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ABSTRACT

Introduction Postoperative pain remains a challenging
medical condition impacting the quality of life of

every patient. Although several predictive factors for
postoperative pain have been identified, an adequate
prediction of postoperative pain in patients at risk has not
been achieved yet.

The primary objective of this study is to identify specific
genetic risk factors for the development of acute and chronic
postoperative pain to construct a prediction model facilitating
a more personalised postoperative pain management for
each individual. The secondary objectives are to build a
databank enabling researchers to identify other risk factors
for postoperative pain, for instance, demographic and clinical
outcome indicators; provide insight into (genetic) factors
that predict pharmacological pain relief; investigate the
relationship between acute and chronic postoperative pain.
Methods and analysis In this prospective, observational
study, patients who undergo elective surgery will be
recruited to a sample size of approximately 10000 patients.
Postoperative acute and chronic pain outcomes will be
collected through questionnaires at different time points
after surgery in the follow-up of 6 months. Potential genetic,
demographic and clinical risk factors for prediction model
construction will be collected through blood, questionnaires
and electronic health records, respectively.

Genetic factors associated with acute and/or chronic
postoperative pain will be identified using a genome-wide
association analysis. Clinical risk factors as stated in the
secondary objectives will be assessed by multivariable
regression. A clinical easy-to-use prediction model will be
created for postoperative pain to allow clinical use for the
stratification of patients.

Ethics and dissemination The Institutional Review
Board of the Radboud university medical centre approved
the study (authorisation number: 2012/117). The results

of this study will be made available through peer-
reviewed scientific journals and presentations at relevant
conferences, which will finally contribute to personalised
postoperative pain management.

Trial registration number NCT02383342.

INTRODUCTION

Pain after surgery remains a challenging

,' Regina L M van Boekel,? Sandra A S van den Heuvel,?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This is a large prospective study to identify genetic
and other risk factors for postoperative pain.

= We will build a databank with comprehensive inter-
disciplinary measurements that assess postopera-
tive pain from multiple perspectives.

= Outcome measurements of pain by patient-reported
outcomes, rather than evaluated by professionals.

= The investigating biomarkers of postoperative pain
are limited to genetic variants.

one of the most common postsurgical side
effects, with moderate to severe acute post-
operative pain occurring in about 41% of
the patients.”™ Severe postoperative pain
is associated with an increased incidence
of postoperative complications,” including
prolonged hospital stay, readmissions and
significant reduction of patient satisfaction
and quality of life.’ 7 In addition, acute post-
operative pain is associated with chronic pain
development after surgery.8 A recent posi-
tion paper from the International Associa-
tion for the Study of Pain (IASP) stated that
among the almost 40million people under-
going surgery globally each year, 1 out of 10
develops chronic postsurgical pain (CPSP),
and 1 out of 100 suffers from severe CPSP,
which will negatively affect patients’ quality
of life.” In addition, postoperative pain is a
considerable burden on healthcare service
costs, both directly due to patients’ increased
consumption of medical care and indirectly
due to absenteeism, reduced productivity and
increased social welfare payments.'*"”

The management of both acute postop-
erative pain2 16 and CPSP? " has remained
suboptimal. Despite major investments in
clinical protocols and guidelines for struc-

i . . . . tural pain management, infrastructure and

Rianne.vanBoekel@ medical and societal problem.' Pain is patl a8 .
radboudumc.nl acute pain services, no 51gn1ﬁcant outcome
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improvements in the quality of postoperative pain
management for individual patients have been achieved
in the last 15 years.'” !

Given the high incidence of postoperative pain, iden-
tifying patients at risk for CPSP before the operation is
important to apply more personalised pain prevention
strategies. The most important demographic and clin-
ical risk factors for postoperative pain are younger age,
female sex, smoking, history of depressive symptoms,
anxiety symptoms, sleep difficulties, higher body mass
index (BMI), presence of preoperative pain and use of
preoperative analgesics.'® Based on these factors, models
have been developed to predict severe acute postopera-
tive pain'®*” and CPSP.*' * A recent study has evaluated
a presurgical risk score for CPSP in a prospective cohort,
and it reliably identified about 70% of the patients under-
going surgeries at risk of CPSP.** **

