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Abstract

Objectives: Opioid therapy for chronic pain complicates 
post-operative pain management. This study evaluated the 
incidence of failed epidural analgesia, defined as epidural 
catheter replacement, in opioid-treated chronic pain pa-
tients vs. pain-free opioid-naïve controls undergoing elective 
upper laparotomy.
Methods: We conducted a retrospective case–control 
cohort study of adult patients undergoing elective upper 
laparotomy with epidural anesthesia (EA) for postoperative 
pain management. The intervention group comprised 
chronic pain patients, defined as pain lasting >3 months with 
stable daily opioid use. Controls were pain-free opioid-naïve 
patients. Patients with known illegal opioid use were 
excluded. A sample size of 75 chronic opioid-treated pain 
patients and 75 pain-free patients would allow for detection 
of a 15 % between group difference in epidural catheter 
replacement at a 0.05 significance level.
Results: Seventy-five chronic pain patients and 75 pain-free 
opioid-naïve controls were included. Chronic pain patients 
were more often female, had more co-morbidities, and 
more frequently underwent pancreatic resections; liver re-
sections were more common among controls. The median

preoperative daily oral morphine equivalent use among
chronic pain patients was 45 mg (IQR, 20–80). Epidural 
analgesia failure occurred four times more often in chronic
pain patients compared with controls (41.3 % vs. 10.7 %;
p<0.01).
Conclusions: Chronic preoperative opioid use for pain 
significantly increased the rate of postoperative epidural
catheter replacement. The findings were not explained by 
external preoperative, technical or surgical factors, sup-
porting further pathophysiological investigations to tailor
mechanism based interventions.

Keywords: opioids; postoperative pain; chronic pain; failed 
epidural

Introduction

Chronic pain is often associated with altered pain perception [1, 
2]. Tolerance develops with long-term opioid therapy and may
require increased doses to maintain an equianalgesic effect [3–
9]. These pathophysiological changes may elevate pain in-
tensity and reduce pain thresholds during the perioperative
period. Higher opioid doses may be required to adequately
control acute pain during and after surgery [6, 8, 10]. Higher 
postoperative opioid doses are associated with prolonged
hospital stays and increased healthcare costs [11, 12]. Increased
opioid doses in the early postoperative phase, may persist after 
hospital discharge, especially when opioid stewardship by
providers is inadequate. Higher daily opioid doses are associ-
ated with increased morbidity and mortality [13, 14].

Analgesic tolerance is clinically accompanied by respi-
ratory tolerance to opioids when doses are stable. However,
studies suggest that similar to pain-free opioid-naïve patients,
a proportion of chronic pain and opioid treated patients
experience unpredictable opioid-related adverse effects such
as respiratory depression when as-needed doses of opioid are
added to the usual opioid dosage in an effort to manage
increased pain, including postoperative pain [8, 9, 15].
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Consequently, opioid titration in this patient population is 
particularly challenging, as clinicians must balance the need 
for adequate analgesia against a heightened risk of compli-
cations [15]. These concerns underscore the importance of 
opioid-sparing strategies in perioperative pain management, 
particularly in patients with chronic pain. Epidural analgesia 
(EA) is a widely recommended component of multimodal 
analgesic protocols for major abdominal surgery and plays a 
crucial role in enhancing postoperative outcomes in this 
vulnerable population [12, 16–18].

Epidural failure, when defined as the clinical decision 
to remove and reinsert the epidural catheter due to inef-
fective analgesia, despite increased drug local dosage, 
ranges from 14-30 % without any evident differences be-
tween thoracic or lumbar placement [19]. Imaging studies 
suggest the underlying cause can be attributed to incorrect 
catheter placement/displacement in 50 % of cases [20]. The 
remaining half are suggested to be related to suboptimal 
dosages of local anesthesia (bupivacaine, ropivacaine, etc.). 
There are few epidural dosage studies that include chronic 
pain and opioid users despite the possibility of altered 
nociception in patients with chronic pain and from long-
term opioid use itself [6, 21, 22]. A retrospective study 
comparing epidural dosages in chronic pain and opioid 
users (n=17) with opioid naïve patients (n=99) undergoing 
surgery, suggested that adequate analgesia required 
threefold higher dosages and longer treatment durations in 
chronic pain and opioid treated patients [23]. Nonetheless, 
current clinical standards may follow a ‘one-size fits all’ 
approach and do not distinguish between opioid users and 
opioid naïve patients.

