
British Journal of Anaesthesia, xxx (xxx): xxx (xxxx)

doi: 10.1016/j.bja.2023.07.032

Advance Access Publication Date: xxx

Clinical Investigation
C L I N I C A L I N V E S T I G A T I O N

Therapeutic efficacy of intravenous lidocaine infusion compared
with thoracic epidural analgesia in major abdominal surgery: a
non-inferiority randomised clinical trial

Fabian D. Casas-Arroyave1,2,* , Susana C. Osorno-Upegui1,3 and Mario A. Zamudio-Burbano1,3

1Department of Anaesthesiology, Faculty of Medicine, University of Antioquia, Medellin, Colombia, 2Department of

Surgery, University Hospital of San Vicente Foundation, Medellı́n, Colombia and 3Department of Anaesthesiology,

Hospital Alma Mater de Antioquia, Medellı́n, Colombia

*Corresponding author. E-mail: fabian.casas@udea.edu.co
Abstract

Background: Open major abdominal surgery is one of the most risky surgical procedures for acute postoperative pain.

Thoracic epidural analgesia (TEA) has been considered the standard analgesic approach. In different reports, lidocaine

i.v. has been shown to have an analgesic efficacy comparable with TEA. We compared the analgesic efficacy of i.v.

lidocaine with thoracic epidural analgesia using bupivacaine in patients undergoing major abdominal surgery.

Methods: In this non-inferiority clinical trial, 210 patients were randomised to thoracic epidural bupivacaine with

morphine or i.v. lidocaine. Dynamic pain at 24 h after surgery was measured using a numerical pain rating scale (NPR),

and morphine consumption was also measured. A difference in i.v. the lidocaine-epidural bupivacaine NPR of �1 for

dynamic pain was considered a non-inferiority margin.

Results: The NPR for dynamic pain in the lidocaine group at 24 h was between 5.7 (1.8) and 5.2 (1.9) in the epidural group,

with a difference of 0.53 (95% confidence interval 0.0e1.0). In the first 24 h, the average difference in morphine con-

sumption was 1.8 mg between the i.v. lidocaine and epidural groups (95% confidence interval 1e3 mg). No differences

were found in adverse events or complications associated with the procedures.

Conclusions: Intravenous lidocaine is non-inferior to thoracic epidural analgesia for acute postoperative pain control in

major abdomial surgery at 24 h postoperatively.

Clinical trials registration: NCT04017013.
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Editor’s key points

� Open abdominal surgery is associated with one of the

highest risk of severe acute postoperative pain.

� Thoracic epidural analgesia is the standard for pain

management in this surgery, but is associated with

several risks and potential failure. Other therapeutic

options are therefore needed.
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� In this non-inferiority randomised clinical trial, the

authors compared the efficacy and safety of lidocaine

infusion to thoracic epidural analgesia with bupiva-

caine in adult patients undergoing open major

abdominal surgery.

� Lidocaine infusion was non-inferior to thoracic

epidural analgesia for pain at rest and dynamic pain

(the most difficult to control) for up to 72 h
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postoperatively, with a suggestion of improved safety

of lidocaine and adequate patient satisfaction.

� These results have broad implications for multi-

modal analgesic management.
Open abdominal surgery has a high risk of severe acute post-

operative pain,1 which can lead to an increased risk of respi-

ratory and cardiovascular complications, longer hospital

stays, and persistent pain.2,3 Although multiple analgesic

techniques have been proposed in recent years for post-

operative painmanagement, thoracic epidural analgesia (TEA)