As a multifactorial trait, the incidence variation of
CPSP in the population can be explained partly by the
demographic and clinical risk factors mentioned above,
and partly due to the genetic and epigenetic differ-
ences among patients.”> ** To improve the accuracy and
power of prediction, efforts have been made to predict
CPSP using genetic variants.”’ ** However, no unequiv-
ocal genetic predictors have been found yet. In addition,
many exploratory studies investigated the possible role of
candidate genes in postoperative pain development. In
particular, associations have been found between CPSP
and the w-opioid receptor (OPRMI) and catechol-O-methyl
transferase (COMT) genes.”” * Still, these results have
not been confirmed by others. OPRM] is also associated
with basal pain sensitivity differences, which could be
caused by the altered opioid binding potential in the
central nervous system.”’ More recently, hypothesis-free
methods, such as Genome-Wide Association (GWA)
studies (GWAS), have been applied for CPSP to iden-
tify markers across the genome.” ** One of the studies
showed that a genetic variant in the protein-kinase C gene
is linked to neuropathic pain after complete joint replace-
ment. This gene is involved in long-term potentiation,
synaptic plasticity, chronic pain and memory, indicating
that this gene may be relevant for neuropathic pain initi-
ation. The disadvantage of this study is that it was small
in terms of patient numbers and only focused on one
specific surgical procedure.

Besides genetic variants for altered pain sensitivity,
gene variants in drug metabolism can also play a role.
Understanding the reasons for ineffective treatment can
facilitate the early identification of patients at risk and
provide more effective and customised postoperative
management. Some associated genes with pain treatment
outcomes are also involved in pain development, such
as COMT .**™ Genes involved in the action site of active
drugs or the drugs’ metabolism might play a role in the
therapeutic response of this drug. A well-known example
is the cytochrome P450 (CYP) family investigated for several
drugs (eg, codeine and tramadol).”® However, this area
has never been charted in a large population.”’

To date, adequate prediction of patients at risk for post-
operative pain in clinical practice has not been achieved
for several reasons. First, although many demographic,
clinical and lifestyle factors of postoperative pain have
been reported,'® a lack of consensus on the best outcome
indicators for postoperative pain managementg8 % hinders
choosing the proper outcome variables for prediction
model construction. Second, the potential genetic risk
factors of postoperative pain prediction remain obscure.
The role of genetic factors in postoperative pain have
not been investigated sufficiently, making it challenging
to select appropriate genetic risk factors to construct a
prediction model. Third, when prediction models are
updated, external validation (ie, in a new population)
is important before being implemented in a clinical
setting,*™* which is often difficult due to the lack of vali-
dation cohorts. For these reasons, we hypothesise that a
global structural multicentre diagnostic programme of
postoperative pain in a surgical patient population will
be valuable for better identifying patients at risk of CPSP
and ultimately preventing postoperative pain using indi-
vidualised pharmacological and non-pharmacological
interventions.

Objectives

The primary objective of the Pain Predict Genetics (PPG)
study is to identify genetic risk factors for acute and
chronic postoperative pain development and to construct
a prediction model for personalised postoperative pain
management.

The secondary objectives of the PPG study are to build
a databank enabling researchers to (1) identify other risk
factors for the development of acute and chronic post-
operative pain; (2) provide insights into complications
and other clinical outcome indicators after surgery; (3)
provide insights into the relationship between acute and
chronic postoperative pain and (4) identify (genetic)
factors that predict pharmacological pain relief. The
databank will be open to the public with access fees, and
reasonable requests will be discussed in the research
group before approval.

The extensive data collection on (chronic) postoper-
ative pain development of patients undergoing surgery
offers many possibilities for additional research ques-
tions using conventional statistical methods and artificial
intelligence, for example, machine learning. The cohort
could be used to (1) conduct epidemiological studies;
(2) investigate other parameters (eg, types of surgery)
that are involved in the development of chronic post-
operative pain; (3) validate new prediction models for
(chronic) postoperative pain; (4) identify factors for the
postoperative outcome (for example, death, long-term
hospitalisation, complications); (5) collaborate with
other groups to perform large-scale analysis to identify
predictors for the development of (chronic) postopera-
tive pain.
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METHODS AND ANALYSES

Study design

A prospective, observational study of 10000 patients will
undergo elective surgery. This study will run for at least
ten years, during which period it must be possible to
include the intended number of patients. Patient inclu-
sion after CMO (Human Research Committee, in Dutch
Commissie Mensgebonden Onderzoek) approval was
started in March 2015, and patient inclusion was tempo-
rarily stopped in 2020 due to COVID-19 restrictions. In
the near future, this study will be continued as a multi-
centre study; hospitals have already been approached and
indicated that they intend to participate.