The underlying pathophysiological mechanisms may 
include central sensitization and/or opioid-induced alter-
ations in local anesthetic efficacy [24]. Indeed, studies in both 
animal models and humans with opioid tolerance have 
shown reduced sensitivity to local anesthetics administered 
intrathecally or topically [25–28]. That opioid tolerance re-
sults in a need for increased opioid dosage has been well 
described regarding oral and intravenous opioid adminis-
tration [29] but not for epidural administration.

The current study aimed to investigate the incidence 
and related factors for failed thoracic epidural analgesia 
after major abdominal surgery, in chronic pain patients on 
chronic opioid therapy compared with opioid-naïve patients 
without chronic pain. Ultimately, this may aid the develop-
ment of evidence-based stratified analgesic strategies for 
improved analgesia in opioid treated patients. We hypoth-
esized that failed epidural analgesia would be more frequent

in patients with chronic pain and preoperative opioid use 
compared to opioid-naïve patients without chronic pain.

Methods

Study design and population

This retrospective, case-control cohort study was approved 
by the Legal Department at Rigshospitalet, Copenhagen 
University Hospital (ID: WZ.22042433), after requirements 
for written and oral information were waived by the 
regional ethical committee due to the retrospective design. 
The study was registered at ClinicalTrials.gov (NCT05662566) 
before data collection commenced.

Inclusion criteria for all study patients were: age ≥18 
years; elective upper laparotomy including pancreatic, liver, 
gastric, colonic, small bowel, explorative laparotomy, or any 
combination thereof; planned thoracic epidural analgesia; 
and no contraindications to procedure-specific standard 
multimodal analgesia (including high-dose glucocorticoid, 
paracetamol, and wound infiltration with local anesthetics). 
For the chronic pain and opioid group, the following criteria 
were adopted: >3 months pain and daily scheduled opioid 
use regardless of dosage, and not only as per needed. The 
pain-free opioid-naïve group were patients without chronic 
pain, from here on termed pain-free opioid-naïve patients, 
with the following specific exclusion criteria: no chronic 
pain, no daily use of opioids or other drugs with potential 
analgesic effects (e.g., gabapentinoids, tricyclic antidepres-
sants, benzodiazepines, or medical cannabinoids). Daily use 
of acetaminophen or NSAIDs was accepted. Exclusion 
criteria (all patients): substance abuse.

Study definitions

The primary study outcome was failed epidural, defined as 
epidural catheter replacement postoperatively within the 
first three postoperative days, and after a standardized 
departmental algorithm for optimization had been followed. 
The optimization algorithm includes sensory block testing 
with ice to map the sensory blockade, aiming to cover the 
surgical wound area. If the block is inadequate, optimization 
is attempted in the form of 3 to 5 ml 0.5 % bupivacaine (pa-
tient height dependent), catheter adjustment in the form of 
retraction aiming for a minimum of 3 cm epidural-space 
catheter length (30).
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Secondary outcomes included: length of stay in the post-
anaesthesia care unit (PACU), total length of hospital stay, 
daily and cumulative epidural opioid administration, and as-
needed systemic opioid administration, and daily and cu-
mulative epidural local analgesic dosage (bupivacaine). 

Demographic, pharmacologic, surgical and epidural 
procedural parameters were recorded (see Table 1). Pre-

operative and postoperative opioids were converted 
into oral morphine equivalents (OMEQ) to facilitate
comparison.

