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BACKGROUND The use of thoracic epidural analgesia for
postoperative pain management in video-assisted thoracic
surgery (VATS) is controversial. Still, the evidence on omit-
ting it in favour of systemic opioids is inconclusive, and
studies are small and non-blinded.

OBJECTIVE We aimed to compare pain after VATS using
epidural analgesia or enteral opioids for postoperative pain
management.

DESIGN/SETTING/PATIENTS/INTERVENTION A ran-
domised, double-blind, controlled trial at a Danish tertiary
hospital. Adult patients scheduled for VATS were assigned
to multimodal non-opioid baseline analgesia supplemented
with either thoracic epidural analgesia (TE Group) or oral
morphine (OM Group) for postoperative pain management.
We recorded pain five times a day, both at rest and during
activity, using theNumericRatingScale (NRS)andcategorised
it into ‘‘acceptablepain’’ or ‘‘unacceptablepain’’. Unacceptable
pain was defined asNRS (at rest)�3 or NRS (with activity)�5
when supplementary analgesics were given.

MAIN OUTCOME MEASURES The primary outcomes were
the proportions of patients experiencing ‘‘unacceptable
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pain’’ during the postoperative period and the use of intrave-
nous ‘‘rescue’’ opioids.

RESULTS Of the 161 included patients, 146 received the
allocated treatment and their data were analysed. At rest,
34% of patients in the TE Group and 64% of patients in the
OM Group experienced unacceptable pain during the study
period, a significant between-group difference of 30%
(P<0.0005). During activity these percentages were 32%
of patients in the TE Group and 59% in the OM group, a
difference of 27% (P<0.005). The median intravenous
rescue morphine consumption during the study period
was 4.5 [interquartile range (IQR), 0–10.0] mg in the TE
Group and 7.5 [0–19.0] mg in the OM Group (P<0.005).

CONCLUSION Epidural analgesia provided better pain relief
after VATS than oral morphine. The between-group differ-
ence in rescue intravenous morphine consumption was
statistically significant but clinically irrelevant.

TRIAL REGISTRATION ClinicalTrials.gov (NCT02359175).
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KEY POINTS

� The use of thoracic epidural analgesia for postoper-

ative pain management in video-assisted thoracic

surgery (VATS) is controversial.

� No double blind studies on efficacy of epidural

analgesia versus oral opioids for postoperative pain

management after VATS exist. Published studies

are small and non-blinded, and the evidence

is inconclusive.
pi

pit

nc

ttr
ot
� Our study showed that epidural analgesia provided

better pain relief after VATS than oral morphine.

� Approximately twice as many patients experienced

unacceptable pain during the study period when

using oral morphine compared with epidural anal-

gesia for postoperative pain management
after VATS.
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Introduction
Inappropriately managed postoperative pain is associated

with a broad range of negative consequences, including

increased morbidity, reduced quality of life, prolonged

hospital length of stay, and increased risk of chronic

postoperative pain.1 Epidural analgesia is a well estab-

lished practice in thoracic surgery for optimal pain relief2

and improved quality of life.3 It provides better pain

relief and preserves postoperative pulmonary function

compared with systemic opioids during conventional

thoracotomy.4

Acute pain after video-assisted thoracic surgery (VATS)

is often perceived as less severe than that after open

thoracotomy,5,6 but there is no consensus on the best

perioperativepainmanagement afterVATS.7Most recom-

mendations primarily discuss using different loco-regional

techniques as part of a multimodal approach to postopera-

tive pain management.8,9 The possibility of omitting

regional analgesia altogether, thus eliminating any risk

of procedural complications, is seldom discussed, apart

from the desire to avoid opioids due to possible adverse

effects.8,9

The evidence supporting epidural analgesia over system-

ic opioids for pain management after VATS is inconclu-

sive. The current literature includes three observational

studies10–12 and three RCTs,13–15 all small and non-

blinded. The results are conflicting, as some studies

demonstrated a superior effect of epidural analgesia,14,15

whereas others did not show any additional effect com-

pared with oral morphine.10–13 Consequently, current

reviews emphasise the need for further studies in this

area of research.16–18 The standard practice for postop-

erative pain management after VATS in our department

is a multimodal approach with non-opioid baseline anal-

gesia supplemented with perioperative intercostal blocks

and an epidural catheter is used while the chest drain

remains in place.

