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Abstract

Purpose Chronic postsurgical pain (CPSP) after abdominal visceral surgery is an underestimated long-term complication
with relevant impact on health-related quality of life and socioeconomic costs. Early identification of affected patients is
important. We aim to identify the incidence and risk factors for CPSP in this patient population.

Methods Retrospective case—control matched analysis including all patients diagnosed with CPSP after visceral surgery in
our institution between 2016 and 2019. One-to-two case—control matching was based on operation category (HPB, upper-GI,
colorectal, transplantation, bariatric, hernia and others) and date of surgery. Potential risk factors for CPSP were identified
using conditional multivariate logistic regression.

Results Among a cohort of 3730 patients, 176 (4.7%) were diagnosed with CPSP during the study period and matched
to a sample of 352 control patients. Independent risk factors for CPSP were age under 55 years (OR 2.64, CI 1.51-4.61),
preexisting chronic pain of any origin (OR 3.42, CI 1.75-6.67), previous abdominal surgery (OR 1.99, CI 1.11-3.57),
acute postoperative pain (OR 1.29, CI 1.16-1.44), postoperative use of non-steroidal anti-inflammatory drugs (OR 3.73,
OR 1.61-8.65), opioid use on discharge (OR 3.78, CI 2.10-6.80) and length of stay over 3 days (OR 2.60, CI 1.22-5.53).
Preoperative Pregabalin intake was protective (OR 0.02, CI 0.002-0.21).

Conclusion The incidence of CPSP is high and associated with specific risk factors, some of them modifiable. Special atten-
tion should be given to sufficient treatment of preexisting chronic pain and acute postoperative pain.
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Introduction relevant socio-economic implications [3, 4]. However, it is

surprisingly under-investigated in patients after abdominal

Chronic postsurgical pain (CPSP) is defined by the Interna-
tional Association for the Study of Pain (IASP) as pain in
the surgical area or referred anatomical region, beginning
or increasing after surgery and persisting for over 3 months
after surgery, for which no other cause is identified [1, 2].
CPSP is increasingly recognized as a relevant postoperative
complication, with an important impact on quality of life and
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visceral surgery [5—8]. This stands in contrast with the need
for early identification of patients at risk for CPSP in order
to develop specific prevention and management strategies.

The overall incidence of CPSP in Europe varies
between 2.2 and 23.6% in a heterogeneous surgical
population comprising orthopaedic, gynaecological,
urologic and thoracic surgery [9]. Suggested risk factors
in patients after general surgery include female gender,
young age, preoperative pain, preoperative psychologi-
cal status and acute postoperative pain [5, 6]. Duration
of surgery and reoperation for anastomotic leakage and
inflammatory bowel disease were also identified as risk
factors after colorectal surgery [7, 8].

The main limitations of previous studies are the follow-
ing: (1) an outdated definition of CPSP, (2) not assessing
its relation to pre-existing pain [5] 3) limited inclusion of
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variables, not addressing non-surgery-related factors [8] or
not including the presence and treatment of pre- and post-
operative pain [5, 7, 8].

Therefore, assessment of the incidence and risk factors for
CPSP in patients undergoing abdominal surgery is needed.
In particular, inclusion of patients with CPSP, according to
the IASP definition with added documentation of periopera-
tive analgesic drug use is required.

The aim of this study is thus to determine the incidence
and potential risk factors for CPSP in patients after abdomi-
nal visceral surgery, according to the definition of the IASP,
and matched according to the type of surgery.

Methods

We conducted a retrospective, 1:2 matched case—control
study to identify risk factors for CPSP in patients undergo-
ing abdominal visceral surgery at the Department of Vis-
ceral Surgery and Medicine of the University Hospital Bern,
Inselspital, between January 2016 and December 2019. The
study protocol was approved by the Regional Ethical Review
Board in Bern (KEK-Nr. 2021-01,491). General consent was
obtained at time of hospitalization. Study-specific informed
consent has been waived by the ethics commission due to
the retrospective design.

This report adheres to the STROBE criteria for case—con-
trol studies (Suppl. Table 1) [10].

Case selection

CPSP is defined as pain in the surgical area or referred ana-
tomical region that develops or intensifies after surgery and
lasts beyond the normal healing process, at least 3 months
after surgery, for which no other cause is identified [1, 2].
The diagnostic procedures to exclude other causes of chronic
pain were chosen by the doctor in charge. Cases were eligi-
ble for inclusion in the study, if CPSP was documented as a
diagnosis or if the follow-up report clearly stated symptoms
compatible with the definition of CPSP. In addition, there
had to be a documented impact on quality of life, perfor-
mance or patient management.

Excluded were patients for whom no general consent was
available, who did not have an incision in the abdominal
wall, where the duration of follow-up was less than 3 months
or who died in the first 3 months after surgery. Patients in
whom postoperative pain was described in the follow-up
report as a twinge sensation or discomfort, without any
impact on performance, quality of life or management,
who subsequently did not need additional follow-up visits
or treatment for pain were excluded. This was determined
to ensure that only patients with clinically relevant CPSP
diagnosis were included.
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Patients who underwent repeated abdominal surgeries in
less than a 3-month interval were evaluated for CPSP after
the last operation.

Two of the authors evaluated all patients for inclusion
independently. In case of disagreement, they reached a con-
sensus together with a third author.

Matching process

Control patients were randomly selected from the 3554
patients who underwent abdominal surgery, for whom
follow-up of at least 3 months was available and who
did not develop CPSP (Fig. 1). They were matched in a
1:2 case—control ratio according to the month of surgery
(4+/—2 months from the date of the case’s surgery) and the
type of surgery. They were subsequently classified accord-
ing to the surgical specialty: hepato-pancreatico-biliary
surgery, upper gastro-intestinal surgery, colorectal surgery,
bariatric surgery, hernia repair, kidney or liver transplanta-
tion or others. Others included nephrectomies, resection of
retroperitoneal tumours, splenectomies and diagnostic lap-
aroscopies or laparotomies. They were grouped together
due to the small number of cases per procedure. The sur-
gery date was chosen as a matching factor to control for
the influence of time on the changes in anaesthesia and/or
surgical procedures. Matching for the type of surgery was
selected to account for the different follow-up times and
methods in the visceral surgery population and the various
surgical techniques.

