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Introduction

Epidural analgesia (EA) has decreased systemic 
opioid usage as the favoured method for postop-
erative pain release after elective open abdominal 
surgery during the past 20 years [1]. Also, EA has 
better analgesic effectiveness and is related to sig-
nificantly lower rates of illness and death [2]. Epi-
dural analgesia causes better postoperative ven-
tilation and opioid sparing, and decreased insulin 
resistance [3], and it is a central constituent of en-
hanced recovery after surgery (ERAS) because of its 
origin [4]. Although the risk of procedural problems, 
e.g. epidural haematoma, is infrequent post-EA, 

postoperative hypotension is common and might 
cause augmented intravenous fluid management 
and stop initial postoperative mobilisation [5]. 
Recently, interest has been growing in the use of 
wound catheter (WC) for local anaesthetic infiltra-
tion (LAI) as a substitute for EA after open abdom-
inal surgery, and data from randomised controlled 
trials shows that the postoperative pain scores are 
similar [6]. Wound catheters avoid the risks relat-
ed to EA, mainly postoperative hypotension, and 
have come to be standard practice through open 
hepatectomy (OH) in some healthcare centres [7]. 
A randomised controlled trial (RCT) by Hughes et al. 
indicated that WCs were related to faster recovery 
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A b s t r a c t

Introduction: A meta-analysis was performed to examine the effects of wound catheter (WC) local anaesthetic infil-
tration (LAI) and epidural analgesia (EA) in open hepatectomy (OH). 
Material and methods: A systematic literature review was performed, which found 350 subjects with OH at the 
baseline of the studies; 159 of them were treated with WC local anaesthetic infiltration, and 191 used EA. 
Results: WC LAI substantially reduced the functional recovery time (MD = –0.64; 95% CI, –1.02 to –0.26, p < 0.001) 
and increased the pain score on the second postoperative day (MD = 0.25; 95% CI: 0.10–0.40, p < 0.001) compared 
to EA in OH patients. WC LAI did not vary from EA in OH patients in second postoperative opiate use (MD = –14.86; 
95% CI: –32.88 to 3.16, p = 0.11) or overall complication rate (OR = 0.66; 95% CI: 0.41–1.04, p = 0.07).
Conclusions: WC LAI showed a non-significant difference in opiate consumption on the second postoperative day 
and in the overall complication rate, compared with EA, but it showed a lower functional recovery time and higher 
pain score.  
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after OH compared with epidural analgesia [8]. This 
discovery was not simulated by the latest study by 
Bell et al. [9].

This study aimed to appraise the influence of 
WC LAI compared with EA in OH. Laparoscopy has 
documented advantages compared to traditional 
open abdominal surgery, such as decreased pain, 
fewer wound problems, and shorter hospitalisation 
periods [10]. The utilisation of minimally invasive 
surgery (MIS) in liver resection has increased along-
side the improvement in safety and the prevalence 
of surgical excision for both benign and malignant 
liver tumours [11, 12]. Multiple studies have provid-
ed evidence of the efficacy of MIS in liver resection, 
demonstrating less intraoperative blood loss, de-
creased incidence of bile leak, and fewer sequelae 
[13–16]. The available evidence for MIS hepatec-
tomy comes primarily from research with patients 
who underwent non-anatomic or small liver resec-
tions (including 2 or fewer contiguous Chouinard 
segments). Additionally, most studies on MIS did not 
involve high-risk resections [17, 18].

Aim

In the field of occupational health, the purpose 
of this study was to evaluate the impact of wound 
catheter local anaesthetic infiltration in comparison 
to epidural analgesia in open hepatectomy.

Material and methods

Study design 

The epidemiological declaration [19] was the 
subject of the present meta-analysis, which encom-
passed studies that tracked a  prearranged study 
technique [20].

Figure 1 illustrates the whole sequence of the 
study.

