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Background: Persistent postoperative opioid use (PPOU) is a growing concern, yet European data remain scarce. Switzerland has
experienced a rise in opioid prescriptions, yet long-term opioid use after surgery is poorly characterized.

Methods: This single-center prospective observational cohort included adults undergoing elective surgeries at risk for chronic
postsurgical pain at the University Hospitals of Geneva. Opioid consumption (morphine milligram equivalents) was assessed
preoperatively, 24 h before discharge, and at 6 months. The primary objective was to quantify PPOU prevalence and trajectories at
6 months; secondary objectives were to identify clinical and psychological predictors of PPOU.

Results: Among 338 patients, 19% were preoperative opioid users; 32% of them continued opioids at 6 months. Overall, 8.6% of all
patients had persistent opioid consumption, including 3% who were opioid-naive before surgery. PPOU was most frequent after spine
and orthopedic surgery.

Conclusion: Preoperative opioid use and type of surgery are key predictors of PPOU, highlighting spine and orthopedic procedures,
and patients with preexisting pain, as priority targets for opioid-sparing and multimodal strategies.
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Introduction

Persistent postoperative opioid use (PPOU) has become a major public health concern, contributing to long-term opioid
dependence even after minor surgical procedures." However, there is a lack of European data on long-term opioid use
after surgery. A survey of European IASP chapters (EFIC) revealed disparities in opioid prescription rates,” with
Switzerland experiencing a significant increase in opioid sales as well as overdose cases over the past decade.> While
some European countries like Sweden have lower rates of opioid prescription compared to the US and Canada,* data for
other European countries are limited.’

Persistent postoperative opioid use varies widely (2 to 41%) across studies in European countries.® A recent European
registry study,” as well as a large Austrian cohort study,® found that new persistent opioid use after surgery is less
prevalent in Europe compared to the US and Canada, but it may still be problematic in patients with chronic pain
unrelated to surgery.

Management of acute pain often justifies use of opioids, but chronic postoperative opioid use has become a significant
public health concern. Understanding the prevalence, causes, and factors associated with chronic postoperative opioid use
is crucial. Notably, opioid use appears to be more problematic in patients with chronic pain unrelated to surgery.’
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However, this study was based on registry data, and prospective studies from Europe are not available. In addition to
surgical factors and preoperative opioid use, psychological variables such as anxiety, depression and pain catastrophizing
have also been associated with persistent postoperative opioid use.” We therefore assessed these variables preoperatively
to explore their relationship with opioid use at six months.

To address these gaps in knowledge, our study aims to investigate the patterns of prolonged postoperative opioid
consumption in a large university hospital of Switzerland. This is the first study of its kind in Switzerland and provides
a unique opportunity to contribute to the existing literature. We conducted a single-center observational study, following
patients for six months postoperatively, to identify if certain types of surgeries are associated with an increased risk of
new persistent opioid use based on our postoperative opioid prescription practices.

Materials and Methods

This prospective observational study was conducted at the University Hospitals of Geneva, designed to identify patients
who were at increased risk of developing CPSP and to determine the relationship between opioid consumption and the
development of CPSP. Consumption of opioids at 6 months postoperatively was a pre-planned secondary outcome. The
primary objective was to describe the prevalence and trajectories of persistent postoperative opioid use (PPOU) at 6
months after elective surgery in a Swiss university hospital. Secondary objectives were to identify predictors of opioid
consumption at 6 months, including preoperative opioid use, pain characteristics, and psychological factors (anxiety,
depression, and pain catastrophizing). The study was approved by the local ethics committee, Commission
cantonale d’éthique de la recherche de Genéve (CCER 2016-02111), conducted in accordance with the Declaration of
Helsinki and was registered on clinicaltrials.gov (NCT03164954). All participants were provided with information about
the study and signed a written consent form. This report follows the STROBE guidelines.'°

Patient Cohort
Patient recruitment took place from July 1%, 2017 to November 1%, 2020. Patients aged 18 years or older, able to read and
understand the information sheet and consent form, and scheduled for elective surgeries known to carry a risk of chronic
postsurgical pain were included. Specifically, patients undergoing the following types of surgery were included:
orthopedic surgery (total knee replacements, amputations except for toe amputations), spine surgery, cardiothoracic
surgery (Sternotomy, thoracotomy, video-assisted thoracic surgery (VATS)), laparotomy (digestive, gynecological),
inguinal hernia surgery, breast surgery (including plastic surgery).

