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HIGHLIGHTS

e The time required for surgical pain to resolve is a clinically meaningful outcome.

e Pain at rest took longer to resolve in patients with chronic pain than in those without baseline pain.

e Chronic pain prolonged movement-evoked pain even more than it prolonged recovery of pain at rest.

e Consequently, the postoperative pain burden was greater in patients with chronic pain than in those without baseline pain.

ARTICLE INFO ABSTRACT
Keywords: Study objective: We tested the hypothesis that pre-existing chronic pain is associated with prolonged time to reach
Anaesthesia sustained acceptable pain scores after major surgery.

Chronic pain

Acute postoperative pain
Post-surgical pain

Acute pain treatment

Design: Retrospective study using the German Network for Safety in Regional Anaesthesia and Acute Pain
Therapy registry.

Setting: Operating rooms and surgical wards.

Patients: 107,412 patients recovering from major surgery who were cared for by an acute pain service. 3.3% of
the treatments were in patients who reported chronic pain with functional or psychological impairment.
Interventions and measurement: We compared time to sustained adequacy of postoperative pain control defined by
numeric rating scores <4 at rest and with movement in patients with and without chronic pain using an adjusted
cox proportional hazard regression model and Kaplan-Meier analysis. The observation period was censored at 10
days and propensity score matching was used as a sensitivity analysis.

Main results: Postoperative pain at rest took significantly longer to resolve in patients with chronic pain than in
those without (adjusted hazard ratio HR 1.42, 95% CI 1.36-1.49, P < 0.001). Postoperative pain with movement
took even longer to resolve in patients with chronic pain (adjusted HR 1.65, 95%CI 1.56-1.75, P < 0.001).
Conclusions: Patients with chronic pain sustain more surgical pain than those without, and the pain takes longer
to resolve. Clinicians providing postoperative pain management should consider the special needs of chronic pain

patients.
1. Introduction and many patients do not receive adequate pain management after
surgery [1,2]. Numerous studies report associations between post-
Adequate management of postoperative pain remains challenging, operative pain intensity and complications [3,4], prolonged
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hospitalization and pain chronicity [5,6]. Factors that contribute to
surgical pain intensity include specifics of the surgical procedure itself
[7] and individual patient characteristics such as sex, age, and person-
ality. The evidence on chronic pain as a risk factor for prolonged post-
operative pain remains sparse and conflicting. While some studies
identified pre-existing chronic pain as an important risk factor for the
development of severe acute pain [8-11], a meta-analysis was unable to
do so [12].

Chronic pain is common and, depending on the definition used, has a
prevalence varying from 27% (pain longer than 3 months) to 3% (pain
causing functional and psychological impairment) [13]. Persistent pain
is accompanied by altered pain perception, functional limitations,
depression, and avoidance behaviors. Patients with chronic pain often
take opioids, which are themselves risk factors for severe postoperative
pain [8,14]. Preoperative chronic pain is a risk factor for high post-
operative pain intensity [8], independent of the time and extent of
surgery [9]. Nonetheless, studies of postoperative pain in chronic pain
patients are scarce and largely focus on the initial 24 h after surgery. The
extent to which chronic pain prolongs the duration of acute post-
operative pain remains unclear [15].

Mean values over time do not account for the dynamic and individual
nature of pain or variable treatment durations. We therefore selected the
time at which postoperative pain was controlled as our primary
endpoint. We analyzed the time needed for inpatients with and without
pre-existing chronic pain to reach a stable and adequate pain intensity,
defined as sustained scores <4 points on an 11-point numerical rating
scale (0 = no pain, 10 = worst pain imaginable), using the Network for
Safety in Regional Anaesthesia and Acute Pain Therapy registry. Our co-
primary hypotheses were that postoperative pain at rest and with
movement takes longer to resolve in patients with history of chronic
pain than in patients without chronic pain.

2. Methods
2.1. Ethics

Approval for this retrospective cohort study was provided by the
Ethics Committee of the Saarland Medical Chamber, Saarbriicken, Ger-
many (Chairperson Prof. Dr. U. Grundmann) on July 17, 2020 (identi-
fication no. 153/20). Written consent was waived as the registry data
are completely anonymous (regularly proof of protection of data pri-
vacy, Saarland commissioner, March 12, 2014). Based on the submitted
study protocol, registry data were released on June 04, 2020, by the
Scientific Panel of the network (www.net-ra.eu). This article is consis-
tent with the REporting of studies Conducted using Observational
Routinely-collected Data (RECORD) guidance [16].