Data collection

The following data were collected from the patient’s elec-
tronic medical records in an electronic database.

Patient’s demographics.

Age in years

- Sex

— Body-mass index (BMI) in kg/m.>

Comorbidities: metabolic disease such as diabetes and
malnutrition, cardiovascular disease, inflammatory bowel
disease (IBD), history of chemotherapy or radiotherapy,
psychiatric comorbidities (depression, anxiety, addiction
and personality disorders), previous abdominal surgery,
preexisting chronic pain defined as pain present for over
3 months at the time of surgery at any location, preopera-
tive analgesic or co-analgesic drugs

Surgery- and anaesthesia-related variables.

— Emergency or elective surgery
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Fig. 1 Flow-chart of patient
inclusion. CPSP, chronic post-

surgical pain 7082

Patients operated from 2016 to 2019

Excluded:

A 4

> 961 incision not abdominal
1322 general consent not available

4799

patients with abdominal
surgery and available
general consent

Excluded:

A

204 deceased < 3 months after surgery
865 insufficient follow-up information

3730

Total patients with > 3
months follow-up

No CPSP

3554

Total cases (CPSP)

176

Total controls (1:2 matching)

352

— Surgical technique defined as laparoscopic or open sur-
gery and type of incision

— Mesh placement during surgery

— Duration of surgery in minutes

— Oncologic surgery

— Use of regional anaesthesia such as paravertebral block,
epidural anaesthesia, local infiltration of lidocaine in
the wound or transversus abdominis plane (TAP) block.
Regional anaesthesia is consistently used in our institu-
tion, in addition to general anaesthesia, and TAP blocks
are preferred whenever possible.

— Intraoperative analgesic drugs used

Postoperative management and outcome variables.

— Location of immediate postoperative care (recovery
room, intermediate or intensive care)

— Analgesic drugs in the first 24 h. We routinely prescribe
paracetamol, metamizol and opioids as needed, adding
NSAIDs, ketamin and/or clonidine, if pain control is
insufficient.

— Use of patient-controlled anaesthesia (PCA)

— Maximum postoperative pain on the numeric rating scale
(NRS) at rest and mobilization during the first 24 h after
surgery

— Postoperative complications, according to the Clavien-
Dindo Classification [11]

— Length of stay in days

— Analgesic drugs at discharge

Statistical analysis

The analysis was performed with STATA version 15.1 (Stata
Corp., College Station, TX, USA). Categorical variables were
compared using the Cochrane-Mantel-Haenszel test and contin-
uous variables with a multilevel mixed-effect linear regression.
This to stratify for the 1:2 matched groups. Patient-, surgery- and
anaesthesia-related characteristics are presented as mean and
standard deviations (SD) for continuous variables, and propor-
tions and frequency for categorical variables. All tests were two
sided. A p-value <0.05 was considered statistically significant.

Univariate analysis of potential risk factors for CPSP was
conducted using conditional logistic binary regression. Cor-
rection for multiple testing was performed using the Benja-
mini—Hochberg procedure to control the false discovery rate
(FDR). All variables with a FDR-corrected p-value of < 0.05
were included in the initial multivariate analysis to estimate
the adjusted association of said variables with CPSP. Some
prespecified plausible interaction terms were added to account
for possible interactions. The model was refined using a back-
wards stepwise selection process. The quality of the model
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was assessed with likelihood ratio tests and link tests. The
continuous variables were tested as continuous variables,
as categorical variables using restricted cubic splines and
as binary variables using the significant cut-off. They were
included in the model as continuous or binary variables, as
appropriate according to the quality of the model. Associa-
tions are presented as odds ratios (OR) and adjusted odds
ratios (aOR) with their 95% confidence intervals (CI).

Results

Of the 7082 patients who underwent surgery in our institu-
tion between 2016 and 2019, 3730 met the inclusion crite-
ria, and 176 CPSP cases were identified. The flow chart of
patient selection is shown in Fig. 1. The incidence of CPSP
between 2016 and 2019 was 4.7% (176/3730) among the
patients for whom follow-up information of at least 3 months
was available. We observed comparable yearly incidences,
with 4.9% (50/1015) in 2016, 5.3% (33/621) in 2017, 3.3%
(28/856) in 2018 and 5.3% (65/1238) in 2019. The propor-
tion of CPSP patients per type of surgery is shown in Fig. 2.

Patient characteristics are reported in Table 1; characteris-
tics of surgery and anaesthesia in Table 2. The proportion of
female patients was higher in patients with CPSP (55.1% ver-
sus 41.5%, p=0.002), and they were significantly younger
in age (mean 51.4 versus 58.6 years, p=0.000). There was
no difference in psychiatric comorbidities, except in addic-
tion and personality disorders. The number of patients with
previous abdominal surgery was high in both groups and
significantly higher in the CPSP group (69.9% versus 58%,
p=0.004). All surgical variables were equally distributed

in both groups, as they were dictated by the type of surgery,
which was a matching criterion. All patients underwent gen-
eral anaesthesia, and additional regional anaesthesia was
used equally frequently in both groups (68.7% and 68.2% in
the CPSP and non-CPSP groups, respectively, p =0.866).
Table 3 reports the postoperative management and surgi-
cal outcome parameters. Although there were more com-
plications overall in the CPSP group (41.5% versus 33%,
p=0.035), the proportion of severe complications (Dindo-
Clavien > IIIB) was similar in both groups (30.1% versus
37.1%, p=0.288). Mean maximal pain at rest was signifi-
cantly higher in the CPSP group than the control group (5.8
(SD 2.4) versus 3.8 (SD 2.5), p= <0.001), as was mean
maximal pain at mobilization (7.1 (SD 2.02) versus 5.3 (SD
2.2), p=<0.001).