Patients were screened and approached for participation in randomized order (sequences generated by random.org)
from the operating theatre programs on the day of surgery, and written informed consent obtained the day after surgery.
Patients unable to provide informed consent or not meeting these criteria were excluded.

Data Collection
After inclusion, patients completed a series of questionnaires, including the international pain outcomes questionnaire, "’
the Hospital Anxiety and Depression Scale (HADS),'? the Pain Catastrophizing Scale (PCS)"® and a custom question-
naire for further potential CPSP risk factors (Appendix 1). This custom questionnaire was originally developed in French
and was translated into English for the purposes of this publication (Appendix 1). Data extracted from the electronic
anesthesia consultation record were collected, which allowed for the extraction of CPSP risk factors, including
preoperative consumption of nonsteroidal anti-inflammatory drugs (NSAIDs), use of opioids, lithium, monoamine
oxidase inhibitors (MAOIs), anxiolytics, comorbidities, and chronic pain at the surgical site. Specific antidepressant
drug classes or molecules were not systematically collected. Data of preoperative opioid use were retrieved from the
electronic anesthesia consultation record. Data from the electronic medical records were extracted to obtain the opioid
consumption during the last 24 h before discharge. The electronic medical record does not contain information about
opioid prescription at discharge, this information was retrieved manually from scanned documents in the patient chart.
Patients were then contacted again at 6 and 12 months postoperatively (by phone and/or email) to complete
questionnaires, including the Brief Pain Inventory (BPI),'* Douleur Neuropathique 4 (DN4),'® analgesic use and opioid
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consumption. Due to the COVID-19 pandemic, the study team was unable to collect 12-month follow-up data and
continue inclusion.

The postoperative management of opioids was left to the discretion of the clinical teams, without any specific study
protocol being applied. At our institution, postoperative pain is routinely treated with multimodal, combining non-opioid
systemic analgesics and, when appropriate, regional techniques, but only opioid administration was collected in
a standardized way and converted into MMEs for this analysis whereas other analgesic modalities were not protocolized
or systematically recorded. The opioids were categorized as strong or weak, and the quantity consumed was noted. To
standardize opioid consumption, we converted the consumption of each strong or weak opioid into morphine milligram
equivalents (MMEs) using the conversion table of Nielsen et al'® These MME values were then reported for the
following time points: preoperative, 24 hours before hospital discharge, and postoperative at 6 months. Preoperative
opioid users were defined as patients who reported using opioids during the preoperative anesthesia consultation.
Persistent opioid users were those who continued opioid use at 6 months post-discharge. New opioid users were patients
who did not use opioids preoperatively but reported opioid use at 6 months postoperatively.

Statistical Methods

Sample Size

This analysis was pre-planned for a secondary outcome. No additional sample size calculation was performed; the trial
was powered for the primary CPSP endpoint. Due to the impact of the COVID-19 pandemic on research resources,
recruitment was stopped early after enrolling 338 patients instead of the planned 450. All patients with available 6-month
opioid data were included in the present analysis (n=338).

Data Analysis

Descriptive statistics were performed using Stata version 17.0. To explore predictors of opioid consumption at six
months, we applied the Boruta algorithm (version 8.0) in R 4.4.3. Boruta is a feature selection method based on the
random forest algorithm, which iteratively assesses the relevance of each variable by comparing it to randomly permuted
variables, thereby identifying the most important predictors in a robust manner.'’