We hypothesised that it may be possible to reduce

postoperative pain by switching from epidural analgesia

to oral opioids. Using a double-blind approach, our aim

was to compare postoperative pain after VATS using

either epidural analgesia or oral morphine as part of a

multimodal approach to postoperative pain management.

Methods
Study design and participants
We performed a patient- and observer-blind, parallel-arm,

randomised controlled trial at a public university-based

cardiothoracic anaesthesia and surgery department at

Odense University Hospital, Odense, Denmark. The

study was conducted in accordance with the Helsinki

Declaration, was approved by The Regional Scientific

Ethical Committees for Southern Denmark (project ID:

S-20140035, 01/29/2018, chairperson JMHertz), registered

with ClinicalTrials.gov (NCT02359175) and monitored
Eur J Anaesthesiol 2024; 41:1–9
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for data quality by The Good Clinical Practice Unit of

Southern Denmark. The trial protocol is available upon

request. We included patients over 18 years of age sched-

uled for elective VATS lobectomy, wedge, or segmental

parenchymal resection due to known or suspected lung

cancer who were willing to participate and accept epidural

analgesia. Written consent was obtained if inclusion in the

study was possible. The exclusion criteria were contra-

indications to using any trialmedication or placement of an

epidural catheter, chronic pain, or pregnancy.

Randomisation and masking
The hospital pharmacy created a computer-generated

randomisation list from a validated source (www.randomi-

zation.com) and provided consecutively numbered pre-

packed boxes with blinded study medication using block

randomisationwith blocks of four and treatment toplacebo

allocation 1 : 1. Packaging and all study medications (epi-

dural infusions and tablets) were similar in appearance.

Procedures
On the day of surgery, as per the standard procedure at

our department, we placed a mid-thoracic epidural cath-

eter at level T5–T6 using either the loss of resistance or

the hanging drop technique at the physician’s discretion.

After placement and negative aspiration of blood or

cerebrospinal fluid, we injected a test dose of 2–3ml

lidocaine (20mgml�1) with adrenalin (5 mcg ml�1) to

verify the clinical effect before general anaesthesia. After

inserting the epidural catheter, the anaesthetist allocated

the patients to the next sequential randomisation number

and administered oral premedication: paracetamol (1 g),

ibuprofen (400mg) along with the blinded study medi-

cation (placebo or oral morphine 10mg). General anaes-

thesia was induced and maintained with propofol and

remifentanil in conjunction with an epidural infusion of

bupivacaine (2.5mgml�1) containing sufentanil (1.0 mcg

ml�1). Supplementary intravenous fentanyl was used

during surgery at the anaesthetist’s discretion. All

patients received a double-lumen endotracheal tube

for one-lung ventilation, and VATS was performed as a

nonrib-spreading procedure using the lateral decubitus

position. At the end of the surgery, all patients received

intercostal blockades (bupivacaine 2.5mgml�1, 20ml),

subcutaneous infiltration of the surgical wounds (bupi-

vacaine 2.5mg ml�1, 10ml), and had a 24F chest drain

inserted. Postoperatively, the patients went to the post-

anaesthesia care unit (PACU), where a nurse set up the

patient controlled epidural analgesia (PCEA) pump,

replacing the intra-operative epidural medication with

the blinded study infusion – either 0.9% normal saline or

bupivacaine 1.0mgml�1 with fentanyl 2.0 mcg ml�1.