From the univariate analysis (Table 4), the independent
risk factors for CPSP are identified in the multivariate analy-
sis in Fig. 3. Age under 55 years, pre-existing chronic pain,
previous abdominal surgery, the use of NSAID in the early
postoperative phase, the use of opioids on discharge, higher
maximal pain at rest on the numeric scale and a length of
stay over 3 days were independently associated with CPSP.
Preoperative Pregabalin use, on the other hand, seemed to
be associated with less CPSP.

Discussion

The four-year incidence of CPSP was 4.7% in this study,
which is lower than the 17 to 32% reported in the studies
on colorectal surgery [7, 8, 12]. These differences could be
explained by the study designs, the time of data collection
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Fig.2 Proportion of CPSP patients per type of surgery. CPSP, chronic postsurgical pain
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Table 1 Patient characteristics
(n=528)

CPSP (n=176) No CPSP (n=352) p-values*

Female sex, n (%) 97 (55.1) 146 (41.5) 0.002
Age in years, mean (SD) 51.4 (14.5) 58.6 (16.4) <0.001
Age <55 years, n (%) 96 (54.6) 122 (34.7) <0.001
BMI, mean kg/m? (SD) 27 (6.7) 27.4(6.7) 0.349
BMI <35 kg/m?, n (%) 155 (90.1) 294 (85.7) 0.043
Comorbidities, n (%) 106 (60.2) 219 (62.2) 0.654
None 70 (39.8) 133 (37.8) 0.654
Metabolic disease (diabetes, malnutrition) 22 (12.5) 50 (14.2) 0.596
Cardiovascular disease 65 (36.9) 155 (44) 0.118
Rheumatoid disease (arthritis, etc.) 13(7.4) 25(7.1) 0.905
History of chemotherapy and/or radiotherapy 18 (10.2) 54 (15.3) 0.092
Inflammatory bowel disease 74) 13 (3.7) 0.871
Psychiatric comorbidities, n (%) 43 (24.4) 63 (17.9) 0.074
Depression 29 (16.5) 47 (13.4) 0.327
Anxiety 4(2.3) 13 (3.7) 0.361
Other (addiction, personality disorders) 20 (11.4) 21 (6) 0.027
Previous abdominal surgery, n (%) 123 (69.9) 204 (57.95) 0.004
Number of previous abdominal surgeries, mean (SD) 1.6 (2) 1.2 (1.5) 0.001
Previous laparotomy, n (%) 72 (40.9) 123 (34.9) 0.143
Previous laparoscopy, n (%) 85 (48.3) 117 (33.2) 0.001
Previous mesh implantation, n (%) 18 (10.2) 37 (10.5) 0.919
Preoperative chronic pain, n (%) 65 (36.9) 50 (14.2) <0.001
Abdominal pain 32 (18.2) 18 (5.1) <0.001
Inguinal pain 4(2.3) 2(0.6) 0.058
Musculoskeletal pain 34 (19.3) 34 (9.7) 0.001
Duration in months, mean (SD) 59.95 (74.8) 101.02 (109.5) 0.025
Preoperative analgesic intake, n (%) 62 (35.2) 32 (9.1) <0.001
Opioids 22 (12.5) 13 (3.7) <0.001
Preoperative co-analgesic intake, n (%) 48 (27.3) 70 (19.9) 0.058
Antidepressants 34 (19.3) 49 (13.9) 0.121
Antiepileptics 74) 7Q2) 0.186
Myorelaxants 0 2(0.6) 0.317
Pregabaline 1(0.6) 18 (5.1) 0.009
Gabapentine 3(1.7) 1(0.3) 0.077
Steroids 2(1.1) 14 (4) 0.077

SD standard deviation, BMI body-mass index

*Cochrane-Mantel-Haenszel test for categorical variables, multilevel mixed-effect linear regression for

continuous variables

and the definition of CPSP [5, 7, 8]. The proportion of
patients with CPSP varies between 2.5 and 5.1% for most
types of surgeries in this series, except for patients after her-
nia repair, where it is higher (14.7%). Chronic neuropathic
pain is frequent after hernia repair [13]. In our clinic, patients
who underwent hernia surgery are not routinely seen for a
follow-up visit, and data is often lacking at the 3 months cut-
off used for inclusion in this study. The increased proportion
of CPSP in this subgroup could thus be partially caused by
the lack of systematic follow-up in patients without CPSP.

We found that age under 55 years, preexisting chronic
pain, previous abdominal surgery, the use of NSAID in the
immediate postoperative phase, the use of opioids on dis-
charge, a length of stay over 3 days and a higher intensity
of postoperative pain are independent risk factors for CPSP.

The risk of CPSP is increased in younger patients, as
shown consistently before [6, 7, 14]. While female sex was
not an independent risk factor in the multivariate analysis,
there were significantly more female patients in the CPSP
group. Evidence for female or male sex as a risk factor is
inconsistent [14]. One possible explanation is mediation
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Table 2 Characteristics of