Results
Between July 1, 2017, and November 1, 2020, a total of 811 patients were screened for eligibility. Out of these, 355
patients were enrolled in the study. Of these, six patients were found to have already participated in the study, four
patients withdrew their consent, one patient had his surgery cancelled, and two patients did not meet the inclusion criteria
after the surgery was performed. The consolidated cohort consisted of 342 patients, with 4 patients deceased. Ultimately,
338 patients were included in the analysis (Figure 1).

Patient characteristics are given in Table 1.

Opioid Use Trajectories for the Total Cohort

In this study, preoperative opioid users were defined as patients using opioids before surgery. Persistent opioid users
continued opioid use at 6 months after surgery, while new opioid users initiated opioid therapy postoperatively and
continued opioid use at 6 months after surgery. Overall, 29 out of 338 patients (8.6%) had persistent opioid consumption
at 6 months, including 9 patients (3%) who were new persistent opioid users (ie, they had not used opioids preoperatively
but continued using opioids prescribed after surgery). Opioid use trajectories are presented in Figure 2 in the form of
a Sankey diagram.

Opioid Use Trajectories for Patients Using Opioids Preoperatively

Among the 338 patients analysed, 63/338 (19%) were found to use opioids preoperatively. At discharge, 41/63 (65%) of
the preoperative users had received opioids within 24 hours before discharge. At 6 months postoperatively, 20/63 (32%)
of preoperative opioid users continued opioid use (persistent opioid users), while 43/63 (68%) discontinued use.
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Figure | Flow chart of patient inclusion and analysis. Flow diagram of patient screening, inclusion, exclusions, loss to follow-up and final number of patients analyzed at 6
months (n = 338). A total of 81 | patients were screened for eligibility, 355 were enrolled, |3 were excluded after enrollment, and 4 were not available at 6-month follow-up,
leaving 338 patients for analysis.

Opioid Use Trajectories for Patients Not Using Opioids Preoperatively
Of 275 patients not taking opioids before surgery, 79/275 (29%) received opioids within 24 h before discharge. Six
months after surgery, 266/275 (97%) of these initially opioid-naive patients reported no opioid use at 6 months.

Opioid Use Trajectories in Relation to the Site of Preoperative Pain

Of the 338 patients analysed, 197 reported pain before surgery, but only 145 answered the question about the localisation
of pain before surgery. Of these, 43 patients reported having pain at a different site than the operative site, and 102
reported pain at the surgical site.

Among the 102 patients reporting pain at the surgical site before surgery, 21 used opioids preoperatively, 14 received
opioids within 24 hours before discharge, and 9 remained persistent users at day 180. Among the 81 patients with
presurgical pain who did not use opioids preoperatively, 32 received opioids within 24 hours before discharge, and 5
became new opioid users at 6 months (Figure 3A).
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Table | Preoperative Patient Characteristics of the 338 Patients Included in

the Analysis
Gender n (%)
Female 180 (53%)
Male 158 (47%)

Age category

1824 9 (3%)
25-39 29 (9%)
40-60 118 (35%)
61-80 156 (46%)
>81 26 (8%)
Preoperative chronic pain >3months 197 (58%)
Surgery related to preoperative pain 231 (68%)

Preoperative analgesic use during the week prior to surgery

717 days 193 (57%)
4-7/7 days 26 (8%)
|1—4/7 days 43 (13%)
None 76 (22%)
History of depression 62 (18%)
History of anxiety or PTSD 23 (7%)
Daily alcohol consumption >3 glasses 28 (8%)
Active smoker 88 (26%)

Type of surgery

Orthopedic surgery except spine 68 (20%)
Spine surgery, 96 (28%)
Cardiothoracic surgery 44 (13%)
Inguinal hernia surgery 36 (11%)
Laparotomy (digestive, gynecological), 56 (17%)
Breast surgery (including plastic surgery) 38 (11%)

Among the 43 patients reporting pain before surgery unrelated to surgery, 6 (14%) used opioids before surgery, 4
received opioids within 24 hours before discharge, and only 1 patient was a persistent opioid user at 6 months. Of the 37
patients reporting pain before surgery unrelated to surgery and not using opioids before surgery, 7 received opioids within

24 hours before discharge, and 1 patient became a new opioid user at 6 months (Figure 3B).