remains the standard for pain management in abdominal

surgery.4,5 Although a more effective analgesic effect has been

demonstrated compared with other interventions,5 this might

also increase the risk of postoperative hypotension, mobility

impairment, and urinary retention, thereby delaying the pro-

cess of accelerated recovery.6 Additionally, the failure rate can

be as high as 32% for TEA,7 which restricts its systematic use,

regardless of the potential complications associated with its

insertion, such as haematoma, infection of the insertion site,

severe hypotension, or neurologic complications.8,9

Lidocaine, a local anaesthetic of the amide type, has been

recognised for its potential analgesic and anti-inflammatory

effect when used intravenously as an infusion to manage

acute and chronic pain.10e12 Studies have reported its useful-

ness as an analgesic alternative in major abdominal surgery

with appropriate pain control, lower opioid consumption, and

shorter hospital stay.13e15 However, compared with TEA, the

evidence needs to be more consistent concerning its analgesic

usefulness.16 Systematic reviews and meta-analyses suggest

that i.v. lidocaine has no clinically relevant effect at 24 h of

infusion compared with placebo; however, there is insufficient

evidence to determine its efficacy compared with epidural

analgesia.17

This study aimed to evaluate the analgesic effectiveness of

i.v. lidocaine infusion compared with thoracic epidural anal-

gesia in adult patients undergoing open major abdominal

surgery. The hypothesis was that i.v. lidocaine is not inferior to

epidural analgesia in pain control during 24 h after surgery.
Methods

The study was a non-inferiority controlled clinical trial con-

ducted in two different tertiary hospitals in Medellı́n,

Colombia. The study was approved by the Institutional Review

Board of the Faculty of Medicine of the University of Antioquia

(Act 14-2018) and by the different research ethics committees

of the involved institutions: Hos Alma Mater of Antioquia

Hospital and University Hospital of San Vicente Foundation.

The study was registered before the first patient was included

in ClinicalTrials.gov (https://clinicaltrials.gov/ct2/show/NCT040

17013). The study was conducted between February 2020 and

September 2022.

Participants

The study included patients >18 yr of age scheduled for major

open abdominal surgery (solid or hollow abdominal viscera

surgery that requires a large incision on the patient’s abdomen,

longer recovery time, or both).6,18 The exclusion criteria were

the following: pregnant patients; contraindications for TEA

analgesia (anticoagulation, puncture site infection, and neuro-
axial malformation); arrhythmias that contraindicated i.v.

lidocaine; local anaesthetic allergy; hepatic and renal failure;

mechanical ventilation in the postoperative period; preopera-

tive sepsis; chronic use of strong opioid; and patients who

refused to participate in the study.
Interventions

Upon obtaining informed consent, subjects were randomly

assigned to receive TEA or i.v. lidocaine infusion. After basic

American Society of Anesthesiolgists (ASA) monitoring, an

epidural catheter was inserted between T6 and T10 for pa-

tients assigned to TEA. The choice of epidural space depended

on the surgical incision. Subsequently, its correct localisation

was assessed using lidocaine 2% with 5 ml epinephrine

1:200,000 through the catheter and dermatomal temperature

sensitivity test. Once its localisation was verified, infusion of

bupivacaine 0.1% plus morphine 20 mg ml�1 at 7 ml h�1 was

started from the intraoperative period until 3 days post-

operatively. This TEA combination has been evaluated in

multiple studies, such as the meta-analysis conducted by

Block and colleagues,18 which reported a higher analgesic ef-

ficacy when a long-acting anaesthetic plus epidural opioid was

combined.

A bolus of lidocaine 1.5 mg kg�1 without epinephrine was

administered to subjects assigned to the i.v. lidocaine group

during anaesthetic induction, and infusion was maintained at

1 mg kg�1 h�1 infusion for 24 h. We used ideal body weight for

lidocaine dose calculation.

All subjects were given a morphine schedule through a

patient-controlled analgesia (PCA) system. Other types of anal-

gesic medication or regional analgesia techniques, other than

TEA, were not allowed for the patients.

After extubation, all subjects were transferred to a high-

dependency unit for at least 24 h.
Randomisation

Randomisation was determined using a statistical program

with variable permuted blocks of 4, 6, and 8, with a 1:1 ratio of

TEA and i.v. lidocaine. The randomisation was concealed by

blinded and opaque envelopes, respectively numbered. Both

randomisation and concealment were performed by a

research assistant independent of the workgroup. Once the

patient was recruited, the anaesthesiologist opened the en-

velope and perform the procedure indicated in the envelope:

‘EPIDURAL’ or ‘LIDOCAINE’.
Blinding

This was an open-label study as it was impossible to blind

either the anaesthesiologist or the subjects, given the types of

interventions evaluated. However, the outcome adjudicator

and statistician were blinded to randomisation and interven-

tion allocation.
Primary outcome

The primary outcome was dynamic pain associated with

movement (getting out of bed, walking, or coughing) at 24 h

after surgery. This was considered as the non-inferiority

outcome. This was measured blindly using the numerical

pain rating scale (NPR), with ‘0’ being ‘no pain’ and ‘10’ being

the ‘most intense pain possible’.
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Intravenous morphine consumption at 24 h after surgery

was also assessed using patient-controalled analgesia (PCA)

quantification.
Secondary outcomes

Dynamic postoperative pain

Movement-evoked pain at 48 h and 72 h postoperatively using

the NPR scale.
Postoperative pain at rest

Pain was measured at rest at 2, 6, 12, 48, and 72 h

postoperatively.
Opioid analgesic rescue

The need for opioid analgesic rescue was measured at 2 h

postoperatively.
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- Non-programmed postoperative mechanical
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Per-protocol analysed (n=100)
Intention-to-treat analysed (n=104)

Fig 1. CONSORT flow diagram. CONSORT, Consolidated Standards of R
Opioid consumption

Morphine-equivalent consumption was assessed at 48 h and

72 h postoperatively.
Postoperative satisfaction evaluation

Degree of satisfaction was assessed using the "Evaluation du

Vecu de I’Anesthesie Generale" (EVAN-G) scale, which con-

siders the quality of perioperative care. The scale was

developed by Auquier and colleagues19 with broad psycho-

metric validity in different studies.20 As the original scale is

in French, it was validated in Spanish by Benı́tez-Linero and

colleagues at the University of Valencia, Spain.21 This scale

was used with the author’s consent.

The results were grouped into six major domains or factors

of the EVAN-G scale: appropriate preoperative information;

reasonable waiting times for medical care; degree of comfort

in the postoperative period; postsurgical medical care; privacy

and family support for the patient; and good pain control. The
Excluded (n=97)
♦ Not meeting inclusion criteria (n=73)
- Anticoagulated (n=4)
- Chronic use of strong opioid (n=34)
- Terminal renal disease (n=20)
- ICU intubated patient (n=8)
- Septic patient (n=3)
- Hepatic failure (n=4)
♦ Laparoscopic surgery (n=4)
♦ Surgical procedure was cancelled (n=8)
♦ Declined to participate (n=12)

eligibility (n=307)

ised (n=210)

Allocated to i.v. lidocaine (n=106)
♦ Received allocated intervention (n=106)
♦ Did not receive allocated intervention (n=0)

Lost to follow-up (n=0)
Discontinued intervention before 24 h (n=4)
- Delirium, n=2
- Non-programmed postoperative mechanical
ventilation, n=2

Per-protocol analysed (n=102)
Intention-to-treat analysed (n=106)

eporting Trials.



Table 1 Patients’ characteristics.

Variable Lidocaine
(n¼106)

Epidural
(n¼104)

Sex, n (%)
- Female 53 (50) 54 (51.9)
- Male 53 (50) 50 (48.1)
Age (yr), median [IQR] 59.5 [49.5e71] 59 [53e73]
Height (cm), median [IQR] 163 [155e170] 160 [155e165]
Weight (kg), median [IQR] 64 [55e64] 64.5 [55e75]
ASA physical status, n (%)
1 4 (3.8) 0 (0)
2 39 (36.8) 36 (34.6)
3 63 (59.4) 68 (59.4)
Comorbidities, n (%)
- Hypertension 42 (39.6) 39 (37.5)
- Diabetes mellitus 18 (17) 16 (15.4)
- Chronic kidney disease 3 (2.8) 5 (4.8)
- Chronic heart failure 1 (0.9) 2 (1.9)
- Chronic obstructive
pulmonary disease

3 (2.8) 11 (10.6)

- Anaemia 5 (4.7) 6 (5.8)
- Obesity 2 (1.9) 7 (6.7)
- Hypothyroidism 5 (4.7) 8 (7.7)
- Cancer 54 (50.9) 66 (63.5)
Type of surgery, n (%)
- Biliary surgery 33 (31.1) 15 (14.4)
- Hemicolectomy 23 (21.7) 16 (15.4)
- Gastrectomy 15 (14.2) 13 (12.5)
- Pancreatoduodenectomy 14 (13.2) 31 (29.8)
- Gastrointestinal
fistula closure

5 (4.7) 11 (10.6)

- Open cholecystectomy 6 (5.7 4 (3.8)
- Hepatectomy 3 (2.8) 8 (7.7)
- Retroperitoneal
tumour resection

2 (1.9) 5 (4.8)

- Open nephrectomy 3 (2.8) 1 (1)
- Open ileostomy 1 (0.9) 0
- Splenectomy 1 (0.9) 0
Hospital centre, n (%)
- Hospital Alma
Mater of Antioquia

63 (59.4) 63 (60.6)

- San Vicent’s
University Hospital

43 (40.6) 41 (39.4

ASA, American Society of Anesthesiologists; IQR, inter-quartile range.
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minimum possible score was ‘0’ and ‘100’ was the maximum

score for the evaluated factor.