Baseline analgesics, consisting of paracetamol (1 g � 4),

ibuprofen (400mg� 3) and the blinded study medication

(placebo or oral morphine 10mg) supplemented with the

blinded solution for epidural infusion, continued

throughout the study. On-demand intravenous rescue

http://www.randomization.com/
http://www.randomization.com/
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morphine was available to all patients during the study

period. We set the initial epidural infusion rate after

surgery according to the patient’s height (<165 cm:

5ml h�1 with a patient administered bolus dose of

3ml, otherwise 7ml h�1and a bolus of 4ml, and a lockout

time of 20min), with the option of subsequent changes to

the background infusion by the ward nurse if necessary.

We recorded the use of all trial medications. If a test of

correct epidural catheter placement was needed, a pre-

defined bolus of lidocaine according to the patient’s height

was used, and efficacy was tested using cold sensations in

the relevant dermatomes. Throughout the study, we eval-

uated pain using the 11-point Numeric Rating Scale

(NRS), where a score of 0 represented ‘‘no pain’’ and a

score of 10 described ‘‘worst pain imaginable.’’ NRS (rest)

wasdefinedas thepain experiencedby thepatient at rest at
PRO

Fig. 1 Participant flow.
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the time of the assessment, andNRS (activity)was defined

as the pain experienced upon mobilisation or coughing.

For clinical relevance, we categorised NRS scores as

‘‘acceptable pain’’ and ‘‘unacceptable pain,’’ defining

‘‘unacceptable’’ pain that would require supplementary

analgesic as NRS (rest) �3 and NRS (activity) �5.

In the PACU, the pain was evaluated at rest on admission

and discharge using the four-point categorised pain scores

recommended by the Danish Society of Anaesthesiology

and Intensive Care Medicine.19 In the surgical ward, we

recorded postoperative pain for the first four days after

surgery using NRS scores five times daily (6 a.m., 10 a.m.,

2 p.m., 6 p.m., and 10 p.m.) at rest and during activity.

The patients did all pain assessments assisted by a ward

nurse. The study was terminated upon the concurrent
OFbility (n = 810)
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Table 1 Baseline demographics, anaesthetic and surgical data

TE Group (nU72) OM Group (nU74)

Patient demographics
Age, years 68.5 � 7.8 68.8�7.5
Sex

Male 36 (50) 38 (51)
Female 36 (50) 36 (49)

Height, cm 171�10 170�8
Bodyweight, kg 76�12 77�16
BMI, kg/m2 26�4 27�5
Ethnicity (Danish) 72 (100) 74 (100)
ASA Classification

ASA I 0 2 (3)
ASA II 37 (51) 46 (62)
ASA III 35 (49) 26 (35)
ASA IV 0 0
ASA V 0 0

Peroperative anaesthetic data
Propofol infusion (mg) 1078�706 1048�835
Remifentanil infusion (mcg) 1906�916 2068�1048
Bolus fentanyl (mcg) 39�58 51�77
Epidural infusion (ml) 14�7 14�5

Surgical data
Type of surgery

Lobectomy 54 (75) 57 (77)
Wedge resection 15 (21) 15 (20)
Segmental resection 3 (4) 2 (3)

Duration of surgery (min)
Lobectomy 102�26 103�26
Wedge resection 50�28 42�20
Segmental resection 85�10 105�9

Surgical ports
One 7 (10) 9 (12)
Two 20 (28) 17 (23)
Three 45 (63) 47 (64)
Four 0 1 (1)

Post-anaesthesia care unit
Admittance pain score

0 39 (54) 46 (62)
1 9 (13) 10 (14)
2 16 (22) 9 (12)
3 16 (10) 9 (12)
Missing 1 (1) 0

Discharge pain score
0 35 (49) 43 (58)
1 35 (49) 30 (41)
2 1 (1) 1 (1)
3 0 0
Missing 1 (1) 0

Baseline characteristics and perioperative summary statistics for the trial patients
by randomisation group in the intention-to-treat population (n¼146). Data are n
(%) and mean�SD. ASA, American Society of Anesthesiologists; TE Group,
thoracic epidural group; OM Group, oral morphine group.
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removal of the chest drain and epidural catheter as per the

standard of care in our department, or on the fifth

postoperative day at the latest.

