
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Continuous local anaesthetic wound infusion for postoperative pain
a�er midline laparotomy for colorectal resection in adults (Review)

 

  Liang SS, Ying AJ, A�an ET, Kakala BF, Strippoli GFM, Bullingham A, Currow H, Dunn DW, Yeh ZYT  

  Liang SS, Ying AJ, A�an ET, Kakala BF, Strippoli GFM, Bullingham A, Currow H, Dunn DW, Yeh ZYT. 
Continuous local anaesthetic wound infusion for postoperative pain a/er midline laparotomy for colorectal resection in adults. 
Cochrane Database of Systematic Reviews 2019, Issue 10. Art. No.: CD012310. 
DOI: 10.1002/14651858.CD012310.pub2.

 

  www.cochranelibrary.com  

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal
resection in adults (Review)

 

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD012310.pub2
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 6

OBJECTIVES.................................................................................................................................................................................................. 6

METHODS..................................................................................................................................................................................................... 6

RESULTS........................................................................................................................................................................................................ 10

Figure 1.................................................................................................................................................................................................. 10

Figure 2.................................................................................................................................................................................................. 12

Figure 3.................................................................................................................................................................................................. 13

DISCUSSION.................................................................................................................................................................................................. 20

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 23

ACKNOWLEDGEMENTS................................................................................................................................................................................ 24

REFERENCES................................................................................................................................................................................................ 25

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 29

DATA AND ANALYSES.................................................................................................................................................................................... 49

Analysis 1.1. Comparison 1 Local anaesthetic versus placebo, Outcome 1 Pain at rest: day 1 (10-point numerical rating scale
or equivalent)........................................................................................................................................................................................

51

Analysis 1.2. Comparison 1 Local anaesthetic versus placebo, Outcome 2 Pain at rest: day 2 (10-point numerical rating scale
or equivalent)........................................................................................................................................................................................

51

Analysis 1.3. Comparison 1 Local anaesthetic versus placebo, Outcome 3 Pain at rest: day 3 (10-point numerical rating scale
or equivalent)........................................................................................................................................................................................

51

Analysis 1.4. Comparison 1 Local anaesthetic versus placebo, Outcome 4 Pain on movement: day 1 (10-point numerical rating
scale or equivalent)..............................................................................................................................................................................

52

Analysis 1.5. Comparison 1 Local anaesthetic versus placebo, Outcome 5 Pain on movement: day 2 (10-point numerical rating
scale or equivalent)..............................................................................................................................................................................

52

Analysis 1.6. Comparison 1 Local anaesthetic versus placebo, Outcome 6 Pain on movement: day 3 (10-point numerical rating
scale or equivalent)..............................................................................................................................................................................

52

Analysis 1.7. Comparison 1 Local anaesthetic versus placebo, Outcome 7 Opioid consumption via patient controlled analgesia:
day 1 (mg morphine equivalent).........................................................................................................................................................

53

Analysis 1.8. Comparison 1 Local anaesthetic versus placebo, Outcome 8 Opioid consumption via patient controlled analgesia:
day 2 (mg morphine equivalent).........................................................................................................................................................

53

Analysis 1.9. Comparison 1 Local anaesthetic versus placebo, Outcome 9 Opioid consumption via patient controlled analgesia:
day 3 (mg morphine equivalent).........................................................................................................................................................

54

Analysis 1.10. Comparison 1 Local anaesthetic versus placebo, Outcome 10 Opioid consumption via patient controlled
analgesia: day 4 (mg morphine equivalent).......................................................................................................................................

54

Analysis 1.11. Comparison 1 Local anaesthetic versus placebo, Outcome 11 Nausea or vomiting................................................. 54

Analysis 1.12. Comparison 1 Local anaesthetic versus placebo, Outcome 12 Ileus.......................................................................... 55

Analysis 1.13. Comparison 1 Local anaesthetic versus placebo, Outcome 13 Pruritus.................................................................... 55

Analysis 1.14. Comparison 1 Local anaesthetic versus placebo, Outcome 14 Respiratory depression........................................... 55

Analysis 1.15. Comparison 1 Local anaesthetic versus placebo, Outcome 15 Time to first bowel movement (days)..................... 56

Analysis 1.16. Comparison 1 Local anaesthetic versus placebo, Outcome 16 Time to ambulation (days)...................................... 56

Analysis 1.17. Comparison 1 Local anaesthetic versus placebo, Outcome 17 Length of hospital stay (days)................................. 56

Analysis 1.18. Comparison 1 Local anaesthetic versus placebo, Outcome 18 Any serious postoperative adverse event (composite
outcome)................................................................................................................................................................................................