Other outcomes

Haemodynamic instability with the need for postoperative

vasopressor support; signs or symptoms of local anaesthetic

toxicity; postoperative nausea and vomiting; degree of seda-

tion according to the Ramsey scale; delirium; respiratory

depression were evaluated 72 h after surgery. We also evalu-

ated the postsurgical waking onset time, length of hospital

stay, and death during all hospital stays.

Sample design

The sample size calculation adhered to the 2016 US Food and

Drug Administration recommendations for sample design of

non-inferiority trial studies for drugs and medical devices.22

Based on these recommendations, the fixed-margin method

proposed by Rothmann and colleagues23 was used to select the

non-inferiority delta.22 Initially, the meta-analysis performed

by Block and colleagues18 was used as a reference. From the

latter, clinical trials that assessed the performance of epidural

analgesia vs parenteral opioid administration in abdominal

surgery were included and added to determine the M1 (first

margin), representing the clinical effect of the analgesic

reference technique for these surgical models.24e28 For this

purpose, a meta-analytical summary of the studies was

established, showing the outcome of pain 24 h later using the

NPR.18,24e28 A minimal difference (M1) was found between

epidural vs PCA (1.58) (mean difference of 1.9, 95% confidence

interval [CI]¼�2.2 to �1.6).

During the second stage, an M2 (second margin) was

defined using the Delphi methodology together with the pain

management group of the University of Antioquia, which

concluded that i.v. lidocaine should retain at least 40% of the

analgesic effect of the previously defined lower margin (M1)

(1.58 � [1.58*0.4]¼0.95 to ~1). Hence, the M2 or non-inferiority

delta should be a difference in the i.v. lidocaine - epidural

NPR of 1, recognised in other non-inferiority analyses.16

Considering the above, with an alpha error of 0.05 and a po-

wer of 90%, the estimated sample size consisted of 206 sub-

jects, 103 subjects per group. The sample size calculation was

performed using the Epidat 4.0 program, Saúde Pública da

Consellerı́a de Sanidade, Galicia, Spain.

Statistical analysis

Baseline characteristics in both groups were presented using

frequency and proportion measures for qualitative variables

and central tendency and dispersion measures for quantita-

tive variables. The ShapiroeWilk test was performed on

quantitative variables to determine the presumption of

normality. In the case of normality, mean and standard devi-

ation were reported; otherwise, median and inter-quartile

range were reported.

Continuous variables were analysed using unpaired Stu-

dent’s t-test for themean difference in case of normality; in its

absence, the ManneWhitney U-test was made. As this was a

randomised trial with a large sample (n>30), central limit

theorem assumptions were made for the primary outcome.

The categorical data were analysed using Fisher’s precise test

for relative risks. All parameters are presented with their

respective 95% CIs. The P-value was considered statistically

significant at <0.05. No subgroup analyses were made.
The non-inferiority was declared if the upper CI limit of the

difference between the NPR of the lidocaine i.v. and TEA

groups is less than or equal to the established delta value, that

is, 1. If this limit was higher than the delta, non-inferiority

could not be declared.

For the primary outcome, we performed a per-protocol

analysis. As this was a non-inferiority study, the conclusions

of the primary outcome were drawn according to the per-

protocol population, which is determined by the subjects

who completed at least 80% of the scheduled treatment time

under the assigned group (80% of the 24 h time treatment after

surgery) and who have not been admitted to the intensive care

unit under mechanical ventilation in an unplanned fashion.

However, we performed an intention-to-treat sensitivity

analysis to assess the robustness of per-protocol results for

primary outcomes. For the other outcomes, an intention-to-

treat analysis was performed.

