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Abstract 

Background Postoperative pain is a common complication following surgery, with severity and duration vary-
ing between patients. Chronic postoperative pain after inguinal hernia surgery has an incidence rate of approxi-
mately 10%. Risk factors for acute and chronic pain following hernia surgery include age, sex, psychosocial factors, 
and demographic background. Additionally, genetic polymorphisms in enzymes involved in pain mechanisms, 
as well as the metabolism of analgesics might influence pain perception, pain development, and response to pain 
medications. Key enzymes include the catechol-o-methyltransferase (COMT), the µ-opioid receptor 1 (OPRM1), 
and the cytochrome P450 2D6 (CYP2D6).

CYP2D6 plays a crucial role in metabolizing analgesics such as tramadol, codeine, and oxycodone. It is also suspected to be 
involved in the synthesis of catecholamines and endogenous morphines suggesting a potential role in pathophysiology 
of pain. We hypothesize that the CYP2D6 activity influences the development of postoperative pain after hernia surgery.

Methods This study is a prospective, observational, multicenter association study investigating adult patients scheduled 
for inguinal hernia surgery using a robotic-assisted (rTAPP) approach. Patients are enrolled during the preoperative surgi-
cal consultation. A buccal swab is collected for genetic testing at this time. Pain at the site of the hernia is assessed using 
the validated EuraHSQoL score preoperatively and at 2, 4, and 6 weeks postoperatively. Additionally, information on co-
medication and details of the surgery will be collected. The planned number of participants is 350 patients. The primary 
objective is to analyze the association between different genotype-predicted CYP2D6 phenotypes and patient-reported 
pain intensity 6 weeks after surgery. Secondary objectives include the association between further genetic variants, such 
as the COMT rs4680 and OPRM1 rs1799971 genotype, and pain severity. Additionally, the potential of pharmacogenetic 
panel testing to optimize analgesic therapy in hernia surgery patients will be explored.

Discussion The findings of this study are expected to provide valuable insights into identifying patients at higher risk 
for postoperative pain before surgery. This knowledge could pave the way for tailored interventions during and after 
surgery for these specific patients.

Trial registration Deutsches Register Klinischer Studien https:// www. drks. de/ DRKS0 00347 96 Registered on August 07, 2024.
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Background
Postsurgical pain is a common complication follow-
ing surgery, and its severity and duration can vary from 
patient to patient. In some instances, the pain may per-
sist and become chronic [1]. Chronic postsurgical pain is 
characterized by pain that either emerges or intensifies 
after a surgical procedure and persists for a minimum 
of three months after the index-procedure [2]. The fac-
tors contributing to the onset, progression, and chronic-
ity of postsurgical pain are multifaceted [1]. Research 
has established that characteristics such as being female, 
younger age, and the intensity of acute preoperative pain 
can exert a detrimental influence on the development of 
postsurgical pain [3]. Furthermore, the type of surgery 
and the surgical technique employed also hold a pivotal 
role in pain development, particularly in its chronicity 
[1]. Notably, chronic postsurgical pain following ingui-
nal hernia repair is not an uncommon occurrence, with 
an incidence rate of approximately 10% [4]. In a subset 
of cases, ranging from 0.5% to 6%, the pain may reach a 
severity level that significantly disrupt daily activities [5]. 
Systematic reviews indicate that in the context of ingui-
nal hernia repair, endoscopic procedures are linked to a 
reduced risk of developing chronic inguinal pain in com-
parison to open procedures [6]. However, it is worth not-
ing that chronic postsurgical pain can still be observed 
even with endoscopic approaches, including procedures 
like robotic-assisted transabdominal pre-peritoneal 
repair (rTAPP) [7].

Prolonged pain persisting after inguinal hernia repair 
often has a neuropathic nature, originating from nerve 
damage that can occur during the surgical procedure 
[8]. However, not all patients with nerve damage develop 
chronic pain, which indicates the influence of other 
contributing factors [9, 10]. In addition to age and sex, 
psychosocial factors and demographic background are 
assumed to serve as risk factors for experiencing acute 
and chronic pain following hernia surgery [11]. Moreo-
ver, genetic polymorphisms in the enzymes involved 
in mechanisms underlying pain development or in the 
metabolism of analgesics may exert an influence on the 
perception of pain, the development of pain, and the 
response to analgesics [12, 13].