Patient and public involvement

During the design of the study, the patients aided in the
pilot phase of the questionnaires; during the recruitment
the patients are informed concerning the project. In
addition, patient reported outcomes will be used. Patients
will be informed about the outcome of the study at several
moments (depending on the obtained results).

Participants

Patients who undergo electvie surgry and are eligible for
this study will be approached before their planned surgery
during the preoperative consultation. In this way, poten-
tial participants will have sufficient time to consider the
study information. If any questions arise, it is possible to
contact the researchers by telephone or ask the questions
during the preoperative consultation. During the preop-
erative consultation (outpatient clinic or by telephone),
the physician (assistant) will ask the patient if they are
interested to participating in the study. If the patient is
willing to participate, the informed consent form will be
signed and dated. If patients have an online preoperative
consultation, this procedure will take place digitally, and
patients receive the study forms (signed in advance) at
home to return if they consent.

Patients are eligible for study inclusion if they (1) are
older or equal to 16 years; (2) undergo elective surgery
with an incision, including cardiothoracic surgery (eg,
cardiomyotomy), general surgery (eg, breast resection),
neurological surgery (eg, nerve decompression), oral

Before surgery Surgery

Day 0

Day -1

Informed
consent

Surgery
information

Questionnaires

Figure 1

and maxillofacial surgery (eg, removal of head and neck
benign and malignant tumours), otorhinolaryngology
(eg, tympanoplasty), plastic surgery (eg, breast recon-
struction), trauma and orthopaedic surgery (eg, arthro-
plasty), urology (eg, prostatectomy) and vascular surgery
(eg, treatment of varicose veins); (3) can read and under-
stand the patient information; (4) will provide informed
consent. Patients will be excluded if they (1) intend to
undergo another surgery within 6 months and (2) do not
have enough knowledge of the language in words and
understanding to complete questionnaires.

Measurements

Questionnaires

After written informed consent, participants will be asked
to complete questionnaires before and after their surgery.
An overview of the study workflow and data collection
time points can be found in figure 1 and table 1. All
patient data will be stored in an online digital database,
Castor.” The reliability and validity of all questionnaires
for measurement collection have been validated in the
corresponding populations.

The first digital questionnaire must be completed the
day before the surgery (no longer than 1week before).
Before surgery, the following parameters will be collected
(table 1, online supplemental file 1): demographic char-
acteristics (such as gender, age, BMI), expected incision
size in mm, pain intensity, pain disability, preoperative
anxiety and need for information, pain catastrophising,
pain sensitivity, preoperative chronic pain characteristics
and depressive symptoms.

Aftersurgery, the following parameters will be collected:
actual incision size in mm on day 1; pain intensity on days
1,2, 3, weeks 1 and 6, and months 3 and 6; physical activ-
ities on days 1, 2, 3, week 1; pain disability on weeks 1
and 6, and months 3 and 6; postoperative chronic pain
characteristics on months 3 and 6; characteristics of pain
on months 3 and 6.

Pain intensity will be measured with an 11-point Numer-
ical Rating Scale (NRS) at rest and during a normal
patient action at that time.*” The endpoints represent the

After surgery

/ Day 2,3; Week 1,6; \
Month 3 Month 6

Electronic
medical file
data for all
period

Surgery

information Questionnaires

Questionnaires Questionnaires

Pain predict genetics study design overview. After written informed consent, participants will be asked to complete

questionnaires before and after their surgery. One tube of blood will be collected for DNA isolation using the intravenous line in
place for surgery. Clinical information will be collected from the electronic patient file after the operation.
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Table 1 Overview of data collection

TO Day -1

Surgery Day 1

Day2 Day3 Week1 Week6 Month3 Month6

Informed consent X
Questionnaires
Demografic data X
Incision size X

Pain scores

X

Physical activities
Pain Disability Index
APAIS

PCS

PSQ

Chronic pain

X X X X X X

IDS depression
Brief pain inventory
Data electronic medical file
Physical status by ASA
Type of surgery
Duration of surgery
Type of anaesthesia
Complications
Hospital stay
Pain medication use
Incision size
Second surgery within 6 months
General clinical outcome indicators

Body material*
1x10mL blood for DNA X

X X X X X X

X X X X

*In the event that it is not possible to collect a blood sample during surgery, the subject may be asked to provide a DNA sample via a saliva collection

tube.