Epidural analgesia protocol

Epidural catheters are part of the multimodal analgesia
protocol within the integrated Enhanced recovery after
Surgery (ERAS) regimen at our institution. As a tertiary
hospital, all epidural procedures were performed by spe-
cialists or trainees with more than 2 years of anaesthesia 
training including in regional anaesthesia. The department
performs >1,000 thoracic epidurals annually. Epidural
placement was per standard performed preoperatively pri-
marily via a paramedian (lateral) approach, subsequently 
via the median (midline) access. For the procedures related
to this study, the catheter was inserted at the thoracic level
(Th8 to Th11) corresponding to the planned surgical incision 
site, using the loss-of-resistance-to-saline technique. Subse-
quently, if no fluid could be aspired via the catheter, 3 mL
lidocaine 2 mg/mL with epinephrine 5 μg/mL was injected to
rule out accidental intrathecal or vascular placement. Two
boluses of bupivacaine 0.5 % (3 mL) were then administered
15 min apart. A continuous bupivacaine/opioid infusion of
5 mL/h was started with either bupivacaine 2.5 mg/
mL + morphine 0.05 mg/mL, or bupivacaine 2.5 mg/
mL + sufentanil 1 μg/mL (in cases where morphine was
contraindicated, e.g., renal insufficiency). Intraoperatively, 
additional boluses of bupivacaine 0.5 % (3 mL) were
administered hourly.

General anaesthesia

General anaesthesia consisted of total intravenous anes-
thesia consisted of propofol and remifentanil is standard at
our facility. Inhalation anaesthesia with Sevoflurane may be 
indicated in cases of severe liver failure or major liver re-
sections and always in the combination with Remifentanil.

As a port of the multimodal strategy all patients are 
given acetaminophen 1 g and Dexamethasone. Additional
opioid is not standard but only given as a rescue. 

Post-operatively, the epidural blockade spread was 
assessed using ice to define the sensory blockade by asking
the patient if they sense cold or warmth. Motor function was
assessed using the Bromage scoring system. Per standard,
epidural infusion was set at 5 mL/h but could range from 3 to
8 ml/h dependent on clinical assessment. Patients were dis-
charged from the PACU once sufficient motor function was

Table : Demographic details of chronic opioid and pain-free opioid-
naïve patients.

Chronic opioid 
(n=)

Pain-free opioid naive 
(n=)

Age, years Median
(IQR)

 (–)  (–)

Height, cm Median
(IQR)

 (–)  (–)

Weight, kg Median
(IQR)

 (–)  (–)

BMI kg/m  Median
(IQR)

 (–)  (–)

Sex Female, %  ()  () 
ASA class, %

   (.) 
  (.)  (.) 
   (.)  (.) 

Comorbidities, % 

Heart disease  (.)  () 
Lung disease  (.)  (.) 
Diabetes  (.)  () 
Bowel disease  (.)  (.) 
Prior bowel surgery  (.)  () 
Low back pain  (.)  (.) 
Prior spine surgery  (.)  

Psychiatric diagnosis  (.)  

Renal insufficiency  (.)  (.) 
Liver cirrhosis  (.)  (.) 

Surgical procedure 
Liver  ( %)  (. %) 
Pancreas  (. %)  (. %) 
Bowel  (. %)  (. %) 

Anesthetist experience 
Trainee  (.)  (.) 
Specialist registrar  (.)  (.)

Opioids (OMEQ) median
(IQR)

 (–) 

Other preop. analgesics, 
%
Gabapentinoids  (.) 

TCA  (.) 

SNRI  (.) 

Paracetamol  (.) 

NSAID  (.) 

Cannabis (medical)  (.) 

IQR, inter quartile range; ASA, American society of anaesthesiology; BMI, 
body mass index; OMEQ, oral morphine equivalents. Data on anesthetist 
experience level was missing in  cases.
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regained to allow standing by the side of the bed, and that the 
epidural analgesia covered the surgical incision.

After PACU discharge, daily follow-up was performed by 
PACU nursing staff to confirm catheter function and anal-
gesia quality, available 24/7 all weekdays. Nurses on the 
ward could administer supplemental boluses of the bupi-
vacaine/opioid mixture (5 mL via the infusion pump, 60-min 
lockout). In case of inadequate epidural analgesia, the PACU-
staff were contacted and If needed, an attending physician 
evaluated the patient for further epidural optimization or 
catheter replacement. This optimization was performed at 
any time when needed.

Sample size

Based upon the existing literature of 14–30 % epidural 
catheter replacement due to analgesic failure, we assumed 
a 20 % failure rate in the chronic pain group vs. a 5 % 

failure rate in the pain-free opioid naïve group. A sample 
size of 2 × 73 (total n=146) patients, rounded to 2 × 75 (total 
n=150) would have 80 % power at a 5 % significance level to 
detect a minimum absolute difference of 15 % (25 % rela-
tive difference) in epidural analgesia failure between 
groups.