Identification

First we conducted a  literature search up to 
March 2023 using a blend of keywords and similar 
words for open hepatectomy, wound catheter lo-
cal anaesthetic infiltration, epidural analgesia, opi-
ate consumption on the second postoperative day, 
overall complication rate, pain score on the second 
postoperative day, and functional recovery time, as 
shown in Table I [21].

Screening

Data were reduced based on the procedure of 
previous meta-analysis studies [22]. When there 
were dissimilar data from one study based on the 
calculation of the consequence of WC LAI compared 
with EA in OH, we extracted them independently. 
The two writers independently assessed the meth-
odologies of the chosen publications to assess the 

 

Figure 1. Schematic diagram of the study procedure
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potential bias in each study. The methodological 
quality was appraised using the “risk of bias instru-
ment” from the Cochrane Handbook for Systematic 
Reviews of Interventions Version 5.1.0.13 [23].

Eligibility

The main focus was the calculation of the out-
come of WC LAI compared with EA in OH, and an 
analysis of the WC LAI compared with EA was ex-
tracted to form a summary. 

Inclusion criteria

Included studies had to be randomised clinical 
trials or retrospective studies. In addition, the design 
of these studies had to be based on a comparative 
design between different anaesthesia techniques.

Exclusion criteria

Studies were excluded in certain cases: studies 
written in other languages, studies in the form of 
letters, communications, and book chapters.

Statistical analysis

The odds ratio (OR) and mean difference (MD) 
with a  95% confidence interval were calculated 
in the current meta-analysis using a  random- or 
fixed-effect model with dichotomous and contested 
methods (CI) [24]. All p-values were calculated us-
ing 2-tailed tests. The statistical analysis and graphs 

were performed/drawn with Reviewer Manager ver-
sion 5.3. A random-effects model was fitted to the 
data. Using the constrained maximum-likelihood es-
timator, the level of heterogeneity (t2) was calculat-
ed. The I2 index was computed, with a range from 0 
to 100, conveyed in the form of forest plots. This in-
dex was obtained using Reviewer Manager software. 
The heterogeneity level was shown by percentages 
ranging from 0% to 100%, indicating low, moderate, 
and high levels of heterogeneity. Begg’s and Egger’s 
tests were used to conduct quantitative research 
on publication bias, and the presence of publication 
bias was deemed to be present if p > 0.05. 

Results

A  total of 576 pertinent studies were found, of 
which 4 studies between 2012 and 2022 met the 
inclusion criteria and were elaborated in the me-
ta-analysis as shown in Table II [7–9, 25]. 

The designated studies encompassed 350 sub-
jects with OH at the baseline of the studies; 159 of 
them were managed with WC LAI, and 191 used EA. 
The size of the studies ranged from 64 to 110 sub-
jects at the start of the study. 

The use of WC LAI resulted in a significantly low-
er Functional Recovery Time (MD = –0.64; 95% CI: 
–1.02 to –0.26, p < 0.001) with no heterogeneity  
(I2 = 0%), and higher pain score on the second post-
operative day (MD = 0.25; 95% CI: 0.10–0.40, p < 
0.001) with no heterogeneity (I2 = 0%) in subjects 

Table I. Search strategy for each database

Database Search strategy

PubMed #1 „open hepatectomy”[MeSH Terms] OR „wound catheter local anesthetic infiltration”[All Fields] OR 
„pain score on second postoperative day”[All Fields] OR „overall complication rate „[All Fields] 
#2 „epidural analgesia”[MeSH Terms] OR „open hepatectomy”[All Fields] OR „pain score on second post-
operative day”[All Fields] OR „opiate consumption on second postoperative day”[All Fields]
#3 #1 AND #2

Embase ‚open hepatectomy’/exp OR ‚wound catheter local anesthetic infiltration’/exp OR ‚pain score on second 
postoperative day’/exp OR ‚overall complication rate’
#2 ‚epidural analgesia’/exp OR ‚pain score on second postoperative day’/exp OR ‚opiate consumption on 
second postoperative day’
#3 #1 AND #2