2.2. Registry

The Network for Safety in Regional Anaesthesia and Acute Pain
Therapy was founded in 2007 under the auspices of the German Society
for Anaesthesiology and Intensive Care Medicine and the Professional
Association of German Anaesthesiologists (Niirnberg, Germany). The
registry collects perioperative primary data on regional anaesthesia and
postoperative acute pain management procedures performed by acute
pain services [17]. As previously described, each participating hospital
uses its own system for documenting data on the patient, the regional
anaesthesia or acute pain therapy procedure setup, and the post-
operative rounds of the acute pain service [18,19]. The documentation
is subjected to on-site quality control and then transmitted to the reg-
istry in anonymized form. The uploaded data is not automatically
checked for completeness, as not all fields provided by the registry are
required.
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2.3. Acute pain service

Acute pain services in Germany are activated when expected pain
intensity or the invasiveness of a pain procedure exceeds a level that
normal wards can easily handle. Whereas minor surgeries (for example
catheter implant, screw removement, hernia repair, tooth extraction)
are typically managed by surgeons, major surgeries (for example open
thoracotomy, major abdominal surgery, complicated hip fracture, pol-
ytrauma) typically involve care by acute pain services. The service
usually manages patient-controlled intravenous analgesia and contin-
uous regional anaesthesia catheters in combination with oral medica-
tions with the aim of minimizing pain (NRS < 4) and facilitating
mobilization and recovery. This procedure results from national [20]
and international guidelines [21,22], which support the use of contin-
uous regional analgesic techniques. Inpatients are visited at least daily,
and more frequently if needed, until the pain is under control. Surgical
pain scores at rest and with movement need to be documented at each
visit. Acute pain services should be staffed by physicians or by nurses
with additional qualifications in acute pain management and are
available round the clock [23].

2.4. Data extraction and cleaning

We extracted data from 2007 to 2019, a period that included
110,989 acute pain management procedures (predominantly continuous
regional anaesthesia) performed by acute pain services from 26 hospi-
tals. We limited our analysis to adults (>18 years) from hospitals that
submitted at least 100 cases. We excluded procedures with implausible
time stamps resulting in negative treatment times (Fig. 1).

Data integrity of the remaining 107,412 cases was evaluated ac-
cording to specific rules that identified and deleted incorrectly entered
data and identified cases with missing information. We deleted
implausible data for sex (i.e., male designation excludes obstetrics) and
age (119 years maximum according to the registry restriction year of
birth > 1900). We also deleted implausible data for height, weight and
BMI. The permissible range for height was 154 cm for women or 166 cm
for men up to 249 cm, and for weight 47 kg for women or 55 kg for men
up to 249 kg, both according to the 3. percentile for 18 year old women
respectively men and the registry restrictions for maximum height and
weight. The permissible range for the BMI was 17.5 kg/m? for women or
17.8 kg/m? for men up to 85 kg/m? according to the previously defined
restrictions for height and weight. Subsequently only cases with inter-
nally consistent data were used for analysis.

2.5. Definitions

The net-ra registry provides postoperative pain scores at rest and
with movement, which are documented at each visit by the acute pain
service on an 11-point numerical rating scale (0 = no pain, 10 = worst
pain imaginable). Pain scores <4 indicate a tolerable pain threshold
[24]; we therefore defined pain as adequately controlled once the NRS
was sustained at <4 points. According to the registry specifications, pain
at rest is defined as pain in the surgical area without any type of exer-
tion. Pain with movement is defined as pain on muscular exertion in the
surgical area and in the area of expected spread of regional anaesthesia.
We censored the observation period at 10 days because thereafter pain
cannot be attributed to surgery with sufficient certainty. Censored cases
were included in the calculations at a duration of 10 days.

The definition of a chronic pain syndrome in the net-ra registry (pain
lasting longer than three months and leading to functional and/or psy-
chological impairment) corresponds to the definition of the German
Pain Society and the International Association for the Study of Pain.
Treating anesthesiologists decide whether patients meet criteria for a
chronic pain syndrome based on available information (including
medical history, physician’s letters, and medication).


http://www.net-ra.eu
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postoperative pa W/a;n“ag ement
performed by acute pain services

» 69 from centers with <100 documented cases
> 2,415 patients were <18 years old
:i 1,093 patients with implausible time stamps
\4
Final study population:
107,412
Patients without chronic pain Patients with chronic pain
103,846 3,566

Fig. 1. Flowchart of data selection.

2.6. Statistical analysis

We compared patients with and without chronic preoperative pain.
We had two primary outcomes. The first was the time to acceptable pain
scores at rest. The second was the time to acceptable pain scores with
movement.

Our analyses are largely concordant with the a priori statistical
analysis plan that was part of our study protocol submitted to the reg-
istry prior to data release. Among the confounding factors that we
planned to include, preoperative pain scores and height had too few
entries to be used. Because preoperative pain scores in the net-ra reg-
istry, unlike postoperative pain scores, are nonspecific and capture any
type of pain present at the time of the pre-anaesthesia evaluation,
omission of this previously planned confounding factor was not
considered critical. The same was true for BMI, which was comparable
in each study group. Year of surgery, hospital center, sex, age, American
Society of Anesthesiologists (ASA) physical status, preoperative use of
opioids or non-opioid analgesics, cancer pain, diabetes, peripheral
arterial disease, rheumatism, and alcohol and/or drug abuse were
considered confounders as planned.