Data analysis

Descriptive statistics were used to present demographic and 
baseline characteristics including medians with inter-
quartile ranges or means with 95 % confidence intervals, 
where appropriate. The primary outcome was compared 
between groups using the Chi-square test. Secondary out-
comes were compared using Student’s t-test or Wilcoxon’s 
rank-sum test, depending on data distribution. Data were 
entered into the regional approved REDCap database system 

(REDCap, Texas, USA) and analyzed using SPSS statistics 
v.29.0.1.0 (171) (IBM, NY, USA).

Results

To identify 75 chronic pain patients that fulfilled the inclu-
sion criteria, a total of 1,278 patient charts were screened, 
covering the 2.3-year period from November 2020 to 
February 2023 (Figure 1). Of 299 patient charts showing 
preoperative pain, the most common reasons for exclusion 
were preoperative pain lasting shorter than 3 months (n=79), 
acute laparotomy (n=64), or patient specification that their 
data could not be used for research (n=32) (Figure 1). After

screening 104 charts of pain-free opioid naïve patients, the 
pre-specified target of 75 pain-free opioid naïve patients 
without exclusion criteria was met and the remaining 904 
charts were not further considered.

Demographic and clinical baseline data are summarized 
in Table 1. Chronic pain and opioid patients had a higher 
incidence of individual co-morbidities, reflected in their 
higher ASA-class distribution, (p<0.001). Pain -free opioid-
naïve patients did not have a daily use of any analgesics 
besides paracetamol and NSAIDs. Chronic pain patients had 
a median daily OMEQ of 45 mg (IQR 20–80). Concomitant 
gabapentinoid treatment was present in 26.7 % and 41.3 % 

used paracetamol daily.

Primary outcome

A total of 39 patients (26.0 %, 95 % CI 19.6–33.6) had an 
epidural catheter replacement. There was a significantly 
higher incidence of epidural catheter replacement in the 
chronic pain and opioid group of 41.3 % (95 % CI 30.1–53.3,

Figure 1: Patient identification flow-chart. Identification process of 2 × 75 
patients with or without preoperative chronic opioid use.
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n=31) compared to 10.7 % (95 % CI 4.7–19.9, n=8) in the pain-
free opioid naïve patients, p<0.001 (Table 1).

Secondary outcomes

Explanatory variables

Concomitant gabapentinoid use did not significantly alter the 
risk of epidural catheter replacement, 32 % vs. 45 % replace-
ment in gabapentinoid vs. no-gabapentinoid patients, (p=0.23). 

When comparing the pain-patients with epidural catheter 
replacement to pain-patients without replacement, no signifi- 
cant differences were found regarding age, sex or BMI. There 
was a non-significant inverse relation between epidural cath-
eter replacement and preoperative OMEQ where pain patients 
with epidural catheter replacement had a mean OMEQ of 45.1 
(95 % CI 32.2–58.9) vs. 67.5 (95 % CI 49.0–86.0) for pain patients 
without epidural catheter replacement (p=0.49; Table 2). 

Surgical procedure distribution differed significantly 
between groups. Pancreatic surgery was more frequent in 
the chronic pain and opioid group (55 % vs. 31 %), while liver 
surgery was more common in the pain-free opioid-naïve 
group (47 % vs. 20 %) (p=0.02). However, as seen in Figure 2, 
the replacement incidence was the same across the three 
surgical procedure groups with minor variations.

Details regarding the primary epidural placement are 
presented in Table 3. No systematic differences were found 
related to number of attempts, access technique (air, saline, 
median, paramedian), level of placement, depth of the 
epidural catheter or the anesthetist experience between the 
chronic pain and opioid vs. pain-free opioid naïve groups. 

The time between PACU arrival and epidural catheter 
replacement was 7 h (IQR 1–24) in chronic pain and opioid pa-
tients and 1.5 h (IQR 0–4.5 h) in pain-free opioid naïvepatients. 

In those patients needing a replacement catheter, the 
median depth of the epidural catheter within the epidural

space was 7 cm with 25 % of cases being 8 cm or more, by far
exceeding the recommended maximum depth of 5 cm to
avoid migration into the lateral recesses traversed by the
nerve roots, distal displacements, or erroneous segmental
level of epidural injection [30]. The two patient groups did
not differ significantly on this aspect of catheter placement.