APAIS, Amsterdam Pre-operative Anxiety and Information Scale; ASA, American Society of Anesthesiologists classification; IDS, Inventory of
Depressive Symptomatology; PCS, Pain Catastrophising Scale; PSQ, Pain Sensitivity Questionnaire.

extremes of the pain experience: 0 means ‘no pain at all’
and 10 means ‘worst possible pain’.

Pain disability (disability associated with pain) will be
measured by the widely used Pain Disability Index Dutch
language version (PDI).” ** The PDI is a seven-item
questionnaire to investigate the magnitude of the self-
reported disability in different situations such as work,
leisure time, daily life activities and sports. The question-
naire is constructed on an 11-point NRS in which 0 means
‘no disability’ and 10 means ‘maximum disability’.

Preoperative anxiety and need for information will be
evaluated by the Amsterdam Preoperative Anxiety and
Information Scale (APAIS).47 The APAIS consists of six
questions and each score on a five-point Likert scale
from 1 (not at all) to 5 (extremely), with four questions
to assess the patient’s preoperative anxiety score and two
questions to assess the patient’s need for information
regarding the scheduled surgery and anaesthesia.*’

Pain catastrophising is generally described as an
absurd negative orientation towards hurtful stimuli and

is important in pain coping.* It will be measured by the
Pain Catastrophising Scale, a self-evaluating question-
naire consisting of 13 questions. People are asked to indi-
cate the degree to which they have thoughts and feelings
when experiencing pain using the 0 (not at all) to 4 (all
the time) scale, and a total score will be yielded (range
from 0 to 52).

The Pain Sensitivity Questionnaire (PSQ) will measure
patients’ preoperative pain sensitivity.” * The PSQ
consists of 17 questions that describe daily life situations;
respondents score their pain intensity for these situations
on an NRS by scoring 0 (not painful) to 10 (severest pain
imaginable).

The severity of overall depressive symptoms will be
assessed by the Inventory of Depressive Symptomatology
Self Report (IDS-SR).” °® IDS-SR is a 30-item question-
naire, and each item has four statements scored on a four-
point scale from 0 to 3. There are two items about either
increasing or decreasing appetite and two items about
increasing or decreasing weight. Only the item with the
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higher score from both pairs will be chosen. The total
score is based on 28 items and ranges from 0 to 84.

Physical activities (ability to perform normal activities)
will be measured by questions assessing the degree of
physical activities interfered by surgery, including bed
activities (such as turning), breathing deeply of coughing,
sleeping and activities out of bed. Each item is scored on
an 11-point NRS in which 0 means did not interfere and
10 means completely interfered. These questions are
derived from the validated International Pain Outcomes
questionnaire and are found responsive to asking patients
about their ability to perform normal activities directly
after surgery.”

Characteristics of pain will be measured by the Brief
Pain Inventory-Short Form (BPI-SF), which is a shortened
version of the BPL.>* BPL-SF evaluates pain severity during
the past 24 hours and current level, with 0 representing
‘no pain’ and 10 ‘the worst pain imaginable’. Seven items
in BPI-SF assess interference with daily functioning (such
as general activity, walking and work) on an 11-pointscale,
where 0 represents ‘no interference’ and 10 ‘complete
interference’.

Collection of body material

One tube of blood will be collected for DNA isolation.
The burden for the patient is minimalised as blood will
be taken using the intravenous line in place for surgery.
If it is impossible to collect blood presurgically or postsur-
gically, we will collect saliva for DNA isolation (Genefix
DNA saliva collectors; GFX-02/50, Isohelix).

Clinical information

The following clinical information will be collected from
the electronic patient file six months after operation
(table 1): physical status by The American Society of Anes-
thesiologists classification status; type of surgery; duration
of surgery; type of anaesthesia; postoperative complica-
tions within 30 days after surgery, one-time retrospec-
tively, which is defined as any medical adverse outcome
occurring between admission and 30 days after opera-
tion. Complications occurring in the operation room and
complications directly related to anaesthesia (eg, nausea
which resolves immediately after medication in the
operation room) will not be included.” *® Furthermore,
data on pain medication use, before surgery and after
surgery; actual incision size in mm; second surgery within
6 months; general clinical outcome indicators, including
surgical site infection at 30 days, stroke within 30 days
of surgery, death within 30 days of surgery, admission to
the intensive care unit within 14 days of surgery, readmis-
sion to hospital within 30 days of surgery and length of
hospital stay (with or without in-hospital mortality) will
be collected.™

Outcome measures

The outcome measures are acute postoperative pain and
chronic postoperative pain. Acute postoperative pain
is defined as pain experienced directly after surgery.