Numerous genetic variants have been linked to 
increased postoperative pain sensitivity and the risk of 
developing chronic pain in genetic association studies. 
However, the actual significance and relevance of these 
associations remain uncertain [14]. One of the exten-
sively investigated genes related to pain is the COMT 
gene, encoding the catechol-O-methyl transferase 
(COMT) enzyme. The COMT enzyme plays a pivotal 
role in the degradation of catecholamines like dopamine, 
epinephrine, and norepinephrine, thereby influencing the 

physiological pain modulation in the nervous system [15]. 
The most thoroughly examined single nucleotide poly-
morphism (SNP) within this context is rs4680 (c.G472A), 
which is characterized by an amino acid substitution at 
position 158 (p.Val158Met). The substitution of valine by 
methionine is assumed to result in the formation of an 
enzyme with reduced activity [16, 17]. It is hypothesized 
that the reduced enzyme activity diminishes the degrada-
tion of catecholamines, which consequently impacts pain 
processing by altering dopaminergic, adrenergic, and 
noradrenergic neurotransmission [15]. Vetterlein et  al., 
described in a meta-analysis, that chronic pain patients 
who are homozygous for the rs4680 A allele exhibited 
significantly greater pain sensitivity compared to het-
erozygotes [15]. However, when it comes to the chroni-
fication of postoperative pain, no statistically significant 
results were obtained from a meta-analysis encompassing 
studies across various surgical procedures [18]. Notably, 
to the best of our knowledge, no study has investigated 
the SNP rs4680 in relation to postoperative pain follow-
ing inguinal hernia surgery. However, there are data on 
another polymorphism in the COMT, namely the variant 
rs4633, which exhibits a high linkage disequilibrium with 
rs4680. This particular SNP has been shown to be asso-
ciated with altered “pain-related activity impairment” 
6 months after hernia surgery [19].

Another gene that contributes to the pathomechanism 
of pain and that is linked to the effectiveness of analge-
sics is the OPMR1 gene, which encodes for the µ-opioid 
receptor 1 (OPMR1). An extensively studied variant 
within this gene is rs1799971 (c.A118G), known for an 
amino acid substitution at position 40 (p.Asn40Asp). The 
substitution from asparagine to aspartic acid has been 
linked to diminished responses to both endogenous opi-
ates (e.g. endorphin, etc.) and externally administered 
synthetic opiates. However, also for this variant, the 
available data on the association to the chronification of 
postoperative pain remains inconclusive [18].

Lastly, another enzyme scrutinized for its involve-
ment in both pain development and opiate efficacy is 
the cytochrome P450 2D6 (CYP2D6) [20]. The role 
of CYP2D6 in drug metabolism has undergone thor-
ough investigation, being implicated in the metabolism 
of approximately 25% of all available drugs. Notably, 
CYP2D6 is highly polymorphic, with various genetic 
variants affecting the enzymes activity. Based on the 
enzymes activity four phenotypes are distinguished: 
ultra-rapid metabolizers (UMs) with increased activ-
ity, extensive metabolizers (EMs) with normal activ-
ity, intermediate metabolizers (IMs) characterized by 
decreased CYP2D6 activity, and poor metabolizers (PMs) 
displaying no CYP2D6 activity [21]. Concerning analge-
sics, CYP2D6 plays a crucial role in the metabolism of 
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tramadol, codeine, and oxycodone. Notably, there are 
pharmacogenetic recommendation guidelines for spe-
cific phenotypes related to tramadol and codeine. For 
instance, CYP2D6 PM individuals are anticipated to 
experience a diminished therapeutic effect of tramadol 
and codeine due to reduced bioactivation [22, 23]. How-
ever, the involvement of CYP2D6 in the development of 
pain is not as thoroughly researched. It is assumed that 
CYP2D6 contributes to the production of catecholamines 
and of endogenous morphine, suggesting its potential 
role in the pathomechanism of pain [20]. Literature indi-
cates that individuals with CYP2D6 PM status demon-
strate enhanced sensitivity to pressure pain [24] and are 
prone to more severe acute postoperative pain [25, 26]. 
As far as we know, no study has explored the correlation 
between CYP2D6 phenotypes and the onset of chronic 
postoperative pain.

In addition to CYP2D6, several other enzymes are 
involved in the metabolism of analgesics used to treat 
postoperative pain. For example, pharmacogenetic vari-
ants in CYP2C9 influence the gastrointestinal tolerabil-
ity of non-steroidal anti-inflammatory drugs (NSAIDs) 
[27]. Also relevant are genetic variations in CYP2C19, 
as these affect the efficacy of proton pump inhibi-
tors (PPIs), which are commonly used in the context of 
NSAID therapy [28].