” CPSP (n=176) No CPSP (n=352) p-values*
surgery and anaesthesia
(n=528) Type of surgery, n (%) 1.000
HPB 46 (26.1) 92 (26.1)
Upper-GI 14 (8) 28 (8)
Colorectal 30 (17.1) 60 (17.1)
Hernia 44 (25) 88 (25)
Inguinal hernia 8 (4.6) 16 (4.6)
Transplantation 11 (6.3) 22 (6.3)
Bariatric 19 (10.1) 38 (10.1)
Other 12 (6.8) 24 (6.8
Emergency surgery (versus elective), n (%) 31 (17.6) 68 (19.3) 0.460
Open surgery (versus laparoscopic), n (%) 98 (55.7) 185 (52.6) 0.149
Midline laparotomy 45/98 (45.9) 79/185 (42.7) 0.518
Subcostal laparotomy 41/98 (41.8) 82/185 (44.3) 0.424
Other open access (inguinal, pararectal) 12/98 (12.2) 24/185 (12.97) 0.876
Use of a mesh, n (%) 47 (26.7) 90 (25.6) 0.157
Oncologic surgery, n (%) 40 (22.7) 100 (28.4) 0.039
Duration of surgery in minutes, mean (SD) 153.9 (111.8) 152.9 (98.1) 0.931
Additional use of regional anaesthesia, n (%)
None 55 (31.3) 112 (31.8) 0.866
Paravertebral block 1(0.6) 1(0.3) 0.617
Epidural anaesthesia 47 (26.7) 93 (26.4) 0.924
Local infiltration of lidocaine in the wound 3(1.7) 10 (2.8) 0.371
TAP block 70 (38.8) 136 (38.6) 0.728
Intraoperative analgesic drugs, n (%)
Metamizol 113 (64.2) 247 (70.2) 0.134
NSAID 31.7) 2 (0.57) 0.206
Opioid 173 (98.3) 350 (99.4) 0.206
Clonidine 27 (15.3) 31 (8.8) 0.021
Ketamine 45 (25.6) 104 (29.6) 0.286
Dexmedetomidine 20(11.4) 64 (19.2) 0.031

SD standard deviation, HPB hepato-biliary-pancreatic surgery, upper-GI upper gastro-intestinal surgery,
TAP block transversus abdominis plane block, NSAID non-steroidal anti-inflammatory drugs

*Cochrane-Mantel-Haenszel test for binomial variables, multilevel mixed-effect linear regression for con-

tinuous variables

of the effect of sex through the effect of the intensity of
acute postoperative pain, as shown by Mi et al. [15], but in
our study those two factors were independent. There was
also no correlation between sex and postoperative analgesic
drug administration.

Previous abdominal surgery was predicting CPSP. While
studies on patients after colorectal surgery specifically found
no difference [7, 8], studies on other abdominal surgeries
[6, 16—18] found an association of previous surgery with
CPSP. Whether lower individual pain thresholds influenced
the indication for previous surgeries and thus the number of
surgeries a patient undergoes cannot be evaluated with this
analysis. But having had previous surgery was not associated
with the level of acute postoperative pain. This suggests that
it might be unrelated to the individual pain threshold.
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Our study identifies preexisting chronic pain, both at the
site of surgery and elsewhere, as a risk factor for CPSP —
this corroborates previous research [16, 19]. Nerve damage
during surgery with acute postoperative pain resulting in
central sensitization and neuropathic pain syndromes is one
of the suspected mechanism of CPSP [6, 18, 20]. A possi-
ble explanation for preexisting chronic pain, in addition to
previous abdominal surgery as risk factors for CPSP, is that
the changes in the central nervous system caused by sensi-
tization precede surgery. This could influence the develop-
ment of CPSP after the new injury, as could patient-specific
decreased pain inhibition mechanisms or preoperative use
of analgesics [20, 21].

Consistently with previous research, a higher inten-
sity of acute postoperative pain in the first 24 h after
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Table 3 Postoperative

CPSP (n=176) No CPSP (n=352) p-values*
management and outcomes
(n=528) Immediate postoperative care, n (%)
Recovery room 108 (61.4) 205 (58.2) 0.294
Intermediate care unit 55 (31.3) 118 (33.5) 0.446
Intensive care unit 14 (7.95) 31 (8.8) 0.627
Postoperative analgesic drugs in the first 24 h, n (%)
Paracetamol 135 (77.1) 286 (81.3) 0.194
Metamizol 139 (79.4) 300 (85.2) 0.091
Opioids 131(74.9) 243 (69) 0.138
NSAID 54 (31) 59 (16.8) <0.001
Clonidine 11 (6.3) 6(1.7) 0.006
Ketamin 74) 712) 0.186
Pregabalin 1(0.6) 10 (2.8) 0.088
Gabapentine 0 3(0.9) 0.221
Dexmedetomidine 2 (1.1) 0 0.046
Patient controlled analgesia, n (%) 37 (21.1) 53 (15.1) 0.076
Epidural anesthesia, n (%) 48 (27.4) 96 (27.3) 1.000
Maximum pain on the NRS during the first 24 h, mean (SD)
At rest 5.8(2.4) 3.8(2.5) <0.001
During mobilization 7.1 (2.02) 5.3(2.2) <0.001
Postoperative complication, n (%) 73 (41.5) 116 (33) 0.035
Dindo-Clavien > I1IB 22 (30.1) 43 (37.1) 0.288
Length of stay in days, mean (SD) 10.4 (13.4) 8.2(8.3) 0.006
On the ward 8.9 (11.3) 6.8 (6.4) 0.001
In intensive or intermediate care 1.4 (3.8) 1.4 3.5) 0.080
Pain treatment at discharge, n (%)
None 5(2.8) 13 (3.7) 0.617
Paracetamol 142 (80.7) 268 (76.1) 0.212
Metamizol 129 (73.3) 244 (69.3) 0.360
NSAID 19 (10.8) 3509.9) 0.740
Opioids 97 (55.1) 126 (35.8) <0.001

SD standard deviation, NSAID non-steroidal anti-inflammatory drugs, NRS numeric rating scale

*Cochrane-Mantel-Haenszel test for categorical variables, multilevel mixed-effect linear regression for

continuous variables

surgery was identified as a risk factor for CPSP. Liu et al.
showed that factors associated with acute postoperative
pain intensity were anxiety and higher consumption of
analgesics [22]. In our study, patients with higher acute
pain intensity also had higher in-hospital use of opioids,
but psychological factors did not play a significant role.
If CPSP is a result of sensitization, then stricter control of
acute postoperative pain through adapted analgesic dos-
age should participate in its prevention.