Thresholds or cut-off points of the pain intensity are
set as none to mild (0-3), moderate (4-7) and severe
(8-10).% 7 The definition of CPSP is in agreement with
IASP terminology of CPSP, that is, ‘chronic pain that
develops or increases in intensity after a surgical proce-
dure persists beyond the healing process, that is, at least
3 months after the surgery’.” CPSP will be measured by
a chronic pain characteristics questionnaire postopera-
tively at 3 and 6 months. Patients will be asked to indicate
whether they had a recent pain experience, the site of
pain and whether it lasted more than 3months.”®* The
intensity of CPSP will also be characterised by the pain
scores questionnaire using the same threshold as acute
postoperative pain. The influence of pain on functional
and mood changes will be measured by the PDI and the
BPI-SF.

Sample size calculation

The power of the genetic study is based on the primary
research question investigating which genetic factors
are associated with postoperative pain. Power is calcu-
lated using the Genetic Power Calculator,” and the esti-
mated number of patients is based on a GWA approach.
For chronic postoperative pain, we assume a case—
control analysis for discrete traits (2 df test), a risk allele
frequency of 30%, a linkage disequilibrium (D) of 0.8,
a prevalence of chronic postoperative pain of 15%, and
the relative risk of chronic postoperative pain for persons
who are heterozygous of 1.5 and for homozygous persons
of 2.25. For a power of 80% with a p value cut-off 5x10™
(genome-wide significance threshold), we need 750
patients with chronic postoperative pain and 4250 people
without chronic postoperative pain. For acute pain, the
power is even higher. With the same population, we have
more than 80% power to detect a relative risk of 1.2 and
1.44 for heterozygous and homozygous patients, respec-
tively. This higher power is due to the higher prevalence
of acute (moderate to severe) pain of 55%. Most impor-
tantly, results will be replicated in the additional study
participants, as the total number of patients included in
the study will be 10000. In addition, we will use cohorts of
our collaborators for replication purposes.

Statistical analysis

The key objective is to identify genetic risk factors that
can predict development of acute or chronic postopera-
tive pain and validate previously reported SNPs. A GWA
approach will be used as the main analysis. Phenotype
data and DNA will be used to identify genetic factors.
We will use 5000 patients for the discovery of genetic
variants. Samples will be genotyped with the Infinium
Global Screening Array (Illumina). Preimputation
quality control, principal component analyses and impu-
tation will follow the RICOPILI pipeline.”’ Potential
confounding by ethnic origin will be corrected by prin-
cipal component analyses. The 1000 Genomes reference
panel will be used for imputation, followed by postimpu-
tation quality control in PLINK.” Associations between
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SNPs and the presence of acute or chronic pain will
be performed using cutting-edge methods when data
collection is finished. Results will be replicated to ensure
validity. SNPs that can be validated will be included in the
prediction model described below.

Secondary objectives include identifying other poten-
tial risk factors for acute and chronic postoperative pain.
Therefore, a univariate association of each potential
predictor will be calculated and tested in a multivariable
regression model. We will use a least absolute shrinkage
and selection operator (LASSO) regression. Shrinkage
is where data values are shrunk towards a central point,
like the mean. LASSO is a regression analysis method
that performs both variable selection and regularisation
to enhance the prediction accuracy and interpretability
of the statistical model it produces. After identifying
these risk factors, a prediction rule will be created for
(moderate to severe) acute and chronic postoperative
pain. Based on this prediction rule, a simple, clinically
easy applicable tool will be developed to allow clinical use
for the stratification of patients. The predictive perfor-
mance will be studied in another cohort of patients to
test whether the rule is generalisable across time and
place. Because it appears from the literature that acute
and chronic pain are correlated after surgery, additional
correlation analysis will be performed to investigate this
correlation in the data.

Similar approaches will be followed to identify the clin-
ical and genetic factors that predict pharmacological pain
relief. For some pain medicines, genes that impact pain
relief are already known (eg, CYP2D6 and morphine).
We will first investigate those genes to see if these vari-
ants indeed contribute to pharmacological pain relief
differences.