57

Analysis 1.19. Comparison 1 Local anaesthetic versus placebo, Outcome 19 Pneumonia.............................................................. 57

Analysis 1.20. Comparison 1 Local anaesthetic versus placebo, Outcome 20 Laparotomy wound breakdown.............................. 57

Analysis 1.21. Comparison 1 Local anaesthetic versus placebo, Outcome 21 Laparotomy wound infection.................................. 58

Analysis 1.22. Comparison 1 Local anaesthetic versus placebo, Outcome 22 Local anaesthetic systemic toxicity......................... 58

Analysis 2.1. Comparison 2 Subgroup analyses by local anaesthetic agent, Outcome 1 Pain at rest: day 1 (10-point numerical
rating scale or equivalent)....................................................................................................................................................................

59

Analysis 2.2. Comparison 2 Subgroup analyses by local anaesthetic agent, Outcome 2 Pain on movement: day 1 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

59

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.3. Comparison 2 Subgroup analyses by local anaesthetic agent, Outcome 3 Opioid consumption via patient-
controlled analgesia: day 1 (mg morphine equivalent).....................................................................................................................

60

Analysis 3.1. Comparison 3 Subgroup analyses by wound infusion programme, Outcome 1 Pain at rest: day 1 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

61

Analysis 3.2. Comparison 3 Subgroup analyses by wound infusion programme, Outcome 2 Pain on movement: day 1 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

62

Analysis 3.3. Comparison 3 Subgroup analyses by wound infusion programme, Outcome 3 Opioid consumption via patient-
controlled analgesia: day 1 (mg morphine equivalent).....................................................................................................................

62

Analysis 4.1. Comparison 4 Subgroup analyses by co-analgesic agents, Outcome 1 Pain at rest: day 1 (10-point numerical rating
scale or equivalent)..............................................................................................................................................................................

64

Analysis 4.2. Comparison 4 Subgroup analyses by co-analgesic agents, Outcome 2 Pain on movement: day 1 (10-point numerical
rating scale or equivalent)....................................................................................................................................................................

64

Analysis 4.3. Comparison 4 Subgroup analyses by co-analgesic agents, Outcome 3 Opioid consumption via patient-controlled
analgesia: day 1 (mg morphine equivalent).......................................................................................................................................

65

Analysis 5.1. Comparison 5 Sensitivity analyses excluding unpublished data, Outcome 1 Time to first bowel movement (days).... 65

Analysis 6.1. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 1 Pain at rest: day 1 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

66

Analysis 6.2. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 2 Pain at rest: day 2 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

67

Analysis 6.3. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 3 Pain on movement: day 1 (10-
point numerical rating scale or equivalent)........................................................................................................................................

67

Analysis 6.4. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 4 Pain on movement: day 2 (10-
point numerical rating scale or equivalent)........................................................................................................................................

67

Analysis 6.5. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 5 Opioid consumption via
patient-controlled analgesia: day 1 (mg morphine equivalent)........................................................................................................

67

Analysis 6.6. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 6 Opioid consumption via
patient-controlled analgesia: day 2 (mg morphine equivalent)........................................................................................................

68

Analysis 6.7. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 7 Nausea or vomiting............... 68

Analysis 6.8. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 8 Time to ambulation (days)...... 69

Analysis 6.9. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 9 Length of hospital stay (days).... 69

Analysis 6.10. Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome 10 Laparotomy wound
infection.................................................................................................................................................................................................

69

Analysis 7.1. Comparison 7 Subgroup analyses by wound catheter location, Outcome 1 Pain at rest: day 1 (10-point numerical
rating scale or equivalent)....................................................................................................................................................................

70

Analysis 7.2. Comparison 7 Subgroup analyses by wound catheter location, Outcome 2 Pain on movement: day 1 (10-point
numerical rating scale or equivalent)..................................................................................................................................................

71

Analysis 7.3. Comparison 7 Subgroup analyses by wound catheter location, Outcome 3 Opioid consumption via patient-
controlled analgesia: day 1 (mg morphine equivalent).....................................................................................................................

72

APPENDICES................................................................................................................................................................................................. 72

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 79

DECLARATIONS OF INTEREST..................................................................................................................................................................... 79

SOURCES OF SUPPORT............................................................................................................................................................................... 79

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 79

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

ii



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Continuous local anaesthetic wound infusion for postoperative pain
a�er midline laparotomy for colorectal resection in adults

Sophie S Liang1,2, Andrew J Ying3, Eshan T A�an2,3, Benedict F Kakala2,4, Giovanni FM Strippoli5, Alan Bullingham1,6, Helen Currow6,7,

David W Dunn3, Zeigfeld Yu-Ting Yeh3

1Department of Anaesthesia, Westmead Hospital, Westmead, Australia. 2Sydney Medical School, The University of Sydney, Sydney,

Australia. 3Department of Surgery, Blacktown Hospital, Blacktown, Australia. 4General Surgery, Westmead Hospital, Westmead,

Australia. 5Cochrane Kidney and Transplant, Centre for Kidney Research, The Children's Hospital at Westmead, Westmead, Australia.
6Department of Anaesthesia, Blacktown Hospital, Blacktown, Australia. 7School of Medicine, University of Western Sydney, Penrith,
Australia

Contact: Sophie S Liang, Department of Anaesthesia, Westmead Hospital, Cnr Hawkesbury & Darcy Rds, Westmead, New South Wales,
2145, Australia. sophie.s.liang@gmail.com.