Outcomes
The primary outcome measures were postoperative pain

assessed as the proportion of patients experiencing ‘‘un-

acceptable pain’’ at least once during the study period, and

the total consumption of intravenous ‘‘rescue’’ morphine

in the surgical ward. The secondary outcome measures

relevant to this study were the length of hospital stay and

the possible side effects of epidural analgesia and systemic

opioids.The recorded side effectswere pruritus, dizziness,

nausea, or vomiting. Episodes of hypotension (systolic

blood pressure < 100mmHg) and desaturation (oxygen

saturation < 92% without supplemental oxygen) were

recorded. The first postoperative voiding of urine or a

bowel movement was recorded from the patient’s chart.

Statistical analysis
We aimed to detect a 20% difference in the proportion of

patients experiencing ‘‘unacceptable pain’’ at least once

during the study period, assuming a 10% technical failure

rate in the control group.20 Using an alpha value of 5%

and power of 80%, a sample size of 124 patients was

required. Initially, we experienced a high dropout rate

due to higher than expected conversion to open thora-

cotomy, and randomisation was extended to include 161

patients. An external statistician performed an interim

analysis of the primary outcome of pain after including

the first 57 patients in the trial, upholding the blinded

design by designating the treatment groups simply as

Group 1 and Group 2. The analysis showed no significant

between-group difference in pain giving no reason for

premature termination of patient inclusion.

The primary and secondary endpoints were analysed

using a modified intention-to-treat approach, excluding

patients whose surgery was converted from the planned

VATS to open thoracotomy. The primary outcome of

pain was analysed using the chi-square test of homoge-

neity to examine the difference in the proportion of

patients experiencing ‘‘unacceptable pain’’ at least once

during the study period. We compared total morphine

consumption between the two treatment groups during

the study period using a two-sample Wilcoxon rank-sum

test. For the secondary outcome measure, we used a

Kaplan–Meier plot to illustrate the probability of still

being in hospital and a Cox proportional hazards regres-

sion to obtain an estimate of the hazard ratio (HR).

Fisher’s exact test examined between-group differences

in the recorded side effects. Summary statistics are pre-

sented as number (%) or as mean � standard deviation.

We undertook post hoc regression analyses using linear

mixed models, including relevant covariates and account-

ing for nesting due to repeated measures. Model fit was

examined visually using qq-plots of the residuals to check
Eur J Anaesthesiol 2024; 41:1–9
for normality. The post hoc analysis of hospital length of

stay included added covariates to the Cox regression. We

used the covariates age and sex in all posthoc regression

models. In contrast, ‘‘time since surgery’’, ‘‘time of day’’,

‘‘pain at discharge from the PACU’’, ‘‘morphine use in

the PACU’’ and patient height were used only in the

models to which they were perceived to have any clinical

relevance. Regression effect estimates are given as means

[95% confidence interval (CI), and P-values]. All analyses
were performed with ‘‘R’’21 and Stata/BE (StataCorp

LLC, TX, USA) software, without imputation or stratifi-

cation using two-sided P-values
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Results
We screened 810 patients with known or suspected

pulmonary neoplasms scheduled for possible elective

VATS lobectomy, wedge- or segmental resection from

30 April 2015 to 14 December 017. As shown in Fig. 1, we

excluded 649 patients following the predefined inclusion

and exclusion criteria, leaving 161 patients for randomi-

sation. Of these, 15 did not receive the intended inter-

vention because the surgical approach was changed

to thoracotomy after allocation. Twenty-two patients

discontinued the allocated intervention during the study.

Three patients accidentally removed their epidural

catheters, and the surgeon inadvertently removed one.

One catheter was removed due to peri-catheter leakage,

and three were discontinued at the patient’s request.

Four patients were excluded due to elevated creatinine

levels, two because of gastrointestinal symptoms, six

because of administrative faults, and two requested to

be excluded because of nausea, leaving 124 patients who

completed the entire trial period. Due to the chosen

modified intention-to-treat approach, all patients receiv-

ing the allocated treatment (n¼ 146) were included in the

analyses in the originally assigned group. Patient char-

acteristics and anaesthetic and surgical data are shown in

Table 1.