Insufficient analgesia was the predominant reason for 
catheter replacement in the pain group (n=30, 96.8 %) but not 
in the pain-free opioid naïve group where prolonged motor
blockade (n=3, 37.5 %) or accidental epidural catheter removal
during mobilization (n=2, 25.0 %) were the main reasons. 

Intra-operative opioid dosage was significantly higher 
in chronic pain and opioid patients (26 OMEQ, 95 % CI 16–32) 
vs. pain-free opioid naïve (6 OMEQ, 95 % CI 3–9, p<0.001). The
difference in intraoperative bupivacaine approached sig-
nificance when comparing chronic pain and opioid (88 mg,
95 % CI 83–94) vs. pain-free opioid naïve (81 mg, 95 % CI
74–87), p 0.083.

In the PACU, chronic pain patients received significantly 
more systemic opioid (54 OMEQ (95 % CI 34–73)) than pain-
free opioid naïve (9 OMEQ (95 % CI 4–14), p=0.002). In both
patient groups, those with subsequent epidural catheter
replacement received more opioids than those who didn’t
have catheter replacement (65 OMEQ (95 % CI 37–94) vs. 15
OMEQ (95 % CI 0–206), chronic pain and opioid vs. pain-free 
opioid naïve, respectively, p=NS).

Bupivacaine dosage in the PACU was significantly 
higher in pain patients 25 mg (95 % CI 17–31) vs. pain-free
opioid naïve 8 mg (95 % CI 4–12), p<0.001. In patients with 
catheter replacement the dosage was 35 mg (95 % CI 22–49) 
in chronic pain and opioid patients vs. 8 (95 % CI 0–21) in
pain-free opioid naïve.

Length of stay (LOS)

A notable difference in hospital stay was observed, with
chronic pain and opioid patients staying a median of 3 days 
longer than pain-free opioid naïve patients (9.6 vs. 6.6 days).
PACU stay was also prolonged in the chronic pain and opioid
group (10.1 vs. 5.1 h). Among all patients, an epidural catheter
replacement was associated with approximately 3 additional
hours in the PACU, irrespective of group assignment.

Post-PACU analgesic requirements

Opioid requirements (excluding pre-, intraoperative and 
PACU dosage) during the first 4 days after PACU discharge 
was 167 OMEQ (95 % CI 113–220) in chronic pain and opioid
patients vs. 39 OMEQ (95 % CI 30–49) in pain-free opioid

Table : Comparison of demographic factors in pain patients with or 
without failed epidural.

Failed ED (n=) Not failed ED (n=)

Pre-op OMEQ (mean,  % CI) . (.–.) . (.–.) 
Pre-op OMEQ/kg (mean,  % CI) . (.–.) . (.–.) 
Age (mean,  % CI) . (.–.) . (.–.) 
Sex, female, % . % . % 
BMI (mean,  % CI) . (.–.) . (.–.) 
ASA median (th–th IQR)  (–)  (–) 
Low-back-pain, % . % . % 
Gabapentinoids, % . % . %

ED, epidural; BMI, body mass index; OMEQ, oral morphine equivalents; CI, 
confidence interval; IQR: inter quartile range.
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naïve. Of the entire group of patients, only 20 (13.3 %) did not 
require additional opioid during their first 5 post-PACU days. 

The day after epidural removal, 35 (47 %) of chronic pain 
and opioid users and 15 (20 %) of pain-free opioid naïve had 
an increased opioid demand compared to the day before.

Discussion

The present study supports the hypothesis that chronic pain 
patients on opioids have a significantly higher risk of 
epidural analgesia failure after abdominal laparotomy than 
pain-free opioid-naïve patients. The difference in epidural 
analgesia failure rate between patients on chronic pre-
operative opioids for managing longstanding pain (42.3 % of 
compared to 10.7 % in pain-free opioid-naïve patients) is 
highly significant (p<0.001). In the entire group of 150 pa-
tients, the overall 26 % (95 % CI 19.6–33.6 %) incidence of 
epidural catheter replacement is consistent with previous 
reports [20], and further highlights the marked difference 
between chronic pain and opioid and pain-free opioid naïve 
patients. One might assume that higher preoperative opioid 
dosages would increase the risk of postoperative epidural 
failure, but we did not find such a correlation supporting the 
individual variation in opioid effects, and that preoperative 
opioids alone increased the risk for epidural catheter 
replacement.