All analyses were performed using R statistical software

version 4.2.1 (R foundation for statistical computing, Vienna,

Austria).
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Results

Between February 2020 and September 2022, the eligibility

criteria were evaluated in 307 patients at the Hospital Alma

Mater of Antioquia and University Hospital San Vincent’s

Foundation. A total of 210 subjects were randomly assigned to

the TEA or i.v. lidocaine group (see CONSORT flowchart in

Figure 1). Only one subject was unable to have an epidural

catheter insertion. Before 24 h postoperatively, the assigned

intervention was suspended in eight subjects (3.8%), four in

the epidural group and four in the lidocaine group, five of

whom required unplanned mechanical ventilation and the

other three subjects developed delirium in the first 24 h. After

24 h, three subjects in the epidural group had epidural catheter

dysfunction, and the procedure was terminated. No subject

follow-up was discontinued.
The baseline characteristics of the subjects by intervention

group are presented in Table 1.
Regarding the primary outcome, the dynamic pain 24 h

after surgery showed a mean NPR of 5.7 (1.8) for the i.v. lido-

caine group compared with 5.2 (1.9) for the epidural group,

with a difference between groups of 0.5 (95% CI 0.0e1.00). As

for static pain, 24 h after surgery, the difference between

groups was 0.5 (95% CI �0.1 to 0.9). Table 2 and Figure 2 show

the other estimates and intervals for the different periods

assessed for both dynamic and resting pain.
Table 2 Primary and secondary outcomes by group. *This event occur
yNo deaths in the 3-day observation period. All 11 deaths were repo
with the interventions. IQR, inter-quartile range; NA, not applicable

Outcomes Lidocaine (n¼10

24 h dynamic pain, NPR scale; mean (SD)
- Per-protocol population 5.7 (1.8)
- Intention-to-treat population 5.4 (1.9)
Dynamic pain, NPR scale; mean (SD)
- 48 h 4.7 (1.3)
- 72 h 3.6 (1.3)
Opioid consumption (mg of morphine), median [IQR]
- 24 h 4.3 [2e10]
- 48 h 6.6 [3.5e11.5]
- 72 h 6 [4e11]
Pain at rest, NPR scale; mean (SD)
- 2 h 4.4 (2.4)
- 6 h 3.6 (2.4)
- 12 h 3.2 (2.5)
- 24 h 3.2 (1.6)
- 48 h 2.4 (1.3)
- 72 h 1.9 (1.2)
Surgical time (min), median [IQR] 200 [150e270]
Anaesthetic time (min), median [IQR] 240 [200e324]
Time for first ambulation (days), median [IQR] 3 [2e3]
Time of hospital stay (days), median [IQR] 7 [5e13]
Perioperative complications, n (%)
- Severe hypotension 1 (0.9)
- Bradycardia 0 (0)
- Intraoperative bleeding 3 (2.8)
2-h POP opioid rescue, n (%). 41 (38.7)
24-h haemodynamic instability, n (%) 2 (1.9)
POP nausea and vomiting, n (%). 20 (18.9)
24-H local anaesthetic toxicity, n (%) 1 (0.94)
Ramsay sedation scale, n (%)
1 0 (0)
2 99 (93.4)
3 4 (3.8)
Respiratory depression, n (%) 1 (0.94)*
Delirium, n (%) 2 (1.9)
POP death, n (%)y 8 (7.4)y
Intravenous morphine equivalent opioid consumption at

24 h post-surgery for the i.v. lidocaine group was a median of

4.3 mg [inter-quartile range 2e10 mg] compared with 2.5 mg

[inter-quartile range 1.2e6 mg] for the epidural group, with a

median difference of 1.8 mg (95% CI 1e3 mg). Table 2 shows

the cumulative opioid consumption at 48 h and 72 h.

No differences were found between per-protocol and

intention-to-treat sensibility analyses in the outcomes of dy-

namic pain 24 h after surgery (Table 2).

Subjects in the lidocaine group had a greater need for

analgesic rescue in the first 2 h postoperatively with an Rela-

tive Risk (RR) of 1.72 (95% CI 1.07e2.77). The groups had no

differences in the perioperative haemodynamic instability or

other safety outcomes. However, a longer anaesthesia time

and longer hospital stay were noted in subjects in the lido-

caine group, with an average difference of 3 days in favour of

lidocaine. There were no differences in mobility time and

hospital stay (Table 2).