Opioid Use Trajectories in Relation to the Type of Surgery

Most preoperative opioid users (N=63) underwent spine (42/63, 67%) or orthopedic surgery (13/63, 21%). As a corollary,
preoperative opioid use rates were highest in spinal (44%) and orthopaedic surgeries (19%), with lower rates in cardio-
thoracic (7%), inguinal hernia (3%), laparotomy (5%), breast surgery (3%). Persistent and new opioid users at 6 months
were also predominantly from spinal (13 persistent and 3 new users) and orthopedic surgeries (6 persistent and 4 new
users). Descriptive statistics by surgery type are presented in Figure 4.

Opioid use was highest in spine (44%) and orthopedic (19%) surgery patients preoperatively, and 16.7% and
14.7% of these groups, respectively, were still using opioids at 6 months. Long-term opioid use was uncommon in
other surgery types. For instance, 22/44 (50%) cardiothoracic patients received opioids within 24 h before discharge, but
only 1/44 (2.3%) continued opioids at 6 months (Table 2).

Journal of Pain Research 2026:19 https: 5



Midez et al

New opioid users at 6 months
-

9

O Persistent opioid users at 6 months

20

Preoperative opioid users

p— Received opioid before discharge
120 Opioid cessation at 6 months

l 42

Patients
338
Preoperative non-opioid users

275

Did not receive opioid before discharge Opioid-free at 6 months
211 2ol

Figure 2 Opioid use for all patients analysed. Sankey diagram showing the progression of patients regarding their opioid use from the preoperative phase through 6 months
post discharge. Patients: total number of patients analyzed. Preoperative opioid users: patients reporting opioid consumption during the anesthesia consultation prior to
surgery. Opioid use 24 h before discharge: any weak or strong opioid received within 24 hours before hospital discharge. Opioid use at 6 months: self reported opioid use
status at 6 months post discharge. New opioid users at 6 months: patients who were opioid naive preoperatively and report opioid use at 6 months. Persistent opioid users
at 6 months: patients who used opioids preoperatively and continue opioid use at 6 months. Opioid cessation at 6 months: patients who used opioids preoperatively and/or
perioperatively but are no longer using opioids at 6 months. Opioid-free at 6 months: patients who report no opioid use at 6 months. This group includes patients who
never received opioids and those who may have received opioids perioperatively (including up to 24 h before discharge) but did not use opioids preoperatively or at 6
months.

Predictors of Opioid Consumption at 6 months

To identify the most relevant predictors of opioid consumption at six months, we applied the Boruta algorithm (version
8.0) in R 4.4.3. Boruta is a wrapper method built around the random forest classification algorithm, designed to perform
an exhaustive and unbiased feature selection. Unlike traditional methods that rely on arbitrary statistical thresholds,
Boruta iteratively compares each predictor to artificially created “shadow variables” (randomized versions of the original
features) and determines their importance based on multiple iterations. A variable is confirmed as important if it
consistently outperforms all shadow features across the iterations, while irrelevant variables are discarded.

We chose Boruta for this analysis because of its robustness in handling complex interactions and its ability to account
for potential nonlinear relationships in the data. Given the exploratory nature of our study, Boruta provides
a comprehensive and reliable selection process, reducing the risk of overfitting while retaining relevant predictors.

Boruta identified four variables as important predictors of opioid consumption at six months: preoperative opioid
consumption, anxiety score, depression score, and pain catastrophizing score. Conversely, eleven variables were deemed
unimportant, including age, alcohol consumption and gender. One variable, surgical type, remained tentative, meaning its
importance could not be conclusively determined within the iterations performed.