Cochrane library (open hepatectomy):ti,ab,kw (wound catheter local anesthetic infiltration):ti,ab,kw OR (pain score on 
second postoperative day) :ti,ab,kw (Word variations have been searched)
#2 (overall complication rate):ti,ab,kw OR (epidural analgesia):ti,ab,kw OR (pain score on second postoper-
ative day) :ti,ab,kw OR (opiate consumption on second postoperative day) :ti,ab,kw (Word variations have 
been searched)
#3 #1 AND #2

ti, ab, kw – terms in either title or abstract or keyword fields, exp – exploded indexing term.
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with OH compared with EA, as shown in Figures 2 
and 3. However, WC LAI did not show any signifi-
cant difference in opiate consumption on the second 
postoperative day (MD = –14.86; 95% CI: –32.88 to 
3.16, p = 0.11) with high heterogeneity (I2 = 89%), 
and overall complication rate (OR = 0.66; 95% CI: 
0.41–1.04, p = 0.07) with no heterogeneity (I2 = 0%) 
compared with EA in subjects with OH, as shown in 
Figures 4 and 5.

Due to the lack of available data for certain fac-
tors, such as gender, age, and ethnicity, stratified 
models could not be used to investigate their im-
pact on comparison outcomes. Visual assessment 
of the funnel plot and quantitative measurements 
using the Egger regression test revealed no evi-
dence of publication bias (p = 0.87). However, it 
was shown that the majority of the encompassed 
RCTs had poor procedural quality, no bias in se-

Table II. Characteristics of the studies selected for the meta-analysis

Study Country Study design Total Wound catheter local 
anaesthetic infiltration

Epidural 
analgesia

Revie, 2012 [7] UK RCT 64 33 31

Hughes, 2015 [8] UK RCT 93 49 44

Bell, 2019 [9] UK RCT 83 42 41

Jackson, 2022 [16] UK Retrospective observational study 110 35 75

Total 350 159 191

Study   Wound catheter local   Epidural   Weight Mean difference IV,  Mean difference IV,
or subgroup  anaesthetic infiltration  analgesia  (%) random, 95% CI random, 95% CI
 Mean SD Total Mean SD Total  
Hughes, 2015  12  4  49  18.5  4.12  44  41.4  –6.50 [–8.15, –4.85] 
Bell, 2019  11  25  42  8.7  24  41  36.4  2.30 [–8.24, 12.84] 
Jackson, 2022  80.5  69.56  35  139  53.8  75  22.2  –58.50 [–84.56, –32.44] 
Total (95% CI)    126    160  100.0  –14.86 [–32.88, 3.16] 
Heterogeneity: t2 = 203.48; c2 = 17.97, df = 2 (p = 0.0001); I2 = 89% 
Test for overall effect: Z = 1.62 (p = 0.11)

Study   Wound catheter local   Epidural   Weight Mean difference IV,  Mean difference IV,
or subgroup  anaesthetic infiltration  analgesia  (%) fixed, 95% CI fixed, 95% CI
 Mean SD Total Mean SD Total  
Revie, 2012  2.2  0.4  33  2  0.5  31  44.5  0.20 [–0.02, 0.42]
Hughes, 2015  1.9  0.5  49  1.6  0.5  44  53.3  0.30 [0.10, 0.50]
Bell, 2019  2.5  2.7  42  2.4  2  41  2.1  0.10 [–0.92, 1.12]

Total (95% CI)    124   116  100.0  0.25 [0.10, 0.40]
Heterogeneity: c2 = 0.51, df = 2 (p = 0.78); I2 = 0% 
Test for overall effect: Z = 3.31 (p = 0.0009) 

Study   Wound catheter local   Epidural   Weight Mean difference IV,  Mean difference IV,
or subgroup  anaesthetic infiltration  analgesia  (%) fixed, 95% CI fixed, 95% CI
 Mean SD Total Mean SD Total  
Revie, 2012  4.5  15.25  33  6  9.87  31  0.4  –1.50 [–7.76, 4.76]
Hughes, 2015  5.75  0.75  49  6.5  1.18  44  86.3  –0.75 [–1.16, –0.34]
Bell, 2019  8.2  11  42  6.8  4.8  41  1.1  1.40 [–2.24, 5.04]
Jackson, 2022  8  2.65  35  8  2.79  75  12.2 0.00 [–1.08, 1.08]