Editorial group: Cochrane Pain, Palliative and Supportive Care Group.
Publication status and date: New, published in Issue 10, 2019.

Citation:  Liang SS, Ying AJ, A�an ET, Kakala BF, Strippoli GFM, Bullingham A, Currow H, Dunn DW, Yeh ZYT. Continuous local anaesthetic
wound infusion for postoperative pain a/er midline laparotomy for colorectal resection in adults. Cochrane Database of Systematic
Reviews 2019, Issue 10. Art. No.: CD012310. DOI: 10.1002/14651858.CD012310.pub2.

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Colorectal resection through a midline laparotomy is a commonly performed surgical procedure to treat various bowel conditions. The
typical postoperative hospital stay a/er this operation is 6 to 10 days. The main factors hindering early recovery and discharge are thought
to include postoperative pain and delayed return of bowel function.

Continuous infusion of a local anaesthetic into tissues surrounding the surgical incision via a multi-lumen indwelling wound catheter
placed by the surgeon prior to wound closure may reduce postoperative pain, opioid consumption, the time to return of bowel function,
and the length of hospital stay.

Objectives

To evaluate the e�icacy and adverse events of continuous local anaesthetic wound infusion for postoperative pain a/er midline laparotomy
for colorectal resection in adults.

Search methods

We searched the CENTRAL, MEDLINE and Embase databases to January 2019 to identify trials relevant to this review. We also searched
reference lists of relevant trials and reviews for eligible trials. Additionally, we searched two clinical trials registers for ongoing trials.

Selection criteria

We considered randomised controlled trials (including non-standard designs) or quasi-randomised controlled trials comparing continuous
wound infusion of a local anaesthetic versus a placebo or a sham a/er midline laparotomy for colorectal resection in adults. We did not
compare continuous local anaesthetic wound infusion to other techniques, such as transverse abdominis plane block or thoracic epidural
analgesia. We allowed non-randomised analgesic co-interventions carried out equally in the intervention and control groups.
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Data collection and analysis

Two review authors independently identified trials for inclusion and assessed their quality using the Cochrane 'Risk of bias' tool. We
extracted data using standardised forms, including pain at rest and on movement (10-point scale), opioid consumption via a patient-
controlled analgesia (PCA) system (mg morphine equivalent), postoperative opioid-related adverse events, the time to rescue analgesia,
the time to first flatus and to first bowel movement, the time to ambulation, the length of hospital stay, serious postoperative adverse
events, and patient satisfaction. We quantitatively synthesised the data by meta-analysis. We summarised and graded the certainty of the
evidence for critical outcomes using the GRADEpro tool and created a 'Summary of findings' table.

Main results

This review included six randomised controlled trials that enrolled a total of 564 adults undergoing elective midline laparotomy for
colorectal resection comparing continuous wound infusion of a local anaesthetic to a normal saline placebo. Due to 23 post-randomisation
exclusions, a total of 541 participants contributed data to the analysis of at least one outcome (local anaesthetic 268; control 273).
Most participants were aged 55 to 65 years, with normal body mass index and low to moderate anaesthetic risk (American Society of
Anesthesiologists class I-III). Random sequence generation, allocation concealment, and blinding were appropriately carried out in most
trials. However, we had to downgrade the certainty of the evidence for most outcomes due to serious study limitations (risk of bias),
inconsistency, indirectness, imprecision and reporting bias.

Primary outcomes

On postoperative day 1, pain at rest (mean di�erence (MD) −0.59 (from 3.1), 95% confidence interval (CI) −1.12 to −0.07; 5 studies, 511
participants; high-certainty evidence), pain on movement (MD −1.1 (from 6.1), 95% CI −2.3 to −0.01; 3 studies, 407 participants; low-certainty
evidence) and opioid consumption via PCA (MD −12 mg (from 41 mg), 95% CI −20 to −4; 6 studies, 528 participants; moderate-certainty
evidence) were reduced in the local anaesthetic group compared to the control group.

Secondary outcomes

There was a reduction in the time to first bowel movement (MD −0.67 from 4.4 days, 95% CI −1.17 to −0.17; 4 studies, 197 participants;
moderate-certainty evidence) and the length of hospital stay (MD −1.2 from 7.4 days, 95% CI −2.0 to −0.3; 4 studies, 456 participants; high-
certainty evidence) in the local anaesthetic group compared to the control group.

There was no evidence of a di�erence in any serious postoperative adverse events until hospital discharge (RR 1.04, 95% CI 0.68 to 1.58; 6
studies, 541 participants; low-certainty evidence) between the two study groups.