Kaplan-Meier cumulative incidence curves were constructed to
examine the proportion of patients with a sustained adequate pain level
NRS < 4 at rest and with movement in both groups during the post-
operative course. Curves were compared using the Mantel-Cox log rank
test, assuming a statistically significant difference for a P value <0.05.
Multivariable Cox proportional-hazards regression analyses (Wald test
with a 5% type-1-error rate) were used to estimate the adjusted hazard
ratios and related 95% confidence intervals for an adequate and sus-
tainable postoperative pain relief (NRS < 4) at rest and with movement.
The potential confounding factors listed in the previous paragraph were
included in our models.

Testing for multicollinearity revealed that the variance inflation
factors for independent variables were < 1.75, with exception of the
ASA status. Statistical evaluation was performed using IBM SPSS Sta-
tistics 26 (IBM, USA). Two-sided P values <0.05 were considered sta-
tistically significant.

In a post hoc sensitivity analysis, propensity scores were estimated
via logistic regression using all potential confounders. Matched pairs
were created using nearest neighbor 1-1 matching on the propensity
score with caliper 0.01*SD(PS) without replacement. Using the matched

data sets, the treatment effect for pain at rest and pain with movement
was estimated by univariable Cox proportional-hazards regression
analysis and doubly robust adjustment [25].

3. Results

Our dataset included 3566 analyzable patients who had a history of
chronic preoperative pain and 103,846 who did not. Demographic and
morphometric characteristics of both groups are shown in Table 1.

The median time to acceptable pain scores (NRS value sustainable
<4) at rest was 33 h in patients with chronic pain (95% CI 29.7-36.0)
and 25 h in patients without (95% CI 24.9-25.1), a difference of about
eight hours (P < 0.001, Fig. 2). The adjusted hazard ratio (HR) to ach-
ieve acceptable pain scores at rest was 1.42 (95% CI 1.36-1.49, P <
0.001, >99% power at a 0.05 significance level) for patients without
chronic pain (Table 2, Fig. 2).

The median time to acceptable pain scores (NRS value sustainable
<4) with movement was about twice as long as the time for pain at rest
in patients without chronic pain (52.2 h, 95% CI 51.5-52.9 versus 25 h,
95% CI 24.9-25.1). In chronic pain patients, time to acceptable pain
scores with movement was tripled compared to pain at rest (95.8 h, 95%
CI 89.9-101.7 versus 33 h, 95% CI 29.7-36.0). Patients with chronic
pain thus took about 44 h longer to reach sustained relief from pain with
movement than patients without chronic pain (P < 0.001, Fig. 3). After
confounder adjustment, the hazard ratio for patients without chronic
pain was 1.65 (95% CI 1.56-1.75, P < 0.001, >99% power at a 0.05
significance level, Table 2, Fig. 3).

Higher ASA physical status were associated with prolonged pain at
rest and with movement (Table 2). Preoperative opioid use, cancer pain,
and alcohol and/or drug abuse also prolonged postoperative pain. In
contrast, diabetes and rheumatoid arthritis did not appear to contribute.

3.1. Sensitivity analysis

Propensity score matching resulted in 4338 cases for pain at rest and
3970 cases for pain with movement. The adjusted hazard ratio for a
sustained and adequate pain relief at rest was 1.45 (95% CI 1.35-1.55, P
< 0.001) in patients without chronic pain. The adjusted hazard ratio for
pain with movement was 1.69 (95% CI 1.56-1.84, P < 0.001).
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Table 1

Demographic and morphometric data of patients with and without chronic pain.

Patients with chronic

pain n = 3566

pain n = 103,846

Patients without chronic

Demographic data

Table 2
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Results of the multivariable Cox proportional-hazard regression analyses.