Multiple interventions to treat acute postoperative pain
have been investigated, with various results. In our institu-
tion, we consistently use regional anaesthesia techniques,
in addition to general anaesthesia. TAP blocks are preferred
whenever possible. While they are efficient to reduce acute
postoperative pain in the initial phase, they have no effect
on preventing CPSP [12, 23, 24]. There was no significant

difference between the groups in perioperative pain manage-
ment, except for the use of NSAID. NSAID use was associ-
ated with CPSP, independently from the level of postop-
erative pain on the NRS. NSAID are not routinely used in
our department in the immediate postoperative phase, as
described in the “Methods.” We found no data on postop-
erative NSAID use and CPSP in the literature, but the use
of at least two combined non opioid analgesic drug classes
during surgery does reduce acute postoperative pain [25].
In our cohort, the level of reported acute postoperative pain
was similar in patients who received NSAID in the first
24 h after surgery and those who did not. NSAID could be
a surrogate factor for initial refractory postoperative pain,
where additional analgesic drugs did control the postopera-
tive situation, but with no beneficial impact on the risk of
CPSP at a later time-point. A recent study suggested that the
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Table 4 Univariate analysis

Odds ratio  95% CI p-values* pFDR*
Sex female vs male 1.85 1.25-2.74 0.002 0.005
Age<55vs>55 2.57 1.71-3.87  <0.001 <0.001
BMI<35 vs>35 222 1.01-4.89 0.047 0.061
Psychiatric comorbidities 1.50 0.96-2.34 0.076 0.091
Addiction and personality disorders 2.07 1.07-3.99 0.030 0.047
Previous abdominal surgery 1.7996 1.196-2.71 0.005 0.010
Number of abdominal surgeries (per additional surgery) 1.2 1.07-1.37 0.002 0.005
Previous laparoscopy 1.95 1.33-2.86 0.001 0.003
History of chronic pain 3.95 2.46-6.35 <0.001 <0.001
Duration of pre-existing chronic pain (per additional month)
None Reference
<12 months 9.34 3.77-23.13  <0.001 <0.001
> 12 months 2.36 1.31-4.23 0.004 0.009
Preoperative analgesic intake 5.26 3.19-8.67 <0.001 <0.001
Preoperative opioid intake 3.56 1.76-7.21  <0.001 <0.001
Preoperative co-analgesic intake 1.49 0.98-2.26 0.059 0.074
Preoperative pregabalin intake 0.11 0.015-0.83 0.032 0.047
Preoperative gabapentin intake 6 0.62-57.68 0.121 0.125
Preoperative steroids intake 0.29 0.06-1.26 0.097 0.104
Oncological resection 0.52 0.27-0.98 0.004 0.009
Intraoperative catapressan administration 1.92 1.09-3.37 0.024 0.04
Intraoperative dexmedetomidine administration 0.53 0.298-9.95 0.033 0.047
Postoperative metamizol intake 0.66 0.41-1.07 0.093 0.103
Postoperative NSAID intake 3.43 1.95-6.05 <0.001 <0.001
Postoperative catapressan intake 3.67 .36-9.91 0.010 0.018
Postoperative pregabalin intake 0.2 0.03-1.56 0.125 0.125
PCA 1.54 0.95-2.50 0.079 0.091
Opioids on discharge 4.73 2.92-7.65 <0.001 <0.001
LOS >3 versus <3 1.99 1.22-3.25 0.006 0.011
Maximal pain at rest on NRS
For each increase of 1 1.41 1.29-1.54  <0.001 <0.001
>4 versus <4 5.17 3.17-8.38  <0.001 <0.001
Maximal pain during mobilization on NRS
For each increase of 1 1.50 1.35-1.66  <0.001 <0.001
>4 versus <4 5.32 2.59-10.90 <0.001 <0.001
Postoperative complication 1.56 1.03-2.36 0.036 0.049

CI confidence interval, pFDR false discovery rate p-value, BMI body mass index, NSAID non-steroidal
anti-inflammatory drugs, PCA patient controlled analgesia, LOS length of stay, NRS numeric rating scale

* . . . . . . . .
Univariate analysis using logistic binary regression

*Benjamini—Hochberg procedure-adjusted p-value to control for false discovery rate

resolution of acute pain is mediated by an active immune
process rather than a progression of acute pain to chronic
pain [26]. In patients with chronic pain, this neutrophile-
activated inflammatory response would be impaired. Using
NSAID or steroids for acute pain, while beneficial in the
short-term, would prevent the initiation of an appropriate
inflammatory response and thus lead to chronic pain [26].
The use of ketamine has been linked to prevention of CPSP
by blocking N-methyl-D-aspartate-receptors and preventing

@ Springer

central sensitization. Its intraoperative use in colorectal sur-
gery led to a lower incidence of CPSP in this population [8,
27], but the effect is not consistent [28]. We did not observe
it in our patients, whether for intra- or postoperative use.
Dexmedetomidine, a highly selective a2 adrenoreceptor ago-
nist, reduces postoperative pain and opioid use in the acute
phase [29]. In a prospective study, it was also associated
with significantly less CPSP [30]. In our study, the use of
dexmedetomidine peri- and postoperatively was significantly
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aOR 95% CI p values

Age in years

255 reference

<55 2.64 1.51-4.61 0.001 =
Preoperative chronic pain

no reference

yes 3.42 1.75-6.67 0.000 =
Preoperative pregabaline use

no reference

yes 0.02 0.002-0.21 0.001 =
Previous abdominal surgery

no reference

yes 1.99 1.11-3.57 0.021 = _—
Postoperative use of NSAID

no reference

yes 3.73 1.61-8.65 0.002 = -
Opioid use on discharge

no reference

yes 3.78 2.10-6.80 0.000 =
Length of hospital stay

<3days reference

>3 days 2.60 1.22-5.53 0.013 = =
Maximal pain at rest on
numeric scale
per increase of 1 1.29 1.16-1.44 0.000 = el

| | | | | | | | | |
1 2 3 4 5 6 7 8 9

aOR

Fig.3 Results of the multivariate analysis indicating factors associated with CPSP. Vertical line: null effect (¢OR=1). aOR, adjusted odds
ratios; CI, confidence interval; NSAID, non-steroidal anti-inflammatory drugs; CPSP, chronic postsurgical pain

lower in the CPSP group but is not significant in the multi-
variate analysis. This is probably due to the overall low num-
ber of patients for which it was used. We do not administer
it systematically but tend to do so in patients with a history
of chronic pain or substance abuse.