In conclusion, it can be asserted that several enzymes 
and receptors play a role in the development of pain, 
and the interaction of various genetic factors in pain 
development is intricate and not fully comprehended. 
Given this gap in knowledge and the significant impact 
of postoperative pain on patients’ quality of life, we aim 
to enhance the understanding of genetic predisposition 
in the development of postoperative pain. Specifically, we 
intend to investigate the association between the genetic 
makeup of the CYP2D6 enzyme, the COMT enzyme 
and the OPMR1 receptor with postoperative patient-
reported pain intensity after inguinal hernia repair using 
the rTAPP method. Furthermore, our goal is to assess 
whether a pharmacogenetic panel test for patients prone 
to developing chronic pain could be beneficial in opti-
mizing their pain therapy.

Methods
Project objectives and design
Hypothesis and primary objective
We hypothesize that the CYP2D6 phenotype influences 
the development of postoperative pain after hernia sur-
gery applying the rTAPP methodology. Specifically, we 
propose that patients with a CYP2D6 PM status will 
experience more severe pain compared to patients with 
CYP2D6 EM status 6 weeks postoperatively.

The primary objective of this observational study is to 
examine the association between different CYP2D6 phe-
notypes and the patient-reported pain intensity 6 weeks 
after inguinal hernia surgery with the rTAPP approach. 
Accordingly, the following null hypothesis results for the 
primary objective:

H₀: There is no significant difference in pain sever-
ity 6  weeks postoperatively after rTAPP inguinal her-
nia repair between individuals with different CYP2D6 
phenotypes.

Patient-reported severity of pain 6  weeks postopera-
tively will be, determined by the European Hernia Soci-
ety quality-of-life (EuraHS-QoL) postoperative score [29], 
considering the domain "Pain" (range 0–30, with an aver-
age range of 0–10) (see additional file  1). This specific 
time point was chosen due to its alignment with clinical 
practice, where patients routinely undergo postoperative 
follow-ups with surgeons, and pain is typically assessed 
during this period. This aims to facilitate the early iden-
tification and treatment of patients who may develop 
potentially chronic pain. Pain management in the initial 
weeks following surgery appears to be crucial in prevent-
ing chronification of postoperative pain [1].

Secondary objectives
Additional objectives will be assessed to further explore 
the role of the CYP2D6 phenotype, as well as other 
genetic variants, in the development of postoperative 
inguinal pain. These objectives encompass:

• Association between the genotype predicted 
CYP2D6 phenotype and patient-reported qual-
ity of life 6  weeks postoperatively: Determined by 
the EuraHS-QoL postoperative score, focusing on 
the domains of "Pain" and "Restriction of Activities" 
(range 0–70, with an average range of 0–10).

• Association between the genotype predicted 
CYP2D6 phenotype and patient-reported preopera-
tive pain severity: Determined by the EuraHS-QoL 
preoperative score, specifically examining the "Pain" 
domain (range 0–30, with an average range of 0–10).

• Association between specific CYP2D6 genotypes and 
patient-reported postoperative pain severity 6 weeks 
after inguinal hernia surgery: Determined by the 
EuraHS-QoL postoperative score, focusing on the 
"Pain" domain (range 0–30, with an average of 0–10).

• Association between the COMT rs4680 genotype and 
OPMR1 rs1799971 genotype, and patient-reported 
pain severity before and 6 weeks after inguinal hernia 
surgery: Determined by the EuraHS-QoL pre- and 
postoperative scores, considering the "Pain" domain 
(range 0–30, with an average of 0–10).
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• Association between the COMT rs4680 genotype and 
OPMR1 rs1799971 genotype, and patient-reported 
quality of life before and 6  weeks after inguinal her-
nia surgery: Determined by the EuraHS-QoL pre- and 
postoperative scores, considering the domains of "Pain" 
and "Restriction of Activities" (range 0–70, with an 
average of 0–10).

• Association between patient-reported pain severity 
and combinations of the genotype predicted CYP2D6 
phenotype, COMT rs4680 genotype, or OPMR1 
rs1799971 genotype.

• Graphical representation of the development of pain 
over time for different groups defined by the genotype 
predicted CYP2D6 phenotypes, COMT rs4680 geno-
type, and OPMR1 rs1799971 genotype in separate 
graphs.

• Potential of pharmacogenetic panel test in patients 
undergoing hernia surgery: The potential of the phar-
macogenetic panel test will be assessed based on the 
proportion of patients exhibiting other phenotypes 
than EM in CYP2D6, CYP2C9, and/or CYP2C19. 
Those patients might response atypically to pain 
medications in the future.

Study design
This is a prospective, observational, multicenter asso-
ciation study investigating adult patients scheduled for 
inguinal hernia surgery employing the rTAPP approach.