Female sex 2074 (58%) 54,713 (53%)
Age (years) 61 (15) 58 (17) Pain at rest p-value Pain with p-value
BMI (kg~m)’2 28 (7) 28 (6) sustainable NRS movement
ASA physical status <4 sustainable NRS

1 183 (6%) 11,748 (17%) <4

2 996 (35%) 34,059 (50%) Dot withot

3 1568 (55%) 22,004 (32%) Wit

>4 122 (4%) 990 (1%) chronic pain vs ) 45 (136-149)  <0.001 1.65(1.56-1.75)  <0.001
Cancer pain 78 (2%) 137 (0.1%) 5}?2;?:;1:
g‘;‘rj:je peripheral arterial 666 (19%) 12,412 (12%) Female sex 1.03(1.02-1.05)  <0.001  1.07 (1.05-1.09)  <0.001

i 190 (5%) 962 (1%) 0.999 0.997

disease Age (0.998-0.999) <0.001 (0.996-0.997) <0.001
Rheumatoid arthritis 77 (2%) 326 (0.3%) ASA physical ) : : :
Alcohol and/or drug abuse 101 (3%) 900 (1%) physica <0.001 <0.001
Opioid use >1 month 1218 (34%) 406 (0.4%) Stazms 0.86 (0.84-0.88)  <0.001  0.84 (0.82-0.87)  <0.001
Non opioid use >1 month 421 (12%) 331 (0.3%) 5 0.73(0.71-0.75)  <0.001  0.70 (0.68-0.72)  <0.001
Technical data T 0.55(0.51-0.59)  <0.001  0.54 (0.50-0.58)  <0.001
Zzirﬁfii‘;rsgzional 2014 (3 20143 Cancer pain 0.74(0.62-0.88)  <0.001  0.70 (0.55-0.88) 0.003

k 3168 (89%) 95,734 (92%) Diabetes 0.99(0.96-1.01)  0.270  1.00 (0.98-1.03) 0.847

anaesthesia 3
Single shot regional OCdu_Slve

e e 61 (2%) 3199 (3%) peripheral 0.92(0.86-0.98)  0.010  0.96 (0.89-1.04) 0.337
Patient controlled o o arterfal (.iisease

intravenous anaesthesia 204 (6%) 2390 (2%) Rhe“;“f“,md 0.99(0.88-1.11)  0.806  1.08 (0.93-1.25) 0.318
Combinations 133 (4%) 2523 (2%) Ali;th(:;t:n or
General surgery 821 (23%) 26,861 (26%) drug abuse 0.88 (0.81-0.95) <0.001 0.82 (0.75-0.90) <0.001
Traumatology and .

Orthopaedics 1520 (43%) 36,585 (35%) Opioid I‘I‘SE >1 0.85(0.79-0.91)  <0.001  0.80 (0.73-0.87)  <0.001
Gynaecology 141 (4%) 9514 (9%) N(rloélp:ioid use >
Urology 81 (2%) 7438 (7%) NG 1.12(1.03-1.23)  0.010  1.10 (0.98-1.25) 0.111
Cardiac surgery 650 (0.6%) 12 (0.3%) Year of surgery 1.04(1.04-1.04)  <0.001  1.04 (1.04-1.05)  <0.001

Other types of surgery

991 (28%)

22,798 (22%)

Summary statistics is presented as mean + SD, N (%) as appropriate. BMI, body

mass index; ASA, American Society of Anesthesiologists.

Summary statistics is presented as Hazard ratios and 95% confidence intervals.

Predefined confounders are written in italics. ASA, American Society of Anes-

thesiologists; NRS, 11-point numeric rating scale.
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Fig. 2. Kaplan-Meier cumulative incidence curve for time to reach acceptable pain scores at rest (sustained NRS < 4). Vertical lines indicate censored patients.
Hazard ratio is 1.42 (1.36-1.49) for patients without chronic pain (P < 0.001).
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Patients with
chronic pain

0 1 2 3

5 6 7 8 9 10

Time after surgery [days]

Number at risk

== 97,969 70,437 47,363 32,068 21,014 13,587 8,548 5,360 3,211 1,743 25

e 3,293 2,606 1,971

1,437 1,024

729 527 372 244 145 1.

Fig. 3. Kaplan-Meier cumulative incidence curve for time to reach acceptable pain scores with movement (sustained NRS < 4). Vertical lines indicate censored
patients. Hazard ratio is 1.65 (1.56-1.75) for patients without chronic pain (P < 0.001).

4. Discussion

Our analysis of a large registry with data provided by acute pain
services shows that postsurgical pain at rest and with movement takes
longer to resolve in patients with history of chronic pain than in those
without chronic pain. While prolonged resolution is unsurprising, the
magnitude of the effect (42-65% increase in the hazard) is novel, and
indicates that the prolongation is of a clinically meaningful magnitude.

As recommended by national and international organizations, pa-
tients with major surgery or procedures expected to be painful are
usually treated by acute pain services in Germany. These patients are
offered continuous regional anaesthesia or patient-controlled intrave-
nous analgesia with round-the-clock care provided by acute pain spe-
cialists. This labour-intensive care is reflected in the overall low pain
scores of our cohort. For example, mean pain scores +SD for maximum
pain with movement on the first day after surgery was 3.4+2.2 points for
patients without chronic pain and 4.0+2.5 points for patients with
chronic pain. Patients without acute pain management report more
pain, even after minor surgical procedures [9]. Thus, it is reasonable to
assume that the observed differences between patients with and without
chronic pain would also be present without involvement of an acute pain
service, but possibly over a higher range of pain intensities.