Authors' conclusions

A/er elective midline laparotomy for colorectal resection, continuous wound infusion of a local anaesthetic compared to a normal saline
placebo reduces postoperative pain at rest and the length of hospital stay, on the basis of high-certainty evidence. This means we are very
confident that the e�ect estimates for these outcomes lie close to the true e�ects. There is moderate-certainty evidence to indicate that the
intervention probably reduces opioid consumption via PCA and the time to first bowel movement. This means we are moderately confident
that e�ect estimates for these outcomes are likely to be close to the true e�ects, but there is a possibility that they are substantially
di�erent. The intervention may reduce postoperative pain on movement, however, this conclusion is based on low-certainty evidence. This
means our confidence in the e�ect estimate is limited. The true e�ect may be substantially di�erent from the estimate of the e�ect. There
is low-certainty evidence to indicate that the intervention may have little or no e�ect on the rates of any serious postoperative adverse
events until hospital discharge. High-quality randomised controlled trials to evaluate the intervention with a focus on important clinical
and patient-centred outcomes are needed.

P L A I N   L A N G U A G E   S U M M A R Y

Continuous delivery of a local anaesthetic around the wound to treat pain a�er bowel surgery through a vertical cut in the abdomen

Background

People with bowel disease can be treated with surgery to remove a part of the bowel (colorectal resection). A long vertical cut in the
abdomen (midline laparotomy) is o/en required. Recovery a/er this type of surgery can be slow and painful. Continuous injection of a local
anaesthetic (numbing a specific area of the body, e.g. around the wound) may reduce pain a/er this type of surgery. The local anaesthetic
may also reduce the amount of morphine-like pain killers required and side e�ects related to these medications. This could mean a shorter
recovery time for the patient and earlier discharge from the hospital.

Study characteristics

We searched for clinical trials to January 2019 looking at the benefits and harms of continuous injection of a local anaesthetic a/er surgery
to remove the bowel through a vertical cut in the abdomen. We looked for trials comparing local anaesthetic to an inactive substance
(placebo) such as salty water (normal saline). We found six clinical trials including 541 participants. Most participants were aged 55 to 65
years, of varying health status from fit and healthy to having a severe systemic disease (a disease that a�ects the whole body).

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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Key findings

In people who received a local anaesthetic, pain at rest, pain on movement, and requirement for morphine-like pain killers were reduced
on the first day a/er surgery compared to people who received an inactive substance.

People who received a local anaesthetic also opened their bowels about half a day earlier and were discharged from hospital about a day
earlier compared to people who received an inactive substance.

We did not find a di�erence between people who received a local anaesthetic and those who received an inactive substance in the rates
of any serious complications a/er surgery until hospital discharge.

Certainty of evidence

We rated the certainty of the evidence from studies using four levels: high, moderate, low, very low. Reasons for downgrading the certainty
of the evidence included limitations problems with the design of the studies, missing data, di�erences between trials and how the
outcomes were measured, and the small number of participants. We need more high-quality trials to evaluate this treatment, especially
its e�ects on recovery a/er surgery, side e�ects and complications.

We rated the certainty of the evidence for pain a/er surgery at rest and the length of hospital stay as high, meaning that we are very
confident in the findings about the e�ects of the treatment on these outcomes. We rated the certainty of the evidence for the requirement
for morphine-like pain killers and the time until the first bowel movement as moderate. This means that we are moderately confident in the
findings about the e�ects of the treatment on these outcomes. We rated the certainty of the evidence for pain a/er surgery on movement
and the rates of any serious complications a/er surgery until hospital discharge as low, meaning that we have limited confidence in the
findings about the e�ects of the treatment on these outcomes.

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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Summary of findings for the main comparison.   Continuous local anaesthetic wound infusion compared to placebo for postoperative pain a�er
midline laparotomy for colorectal resection in adults

Continuous local anaesthetic wound infusion compared to placebo for postoperative pain after midline laparotomy for colorectal resection in adults

Patient or population: adults undergoing elective midline laparotomy for colorectal resection
Setting: tertiary hospitals in resource-rich countries
Intervention: continuous local anaesthetic wound infusion
Comparison: continuous wound infusion of a placebo (normal saline)

Anticipated absolute effects* (95% CI)Outcomes

Response or risk
with placebo

Response or risk with local
anaesthetic

Relative effect
(95% CI)

№ of participants
(trials)

Certainty of the
evidence
(GRADE)

Pain score at rest postoperative day 1
Assessed with: numerical rating scale or
equivalent
Scale from: 0 to 10 (0 = no pain)

Weighted mean 3.1
points

MD 0.59 points lower
(1.1 points lower to 0.07 points
lower)

- 511
(5 RCTs)

⊕⊕⊕⊕
High

Pain score on movement postoperative
day 1
Assessed with: numerical rating scale or
equivalent
Scale from: 0 to 10 (0 = no pain)

Weighted mean 6.1
points

MD 1.1 points lower
(2.3 points lower to 0.01 points
lower)

- 407
(3 RCTs)

⊕⊕⊝⊝

Lowa,b

Opioid consumption via patient con-
trolled analgesia postoperative day 1
Assessed with: milligrams of morphine
equivalent