Project population and study procedures
Project population, inclusion and exclusion criteria
The project encompasses a total of 350 adult patients. 
Recruitment is conducted at three Swiss hospitals: Kan-
tonsspital Olten, Olten, Kantonsspital Baselland, Liestal, 
and Spital Männedorf, Männedorf. Eligibility for inclu-
sion in the trial requires meeting the following criteria.

Inclusion criteria:

• Patients with a primary, unilateral, or bilateral 
inguinal hernia intending to undergo rTAPP ingui-
nal hernia repair.

• Age ≥ 18 years.

Exclusion criteria:

• History of chronic pain syndrome.
• Pain attributable to current malignant disease or 

chronic infection.
• Lumbar Disc Syndrome with current pain.
• Disease impairing central or peripheral nerve func-

tion.
• Previous neurectomy.
• Opioid addiction and/or enrollment in an opioid 

substitution program.
• Recurrent inguinal hernia.
• Patients with prior operations affecting sensitivity in 

the inguinal region (e.g., urological surgery).
• Pregnancy.
• Advanced dementia or other cognitive impairments 

hindering comprehension of the study protocol.

Study procedures
The study procedure is depicted in Fig. 1 and described 
in the summary table (additional file 2).

Preoperative surgical consultation (day > ‑1)
Patients with an inguinal hernia with a prospect rTAPP 
inguinal hernia repair typically undergo a standard pre-
operative consultation with the surgeon, during which 
they are informed about the operation. At this stage, 
patients are screened for eligibility and provided informa-
tion about the study. Furthermore, patients are informed 
that participation in the study includes a pharmacoge-
netic analysis conducted by Stratipharm®, humatrix AG. 
Once the patients have signed the informed consent (IC) 
and the Stratipharm® laboratory requisition, preopera-
tive hernia pain will be assed using the EuraHS QOL pre-
operatively score. Additionally, a buccal swab from the 
patients’ oral mucosa will be collected.

The buccal swab is sent to humatrix AG (Pfungstadt, Ger-
many, https:// www. strat ipharm. de) for Stratipharm® phar-
macogenotyping and phenotype prediction. Stratipharm® 

Fig. 1 Study procedures. NRS: Numeric Rating Scale * assessment by email consultation or paper based diary

https://www.stratipharm.de
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is an approved in  vitro diagnostic (IVD) test according to 
Article 9 of the European Directive 98/79/EC and consists 
of a real-time polymerase chain reaction (PCR) primer/
probe (assay) using the automated Life Technologies Quant-
Studio 12k flex system. It is a qualitative genotyping assay 
for the detection and identification of SNPs in 30 different 
genes from genomic DNA, including CYP2D6, CYP2C9, 
CYP2C19, COMT, and OPMR1. TaqMan® GTXpress™ 
Master Mix is used in combination with the respective 
primer/probe mix (assay). The IVD product consists of 
multiple primer/probe combinations (assays) to specifically 
detect variants of the included genes. For each SNP, an indi-
vidual PCR reaction is performed with the diluted DNA of 
the sample, the master mix and the specific assay. Each assay 
contains two PCR primers and two fluorescence-labelled 
probes. The probes are short DNA molecules that specifi-
cally bind to the sequences of the reference or the variant 
allele. Performance of this genotyping technique has been 
validated according to the methods described by Welch 
et al. [30]. All SNPs included in the Stratipharm® panel are 
detailed in additional file 3.

Based on the individual polymorphism pattern, a 
genetic profile is established for each patient highlighting 
pharmacogenetically relevant variations of each of the 
analysed genes. Also, Stratipharm® provides a card to the 
patient containing a personal access code to their genetic 
data. With this access code, pharmacists or physicians 
authorized by the patients can excess to the pharmacoge-
netic data on Stratipharm’s web portal. The data are pre-
sented in a user-friendly format, enabling physicians and 
pharmacists to individualize the patient’s medication and 
adjust it to a safer and more effective regimen. Patients 
are informed that they are allowed to contact the Clinical 
Pharmacy at Kantonsspital Olten at any time after week 6 
(after postoperative surgical consultation) with questions 
regarding their genetic profile and the selection of future 
medications.

Preoperative anesthesia consultation (day > ‑1)
Prior to surgery, patients undergo an informative ses-
sion with the anesthesiologist. During this consultation, 
a comprehensive set of patient-specific data, including 
comorbidities and smoking status, is documented. Addi-
tionally, preoperative medications are systematically 
recorded (generic names, dosage, dosing interval, last 
intake). Medications that are CYP2D6 or COMT inhibi-
tors or inducers are specifically documented.