The 3.3% prevalence of chronic pain syndrome in our study cohort is
consistent with the previously described prevalence for Germany [13].
As might be expected, concomitant conditions such as diabetes, pe-
ripheral arterial disease, rheumatism, and alcohol and/or drug abuse
were significantly more common in patients with chronic pain than in
patients without. 34% of patients with chronic pain were taking opioids
before surgery, in comparison to 0.4% in patients without chronic pain
(P < 0.001).

Preoperative opioid use is an identified risk factor for severe post-
operative pain within the first 24 h [8,26]. Our analysis shows that this
risk persists after the first postoperative day, and that the time required
for adequate pain relief is prolonged in patients who chronically use

opioids. The proportion of patients taking any opioid medications
increased from 0.4% preoperatively to 18% postoperatively in patients
without a history of chronic pain. In contrast, opioid used preoperatively
(34%) and postoperatively (31%) remained essentially unchanged in
patients with a history of chronic preoperative pain. A possible expla-
nation is that clinicians consciously or unconsciously capped opioid
administration in patients who used pain medication chronically.
Similar undertreatment has been described for patients with alcohol
and/or drug abuse [27], who also had prolonged postoperative pain in
our analysis.

Large registry studies show that chronic pain before surgery is a risk
factor for severe pain within 24 h after surgery [8,9]. Many analyses of
postoperative pain consider means or medians at specified times over
predefined - and usually short — periods [10,11]. We extend previous
work by mapping pain intensity over time in terms of a dichotomous and
clinically meaningful outcome, namely sustained adequate analgesia.
The importance of this approach is illustrated by the fact that only about
40% of all patients had sustained adequate analgesia at rest within 24 h
of surgery, and only about 20% did with movement.

The importance of considering pain over time is also illustrated by
the fact that pain scores at rest and with movement were similar over the
initial day of surgery in patients with and without chronic pain, but then
diverged. Had we only considered the initial 24 postoperative hours, as
in many previous studies [8,9,26,28,29], we would have missed clini-
cally meaningful differences between the populations that appeared
subsequently. Additionally, our use of time to reach sustained accept-
able pain levels considers individual pain trajectories.

Because chronic pain patients suffer longer from surgical pain, they
might be at particular risk for pain-related complications including
myocardial infarction [3], limited mobilization and consequently the
risks of immobilization [30], and surgical complications [4]. An addi-
tional potential consequence of severe preoperative pain is neuroplastic
changes in the central nervous system which might promote pain
chronification [5,31]. This sensitisation might be enhanced by opioid
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treatment [32].

Our analysis identified additional risk factors for prolonged post-
operative pain. The higher the ASA physical status, the longer the pa-
tients suffered from relevant rest and exertion pain in the surgical area.
A possible explanation may be that the risk of undertreatment increases
with the number of comorbidities. Furthermore, our results for cancer
pain are consistent with a previous report of pain after breast cancer
surgery [33] where patients reporting preoperative breast pain were at
greater risk of experiencing severe postoperative pain.

There are thus many reasons to direct special attention to all patients
who have inadequate postoperative analgesia. Patients with chronic
pain sustain more postoperative pain than those without, and the pain
takes longer to resolve. Clinicians providing postoperative pain man-
agement should therefore also consider the special needs of chronic pain
patients.

4.1. Limitations

The net-ra registry gathers anonymized primary data from various
hospitals. The associated risk of under-reporting and inaccuracy is
therefore hard to estimate but may be substantial. However, it seems
unlikely that the amount of underreporting and inaccuracy differs as a
function of chronic pain status. Preoperative pain scores, although
presumably important, could not be included in the multivariate model.
The registry only captures patients after major surgery treated by an
acute pain service which is not available to all patients. Our results
therefore do not directly apply to patients having minor surgery.
Furthermore, most patients had continuous regional anaesthesia tech-
niques which may limit generalizability. However, it is unlikely that the
described difference in pain control would not be present with standard
oral therapy alone. There are always unmeasured confounders which
also might have influenced our results. Similarly, postoperative pain
scores were recorded for clinical purposes and were thus less consistent
than they would have been in a trial.

Disclosures

Daniel Sessler’s department conducts research funded by Pacira.
Thomas Volk received honoraria for lectures from CSL Behring and
Pajunk. Thomas Volk is the current president of the European Society of
Regional Anaesthesia and Pain Therapy (ESRA). Christine Kubulus, Silja
Mahlstedt and Gudrun Wagenpfeil declare no competing interests.
Support for the study was provided solely from institutional/hospital/
departmental sources. The Network for Safety in Regional Anaesthesia
and Acute Pain Therapy is supported by the Deutsche Gesellschaft fiir
Anésthesiologie und Intensivmedizin e.V. and Berufsverband Deutscher
Anasthesisten e.V.