Weighted mean 41
mg

MD 12 mg lower
(20 mg lower to 4.2 mg lower)

- 528
(6 RCTs)

⊕⊕⊕⊝

Moderatec

Time to first bowel movement (days) Weighted mean 4.4
days

MD 0.67 days lower
(1.17 days lower to 0.17 days
lower)

- 197
(4 RCTs)

⊕⊕⊕⊝

Moderated

Length of hospital stay (days) Weighted mean 7.4
days

MD 1.2 days lower
(2.0 days lower to 0.33 days low-
er)

- 456
(4 RCTs)

⊕⊕⊕⊕
High

Study populationAny serious postoperative adverse event

(until hospital discharge) 139 per 1000 141 per 1000

RR 1.04
(0.68 to 1.58)

541
(6 RCTs)

⊕⊕⊝⊝

Lowb,e
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(92 to 212)

*The risk in the intervention group (and its 95% CI) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).
 
CI: confidence interval; MD: mean difference; mg: milligram; RCT: randomised controlled trial; RR: risk ratio

GRADE Working Group grades of evidence
High: we are very confident that the true effect lies close to that of the estimate of the effect; further research is very unlikely to change our confidence in the estimate of ef-
fect.
Moderate: we are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of effect, but there is a possibility that it is substantially dif-
ferent; further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.
Low: our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect; further research is very likely to have an
important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low: we have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect; any estimate of effect is very
uncertain.

aDowngraded by one level for inconsistency: high level of heterogeneity (I2 > 75%).
bDowngraded by one level for reporting bias: selective outcome reporting in trials where this outcome was predefined but the results were not published.
cDowngraded by one level for serious study limitations (risk of bias): attrition bias arising from large numbers of post-randomisation exclusions and missing data for this outcome.
dDowngraded by one level for imprecision: small total number of participants (< 400).
eDowngraded by one level for some indirectness: unclear or di�erent definitions or methods of assessment for this outcome.
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B A C K G R O U N D

Description of the condition

Open colorectal resection is associated with substantial
postoperative pain. It is the definitive treatment for a broad range
of benign and malignant conditions of the large bowel, including
colorectal cancer, inflammatory bowel disease, diverticular
disease, and large bowel obstruction. In 2012, the worldwide
annual incidence of colorectal cancer was 1.4 million. It was the
second most common cancer in women a/er breast cancer, and the
third most common cancer in men a/er lung and prostate cancer
(WCR 2014). In the UK, approximately 60% of people with colorectal
cancer will undergo major colorectal resection (NBOCA 2015). Since
advancement of laparoscopic surgical techniques, the number
of cases of elective, open resections for colorectal cancer has
decreased in high-income countries, such as the UK and Australia
(BCCA 2015; NBOCA 2015). In Australia, the rate of open resection
decreased from approximately 70% in 2009 to approximately
40% in 2014 (BCCA 2015). Nevertheless, open resection remains
necessary in many settings, such as in people with locally advanced
disease or unfavourable anatomy, for unplanned emergency cases,
or in poorly resourced communities (Amin 2015; Plummer 2011;
Ray-O�or 2014; SAGES 2012).

Open colorectal resection is commonly performed through a
midline incision in the abdominal wall. Midline incisions provide
easy, quick and excellent exposure of the abdominal cavity, and are
particularly useful for complex, exploratory or urgent procedures.
However, midline incisions transect nerve fibres crossing the
abdominal wall in a mediocaudal direction, which results in more
postoperative pain compared to other incisions (Brown 2005;
Burger 2002; Grantcharov 2001). Standard elective open colorectal
resection typically requires a postoperative hospital stay of 6 to
10 days on average (Walter 2009; Wind 2006). The main factors
hindering early recovery and discharge are thought to include
postoperative pain and delayed return of bowel function (Kehlet
2008).

Multimodal analgesia aims to achieve more e�ective pain relief
and reduce adverse events through the additive or synergistic
e�ects of di�erent analgesic agents or routes of administration
(Buvanendran 2009; Jin 2001; Kehlet 1999). However, up to 70%
of people undergoing major abdominal surgery still experience
moderate to severe postoperative pain and opioid-related adverse
events, such as nausea, vomiting and ileus, despite a multimodal
analgesia protocol involving patient-controlled analgesia (PCA)
with opioids combined with opioid-sparing agents (Apfelbaum
2003; Gan 2014; Sommer 2008).

Description of the intervention

New pump or balloon devices allow local anaesthetics, such as
bupivacaine, levobupivacaine and ropivacaine, to be continuously
infused into tissues surrounding an incisional wound via a multi-
lumen, indwelling catheter, placed by the surgeon prior to wound
closure. For abdominal surgery, the wound catheter may be
positioned within the subcutaneous (suprafascial), musculofascial
or preperitoneal (subfascial) layers of the anterior abdominal wall.