At this time point, at Kantonsspital Olten, blood sam-
ples (4 ml EDTA whole blood and 6 ml serum) are col-
lected for subsequent analysis, which may arise from 
further research questions that may emerge after the 
completion of this study. These analyses may include, 
the identification of other variants in pharmacogenes or 

measurement of substance concentrations in whole blood 
or serum. Standardized and established methods, such as 
TaqMan® genotyping assays, direct DNA Sanger sequenc-
ing, or LC–MS/MS, are employed for these analyses. 
Blood samples are only taken if the patient consents to 
the further use of the biological samples and genetic data. 
The biological material is stored in the Clinical Sample 
Archive of the Biopharmacy at the University of Basel.

Surgery (day 0)
On Day 0, patients undergo surgery. During the opera-
tion, standard information about the surgery and anes-
thesia is routinely recorded. This includes the duration of 
the surgery and anesthesia, details of the used anesthetics 
and analgesics, as well as potential perioperative compli-
cations. Information about the hernia, like side of hernia 
or classification of hernia, are routinely recorded in the 
electronic patient record.

Postoperative assessment (day 1, day 14, and day 
28, ± 4 days)
Following surgery, patients undergo hospital discharge 
based on the surgeon’s risk assessment: Immediate 
release or lasting hospitalization. For inpatients, postop-
erative pain medication and acute pain levels (Numeric 
Rating Scale (NRS) on Day 1) are systematically docu-
mented daily in the electronic patient record, as part of 
routine hospital practice.

Upon discharge patients are provided, according to 
their preference, with either a paper-based pain diary for 
manual completion or the option to choose email noti-
fications for online surveys on days 1, 14, and 28. In the 
pain diary or email survey, patients record the following 
assessments: NRS for acute postoperative pain on day 1, 
and the EuraHS QOL postoperatively score for assessing 
postoperative pain in the inguinal region at two weeks 
(day 14) and four weeks (day 28) postoperatively. Further-
more, patients document their actual pain medication on 
days 1, 14, and 28. Patients who have been provided with 
a paper-based diary are requested to hand it in at the 
postoperative surgical consultation at day 42.

Postoperative surgical consultation (day 42, ± 7 days)
Approximately 6 weeks postoperatively (day 42, ± 7 days), 
patients routinely have an appointment with the sur-
geon for a surgical follow-up. At this time, the postop-
erative pain in the inguinal region will be assessed using 
the EuraHS QOL postoperatively score, along with the 
current medication. Additionally, postoperative compli-
cations such as neuropathic pain, seroma, hematoma, 
wound healing disorder, thrombosis, and recurrence of 
hernia are recorded. If the collection of buccal swabs has 
not yet been done, it will be carried out at that time.
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Statistics and methodology
Statistical analysis plan
The sample size was calculated for a two-sample t-test 
comparing CYP2D6 PMs with CYP2D6 EMs, as the 
strongest effect is expected in this comparison. In the 
calculation, we considered that the groups would be of 
different sizes. We assumed that CYP2D6 PMs would 
constitute 6.5% of the patient population, while CYP2D6 
EMs would account for 48%. The frequency was chosen 
based on the CYP2D6 phenotype frequency for Cau-
casians according to the Pharmacogenomics Knowl-
edgebase (PharmGKB) [31]. Additionally, we took into 
account the following criteria: power = 80%, α = 5%, mean 
difference = 1, and standard deviation of 1.6. The mean 
difference was chosen based on the consideration that a 
clinically relevant difference in pain score rating from 0 
to 10 must be at least 1 [32]. The standard deviation was 
calculated based on the EuraHS QOL score of approxi-
mately 70 patients previously operated on at Kantons-
spital Olten. Taking all these factors into account, we 
calculated a sample size of 340 patients. It is important 
to note that not all CYP2D6 genotypes can be clearly 
assigned to a specific phenotype by Stratipharm®. In rare 
cases (2.55%), we won’t be able to clearly assign CYP2D6 
phenotype (see section on Handling of Missing Data). 
We have accounted for these potential missing data in 
the sample size calculation, resulting in a total of 350 
patients.

To compare the various CYP2D6 phenotypes regarding 
postoperative pain, we will employ univariate ANCOVA 
for statistical analysis. As a covariate, we will consider 
pain medication at week 6, expressed as an analgesic 
score (rating of analgesic strength from 0–5 according 
to Widder et al.) [7]. Post hoc tests (Tukey–Kramer Test) 
will be conducted to identify group differences, such as 
comparing CYP2D6 PMs with CYP2D6 EMs.

For secondary objectives, we will also use univariate 
ANCOVA and the Post hoc tests, noting that the sample 
size calculation is targeted at the pairwise comparison of 
CYP2D6 PMs to CYP2D6 EMs at the 6-week postopera-
tive time point, making the secondary endpoints purely 
exploratory in nature.