One subject in the i.v. lidocaine group had an episode of

mild local anaesthetic toxicity that was managed with the

discontinuation of lidocaine infusion, requiring no supportive

measures or intravenous fluids.

Regarding the results of perioperative satisfaction, no dif-

ferences were found between the groups in the six domains

evaluated (Table 3).
red 48 h after surgery and 24 h after the end of lidocaine infusion.
rted after a 3-day observation period, and none were associated
; POP, postoperative; SD, standard deviation.

6) Epidural (n¼104) Mean difference (IC 95%) P-value

5.2 (1.9) 0.5 (0.0e1.0)
5.5 (1.9) 0.1 (�0.5 to 0.5)

4.2 (1.8) 0.5 (0e0.9) 0.033
3.3 (1.8) 0.2 (�0.2 to 0.7) 0.316

2.5 [1.2e6] 1.8 (1e3) <0.001
3.8 [0.6e6] 2.8 (1.8e4) <0.001
4 [2e6] 2 (2e4) <0.001

3.4 (2.7) 1.0 (0.2e1.8) 0.009
2.7 (2.6) 0.9 (0.1e1.7) 0.020
2.2 (2,.6) 1.0 (0.1e1.9) 0.003
2.7 (1.7) 0.5 (�0.1 to 0.9) 0.050
2.2 (1.5) 0.2 (�0.2 to 0.6) 0.340
1.8 (1.3) 0.1 (�0.2 to 0.5) 0.490
240 [160e300] �40 (�45 to 0.9) 0.067
300 [230e360] �35 (�60 to �10) 0.006
3 [2e3] 0 (�3.8 to 3.1) 0.891
10 [5.5e17] �3 (�4 to �1) <0.001

4 (3.8) 0.24 (0.03e1.81) 0.209
1 (0.9) NA NA
4 (3.8) 0.73 (0.17e3.20) 0.720
20 (19.2) 1.72 (1.07e2.77) 0.003
4 (3.8) 0.72 (0.17e3.16) 0.710
25 (24) 0.78 (0.47e1.32) 0.403
0 (0) NA NA

1 (0.96) NA NA
100 (96.1) 0.97 (0.91e1.03) 0.538
3 (2.9) 1.31 (0.30e5.70) 1.006
0 (0) NA NA
2 (1.9) 0.98 (0.14e6.87) 1.003
3 (2.9)y 2.61 (0.75e9.09) 0.214
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Table 3 Perioperative satisfaction. *Each factor was evaluated with 0e100 scores, with 0 points as the worst and 100 points as the best
possible. SD, standard deviation.

Factor* Lidocaine (n¼106) Epidural (n¼104) P-value

Preoperative information, mean (SD) 77.5 (20.5) 79.3 (19.8) 0.518
Acceptable surgical waiting times, mean (SD) 48.4 (14.6) 50.1 (15.2) 0.409
Perioperative comfort, mean (SD) 67.5 (12.2) 67.5 (11.8) 1.000
Postoperative medical attention, mean (SD) 93.2 (12.5) 91 (14.4) 0.238
Privacy, mean (SD) 63 (12.0) 61.4 (10.4) 0.303
Pain control, mean (SD) 71.7 (10.9) 75.6 (10.4) 0.086
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Discussion

This clinical trial demonstrated that lidocaine infusion was

non-inferior to thoracic epidual analgesia in the average

assessment of dynamic pain at 24 h after surgery in patients

who underwent open major abdominal surgery. We found

similar results at 48 h and 72 h postoperatively (Fig. 3).

While no margin of non-inferiority for opioid consumption

was established beforehand, a difference in morphine con-

sumption at 24 h (~2 mg) does not seem relevant and supports

the non-inferiority hypothesis.