One key issue in the study design should be addressed, 
namely the interaction between opioid treatment for pain 
and pain therapy using only non-opioid analgesics. Ideally, 
having two chronic pain patient groups, one with and one 
without opioids would allow us to investigate the relative 
contribution of opioids to the risk of failed epidural. How-
ever, after screening 299 charts of patients with pain, we 
found only 10 chronic pain patients who were not treated 
with opioids. The following discussion should therefore be 
seen in the light of the most prevalent pain population in 
Denmark, namely chronic pain patients being treated with 
opioids. In the USA and some other countries, management 
of chronic pain with opioids is much less common, poten-
tially due to the experiences from the US opioid epidemic. 

Besides pre-operative opioid use and pain, we found no 
other preoperative demographic factors to explain the 
observed difference in epidural analgesia failure rate. Thus, 
despite differences in surgical procedure distribution with 
more pancreatic resections in chronic pain and opioid pa-
tients and more liver resection in pain-free opioid naïve, the 
replacement distribution when stratified within procedures 
was the same as the overall finding. The different procedures 
have differences in the surgical incision localization and 
length, so we deliberately chose to compare upper laparot-
omies to minimize procedure differences. Different organs 
have different innervation and inflammatory responses to 
surgery, both of which could affect pain perception, but we

Figure 2: Procedure specific epidural catheter replacement incidence after abdominal laparotomy in chronic pain and opioid use vs. pain-free opioid 
naïve patients. Chronic pain patients all had preoperative opioid use.
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did not find differences to support this regarding risk for 
epidural catheter replacement.

Similarly, we did not find a lower dosage of opioids or local 
anesthetics administered during surgery or during the PACU-
stay to chronic pain and opioid patients that could explain the 
higher occurrence of epidural catheter replacement. Chronic 
pain and opioid users received significantly higher opioid 
administration, in line with the recommended increased dosage 
in chronic pain and opioid users [31]. The consequences of 
replacing an epidural are discomfort to the patient, a new risk of 
dural puncture and the more rare but important epidural he-
matoma and infection (risk of procedural complications) [32]. 
Significantly higher opioid demands before replacement in-
crease the risk for opioid related side-effects including the 
feared respiratory depression and related mortality [33]. 

From an organizational point of view, the current study 
shows a prolonged median length of PACU stay of 3 h which 
may cause delays in the OR patient flow, as the PACU is a 
bottle neck for operating theater efficacy and may ultimately 
result in cancelled procedures. Thus, a strategy to pursue 
early identification and interventions to improve function of 
suboptimal epidurals would be beneficial.

The current study also shows that the current clinical 
standard epidural regimen does not relieve the chronic pain
and opioid patient from needing additional opioids during
the hospital stay. Thus, 95 % of chronic pain and opioid pain
patients required additional opioids after PACU discharge. In
contrast, 27 % of pain-free opioid naïvepatients were able to 
have their postoperative pain managed without supple-
mental opioids and when opioids were required, the dosages 
were lower.

It is known that higher ASA class is associated with a 
longer length of stay, and overall, the chronic pain and
opioid group had more patients in ASA class 3. However, the 
observed 3 day longer LOS in chronic pain and opioid users is 
greater than reported in the literature, and opioid use may
be the explanation. Future studies that match the patient
groups on ASA class would help resolve this issue.

External factors do not fully explain the significant dif-
ference in risk for epidural catheter replacement. Therefore,
a focus on altered nociception from chronic pain and opioid
use is justified. Chronic pain is associated with increased
central facilitation of nociceptive input, clinically resulting 
in hyperalgesia and allodynia. Chronic pain and opioid use

Table : Epidural procedure and optimization data in chronic vs. pain-free opioid naïve patients.