Discussion

Our study at the University Hospitals of Geneva revealed that 19% of patients were preoperative opioid users. Our
preoperative opioid use rate was higher than that reported for other European hospitals by Hofer et al.” This discrepancy
may be explained by the selection and high proportion (68%) of patients in our cohort undergoing surgeries for chronic
preoperative pain conditions, such as spine and orthopedic procedures, which have a well-documented association with
prolonged opioid use.'

At six months, 32% of preoperative opioid users continued opioid consumption, defining them as persistent opioid
users, and overall 8.6% of all patients remained opioid users, including 3% who developed new persistent opioid use.'®
While this overall prevalence of 8.6% is higher than some US population-based reports,'? it likely reflects our high-risk
cohort where 68% of patients had surgery-related preoperative pain. However, for specific high-risk procedures such as

spine surgery, our rates remain lower than North American benchmarks.
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Figure 3 Opioid use in relation to site of preoperative pain. (A) patients with preoperative pain related to surgery. (B) patients with pain at a different site than the surgical
site. Sankey diagrams showing trajectories of opioid use (preoperative, 24 h before discharge, 6 months). The 6-month categories are: new opioid users at 6 months,
persistent opioid users at 6 months, opioid cessation at 6 months, and opioid free at 6 months, defined as in Figure 2.

Unlike Kent et al,'® our study defined postoperative opioid use (PPOU) based on patients’ self-reported consumption
rather than prescription records or insurance claims. This approach may provide a more accurate representation of actual
opioid use, as it accounts for variations in patient adherence and unused prescriptions that remain invisible in admin-
istrative data.

Our findings thus reinforce previous research identifying spine and orthopedic surgeries as high-risk for persistent
opioid use. In our cohort, 43.75% of spine surgery patients were preoperative opioid users, and 44.8% of them continued
opioid use at six months. These rates closely mirror those reported by Uhrbrand et al*” in a European cohort (51%) but
remain significantly lower than the 82.4% observed in North America.”! Among opioid-naive patients, our 4.5%
persistence rate at six months was also lower than the 7% reported by Uhrbrand et al and much lower than the 17.5%
observed by Gerlach et al.*!

Concerning orthopedic surgeries, our findings align with European data. Preoperative opioid use was present in
19.1% of orthopedic patients, similar to 17.1% reported by Melis et al** At six months, 14.7% of our orthopedic patients
remained persistent opioid users, slightly above the 12.5% in Melis et al*? and close to the 13.7% observed in Stark

1'23

et al.”” These results suggest a relatively stable prevalence of persistent opioid use after orthopedic surgery across

Journal of Pain Research 2026:19 https: 7



Midez et al

50

45 43

40

35

30 29

25

20
20

Number of patients : N

15 13

10

9
7
6
5 4 33
2
Bl w0 mol o
o [ - - [ Sy

Total Orthopedic Spine Cardio-thoracic Inguinal hernia Laparotomy Breast
Type of surgery
M Preoperative opioid users with opioid cessation m Persistent opioid users m New opioid users

Figure 4 Distribution of opioid use status at 6 months across surgical types. Bar chart showing, for each surgical type (orthopedic, spine, cardiothoracic, inguinal hernia,
laparotomy, breast), the number of patients in three categories of opioid status at 6 months: Preoperative opioid users with opioid cessation: patients who used opioids
before surgery but report no opioid use at 6 months. Persistent opioid users: patients who used opioids preoperatively and continue opioid use at 6 months. New opioid
users: patients who were opioid-naive preoperatively and report opioid use at 6 months.

European populations. Our findings on spine surgery are also more consistent with European data, while North American
cohorts report significantly higher opioid persistence rates. This discrepancy may stem from differences in opioid
prescribing regulations, patient expectations regarding pain management, and use of non-opioid analgesia.

Preoperative opioid use has been shown to be a strong predictor of PPOU, as emphasized by Kuck et al.** Our study
supports this notion, highlighting the importance of preoperative opioid use assessment in identifying patients at higher
risk for prolonged postoperative opioid consumption. These results are in line with recent findings by Ramo et al® who
describe persistent postoperative opioid use as a distinct entity from chronic postsurgical pain, driven by factors such as
preoperative opioid use, anxiety, depression, and pain catastrophizing. Our analysis confirms the relevance of these same
predictors, emphasizing the need for targeted strategies in high-risk patients.