Total (95% CI)    159    191  100.0  –0.64 [–1.02, –0.26]
Heterogeneity: c2 = 2.91, df = 3 (p = 0.41); I2 = 0% 
Test for overall effect: Z = 3.31 (p = 0.0009) 

Figure 4. Forest plot of the consequence of wound catheter LAI compared with EA on opiate consumption 
on the second postoperative day outcomes in subjects with OH 

Figure 3. Forest plot of the consequences of wound catheter LAI compared with EA on the incidence of pain 
score on the second postoperative day outcomes in subjects with OH 

Figure 2. Forest plot of the consequences of wound catheter LAI compared with EA on functional recovery 
time outcomes in subjects with OH 
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lective reporting, and only minimal consequence 
data.

Discussion

The current meta-analysis involved 350 subjects 
with OH at the baseline of the studies; 159 of them 
were treated with WC LAI, and 191 used EA [7–9, 
25]. The use of WC LAI resulted in a significantly low-
er functional recovery time and higher pain score on 
the second postoperative day in subjects with OH, 
compared with EA. However, WC LAI did not show 
any significant difference in opiate consumption on 
the second postoperative day and overall compli-
cation rate, compared with EA in subjects with OH. 
This insignificant difference suggests that addition-
al studies are needed to authenticate these find-
ings. The analysis of consequences should be with 
thoughtfulness due to the low sample size of 3 out 
of 4 of the designated studies (< 100) and the low 
number of studies in certain comparisons, e.g. opi-
ate consumption on the second postoperative day 
and overall complication rate. 

Surgical procedures induce a cascade of events, 
which begins with hypothalamic-pituitary-adrenal 
axis activation, which in turn releases adrenaline, 
cortisol, and other compounds that promote in-
flammation. Preoperative interventions, including 
anaesthetic administration and some anaesthetic 
techniques, may influence the postoperative inflam-
matory response, according to the current body of 
knowledge [26].

A previous meta-analysis by Li et al. showed that 
CWI exhibits a higher level of efficacy compared to 
EA, with a reduced occurrence of problems in surgi-
cal procedures. However, EA may offer greater pain 
management in terms of postoperative pain relief 
[27]. In addition, Marret et al. have shown that EA 

results in a notable rise in the occurrence of prob-
lems, such as low blood pressure, inability to urinate, 
and itching, as compared to the use of opioid pain 
relief administered through injection after colorectal 
surgery [28]. Also, O’Neill et al. discovered that the 
occurrence of problems, such as vomiting, nausea, 
urine retention, and pruritus, is notably greater in 
the EA group compared to the CWI group following 
caesarean delivery [29]. However, the current study 
showed no significant impact regarding complica-
tions for both techniques. 

A  possible explanation for better functional re-
covery time when using WC LAI is that initial ambu-
lation is more probable in WC subjects due to less 
postoperative hypotension [9]. EA is well recognised 
as an active pain control after open abdominal sur-
gery, and it has been recommended in several ERAS 
guidelines after colorectal and pancreatic surgery 
[30]. However, a new meta-analysis has recommend-
ed that epidurals are not related to quicker recovery 
after surgery in the setting of ERAS pathways [3], 
and a recently published ERAS guideline on hepatec-
tomy suggested WCs as a substitute for EA after OH 
[31]. Concerns have been expressed that WCs might 
deliver less active pain control in the initial postop-
erative period than EA after open abdominal surgery, 
but the existing indication is contradictory [6, 32]. 
These differences between studies might be due to 
differences in WC location or restrictions in study 
strategy. A new meta-analysis of 29 RCTs suggested 
that preperitoneal catheters are better than subcu-
taneous catheters and are similar to EA in terms of 
postoperative pain scores [33]. In subjects experi-
encing OH via a long upper abdominal incision, the 
indication that WCs are similar to epidural catheters 
in pain control is unclear. In an earlier meta-analy-
sis of 705 subjects, pain scores were significantly 
lower in epidural subjects on the first postoperative 