How the intervention might work

Local anaesthetics produce analgesic e�ects by decreasing the
excitability of peripheral nociceptive nerve fibres by inhibiting

voltage-gated sodium channels (Butterworth 1990). Local
anaesthetics also possess anti-inflammatory and antimicrobial
properties (Hollmann 2000; Johnson 2008). Continuous wound
infusion allows the direct and sustained action of a local
anaesthetic within tissues surrounding an incisional wound,
inhibiting parietal nociception. Use of other drugs in multimodal
analgesia is needed for complete analgesia by coverage of visceral
nociception.

When used within a multimodal analgesia protocol, continuous
local anaesthetic wound infusion may reduce postoperative
pain, reduce opioid consumption and postoperative opioid-
related adverse events, and reduce the length of hospital stay.
Furthermore, continuous local anaesthetic wound infusion may be
an e�ective alternative to analgesic modalities such as epidural
analgesia or peripheral nerve blocks, especially in situations where
these techniques are impractical, di�icult, poorly tolerated, or
contraindicated (Rawal 2012).

Why it is important to do this review

Previous systematic reviews and meta-analyses included a broad
range of surgeries, including gastrointestinal surgery, obstetric and
gynaecological surgery, urological surgery, cardiothoracic surgery
and orthopaedic surgery (Gupta 2011; Liu 2006), and abdominal
incisions, including midline, paramedian, oblique and laparoscopic
(Karthikesalingam 2008; Ventham 2014). The validity and relevance
of pooling outcomes from di�erent surgical procedures have
been questioned, since the mechanisms and intensity of pain,
the placebo response and the treatment e�ects di�er between
di�erent surgical procedures and surgical incisions (Beaussier
2012; Espitalier 2013; Gerbershagen 2013; Gerbershagen 2014; Gray
2005). There is increasing recognition of the need for evidence-
based guidelines for procedure-specific pain management (Joshi
2013; Kehlet 2007). At present, there is no systematic review
and meta-analysis examining the procedure-specific outcomes
of continuous local anaesthetic wound infusion a/er midline
laparotomy for colorectal resection.

O B J E C T I V E S

To evaluate the e�icacy and adverse events of continuous local
anaesthetic wound infusion for postoperative pain a/er midline
laparotomy for colorectal resection in adults.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We planned to include all randomised placebo- or sham-controlled
trials, including non-standard designs (such as cluster- or cross-
over randomised controlled trials) and quasi-randomised trials.
We required full-text journal publications, with the exception of
abstracts with su�icient information to be assessed for eligibility
and quality, and appropriate data for analysis.

Types of participants

Adults aged 18 years and above undergoing elective or emergency
colorectal resection through a midline vertical incision on
the abdominal wall. We planned to include studies involving
other types of abdominal incisions, provided that more than
90% of participants had midline vertical incisions. We planned
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to exclude studies involving procedures that require more
than one abdominal incision and those that require extension
of the abdominal incision to thoracotomy, sternotomy, or
symphysiotomy.

Types of interventions

Any local anaesthetic at any dose that is continuously infused for
at least 24 hours via a multi-lumen catheter embedded within or
adjacent to the incisional wound by the surgeon. The comparator
must be continuous wound infusion of a placebo or a sham
continuous wound infusion. We allowed non-randomised analgesic
co-interventions if carried out equally in all study groups.

We excluded studies assessing the following interventions.

• Continuous wound infusion of agents other than a local
anaesthetic or a placebo

• Single or intermittent wound infiltration of any agent

• Single, intermittent or continuous intraperitoneal injection or
infusion of any agent

• Single, intermittent or continuous peripheral nerve block in the
anterior abdominal wall, such as transverse abdominis plane
block or rectus sheath block

• Single, intermittent or continuous epidural injection or infusion
of any agent

Types of outcome measures

We excluded studies that did not assess postoperative pain.

Primary outcomes

• Postoperative pain at rest and on movement on postoperative
day 1, measured on or converted to a 10-point numerical rating
scale (NRS) or equivalent

• Postoperative opioid consumption via patient-controlled
analgesia (PCA) on postoperative day 1, measured in or
converted to milligrams (mg) of morphine-equivalent opioid
dose

Secondary outcomes

• Postoperative pain at rest and on movement a/er postoperative
day 1, measured as above

• Postoperative opioid consumption via PCA a/er postoperative
day 1, measured as above

• Postoperative opioid-related adverse events: for example,
nausea or vomiting, ileus, urinary retention, pruritus, sedation,
respiratory depression, sleep disturbance, or other opioid-
related adverse events reported by trial authors

• Time to rescue analgesia

• Time to first flatus and time to first bowel movement

• Time to ambulation

• Length of hospital stay

• Serious postoperative adverse events: death by any cause a/er
surgery, or adverse events a/er surgery that result in death, are
life-threatening, require prolongation of hospitalisation, result
in a persistent or severe disability, for example: pulmonary
complications (atelectasis, pneumonia, respiratory failure),
venous thromboembolic complications (deep vein thrombosis,
pulmonary embolism), wound catheter-related complications
(visceral or vascular injury, laparotomy wound breakdown,

laparotomy wound infection, intra-abdominal infection), local
anaesthetic systemic toxicity (severe hyper- or hypotension,
cardiac arrhythmias, loss of consciousness, seizures), or other
serious postoperative adverse events reported by trial authors.
We combined all reported data on serious postoperative adverse
events from included trials into a composite 'any serious
postoperative adverse events' outcome, under the assumption
that such events are rare, independent and pose a similar health
burden.