CRediT authorship contribution statement

Christine Kubulus: Conceptualization, Methodology, Data curation,
Formal analysis, Validation, Visualization, Writing — original draft. Silja
Mahlstedt: Conceptualization, Methodology, Data curation, Formal
analysis, Validation, Visualization. Gudrun Wagenpfeil: Methodology,
Formal analysis. Daniel I. Sessler: Formal analysis, Writing — review &
editing. Thomas Volk: Conceptualization, Methodology, Writing — re-
view & editing, Supervision, Resources.

Declaration of Competing Interest
None.
Acknowledgements

We thank all hospital centers that are/were part of the net-ra registry
and network. For further information visit www.net-ra.eu

Journal of Clinical Anesthesia 89 (2023) 111152
Appendix

D. Frohlich, J. Prenzel,! R. TeBmann, T. Steinfeldt, A. Marx,? J.
Bl'ittner,3 C. Spies, J. Birnbaum,4 W. Armbruster, M. Bogoslov,5 A.
Gottschalk, N. Jakobs, S. Miiller,® PD Dr. med. Michael Przemeck,” A.
Timmermann,8 S. Wirtz,g A. Meier-Hellmann, G. Burgard,10 A. Reich,!!
F. Wappler, R. Joppich,'? L. Fischer,'®> M. Adamzik,'* J. Déffert,'® R.
Schmidt, C. Illies,'® W. Koppert, S. Greve,!” F. Bottcher,!® J. Raabe, C.
Fedder,19 P. Kessler, D. Meisenzahl,zo E. Bauderer,21 T. Standl, K.
Savadkouhi,?? W. Hering, A. Petri,?® M. Paxian,?* T. Koch, O. Vicent,?®
H. Biirkle, K. Offner,%® A. E. Goetz, C. Zollner, W. Reip,27 K. Reinhart, W.
MeifBner, J. Dreiling,28 B. Bottiger, V. L('jw,29 C. Werner, E. Griemert,°
H. F. W. Wulf, A. Schubert,3! A. Zarbock,3? J. Winckelmann, B. Kutter, 3>
P. Kranke 3%,

! Allgemeines Krankenhaus Celle, Celle, Germany.

2 BG Unfallklinik Frankfurt am Main, Frankfurt am Main, Germany.

3 BG Unfallklinik Murnau, Murnau, Germany.

4 Charité CCM/CVK Berlin, Berlin, Germany.

S Christliches Klinikum Unna West, Unna, Germany.

6 DIAKOVERE Friederikenstift und Henriettenstift Hannover, Hann-
over, Germany.

7 DIAKOVERE Annastift Hannover, Hannover, Germany.

8 DRK Kliniken Berlin Westend, Berlin, Germany.

° Helios Klinikum Bad Saarow, Bad Saarow, Germany.

10 Helios Klinikum Erfurt, Erfurt, Germany.

1 Josephs-Hospital Warendorf, Warendorf, Germany.

12 Klinikum Ko6ln-Mehrheim, Koln, Germany.

13 Klinikum Memmingen, Memmingen, Germany.

14 Knappschaftskrankenhaus Bochum, Bochum, Germany.

15 Kreisklinikum Calw-Nagold, Klinikverbund Siidwest, Calw,
Germany.

16 Marienhospital Stuttgart, Stuttgart, Germany.

17 Medizinische Hochschule Hannover, Hannover, Germany.

18 OP-Ambulanz Schmerzzentrum Hannover, Hannover, Germany.

19 Orthopéadische Klinik Volmarstein, Wetter, Germany.

20 Orthopadische Universititsklinik Frankfurt Friedrichsheim,
Frankfurt, Germany.

21 Sana Klinik Bad Wildbad, Bad Wildbad, Germany.

22 gtadtisches Klinikum Solingen, Solingen, Germany.

23 St. Marien-Krankenhaus Siegen, Siegen, Germany.

24 Ubbo-Emmius-Klinik Aurich, Aurich, Germany.

25 Universitatsklinikum Carl Gustav Carus Dresden, Dresden,
Germany.

26 Universitatsklinikum Freiburg, Freiburg, Germany.

27 UKE Hamburg, Hamburg, Germany.

28 Universitatsklinikum Jena, Jena, Germany.

29 Universititsklinikum Koln, Koln, Germany.

30 Universititsklinikum Mainz, Mainz, Germany.

31 Universitatsklinikum Marburg (UKGM), Marburg, Germany.

32 Universititsklinikum Miinster, Miinster, Germany.

33 Universitits- und Rehabilitationskliniken Ulm (RKU), Ulm,
Germany.

34 Universitatsklinikum Wiirzburg, Wiirzburg, Germany.

References

[1] Joshi GP, Kehlet H, Group PW. Guidelines for perioperative pain management:
need for re-evaluation. Br J Anaesth 2017;119:703-6.