Patients under Pregabalin at time of surgery seemed
to have a lower risk of developing CPSP in this study,
for which we did not find a correlation in the literature
[28]. A possible explanation for this observed effect in
our cohort is that in these patients, preexisting chronic
pain might be better controlled in the preoperative phase.
Better preoperative pain control has been linked to lower
risk of CPSP in orthopaedic surgery [31]. It might also be
that these patients have more frequent follow-up visits in
the postoperative phase, be it from a pain specialist, their
surgeon or their general practitioner. This would mean
that they are more likely to be included in this study, as
having follow-up information 3 months after surgery was
an inclusion criterion. The relatively high proportion of
patients under Pregabalin in the control group speaks for
the quality of the selection, where the control group is not
just constituted of otherwise healthy patients.

We found no correlation between depression or anxiety
and CPSP. In the literature, there is evidence for psycho-
logical factors such as depression, anxiety and catastrophis-
ing as predictors of CPSP [4, 7, 18, 21]. Althaus et al., on
the other hand, found no correlation between anxiety and
CPSP in a mixed population of patients who underwent

orthopaedic surgery, general surgery, visceral surgery and
neurosurgery [32]. VanDenKerkhof et al. conducted a pro-
spective study on women who underwent gynaecological
surgery, where depression and anxiety were not corre-
lated to CPSP [33]. The importance of these factors could
depend on the studied population. More likely, because our
patients did not undergo a detailed psychological assess-
ment, the presence or absence of psychological comor-
bidities was taken from the list of diagnosis, which is less
precise.

Our study is limited by its retrospective nature. Because
we do not systematically see all patients in the outpatient
clinic after surgery, 18% of all patients who underwent
abdominal surgery during this timeframe never had any
kind of follow-up visit and had to be excluded. It is also
possible that lower intensity pain might not be reported by
the patient and/or the physician, and some patients were
falsely classified as having no CPSP.

In conclusion, the identification of these risk factors
allows for a preventive and personalized health care approach
to our at-risk patients. We emphasized the importance of the
optimization of pre- and postoperative management, with
special attention to sufficient treatment of preexisting chronic
pain and acute postoperative pain with a multimodal anal-
gesic approach. Finally, an additional follow-up consulta-
tion 3 months after surgery should be considered in at-risk
patients to avoid a delay in diagnosing CPSP and uncon-
trolled and inadequate long-term opioid use.

@ Springer



Langenbeck's Archives of Surgery

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00423-022-02709-z.

Acknowledgements The data that support the findings of this study
is available from the corresponding author upon reasonable request.

Author’s contribution Study conception and design: S. P., G. B. Acqui-
sition of data: S. P, W-H. T., C. PM., M. H. Analysis and interpretation
of data: S. P, G. B., K. S., M. H. Drafting of manuscript: S. P., G. B.
Critical revision of manuscript: S. P., W-H. T., C. PM., M. H,, K. S.,
M.H.,D.C, G.B.

Funding Open access funding provided by University of Bern Stéph-
anie Perrodin received funding from the Bangerter-Rhyner Foundation
and the Swiss Academy of Medical Sciences for protected research
time.

Declarations

Research involving human participants — ethics approval The study
protocol was approved by the Regional Ethical Review Boards in Bern
(KEK-Nr. 2021-01491).

Informed consent General consent was obtained at time of hospitaliza-
tion, and study-specific informed consent has been waived by the ethics
commission due to the retrospective design.

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Treede RD, Rief W, Barke A, Aziz Q, Bennett MI, Benoliel R,
Cohen M, Evers S, Finnerup NB, First MB, Giamberardino MA,
Kaasa S, Korwisi B, Kosek E, Lavand’homme P, Nicholas M,
Perrot S, Scholz J, Schug S, Smith BH, Svensson P, Vlaeyen JWS,
Wang SJ (2019) Chronic pain as a symptom or a disease: the IASP
Classification of Chronic Pain for the International Classification
of Diseases (ICD-11). Pain 160:19-27. https://doi.org/10.1097/j.
pain.0000000000001384

2. Schug SA, Lavand’homme P, Barke A, Korwisi B, Rief W, Treede
RD, Pain ITftCoC (2019) The IASP classification of chronic
pain for ICD-11: chronic postsurgical or posttraumatic pain. Pain
160:45-52. https://doi.org/10.1097/j.pain.0000000000001413

3. Tolstrup MB, Thorup T, Gogenur I (2019) Chronic pain, quality of
life and functional impairment after emergency laparotomy. World
J Surg 43:161-8. https://doi.org/10.1007/s00268-018-4778-4

4. VanDenKerkhof EG, Hopman WM, Reitsma ML, Gold-
stein DH, Wilson RA, Belliveau P, Gilron I (2012) Chronic
pain, healthcare utilization, and quality of life following

@ Springer

10

12.

13

14

15.

16.

17.

