 did however not find results proving

lower pain tolerance in women, as there was significant

differences in results when comparing different test stimuli

and stimulation sites (46). Research does point to variations

due to the menstrual cycle, and QST measures should

optimally be standardized in regards to menstrual phase (47).

This would however be difficult to plan in clinical practice.

In the P-QST consortium, the reference values for pressure

pain detection threshold has been differentiated between sexes,

as studies show variation in this exact test stimulus (27, 46).

The reliability of QST has been discussed. Static

measurements, such as pressure pain stimulation, have

acceptable reproducibility, whereas dynamic parameters,

especially conditioned pain modulation, show variability over

time (28). However, the variability differs between stimulation

methods, and there are several ways to improve reliability. This

includes, among other, comprehensive training of both

examinators and patients and choosing the most reproducible

painful stimulation; if this is considered, the assessment

method is still a potent prognostic factor in clinical studies (48,

49). The test stimulus in the conditioned pain modulation

regimen was chosen due to its reproducibility as a static

examination. It is the most commonly used test stimulus and is

well tolerated. Although reliability varies according to test site,

both inter- and intrasession reliability are generally good (43,

48). The conditioning stimulus can be of different types, as

well as different intensities. It can be discussed whether the

stimulus can be too painful for certain individuals, and thereby

possibly excluding them from completing the stimulus. On the

contrary, the stimulus also can be too mild to evaluate pain

modulation. Generally, there is low reproducibility for dynamic

QST (the conditioning stimulus) due to the complex

mechanisms of pain modulation, and the results must be

evaluated with this in mind (43). It is however accessible and

easy to control, and although some patients might not endure

the full conditioning stimulation, this is also a usable result in

the final evaluation, as described above.

In recent studies, QST has been used to predict the outcomes

of treatments. Olesen et al. have shown that hyperalgesia to

electrical stimulations in the T10 dermatome is predictive of

the efficacy of pregabalin treatment in CP (50). QST has also

been used as a predictor in other types of patients, including

diabetic neuropathy, where conditioned pain modulation

predicts the efficacy of duloxetine (51), and a mixed group of
Frontiers in Pain Research 05
chronic pain patients, where cold pain intensity and EEG

activity induced by cold pain, predicted the pain reduction of

opioid treatment (52). Further studies are, however, needed

before using this as a decision-making tool in clinical practice,

although different pain treatment algorithms using

neurophysiological evaluations have been proposed (29, 53).
Conclusion

Painassessment invisceral pain is complex.Aspainaffects life in

manyways, several aspects besides pain intensitymust be evaluated.

These include mental health, autonomic symptoms, and quality of

life. Unidimensional scales are mostly suited for evaluating

changes in pain intensity in acute pain but are too simple for

assessing the complexity of chronic visceral pain. Questionnaire

validity is increased when developed for a specific disease, as it can

provide information beyond general characteristics.

Besides pain questionnaires, QST is gaining ground. It is

used to quantify the loss or gain of sensory function and can

be performed as a quick bedside examination with only a few

instruments available. It can help evaluate the progression of

chronic pain from a segmental to a central origin. In the

future, it might also help tailor analgesic treatment focusing

on affected pain mechanisms (29).

It’s important to strive for a uniform assessment of pain in

clinical studies, as this will increase the comparability of results.

For further information on pain assessment in CP, please see

the international guidelines on the subject (26).
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