The proportions of ‘‘unacceptable’’ pain during the trial

period in the two treatment groups are depicted in Fig. 2.

At rest, 23 of the 68 patients (34%) in the TE Group and
PROFig. 2 Frequency of unacceptable pain.

* P < 0.005
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44 of the 69 patients (64%) in the OMGroup experienced

unacceptable pain, with a significant between-group dif-

ference of 30%, x2 (1, n¼ 137)¼ 12.3, P< 0.0005. During

activity, these values were 22 of 68 (32%) in the TE

Group and 41 of 69 (59%) in the OM group, a significant

difference of 27%, x2 (1, n¼ 137)¼ 10.1, P¼ 0.001. The

pain scores across all time points for both treatment

groups are shown in Fig. 3.

The median dose of intravenous rescue morphine during

the study period was 4.5 [interquartile range (IQR) 0–

10.0] mg in the TE Group and 7.5 [0 to 19.0) mg in the

OM Group (z¼ 4.294, P < 0.001).

We found no difference in the length of hospital stay

between the study groups: hazard ratio (HR), 0.97 (95%

CI, 0.70–1.34), P¼ 0.8).

We did not see any differences in the recorded side

effects between the two groups (P > 0.054). A full

description of the side effects possibly related to the

use of an epidural catheter or opioids (pruritus, hypoten-

sion, desaturation, dizziness, nausea, vomiting, urinary

retention or ileus) is available in the supplementary

material, http://links.lww.com/EJA/A885.

The post hoc regression analyses of the primary and

secondary outcomes are shown in Table 2. Pain scores

across all time points during the trial showed significantly

higher scores with oral morphine compared with epidural

analgesia. These differences were present both at rest
* P < 0.005

During activity

OM Group

ard at least once during the study period at rest and during activity,
group.

Eur J Anaesthesiol 2024; 41:1–9
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Fig. 3 Summary statistics of pain scores.
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Pand during activity. Compared to the TE Group, the

mean NRS score in the OMGroup was 1.0 point higher at

rest (95% CI 0.6–1.4, P< 0.001) and 1.3 points higher

during activity (95% CI 0.8–1.9, P< 0.001). Time since

surgery, time of day, and the pain level at discharge from

the PACU were significant covariates, except for the pain

score at rest on POD1 and for patients with a discharge

pain score of two. Age and sex were not significant

covariates in themodel, neither at rest nor during activity.

A figure of pain score across all time points as estimated

by regression is depicted in Fig. 4. Regarding the use of

‘‘rescue’’ morphine, the regression analysis showed a

significant difference between groups with patients in

the OMGroup using 1.7mg per day more morphine than

those in the TE Group (95% CI 0.9–2.4, P< 0.001). Age

(P¼ 0.012) and ‘‘time since surgery’’ were significant

covariates for the amount of ‘‘rescue’’ morphine used

during the postoperative period: sex and morphine

consumption in the PACU were not significant covari-

ates. For the hospital length-of-stay, adding the chosen
Eur J Anaesthesiol 2024; 41:1–9
covariates to the Cox proportional hazards model did not

change the result (adjusted HR: 1.02, 95% CI 0.73–1.41,

P¼ 0.9).

The trial was concluded without any patients experienc-

ing serious adverse events or reactions.

Discussion
In our study, patients using oral morphine for postopera-

tive pain management after VATS experienced signifi-

cantly more pain than those using epidural analgesia.