18

gastrointestinal surgery. Can J Anaesth 59:670-80. https://doi.
org/10.1007/s12630-012-9712-x

Strik C, van den Beukel B, van Rijckevorsel D, Stommel MWJ, Ten
Broek RPG, van Goor H (2019) Risk of pain and gastrointestinal
complaints at 6 months after elective abdominal surgery. J Pain
20:38-46. https://doi.org/10.1016/j.jpain.2018.07.010

Kehlet H, Jensen TS, Woolf CJ (2006) Persistent postsurgi-
cal pain: risk factors and prevention. Lancet (London England)
367:1618-25. https://doi.org/10.1016/s0140-6736(06)68700-x
JinJ, Chen Q, Min S, Du X, Zhang D, Qin P (2021) Prevalence
and predictors of chronic postsurgical pain after colorectal sur-
gery: a prospective study. Colorectal Dis 23:1878-89. https://
doi.org/10.1111/codi.15640

Joris JL, Georges MJ, Medjahed K, Ledoux D, Damilot G, Ram-
quet CC, Coimbra CI, Kohnen LP, Brichant JF (2015) Preva-
lence, characteristics and risk factors of chronic postsurgical
pain after laparoscopic colorectal surgery: retrospective analy-
sis. Eur J Anaesthesiol 32:712-7. https://doi.org/10.1097/EJA.
0000000000000268

Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky R, Tanase
NV, Perruchoud C, Kranke P, Komann M, Lehman T, Meissner
W, euCgftCTNgotESoA (2015) Chronic postsurgical pain in
Europe: an observational study. Eur J Anaesthesiol 32:725-34.
https://doi.org/10.1097/EJA.0000000000000319

von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC,
Vandenbroucke JP, Initiative S (2007) The strengthening the
reporting of observational studies in epidemiology (STROBE)
statement: guidelines for reporting observational studies. Lancet
(London England) 370:1453-7. https://doi.org/10.1016/S0140-
6736(07)61602-X

Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort
of 6336 patients and results of a survey. Ann Surg 240:205-13.
https://doi.org/10.1097/01.51a.0000133083.54934.ae

Pan ZY, Hu ZH, Zhang F, Xie WX, Tang YZ, Liao Q (2020)
The effect of transversus abdominis plane block on the
chronic pain after colorectal surgery: a retrospective cohort
study. BMC Anesthesiol. 20(1):116. https://doi.org/10.1186/
$12871-020-01032-8

The HerniaSurge Group (2018) International guidelines for
groin hernia management. Hernia 22:1-165. https://doi.org/
10.1007/s10029-017-1668-x

VanDenKerkhof EG, Peters ML, Bruce J (2013) Chronic pain
after surgery: time for standardization? A framework to estab-
lish core risk factor and outcome domains for epidemiological
studies. Clin J Pain 29:2-8. https://doi.org/10.1097/AJP.0b013
€31824730c2

Mi X, Zou B, Rashidi P, Baharloo R, Fillingim RB, Wal-
lace MR, Crispen PL, Parvataneni HK, Prieto HA, Gray CF,
Machuca TN, Hughes SJ, Murad GJA, Thomas E, Igbal A,
Tighe PJ, Temporal postoperative pain signatures G (2021)
Eftects of patient and surgery characteristics on persistent post-
operative pain: a mediation analysis. Clin J Pain 37:803-11.
https://doi.org/10.1097/AJP.0000000000000979

Bruintjes MHD, van Helden EV, de Vries M, Wirken L, Evers
AWM, van Middendorp H, Kloke H, d’Ancona FCH, Langen-
huijsen JF, Steegers MAH, Warle MC (2019) Chronic pain fol-
lowing laparoscopic living-donor nephrectomy: prevalence and
impact on quality of life. Am J Transplantation 19:2825-32.
https://doi.org/10.1111/ajt.15350

Perkins FM, Kehlet H (2000) Chronic pain as an outcome of sur-
gery A review of predictive factors. Anesthesiology 93:1123—
33. https://doi.org/10.1097/00000542-200010000-00038

Katz J, Seltzer Z (2009) Transition from acute to chronic postsur-
gical pain: risk factors and protective factors. Expert Rev Neu-
rother 9:723-44. https://doi.org/10.1586/ern.09.20


https://doi.org/10.1007/s00423-022-02709-z
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001384
https://doi.org/10.1097/j.pain.0000000000001413
https://doi.org/10.1007/s00268-018-4778-4
https://doi.org/10.1007/s12630-012-9712-x
https://doi.org/10.1007/s12630-012-9712-x
https://doi.org/10.1016/j.jpain.2018.07.010
https://doi.org/10.1016/s0140-6736(06)68700-x
https://doi.org/10.1111/codi.15640
https://doi.org/10.1111/codi.15640
https://doi.org/10.1097/EJA.0000000000000268
https://doi.org/10.1097/EJA.0000000000000268
https://doi.org/10.1097/EJA.0000000000000319
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1016/S0140-6736(07)61602-X
https://doi.org/10.1097/01.sla.0000133083.54934.ae
https://doi.org/10.1186/s12871-020-01032-8
https://doi.org/10.1186/s12871-020-01032-8
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1007/s10029-017-1668-x
https://doi.org/10.1097/AJP.0b013e31824730c2
https://doi.org/10.1097/AJP.0b013e31824730c2
https://doi.org/10.1097/AJP.0000000000000979
https://doi.org/10.1111/ajt.15350
https://doi.org/10.1097/00000542-200010000-00038
https://doi.org/10.1586/ern.09.20

Langenbeck's Archives of Surgery

19.

20

21

22.

23.

24

25

26.