• Patient satisfaction

Search methods for identification of studies

Electronic searches

We searched the following databases without language restrictions
on 7 January 2019:

• the Cochrane Central Register of Controlled Trials (CENTRAL;
2019, Issue 1) via Cochrane Central Register of Studies Online
(CRSO);

• MEDLINE & MEDLINE in Process (OVID) 1946 to 7 January 2019;

• Embase (OVID) searched 1974 to 7 January 2019.

Appendix 1 shows the search strategies.

Searching other resources

We searched the metaRegister of Controlled Trials (mRCT;
controlled-trials.com/mrct), clinicaltrials.gov (clinicaltrials.gov)
and the World Health Organization International Clinical Trials
Registry Platform (WHO ICTRP; apps.who.int/trialsearch/) for
ongoing trials. In addition, we checked reference lists of relevant
reviews and primary studies identified through the search for
additional studies. Where necessary, we contacted trial authors for
additional information.

Data collection and analysis

Selection of studies

Two review authors (SL and BK) independently determined
eligibility of records from database searches. The review authors
screened titles and abstracts of all identified citations, and
eliminated citations that were clearly ineligible. The review authors
then obtained and assessed the full-text journal publications of the
remaining citations for eligibility. Two review authors (SL and EA)
independently determined eligibility of records from trial registry
searches. In the event of disagreement, a third review author (ZY)
independently adjudicated the decision. We included a PRISMA
flow chart to show the status of all identified citations (Moher 2009).

Data extraction and management

Two review authors (SL and one of AY, BK and EA) independently
extracted the following data using a standard form and checked for
agreement.

• Publication year

• Study year, location and number of centres

• Study inclusion and exclusion criteria

• Sample size (including sample size allocated and analysed) in
each study group

• Indication and urgency of the midline laparotomy for colorectal
resection

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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• Location and size of the incision wound

• Location and number of wound catheters

• Rate and duration of the wound infusion

• Type and strength of the local anaesthetic in the intervention
group

• Details of the placebo or sham used in the control group

• Perioperative analgesic co-interventions and adjuncts,
including rescue analgesia

• Outcomes (see Types of outcome measures)

• Risk of bias (see Assessment of risk of bias in included studies)

• Funding sources

In the event of disagreement, a third review author (ZY)
independently adjudicated the decision.

We collated multiple reports of the same study.

Assessment of risk of bias in included studies

Two review authors (SL and one of AY, BK and EA) independently
assessed risk of bias in each study arising from the following
sources using the Cochrane 'Risk of bias' assessment tool (Higgins
2017).

• Sequence generation (selection bias): low risk of bias (any truly
random process, such as random number table or computer
random number generator); unclear risk of bias (method not
clearly stated). We excluded studies that used a non-random
process.

• Allocation concealment (selection bias): low risk of bias
(any adequate concealment, such as use of centralised
randomisation or consecutively numbered sealed opaque
envelopes); unclear risk of bias (method not clearly stated). We
excluded studies that did not conceal allocation.

• Blinding of participants and personnel (performance bias): low
risk of bias (any adequate method to achieve blinding, such as
use of identical study solutions prepared by personnel external
to the study); unclear risk of bias (method not clearly stated). We
excluded studies without blinding.

• Blinding of outcome assessment (detection bias): low risk of
bias (study had a clear statement that outcome assessors were
unaware of treatment allocation, and ideally described how this
was achieved); unclear risk of bias (method not clearly stated).
We excluded studies without blinding.

• Incomplete outcome data (attrition bias): low risk of bias (< 10%
of data missing, accounted for the nature of the missing data,
used mean imputation or multiple imputation); unclear risk of
bias (used last observation carried forward analysis); high risk of
bias (used complete case analysis).

• Selective outcome reporting (reporting bias): low risk of
bias (reported all pre-specified outcomes in su�icient detail,
including measures of e�ect size and variance); unclear risk
of bias (reported all pre-specified outcomes with some details
missing); high risk of bias (did not report all pre-specified
outcomes).

We considered additional sources of bias as follows.

• Size of trial (small study bias): small studies tend to be imprecise
and tend to overestimate the e�ect size. This is partly explained
by publication bias, although association between small trial

size and other forms of bias is inconsistent (Chaimani 2013;
Dechartres 2013; Nuesch 2010). Furthermore, small trials may be
more prone to the e�ects of random chance (Moore 1998). We
assessed trials as being at low risk of bias (≥ 200 participants per
treatment arm); unclear risk of bias (50 to 199 participants per
treatment arm); high risk of bias (< 50 participants per treatment
arm).