[2] Buvanendran A, Fiala J, Patel KA, Golden AD, Moric M, Kroin JS. The incidence
and severity of postoperative pain following inpatient surgery. Pain Med 2015;16:
2277-83.

[3] Turan A, Leung S, Bajracharya GR, Babazade R, Barnes T, Schacham YN, et al.

Acute postoperative pain is associated with myocardial injury after noncardiac

surgery. Anesth Analg 2020;131:822-9.

van Boekel RLM, Warle MC, Nielen RGC, Vissers KCP, van der Sande R,

Bronkhorst EM, et al. Relationship between postoperative pain and overall 30-day

complications in a broad surgical population: an observational study. Ann Surg

2019;269:856-65.

[4

=


http://www.net-ra.eu
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0005
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0005
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0010
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0010
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0010
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0015
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0015
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0015
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0020
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0020
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0020
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0020

C. Kubulus et al.

[5

—

[6]

[7

—

[8

—

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Fletcher D, Stamer UM, Pogatzki-Zahn E, Zaslansky R, Tanase NV, Perruchoud C,
et al. Chronic postsurgical pain in Europe: an observational study. Eur J
Anaesthesiol 2015;32:725-34.

Katz J, Weinrib AZ, Clarke H. Chronic postsurgical pain: from risk factor
identification to multidisciplinary management at the Toronto general hospital
transitional pain service. Can J Pain 2019;3:49-58.

Gerbershagen HJ, Aduckathil S, van Wijck AJ, Peelen LM, Kalkman CJ,

Meissner W. Pain intensity on the first day after surgery: a prospective cohort study
comparing 179 surgical procedures. Anesthesiology. 2013;118:934-44.

Schnabel A, Yahiaoui-Doktor M, Meissner W, Zahn PK, Pogatzki-Zahn EM.
Predicting poor postoperative acute pain outcome in adults: an international,
multicentre database analysis of risk factors in 50,005 patients. Pain Rep 2020;5:
e831.

Gerbershagen HJ, Pogatzki-Zahn E, Aduckathil S, Peelen LM, Kappen TH, van
Wijck AJ, et al. Procedure-specific risk factor analysis for the development of
severe postoperative pain. Anesthesiology. 2014;120:1237-45.

Erlenwein J, Przemeck M, Degenhart A, Budde S, Falla D, Quintel M, et al. The
influence of chronic pain on postoperative pain and function after hip surgery: a
prospective observational cohort study. J Pain 2016;17:236-47.

Bruce J, Thornton AJ, Scott NW, Marfizo S, Powell R, Johnston M, et al. Chronic
preoperative pain and psychological robustness predict acute postoperative pain
outcomes after surgery for breast cancer. Br J Cancer 2012;107:937-46.

Yang MMH, Hartley RL, Leung AA, Ronksley PE, Jette N, Casha S, et al.
Preoperative predictors of poor acute postoperative pain control: a systematic
review and meta-analysis. BMJ Open 2019;9:€025091.

Hauser WSG, Henningsen P, Brahler E. Chronische Schmerzen, Schmerzkrankheit
und Zufriedenheit der Betroffenen mit der Schmerzbehandlung in Deutschland-
Ergebnisse einer reprasentativen Bevolkerungsstichprobe. Der Schmerz 2014;28:
483-92.

Angst MS, Clark JD. Opioid-induced hyperalgesia: a qualitative systematic review.
Anesthesiology. 2006;104:570-87.

Panzenbeck P, von Keudell A, Joshi GP, Xu CX, Vlassakov K, Schreiber KL, et al.
Procedure-specific acute pain trajectory after elective total hip arthroplasty:
systematic review and data synthesis. Br J Anaesth 2021;127:110-32.

Benchimol EI, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, et al. The
REporting of studies conducted using observational routinely-collected health data
(RECORD). Statem PLoS Med 2015:12.

Volk T, Engelhardt L, Spies C, Steinfeldt T, Kutter B, Heller A, et al. A German
network for regional anaesthesia of the scientific working group regional
anaesthesia within DGAI and BDA. Anasthesiol Intensivmed Notfallmed
Schmerzther 2009;44:778-80.

Bomberg H, Bayer I, Wagenpfeil S, Kessler P, Wulf H, Standl T, et al. Prolonged
catheter use and infection in regional anesthesia: a retrospective registry analysis.
Anesthesiology. 2018;128:764-73.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]
[28]

[29]

[30]

[31]

[32]

[33]

Journal of Clinical Anesthesia 89 (2023) 111152

Bomberg H, Krotten D, Kubulus C, Wagenpfeil S, Kessler P, Steinfeldt T, et al.
Single-dose antibiotic prophylaxis in regional anesthesia: a retrospective registry
analysis. Anesthesiology. 2016;125:505-15.