To assess the Hardy–Weinberg Equilibrium, we will use 
Pearson’s X2 test. For CYP2D6, rs3892097 will be selected 
for calculations as it represents the most frequent SNP 
resulting in a CYP2D6 enzyme without function. Addi-
tionally, the Hardy–Weinberg Equilibrium for COMT 
rs4680 and OPMR1 rs1799971 will be calculated.

The possible potential of the pharmacogenetic panel 
test in patients undergoing hernia surgery will be evalu-
ated based on the proportion of patients exhibiting 
other phenotypes than EM in CYP2D6, CYP2C9, and/or 

CYP2C19. As those patients might response atypically to 
pain medications in the future.

Statistical analyses will be performed using the soft-
ware “IBM SPSS Statistics” and “GraphPad Software”. An 
interim analysis will be conducted once 170 patients have 
been enrolled in the study. This milestone is predeter-
mined based on a sample size calculation for a two-sam-
ple t-test comparing patients with COMT A/A genotype 
to those with G/G genotype in rs4680. Any deviation 
from the initial statistical plan will be detailed and justi-
fied in the conclusive trial report.

Handling of missing data
When determining the CYP2D6 phenotype using Stratip-
harm®, there will be certain genotypes for which the phe-
notype cannot clearly be defined. This primarily impacts 
patients with copy number variations in CYP2D6, as the 
multiplied gene cannot be accurately stratified, leaving 
uncertainty regarding whether the polymorphism is pre-
sent within the multiplied gene. According to retrospec-
tive data from Stratipharm®, this is expected to occur in 
2.55% of the patient cases, which was taken into account 
during the sample size calculation. Additionally, these 
missing data will be excluded for the determination of the 
primary endpoint. To assess the impact of the missing 
data, we will perform sensitivity analyses. For this pur-
pose, all unknown CYP2D6 phenotypes will be assigned 
to either the PM, IM, EM, or UM CYP2D6 status, based 
on this the primary endpoint (pain 6  weeks postopera-
tively) will be recalculated, comparing the scenarios.

If patients omit individual values while completing the 
EuraHS QOL score, these "missing" values will be han-
dled as described elsewhere [33]. In short, if 1 value is 
missing in the domain “Pain”, it will be substituted with 
the mean of the values for the other two Pain questions; if 
2 or 3 values are missing, the domain value will be rated 
as missing. If 1 or 2 values are missing in the domain 
"Restriction of Activities”, the value(s) will be substituted 
with the mean of the values for the 2 or 3 other questions 
in the domain; if 3 or 4 values are missing, the domain 
value will be rated as missing. If a value is missing in the 
domain “Cosmetic”, it will be substituted with the value 
for the other question in this domain; if 2 values are miss-
ing, the domain value will be rated as missing.

Any other missing data will be retrospectively retrieved 
from medical records if possible. Study dropouts will be 
replaced to achieve the final calculated study size of 350 
patients.

Quality control and data protection
Data recording and source data
Study data is recorded in an electronic Case Report Form 
using the REDCap® software (2024 Vanderbilt University, 
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version 14.0.42). Some data are routinely collected during 
internal procedures in the hospital (preoperative consul-
tation with the surgeon or anesthetist, surgery, postoper-
ative follow-up with the surgeon) as part of daily practice 
and documented in the hospital’s electronic patient 
dossier. These data are transferred from the electronic 
patient dossier to REDCap® and include the following 
information:

• Age, sex
• Body height, body weight, BMI
• Comorbidities: ASA Score, Diabetes Mellitus, 

Chronic Obstructive Pulmonary Disease, Chronic 
Kidney Disease, Psychiatric Disease

• Nicotine abuse
• Dates of preoperative surgical consultation, clinic 

entry, operation, postoperative surgical consultation
• Duration of operation (start time and stop time of 

operation), duration of anesthesia (start time and 
stop time of anesthesia)

• Perioperative complications (urinary retention, post-
operative bleeding, perioperative nausea and vomit-
ing, other)

• Inpatient or outpatient status, duration of hospital 
stay for inpatient patients (day of entry and day of 
discharge)

• Medication preoperatively (generic names, ATC Code, 
daily dose, unit, route of administration) and periop-
eratively (generic names, ATC Code, cumulative dose 
during operation, unit, route of administration)

• Side of hernia, EHS groin hernia classification [34]

Data not routinely collected are obtained through 
paper CRFs and later transferred to REDCap®.