Additionally, the consumption of intravenous rescue

morphine was significantly higher in the group that

received oral opioids. With numbers-needed-to-treat

(NNT) defined as 1/attributable risk reduction, the cor-

responding NNTs were 3.3 at rest (95% CI 2.2–7.2) and

3.7 during activity (2.3–9.1), indicating one additional

patient experiencing ‘‘unacceptable’’ pain for every

four patients treated with oral morphine for postoperative

pain management after VATS compared with epidural
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Table 2 Regression analyses for the primary and secondary
outcome measures

Regression coefficient P value

Pain scores (NRS), at rest

Intercept 2.2 (0.2 to 4.1) 0.029
OM Group 1.0 (0.6 to 1.4) < 0.001

Age �0.0 (�0.0 to 0.0) 0.495
Sex (male) �0.2 (�0.6 to 0.2) 0.406
Time since surgery
POD 0 (base) 0
POD 1 �0.3 (�0.6 to 0.0) 0.050
POD 2 �0.7 (�1.0 to �0.3) < 0.001

POD 3 �0.6 (�1.0 to �0.2) 0.002

POD 4 �0.8 (�1.5 to �0.0) 0.036
Time of day
6 am (base) 0
10 am �0.7 (�0.9 to �0.4) < 0.001

2 pm �0.7 (�1.0 to �0.4) < 0.001

6 pm �0.8 (�1.1 to �0.5) < 0.001

10 pm �0.8 (�1.2 to �0.5) < 0.001

Pain score, PACU
Pain score 0 (base) 0
Pain score 1 0.7 (0.3 to 1.1) 0.001

Pain score 2 1.8 (�0.0 to 3.6) 0.051
Pain score 3 n/a n/a

Pain scores (NRS), during activity

Intercept 4.5 (1.8 to 7.1) 0.001
OM Group 1.3 (0.8 to 1.9) < 0.001

Age �0.0 (�0.1 to 0.0) 0.301
Sex (male) �0.4 (�0.9 to 0.2) 0.210
Time since surgery
POD 0 (base) 0
POD 1 �0.7 (�1.0 to �0.4) < 0.001

POD 2 �1.1 (�1.5 to �0.7) < 0.001

POD 3 �1.3 (�1.8 to �0.8) < 0.001

POD 4 �2.1 (�2.9 to �1.2) < 0.001

Time of day
6 am (base) 0
10 am �1.0 (�1.3 to �0.6) < 0.001

2 pm �1.3 (�1.6 to �0.9) < 0.001

6 pm �1.5 (�1.9 to �1.2) < 0.001

10 pm �1.6 (�2.0 to �1.3) < 0.001

Pain score, PACU
Pain score 0 0
Pain score 1 1.0 (0.5 to 1.6) < 0.001

Pain score 2 2.6 (0.0 to 5.1) 0.048
Pain score 3 n/a n/a

Use of ‘‘rescue’’ morphine (mg)

Intercept 4.0 (0.4 to 7.5) 0.028
OM Group 1.7 (0.9 to 2.4) < 0.001

Age �0.1 (�0.1 to �0.0) 0.012

Sex (male) 0.4 (�0.3 to 1.2) 0.265
Time since surgery
POD 0 (base) 0
POD 1 1.5 (0.7 to 2.3) < 0.001

POD 2 0.6 (�0.5 to 1.6) 0.305
POD 3 1.0 (�0.3 to 2.4) 0.122
POD 4 �0.6 (�2.2 to 1.0) 0.493

Morphine use in the PACU 0.0 (�0.0 to 0.0) 0.558

Results from multivariate mixed model regression analyses for the primary and
secondary outcome measures. Data are regression coefficients (95% CI).
Statistically significant P values are highlighted in bold. ‘‘Pain score, PACU’’
is the pain score recorded at discharge from the PACU. No patients were
discharged with a pain score of three. POD, post-operative day; PACU, post-
anaesthesia care unit. OM Group, oral morphine group.
analgesia. These results were consistent both when ana-

lysing results as crude between-group differences using

condensed data and when using advanced regression

analyses including random-effects and adjusting for
OF

repeated measures. When analysed across all time points

during the five-day study period, we saw significantly

more pain in the OM Group than the TE Group, with

differences in mean NRS scores of 1.0 at rest and 1.3

during activity. This is in line with what is known for

conventional thoracotomy, where epidural blockade pro-

vides better pain relief than systemic opioids,2,3 and aligns

with the results from earlier studies indicating this might

also be true for VATS.12,14,15 The present study adds

significantly to this debate with a significant sample size, a

blinded design, and a more comprehensive measurement

of pain than previous studies.13–15 A reduction in pain

intensity of 1.3 on the NRS scale22–24 or 1.0 on the Visual

Analogue Scale25 is said to be clinically significant. By this

definition, in addition to being statistically significant, the

additional postoperative pain seen in our studywhen using

oral morphine constitutes a clinically relevant increase.