The German Guideline for the Treatment of Acute Perioperative and Posttraumatic
Pain. https://register.awmf.org/de/leitlinien/detail /001-025; 2021. last accessed
2023-03-10.

PROSPECT (PROcedure-SPECific Postoperative Pain managemenT) Guidelines. htt
ps://esraeurope.org/prospect/. last accessed 2023-03-10.

Memtsoudis SG, Cozowicz C, Bekeris J, Bekere D, Liu J, Soffin EM, et al. Peripheral
nerve block anesthesia/analgesia for patients undergoing primary hip and knee
arthroplasty: recommendations from the international consensus on anesthesia-
related outcomes after surgery (ICAROS) group based on a systematic review and
meta-analysis of current literature. Reg Anesth Pain Med 2021;46:971-85.
Erlenwein J, Meissner W, Petzke F, Pogatzki-Zahn E, Stamer U, Koppert W. Staff
and organizational requirements for pain services in hospitals : a recommendation
from the German Society for Anaesthesiology and Intensive Care Medicine.
Anaesthesist. 2021;70:11-8.

Gerbershagen HJ, Rothaug J, Kalkman CJ, Meissner W. Determination of
moderate-to-severe postoperative pain on the numeric rating scale: a cut-off point
analysis applying four different methods. Br J Anaesth 2011;107:619-26.

Stuart EA. Matching methods for causal inference: a review and a look forward.
Stat Sci 2010;25:1-21.

Garcia-Lopez J, Polanco-Garcia M, Montes A. Factors associated with the risk of
developing moderate to severe acute postoperative pain after primary Total knee
arthroplasty: results from the PAIN OUT registry. J Arthroplasty 2021;36:1966-73.
Jage J, Heid F. Anesthesia and analgesia in addicts: basis for establishing a
standard operating procedure. Anaesthesist. 2006;55:611-28.

Baca Q, Marti F, Poblete B, Gaudilliere B, Aghaeepour N, Angst MS. Predicting
acute pain after surgery: a multivariate analysis. Ann Surg 2021;273:289-98.
Song JY, Chae M, Lee H, Moon YE. Relationship between preoperative lower Back
pain and severe postoperative pain after gynecologic laparoscopy: a prospective
observational study. J Clin Med 2022:11.

Rivas E, Cohen B, Pu X, Xiang L, Saasouh W, Mao G, et al. Pain and opioid
consumption and mobilization after surgery: post hoc analysis of two randomized
trials. Anesthesiology. 2022;136:115-26.

Mills SEE, Nicolson KP, Smith BH. Chronic pain: a review of its epidemiology and
associated factors in population-based studies. Br J Anaesth 2019;123:e273-83.
Werner MU, Mjobo HN, Nielsen PR, Rudin A. Prediction of postoperative pain: a
systematic review of predictive experimental pain studies. Anesthesiology. 2010;
112:1494-502.

Raza MM, Zaslansky R, Gordon DB, Wildisen JM, Komann M, Stamer UM, et al.
Chronic breast pain prior to breast Cancer surgery is associated with worse acute
postoperative pain outcomes. J Clin Med 2021:10.


http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0025
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0025
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0025
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0030
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0030
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0030
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0035
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0035
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0035
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0040
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0040
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0040
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0040
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0045
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0045
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0045
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0050
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0050
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0050
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0055
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0055
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0055
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0060
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0060
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0060
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0065
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0065
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0065
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0065
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0070
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0070
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0075
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0075
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0075
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0080
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0080
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0080
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0085
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0085
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0085
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0085
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0090
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0090
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0090
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0095
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0095
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0095
https://register.awmf.org/de/leitlinien/detail/001-025
https://esraeurope.org/prospect/
https://esraeurope.org/prospect/
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0110
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0110
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0110
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0110
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0110
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0115
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0115
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0115
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0115
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0120
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0120
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0120
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0125
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0125
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0130
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0130
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0130
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0135
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0135
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0140
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0140
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0145
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0145
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0145
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0150
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0150
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0150
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0155
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0155
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0160
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0160
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0160
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0165
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0165
http://refhub.elsevier.com/S0952-8180(23)00102-2/rf0165

	Chronic pain patients and time to sustained acceptable pain scores after major surgery - A retrospective registry analysis
	1 Introduction
	2 Methods
	2.1 Ethics
	2.2 Registry
	2.3 Acute pain service
	2.4 Data extraction and cleaning
	2.5 Definitions
	2.6 Statistical analysis

	3 Results
	3.1 Sensitivity analysis

	4 Discussion
	4.1 Limitations

	Disclosures
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements
	Appendix
	References