Chronic opioid Pain-free opioid-naïve

All ED-failure No ED-failure All ED-failure No ED-failure

 (.)  (.)  (.)  (.)
Preoperative placements attempts n, % 

  (.)  (.)  (.)  (.)  (.)  (.) 
  (.)  (.)  (.)  (.)  (.)  (.) 
 or more  (.)  (.)  (.)  (.)  (.)  (.) 
Access technique, %
Median  (.)    (.)   () 
Paramedian  (.)  (.)  (.)  (.)  (.)  (.) 
Missing  (.)  (.)  (.)  (.)   () 
LOR-air  (.)  (.)  (.)  (.)  (.)  (.) 
LOR-saline  (.)  (.)  (.)  (.)  (.)  (.) 
Missing  (.)  (.)  (.)  (.)  (.)  (.) 

Placement level, %
Th-  (.)  (.)  (.)  (.)   () 
Th-  (.)  (.)  (.)  (.)  (.)  (.) 
Th-  (.)  (.)  (.)  (.)  (.)  (.) 
Th-  (.)  (.)  (.)  (.)  (.)  (.) 
Missing  (.)  (.)  (.)  (.)   () 

LOR depth (cm), median (IQR) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.) . (.–.)
Epidural catheter length in the epidural space (cm),
median (IQR) 

. (.–.) . (.–.) . (.–.) . (.–.)  (.–.) . (.–.)

Anesthetist experience 
Trainee  (.)  (.)  (.)  (.)  (.)  (.) 
Registrar  (.)  (.)  (.)  (.)  (.)  (.) 
Missing  (.)  ()   (.)   ()

ED, epidural; LOR, loss of resistance; Th, thoracic; Epidural catheter length in the epidural space: calculated as the length of the epidural catheter at the 
skin minus the length of LOR.
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for pain results in analgesic tolerance development, result-
ing in a need for increased opioid dosages to achieve the 
same analgesic effect. Until recently it has been argued that 
opioid themselves may result in hyperalgesia, but this has 
largely been disproven as a clinical problem [3, 7, 34]. 
However, animal and to some extent human, studies suggest 
that the analgesic tolerance is not as strongly linked to 
tolerance towards opioid induced respiratory depression 
(OIRD). In a study of monkeys, the animals became tolerant 
during prolonged opioid treatment, but with each increase 
in dosage the risk for OIRD increased. This may explain why 
chronic pain and opioid treated patients tolerate their usual 
dosage well, but exposure to additional as-needed opioid 
doses may result in OIRD in this group as well as in pain-free 
opioid naïvepatients. In addition to opioid tolerance devel-
opment, opioids have also been reported to result in tachy-
phylaxis to local anesthetics, resulting in lower efficacy than 
in pain-free opioid naïve, but the clinical impact and the 
underlying mechanisms are still under debate [24].

As with all studies, ours has limitations. The main lim-
itation is the retrospective nature, resulting in less control 
over collected variables. However, the electronic healthcare 
records allowed for structured collection of the primary 
outcome and related variables with a high completeness. A 
key factor that should be included in future prospective 
studies are more detailed descriptions of the actual noci-
ception and the impact of opioids, surgical procedure and 
pain levels before surgery. This could allow for a more 
detailed and individualized pathophysiological under-
standing of risk factors. As with all studies, we could have 
had a larger sample size to assess risk factors, especially for 
the non-opioid group. Finally, our findings should be 
confirmed by other studies. We believe that our stratified 
approach of looking into the risk of preoperative opioids for 
epidural catheter replacement is a strength, especially in the 
setting of a thorough attempt to improve the initial epidural 
as evidenced by the increased use of local anesthetics in the 
PACU. Finally, our detailed inclusion of external risk factors 
to rule out other causes than opioids for the increased risk of 
replacement is a strength of the current study.

Combining our results and the current evidence, we 
suggest that trials be initiated investigating the efficacy and 
safety of increased epidural opioid dosing, and potentially 
also local anesthetic volume, in chronic pain and opioid 
treated pain patients. Whether this should be one-size-fits-all 
chronic pain and opioid users, or tailored to the specific 
chronic dosage should also be investigated.

In conclusion, chronic preoperative opioid use resulted 
in a four-fold risk for need for epidural catheter

replacement. The findings were not explained by external 
preoperative, technical or surgical factors, suggesting The 
findings were not explained by external preoperative, 
technical or surgical factors, supporting further patho-
physiological investigations to tailor mechanism based 
interventions.
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