27

Montes A, Roca G, Sabate S, Lao JI, Navarro A, Cantillo J, Canet
J, Group GS (2015) Genetic and clinical factors associated with
chronic postsurgical pain after hernia repair, hysterectomy, and
thoracotomy: a two-year multicenter cohort study. Anesthesiology
122:1123-41. https://doi.org/10.1097/ALN.000000000000061 1
Glare P, Aubrey KR, Myles PS (2019) Transition from acute to
chronic pain after surgery. Lancet (London England) 393:1537—
46. https://doi.org/10.1016/S0140-6736(19)30352-6
Lavand’homme P (2017) Transition from acute to chronic pain
after surgery. Pain. 158:5S50-S4. https://doi.org/10.1097/j.pain.
0000000000000809

Liu QR, Ji MH, Dai YC, Sun XB, Zhou CM, Qiu XD, Yang JJ
(2021) Predictors of acute postsurgical pain following gastro-
intestinal surgery: a prospective cohort study. Pain Res Manag
2021:6668152. https://doi.org/10.1155/2021/6668152

McKeen DM, George RB, Boyd JC, Allen VM, Pink A (2014)
Transversus abdominis plane block does not improve early or
late pain outcomes after Cesarean delivery: a randomized con-
trolled trial. Can J Anaesth 61:631-40. https://doi.org/10.1007/
$12630-014-0162-5

Theodoraki K, Papacharalampous P, Tsaroucha A, Vezakis A,
Argyra E (2019) The effect of transversus abdominis plane block
on acute and chronic pain after inguinal hernia repair. A rand-
omized controlled trial. Int J Surg 63:63-70. https://doi.org/10.
1016/}.1jsu.2019.02.007

Baca Q, Marti F, Poblete B, Gaudilliere B, Aghaeepour N, Angst MS
(2021) Predicting acute pain after surgery: a multivariate analysis. Ann
Surg 273:289-98. https://doi.org/10.1097/SLA.0000000000003400
Parisien M, Lima LV, Dagostino C, El-Hachem N, Drury GL,
Grant AV, Huising J, Verma V, Meloto CB, Silva JR, Dutra GGS,
Markova T, Dang H, Tessier PA, Slade GD, Nackley AG, Ghasem-
lou N, Mogil JS, Allegri M, Diatchenko L (2022) Acute inflam-
matory response via neutrophil activation protects against the
development of chronic pain. Sci Transl Med 14(644):eabj9954.
https://doi.org/10.1126/scitranslmed.abj9954

De Kock M, Lavand’homme P, Waterloos H (2001) ‘Balanced
analgesia’ in the perioperative period: is there a place for keta-
mine? Pain 92:373-80. https://doi.org/10.1016/S0304-3959(01)
00278-0

28.

29.

30

31.

32.

33.

Carley ME, Chaparro LE, Choiniere M, Kehlet H, Moore RA, Van
Den Kerkhof E, Gilron I (2021) Pharmacotherapy for the preven-
tion of chronic pain after surgery in adults: an updated systematic
review and meta-analysis. Anesthesiology 135:304-25. https://
doi.org/10.1097/ALN.0000000000003837

Jessen Lundorf L, Korvenius Nedergaard H, Moller AM
(2016) Perioperative dexmedetomidine for acute pain after
abdominal surgery in adults. Cochrane Database Syst Rev
2:CD010358CD010358. https://doi.org/10.1002/14651858.
CD010358.pub2

Rekatsina M, Theodosopoulou P, Staikou C (2022) Periopera-
tive dexmedetomidine or lidocaine infusion for the prevention
of chronic postoperative and neuropathic pain after gyneco-
logical surgery: a randomized, placebo-controlled, double-
blind study. Pain Ther 11:529-43. https://doi.org/10.1007/
s40122-022-00361-5

Hoofwijk DM, Fiddelers AA, Peters ML, Stessel B, Kessels AG,
Joosten EA, Gramke HF, Marcus MA (2015) Prevalence and
predictive factors of chronic postsurgical pain and poor global
recovery 1 year after outpatient surgery. Clin J Pain 31:1017-25.
https://doi.org/10.1097/AJP.0000000000000207

Althaus A, Hinrichs-Rocker A, Chapman R, Arranz Becker
O, Lefering R, Simanski C, Weber F, Moser KH, Joppich R,
Trojan S, Gutzeit N, Neugebauer E (2012) Development of a
risk index for the prediction of chronic post-surgical pain. Eur
J Pain 16:901-10. https://doi.org/10.1002/j.1532-2149.2011.
00090.x

VanDenKerkhof EG, Hopman WM, Goldstein DH, Wilson RA,
Towheed TE, Lam M, Harrison MB, Reitsma ML, Johnston SL,
Medd JD, Gilron I (2012) Impact of perioperative pain intensity,
pain qualities, and opioid use on chronic pain after surgery: a
prospective cohort study. Reg Anesth Pain Med 37:19-27. https://
doi.org/10.1097/AAP.0b013e318237516e

Publisher's note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1097/ALN.0000000000000611
https://doi.org/10.1016/S0140-6736(19)30352-6
https://doi.org/10.1097/j.pain.0000000000000809
https://doi.org/10.1097/j.pain.0000000000000809
https://doi.org/10.1155/2021/6668152
https://doi.org/10.1007/s12630-014-0162-5
https://doi.org/10.1007/s12630-014-0162-5
https://doi.org/10.1016/j.ijsu.2019.02.007
https://doi.org/10.1016/j.ijsu.2019.02.007
https://doi.org/10.1097/SLA.0000000000003400
https://doi.org/10.1126/scitranslmed.abj9954
https://doi.org/10.1016/S0304-3959(01)00278-0
https://doi.org/10.1016/S0304-3959(01)00278-0
https://doi.org/10.1097/ALN.0000000000003837
https://doi.org/10.1097/ALN.0000000000003837
https://doi.org/10.1002/14651858.CD010358.pub2
https://doi.org/10.1002/14651858.CD010358.pub2
https://doi.org/10.1007/s40122-022-00361-5
https://doi.org/10.1007/s40122-022-00361-5
https://doi.org/10.1097/AJP.0000000000000207
https://doi.org/10.1002/j.1532-2149.2011.00090.x
https://doi.org/10.1002/j.1532-2149.2011.00090.x
https://doi.org/10.1097/AAP.0b013e318237516e
https://doi.org/10.1097/AAP.0b013e318237516e

	Risk factors for chronic postsurgical pain in visceral surgery: a matched case–control analysis
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Case selection
	Matching process
	Data collection
	Statistical analysis

	Results
	Discussion
	Acknowledgements 
	References