• self-reported origin
• EuraHS-QOL preoperatively and postoperatively at 

day 42
• qualitative description of postoperative pain (nocic-

eptive, neuropathic) at day 42
• analgesic medication at day 42
• Pain diary (NRS at day 1, EuraHS-QOL postopera-

tively at day 14 and 28, analgesic medication at day 1, 
14, and 28)

• Postoperative complications (seroma, hematoma, 
wound healing disorder, thrombosis, primary recur-
rence of hernia)

For patients who prefer electronic pain diary manage-
ment, they can provide their email address, which will 
be used in REDCap® for sending REDCap surveys. Pain 
assessment (NRS at day 1, EuraHS-QOL postoperatively 
at day 14 and 28) and pain medication recording (at day 

1, 14, and 28) will be directly captured by patients via 
REDCap surveys. For subsequent analyses, patient data 
will be used in coded form. The email address is marked 
as an identifier in REDCap® and will not be extracted 
from REDCap® and cannot be later associated with 
patient data.

The genetic data for CYP2D6, CYP2C9, CYP2C19, 
COMT, and OPRM1 provided by Stratipharm®, as well as 
the predicted genotype and phenotype are also captured 
in REDCap®.

Confidentiality and coding
Project data will be handled with uttermost discre-
tion and is only accessible to authorized personnel who 
require the data to fulfil their duties within the scope of 
the research project. On the CRFs and further project 
specific documents, participants are only identified by a 
unique participant number.1 The corresponding patient 
identification list is securely kept at the study site, acces-
sible only to the study personnel authorized by the prin-
cipal investigator.

Buccal swab and genetic data
The DNA extracted from the buccal swab sent to huma-
trix AG in Germany (Stratipharm®) will be destroyed 
three weeks after genotyping, leaving only the generated 
genetic data. These data are protected with a sample-spe-
cific password and assigned to a database (server with-
out internet access), where they are stored until revoked. 
Only Stratipharm® humatrix AG employees have access 
to this database, and these employees must adhere to 
strict data protection regulations. Humatrix AG adheres 
to standards recognized and equivalent in Switzerland. 
Once the genetic analysis is available, the project leader 
is informed by email notification. From that point on, 
the results will be visible on Stratipharm’s web portal. 
The web portal is password-protected, accessible only to 
pharmacists or physicians authorized by the patient. As 
part of the study, the patient will provide written con-
sent for the research team to use the password and thus 
access the genetic data. Genetic data required for the 
analyses outlined in the study protocol will be extracted 
from Stratipharm® and stored in REDCap®. For the final 
analysis, genetic data will be extracted from REDCap® 
in a coded format and cannot be subsequently linked to 
patient data.

1 Mandated by the Swiss Association of Research Ethics Committees—Pro-
ject plan template for human research other than clinical trials, Version 2.5, 
31.08.2022.
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Blood samples
The blood samples collected in this study are labeled 
with the study-specific patient ID. The participant’s name 
will not be visible on any of the samples. Blood samples 
will be collected at Kantonsspital Olten and temporarily 
stored in Kantonsspital Olten’s laboratory at -80 °C. The 
access is regulated and badge-secured and the freezer 
temperature is monitored. For storage and further analy-
ses, the biological material is transferred to the Clinical 
Sample Archive in the Laboratory for Biopharmacy at the 
University of Basel. Transportation is carried out, if nec-
essary, with dry ice. In the Laboratory for Biopharmacy at 
the University of Basel, the blood samples, isolated DNA, 
and processed blood serum are appropriately stored at 
-20  °C or -80  °C and are accessible only to authorized 
laboratory personnel. Laboratory personnel handling the 
biological material do not have access to the patient iden-
tification list or any clinical data. Analyses are only con-
ducted upon instruction by the Project Leader. Details 
regarding the handling, storage and transfer of biological 
samples between the study center and the Clinical Sam-
ple Archive are detailed in an MTA project agreement.

Retention and destruction of project data and biological 
material
The archiving of study data is intended for 10 years after 
the completion or premature termination of the study. 
This includes baseline data and all study materials, which 
will be stored in the study clinic’s archive. After 10 years 
they will be irreversibly anonymized by destruction 
of the key file linking the unique patient identifier with 
personal contact details. Buccal swabs and the DNA 
extracted from them will be destroyed by humatrix AG 
three weeks after the laboratory analysis. Individual 
patient and genetic data will be retained by humatrix AG 
until revoked by the patient. If participants consent to the 
further use of the analyzed and coded genetic data and 
biological material, the collected blood samples and the 
processed samples (DNA and blood serum) will be stored 
for 10 years in the Clinical Sample Archive of the Biop-
harmacy at the University of Basel. After 10  years they 
will be destroyed. Additional data obtained through the 
analysis of blood and serum samples will be irreversibly 
anonymized and retained indefinitely.