Although after 24 h, pain control, both dynamic and at

rest, was similar in both groups, consistent differences

during the first postoperative hours favoured the epidural

technique. This explains the increased need for analgesic
rescue in subjects who received lidocaine infusion in the

first postoperative hours. These results are consistent with

other studies that report significant analgesic differences

favourable to the epidural technique in the first hours

postoperatively.16,29,30 Indeed, the systematic review and

meta-analysis conducted by Weibel and colleagues17

showed that the best analgesic control by epidurals is

observed in the first 4 h postoperatively compared with i.v.

lidocaine, a difference that is not maintained beyond 12 h

postoperatively.
The present study was designed to show non-inferiority of

i.v. lidocaine compared with TEA in patients who underwent

major open abdominal surgery. Although Terkawi and col-

leagues16 performed a study comparing epidural vs i.v. lidocaine

in these patients, with a remarkably similar sample size, this



Non-inferiority delta

Favours lidocaine Favours epidural

24-h: 0.53 (0.01 – 1.00)

48-h: 0.47 (0.02 – 0.91)

72-h: 0.23 (–0.21 to 0.67)

(Lidocaine – epidural)
–2 –1 0 1 2

Fig 3. Non-inferiority margins for dynamic pain score. Point

estimate and 95% CI. CI, confidence interval.
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was a non-randomised cohort study. Furthermore, our study

differentiated pain at rest from dynamic pain as the latter is

more difficult to control in any surgical scenario. We found no

clinically significant difference in static and dynamic pain 24 h

postoperatively between groups; these results are consistent

with those reported in previous clinical studies.29e31 Similarly,

when extrapolating the results beyond pain and evaluating the

quality of recovery and satisfaction with perioperative man-

agement, no differences were observed in any of the satisfac-

tion domains evaluated.

While previous studies of perioperative lidocaine infusion

protocols vary in dose and duration, our study was more

conservative regarding dosage and infusion time. Although

lidocaine infusion was only sustained until the first 24 h

postoperatively, the analgesic effect in our subjects was pre-

served until 72 h with no major differences in opioid con-

sumption. In 2021, Foo and colleagues32 published a consensus

on the use of i.v. lidocaine. This recommends that i.v. lido-

caine infusion should not be administered beyond 24 h

because of the cumulative effect. Although our study did not

determine the plasma concentrations of lidocaine, it is note-

worthy that the analgesic effect is persistent up to 2 days after

the infusion has been suspended, whichmight be explained as

a possible redistributive effect of lidocaine.11 Based on these

results, it can be stated that it is not necessary to maintain

lidocaine infusion for >24 h to sustain a good postoperative

control in the first 3 days postoperatively.

There were more cardiovascular events in patients with

TEA during and up to 24 h after the procedure (8.7% epidural vs

2.8% lidocaine), but this difference is not statistically signifi-

cant. Nevertheless, i.v. lidocaine might decrease the risk of

these events. Whereas similar studies also show this pattern,

only the cohort study by Terkawi and colleagues16 did

demonstrate a decrease of almost 86% in cardiovascular event

risk when lidocaine was used compared with an epidural.

The minimal risk of lidocaine toxicity found in this work

can be attributed to the dose used being well below the current

recommendations for i.v. lidocaine, which is 1.5 mg kg�1

h�1.32,33 Moreover, no serious adverse events, such as respi-

ratory depression, delirium, or death associated with i.v.

lidocaine or TEA, were reported.
In addition to the clinical results reported, subjects with

epidural analgesia had longer hospital stay. Sometimes, phy-

sicians leave epidural catheters longer than 3 days, even

without pain. This can explain a longer hospital stay in the

epidural group compared with the lidocaine i.v. group.

This study has limitations. Firstly, this is an open-label

study; it was impossible to blind the subjects and healthcare

personnel involved. Nonetheless, an attempt was made to

minimise the risk of bias with blinded evaluation of the out-

comes. Another limitation is that some patients did not un-

derstand the opioid administration methods through PCA

systems; thus, it is possible that actual opioid consumption

was underestimated in both intervention groups. However,

according to the results, there appears to be no correlation

between lower opioid consumption and greater pain; this ef-

fect could result from the high therapeutic effectiveness of

both interventions studied.

The results have broad implications in multimodal anal-

gesic management. On the one hand, intravenous lidocaine

would be an attractive analgesic strategy in accelerated re-

covery protocols after intra-abdominal procedures as it limits

interventions, catheters, and surgical time and reduces hos-

pital stay, among others. On the other hand, it would be an

option for patients with contraindications for epidural cath-

eter placement.

In conclusion, intravenous lidocaine was not inferior to

thoracic epidural analgesia for acute postoperative pain con-

trol in patients who underwentmajor open abdominal surgery

at 24 h after surgery. Both techniques are highly effective for

acute pain control in major abdominal surgery.
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