Patients with pain at the surgical site before surgery showed a higher likelihood of persistent opioid use at six
months post-surgery (8.8%) compared to those with pain at a different site (2.3%). This suggests that preexisting
pain at the surgical site may be a risk factor for prolonged postoperative opioid use. These findings are different
from those reported by Hofer et al.” While their study identified chronic pain unrelated to surgery as problematic

Table 2 Preoperative, Perioperative, and Persistent Postoperative Opioid Use by Surgical Type

Any Preoperative >60 MME Opioid use 24 h Before Persistent Opioid use at 6
Opioid Preoperative Discharge Months
Orthopaedic n=68 13 (19%) | (1,5%) 40 (58,8%) 10 (14,7%)
Spine n=96 42 (44%) 9 (9,9%) 43 (44,8%) 16 (16,7%)
Cardiothoracic n=44 3 (7%) | (2,3%) 22 (50%) [ (2,3%)
Inguinal hernia n=36 | (3%) 0 (0%) 3 (8,3%) 0 (0%)
Laparotomy n=56 3 (5%) | (1,8%) I (19,6%) 2 (3,6%)
Breast n =38 | (3%) 0 (0%) | (2,6%) 0 (0%)
All surgeries n=338 63 (19%) 12 (3,6%) 120 (35,5%) 29 (8,6%)
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for persistent postoperative opioid use, our results highlight the location of preoperative pain at the site of
surgery as a risk factor for persistent opioid use. A potential explanation for this discrepancy is that Hofer et al’
included mostly general surgery patients, whereas our cohort consisted primarily of orthopedic patients operated
for a chronic pain problem.

The low overall opioid consumption observed in our study, particularly as evidenced by prescription analysis,
suggests that current postoperative pain management strategies at our institution may be effective in minimizing
opioid use. This likely reflects the routine use of multimodal, opioid-sparing perioperative analgesia, in line with
recommendations advocating multimodal strategies to reduce long-term opioid exposure. However, there is still
room for improvement, especially for high-risk patients. Adams et al*> propose several strategies to improve
postoperative pain management, including the implementation of multimodal analgesia approaches and enhanced
patient education on pain management expectations and opioid risks. For patients with preoperative opioid
therapy, Edwards et al*® emphasize the importance of preoperative opioid tapering when possible and close
collaboration between pain specialists and surgeons to develop individualized postoperative pain management
plans.

Furthermore, our results align with Fiore et al*’

who highlight the benefits of non-opioid analgesic therapy after
hospital discharge. This approach is particularly relevant given our observation that most patients who did not use opioids
preoperatively remained opioid-free at six months post-surgery.

While our study provides valuable insights, it has limitations, including potential selection bias and reliance
on self-reported opioid use. We did not systematically record the class of antidepressants, and therefore could not
explore potential pharmacological interactions in relation to persistent opioid use. Future research should
consider larger, multi-center studies to validate our findings and even get a stratification of detailed preoperative
opioid use longer follow-up periods to assess long-term opioid use patterns, and integration of objective
measures of opioid consumption.One challenge in our analysis was the imbalance in the outcome variable,
with one class being underrepresented (the case of opioid consumption at 6 months). To address this, we tested
a weighted version of the model to account for the imbalance. This adjustment did not alter the classification
performance of the minority class, suggesting that the model’s ability to predict opioid consumption at six
months remained stable regardless of class weighting.

Conclusion

Preoperative opioid use, preoperative pain at the surgical site and psychological factors (anxiety, depression, pain
catastrophizing) were associated with prolonged postoperative opioid consumption at 6 months. Spine and
orthopedic surgeries showed the highest rates of persistent postoperative opioid use in this cohort. These findings
may help identify patients at higher risk who could benefit from targeted, opioid-sparing perioperative strategies.
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