We used the covariates of age, sex, and time since surgery

in all models as they have been shown to influence pain

perception.26–28 Time of day, pain at discharge from the

PACU, and morphine use in the PACU were used only in

the models to which they were perceived to have any

clinical relevance.27 In our study, regression analysis

showed the use of rescue opioids to be significantly higher

among patients who received oral morphine compared

with managing pain using epidural analgesia. The ob-

served difference of an additional 1.7mg per day of rescue

morphine in the OM group, although statistically signifi-

cant, is unlikely to constitute a clinically relevant differ-

ence. Our study found no differences in the hospital

length-of-stay between the two groups, which aligns with

previous comparable studies.10,15With a significant sample

size, a blinded design, and a more comprehensive pain

measurement than previous studies, this trial supports the

superior effect of epidural analgesia over systemic opioids

for postoperative pain management after VATS.

Our study has some limitations that warrant consider-

ation. First, we used a modified ITT approach for data

analysis, deviating from a strict ITT approach by the

post-randomisation exclusion of 15 patients after conver-

sion to thoracotomy. Although this introduces a risk of

selection bias, it is a well established practice,7,29 and we

deemed it unethical not to provide patients undergoing a

more painful thoracotomy procedure5,30 with an active

epidural catheter. Second, the exclusion of trial patients

by the surgeon on the grounds of not opting for epidural

analgesia introduces a possible selection bias. We specu-

late, however, that it would have been the less extensive

thoracic surgery that would not have had a supplementary

epidural catheter inserted. However, the randomisation

would still ensure valid and unbiased results if we exam-

ine pain in VATS as a whole and not stratify on the type of

surgery thought possibly with a diminished treatment

effect. Finally, the proportion of missing values related to

our study’s primary outcome measure of pain was 17%

(data not shown). This number should preferably be
Eur J Anaesthesiol 2024; 41:1–9
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Fig. 4 Regression analysis.
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During activity

Visual presentation of the regression analysis of mean postoperative pain at rest and during activity for the first four days after surgery, based on the
fitted linear mixed model. The graphs represent mean NRS scores for a 70-year-old male at 6 am and a pain score of zero when discharged from the
PACU. Error bars indicate 95% CI. Only fixed effects are included in the figure. TE Group, thoracic epidural group; OM Group, oral morphine group;
PACU, post-anaesthesia care unit, POD, post-operative day; CI, confidence interval
PROlower but is comparable to what is generally seen in

RCTs31 and other clinical studies using pain scores with

missing values ranging from 4 to 34%.32

Despite the benefits of reduced surgical trauma during

minimally invasive thoracoscopic surgery, our study dem-

onstrated that it is still a painful procedure, with an

alarmingly high frequency of patients experiencing un-

acceptable pain when postoperative epidural analgesia

was omitted. Serious adverse effects of thoracic epidural

analgesia are rare.33 However, due to the potential gravity

of the complications, epidural catheters should be justi-

fied, and avoided if similar pain relief can be achieved

without them. Evidence on the efficacy of alternative

loco-regional analgesia techniques for postoperative pain

management in VATS, especially the paravertebral

block, is rapidly emerging,34,35 and recent recommenda-

tions advocate its use over epidural analgesia.8 However,

further studies comparing epidural analgesia to other

forms of postoperative pain management with emphasis

on auxilary areas (e.g. effects on chronic postoperative

pain, immunological effects, and its impact on postoper-

ative delirium) are required to establish the best pain

management after VATS.
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