Study                 Wound catheter local   Epidural   Weight Odds ratio M-H,  Odds ratio M-H, 
or subgroup      anaesthetic infiltration  analgesia  (%) fixed, 95% CI fixed, 95% CI
 Events   Total  Events   Total 
Revie, 2012  16   33  18   31  20.9  0.68 [0.25, 1.82] 
Hughes, 2015  25   49  31   44  35.0  0.44 [0.19, 1.03] 
Bell, 2019  13   42  12   41  18.3  1.08 [0.42, 2.77] 
Jackson, 2022  8   35  24   75  25.8  0.63 [0.25, 1.59] 
Total (95% CI)    159    191  100.0  0.66 [0.41. 1.04] 
Total events  62    85 
Heterogeneity: c2 = 1.98, df = 3 (p = 0.58); I2 = 0% 
Test for overall effect: Z = 1.81 (p = 0.07)

Figure 5. Forest plot of the consequences of wound catheter LAI compared with EA on overall complication 
rate outcomes in subjects with OH
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day; nevertheless, this did not result in better clini-
cal results, but this study might be subjected to bias 
because it comprised data from non-randomised 
studies [32]. Remarkably, pain scores on the second 
postoperative day were lower in epidural subjects, 
and this is linked to non-significantly higher opioid 
intake in epidural subjects on the second postoper-
ative day. This finding suggests that EA might be-
come less active than WCs after the first postopera-
tive day, but the cause for this is indistinct. It can be 
hypothesised that the decreased effectiveness of EA 
might have happened because the infusion rate was 
decreased to offset epidural-associated hypoten-
sion, but there are no existing data to support this.

This meta-analysis presented the impact of WC 
LAI compared with EA in OH. However, additional 
studies are still needed to exemplify these latent in-
teractions as well as to compare the effect of WC LAI 
with EA on the consequences studied. These studies 
should encompass larger more homogeneous sam-
ples. This was proposed also in a preceding compa-
rable meta-analysis study, which displayed compa-
rable hopeful consequences of WC LAI in improving 
the pain score on the second postoperative day and 
decreasing the functional recovery time [34].

In summary, functional recovery time and higher 
pain score on the second postoperative day in sub-
jects with OH compared with EA. However, WC LAI 
did not show any significant difference in opiate con-
sumption on the second postoperative day and over-
all complication rate, compared with EA in subjects 
with OH.

Limitations. There may have been some selection 
bias because several papers found in this study were 
omitted from the meta-analysis. However, the omit-
ted publications did not adhere to the standards 
for inclusion in our meta-analysis. Furthermore, we 
could not ascertain whether age and ethnicity had 
an impression on the consequences. The purpose of 
the study is to compare the effects of WC LAI with 
those of EA in OH. Data from preceding studies were 
used, which might have led to bias because of miss-
ing or incorrect information. The meta-analysis was 
based on only 4 studies; 3 studies of them were 
small, i.e. ≤ 100 subjects. The subjects’ nutrition-
al states as well as the characteristics of age, sex, 
and gender were all potential sources of bias. There 
may also be some unpublished articles and missing 
data that could skew the effect being researched. All 
studies comprised in our meta-analysis were from 

single-centre organisations and led in the UK, which 
might border the usage of this data by additional 
centres, mainly outside the UK, where experimental 
variations might be affected by differences in clinical 
practice, healthcare policy, and culture.

Conclusions

WC LAI substantially reduced the functional re-
covery time and increased the pain score on the 
second postoperative day in subjects with OH com-
pared with EA. However, WC LAI did not show any 
significant difference in opiate consumption on the 
second postoperative day and overall complication 
rate, compared with EA, in subjects with OH.
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