Ethical considerations
Patients treatment will not be affected whether the 
patient participates in the study or not. Participation in 
the study is optional, and participants have the right to 
withdraw their consent at any time without the need for 
explanation, and it will not result in any negative impact 
on their ongoing medical care.

The expected risk from study-related procedures is not 
greater than that of routine clinical practices. Blood sam-
pling by vein puncture may lead to inflamed blood ves-
sels, bruising, or nerve injuries.

The study falls under the category of "Research involv-
ing human subjects with the exception of clinical trials," 
according to the local research legislation, and is classi-
fied as Risk Category A (low risk). It has been approved 
by the local ethics committees (Ethikkommission Nord-
west- und Zentralschweiz, Basel, Switzerland, and Kan-
tonale Ethikkommission Zürich, Zürich, Switzerland; 
reference number 2024–01080).

Discussion
Given the high incidence of chronic postsurgical pain fol-
lowing inguinal hernia repair and the significant impact 
of postoperative pain on patients’ quality of life [5], it is 
crucial to identify patients at risk for postoperative pain. 
In the clinical practice of the study hospitals, a postop-
erative surgical consultation is conducted 6  weeks after 
surgery to identify patients who are still experiencing 
pain and who are at risk of developing chronic pain.

Multiple factors influence chronification of postopera-
tive inguinal pain, including age, sex, surgical techniques, 
nerve damage, psychosocial influences, and demographic 
background. Acute postoperative pain and delays in pain 
treatment are recognized as additional risk factors [11]. 
Moreover, genetic factors are assumed to affect both the 
pathophysiology of pain and the efficacy and safety of 
drugs used in pain management, whereby influencing 
postoperative pain [12, 13].

One aim of this project is to investigate the associa-
tion between the genetic makeup of genes assumed to 
be involved in pain development and in the metabolism 
of analgesics with post-operative pain. Specifically, the 
genes CYP2D6, COMT, and OPRM1 have been selected 
for analysis. This study will examine how specific genetic 
variants within these genes are linked to the patient-
reported intensity of postoperative pain 6  weeks after 
inguinal hernia repair using the rTAPP method.

Considering all possible risk factors, the insights from 
genetic variants could be of help in identifying patients at 
higher risk for postoperative pain, even before they undergo 
surgery. This knowledge could pave the way for tailored inter-
ventions during and after surgery for these patients. Such 
interventions might include structured follow-ups and closer 
monitoring of postoperative pain, enabling early therapeutic 
intervention to prevent chronic pain and restore quality of life.

Additionally, we aim to identify which medications 
are actually prescribed to patients in our study for pain 
management and to determine the proportion of patients 
who exhibit altered enzyme activity, leading to atypically 
metabolism of analgesics in the future. Currently, official 
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pharmacogenetic dosing guidelines exist for tramadol 
and codeine [22], NSAIDs [27], and PPIs [28] when used 
concomitantly with NSAIDs. For tricyclic antidepres-
sants (TCAs), there are pharmacogenetic guidelines for 
their use as antidepressants [35].

For the pharmacological treatment of chronic postop-
erative inguinal pain guidelines recommend primarily, 
gabapentin, duloxetine, and TZAs due to the frequent 
neuropathic pain component. However, NSAIDs or 
cyclooxygenase-II (COX-II) inhibitors combined with 
paracetamol should not be excluded, given the often pre-
sent inflammation. Capsaicin patches can also be used. As 
a second-line treatment, tramadol is recommended due 
to its serotonin-norepinephrine reuptake inhibitor effect, 
which could be advantageous for neuropathic pain [36].

In summary, for some of the analgesics recommended 
after hernia surgery, there is evidence that pharmacoge-
netic testing could be beneficial. Clinical studies have 
shown that using pharmacogenetic panel tests and phar-
macogenetically guided selection of postoperative anal-
gesia after various surgeries can lead to lower pain scores 
[37], reduced postoperative opioid consumption [38], or 
both [39, 40]. For our specific study population of patients 
undergoing hernia surgery, these endpoints would need to 
be further investigated in additional clinical trials. Phar-
macogenetic panel tests could potentially be beneficial for 
patients undergoing rTAPP hernia surgery.

In conclusion, our study could contribute to identify-
ing patients at an increased risk of postoperative pain 
and potentially offer a solution through pharmacogenetic 
testing, which would enable the provision of optimized 
analgesic treatment for these patients. Personalized treat-
ments are likely to represent the future of medicine, with 
particular emphasis on individualization in the manage-
ment of pain conditions. This emphasis is underscored 
by the well-documented substantial inter-individual vari-
ability in pain sensitivity and pain experience.
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