Ethics and dissemination

The study will be conducted according to the princi-
ples of the Declaration of Helsinki version 2013 and in
accordance with the Medical Research Involving Human
Subjects Act and Good Clinical Practice. The study
was approved by the local ethics committee for human
research in Nijmegen (Medical Review Ethics Committee
Region Arnhem-Nijmegen, authorisation number:
2012/117). This study was registered on ClinicalTrials.
gov (NCT02383342).

The privacy of the participants is guaranteed by storing
encrypted data. Every participant will receive a pseudo-
anonymous study number. No identifying data is recorded
within the meaning of the law. The key is only accessible to
the study team and monitors. Data and material will only
be used in coded form within possible collaborations.

The results of this study will be made available through
peerreviewed scientific journals and presentations at
relevant conferences. After a thorough evaluation, deci-
sions will be made regarding including the identified risk
factors and constructed prediction models into clinical
guidelines, thus facilitating personalised postoperative
pain management.

DISCUSSION

This cohort will be a large prospective study to identify
risk factors for postoperative pain and to build and eval-
uate dedicated prediction models for postoperative pain
in surgical patients. In addition, the comprehensive infor-
mation collected in this study will also enable us to answer
other research questions regarding postoperative pain,
such as the relationships between acute and chronic post-
operative pain development. Eventually, these results will
be applied in the clinical settings to improve the quality
of life for patients who develop postoperative pain.

The strengths of this study are that we will include all
elective major operations rather than limiting to one
specific operation as in previous studies,” which allows us
to investigate the shared genetic background of postoper-
ative pain in different operations. Furthermore, as there
are discrepancies in pain intensity scores understanding63
and pain management decisions™ ** between patients and
caregivers, the patient’s perspective should be respected
and assessed for pain evaluation and management.65 06
Therefore, pain assessment will be conducted by patients
themselves (patientreported outcomes) rather than
professionals in this study, leading to a more comprehen-
sive outcome assessment and intvs:rpretation.67 Moreover,
the single-use of NRS might be inadequate for patients’
pain experience evaluation and pain management deci-
sions.” % % Thus, another strength of this cohort is
that the experience of pain will be estimated by multi-
dimensional measurements focusing on patients’ overall
functionality rather than merely an NRS pain score. In
addition, the comprehensively collected information for
postoperative pain in this cohort also empowers analysis
that cannot be performed in large-scale registry data (eg,
UK Biobank) as such phenotype data are not available
in those datasets. The data collected in this cohort will
also enable additional research using conventional and
cutting-edge statistical methods like artificial intelligence.

The possible limitations of this study are that we will
only investigate DNA variants as biomarkers for pain
prediction as our primary research goal. However, other
epigenetic,69 0 transcriptomic,m proteomics71 and meta-
bolic markers” are also potentially involved in (postop-
erative) pain development. For instance, recent studies
indicate that methylation patterns might predict opioid
treatment outcomes.* "’ As the DNA sample of patients is
accessible, we will be able to characterise the multiomics
biomarker signatures of postoperative pain in future
researches, such as investigating the association between
epigenetic changes and postoperative pain. In addition,
when prediction tools are applied in clinical settings, the
sensitivity and specificity of prediction tools are crucial to
evaluate their adequacy and usefulness.” Although the
measurement tools used in prediction models are well-
validated and verified (see methods), our findings could
still be subject to false positive or negative errors because
all measurement tools have limitations. Furthermore,
chronic pain assessment is more complex than acute
pain,74 and GWAS findings are sometimes incidental.”
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We will consider seeking other available cohorts for
validation and applying other statistical methods to vali-
date our findings in future studies, such as polygenic
risk scores.”® Another potential limitation is that loss
of follow-up of patients might result in lower patient
numbers than expected. Despite this potential concern,
we still expect a sufficient sample size as additional
centres will start patient inclusion, and the measure-
ments are mainly from patientreported outcomes via
digital follow-up.

Identifying the genetic background of postoperative
pain development may give valuable insights into the
mechanisms underlying the relationship between post-
operative pain and complications after surgery. This may
open the way to identify new targets for treatment and
potentially simplify the risk profiling assay for future use,
yielding a simpler, more accurate and cost-efficient assay
or product. The contribution of improved prevention and
treatment of pain after surgery will benefit many patients
undergoing surgery and society by decreasing healthcare
service costs.

Trial status

Patient recruitment is expected to continue until 2025.
Recruitment has already started in Radboud university
medical centre, with more than 500 patients recruited as
of October 2021. National and international collabora-
tions will be greatly accepted after careful consideration.
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