• Industry funding or sponsorship (industry bias). Industry-
sponsored trials tend to be more favourable to the sponsors’
products, compared with non-industry-sponsored trials, which
suggests industry sponsorship should be treated as a form of
bias (Lundh 2012). We assessed trials as being at low risk of bias
(trials with no industry funding or sponsorship, or trials with
declared industry funding with a clear statement about how the
authors ensured no sponsor involvement in the trial); unclear
risk of bias (trials with no declaration of funding sources, or trials
with declared industry funding with no statement of sponsor
involvement in the trial); high risk of bias (trials with declared
industry funding with sponsor involvement in the trial).

• Inclusion and exclusion criteria (selection bias). We assessed
trials as being at low risk of bias (selection criteria include all
relevant clinical characteristics of the trial population); unclear
risk of bias (selection criteria not stated clearly); high risk of
bias (selection criteria ignore important clinical characteristics
of the trial population or exclude important subsets of the trial
population).

• Methods of outcome assessment (information bias). We
assessed trials as being at low risk of bias (used reliable and
accurate methods to assess outcomes); unclear risk of bias
(methods of outcome assessment not stated clearly); high
risk of bias (used unreliable or inaccurate methods to assess
outcomes).

• Methods of statistical analysis (analytical bias). We assessed
trials as being at low risk of bias (used intention-to-treat
analysis or used sensitivity analysis to assess protocol violation;
used appropriate statistical tests to compare continuous
and categorical outcome variables between treatment arms);
unclear risk of bias (methods of statistical analysis not stated
clearly); high risk of bias (did not use intention-to-treat analysis
and did not use sensitivity analysis to assess to assess protocol
violation; did not use appropriate statistical tests).

In the event of disagreement, a third review author (ZY)
independently adjudicated the decision.

Measures of treatment e9ect

We expressed the treatment e�ects for continuous outcomes as the
mean di�erence (MD) or the standardised mean di�erence (SMD)
with 95% confidence interval (CI). We expressed the treatment
e�ects for dichotomous outcomes as risk ratio (RR) with 95% CI.

Unit of analysis issues

We used the person undergoing midline laparotomy for colorectal
resection as the unit of analysis.

Dealing with missing data

We contacted the trial authors about any missing, unclear or
'unusable' data. We derived or estimated data required for meta-
analysis, where necessary and possible, based on reported data
according to established methods (Higgins 2011). We estimated
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the mean for continuous outcomes using the reported median
and derived the standard deviation from the reported confidence
interval, interquartile range or P value. We derived the number of
events for dichotomous outcomes from the reported percentage
of events. We excluded the trial from the meta-analysis of the
particular outcome a�ected if none of these methods were
successful.

Assessment of heterogeneity

We quantified heterogeneity using the I2 statistic (Higgins 2003),

and assessed the statistical significance using the Chi2 test with

significance level α = 0.10 (Higgins 2002). We interpreted I2 values of
less than 50%, 50% to 75% and greater than 75% as low, moderate
and high levels of heterogeneity, respectively (Deeks 2017).

Assessment of reporting biases

We planned to undertake regression analysis for asymmetry on
funnel plots to assess reporting bias if at least 10 studies were
included (Egger 1997).

Data synthesis

We performed meta-analysis of outcomes in the so/ware package
Review Manager 5 (RevMan 5; Review Manager 2014), using the
inverse-variance method with random-e�ects models (Demets
1987; DerSimonian 1986).

Certainty of the evidence

Two review authors (SL and EA) independently rated the certainty
of the body of evidence for each outcome using the GRADEprofiler
Guideline Development Tool so/ware (GRADEpro GDT), and the
guidelines provided in Chapter 11 of the Cochrane Handbook for
Systematic Reviews of Interventions (Schünemann 2017).

The GRADE approach considers study limitations (risk of
bias), inconsistency, imprecision, indirectness, publication bias,
magnitude of e�ect, confounding, and dose-response to assess the
certainty of the body of evidence for each outcome. The GRADE
system uses the following criteria for assigning grade of evidence.

• High: we are very confident that the true e�ect lies close to that
of the estimate of the e�ect; further research is very unlikely to
change our confidence in the estimate of e�ect.

• Moderate: we are moderately confident in the e�ect estimate;
the true e�ect is likely to be close to the estimate of e�ect,
but there is a possibility that it is substantially di�erent; further
research is likely to have an important impact on our confidence
in the estimate of e�ect and may change the estimate.

• Low: our confidence in the e�ect estimate is limited; the true
e�ect may be substantially di�erent from the estimate of the
e�ect; further research is very likely to have an important impact
on our confidence in the estimate of e�ect and is likely to change
the estimate.

• Very low: we have very little confidence in the e�ect estimate;
the true e�ect is likely to be substantially di�erent from the
estimate of e�ect; any estimate of e�ect is very uncertain.

We decreased the grade rating up to a maximum of −3 to 'very low'
if we identified the following issues.

• Risk of bias: serious (−1) or very serious (−2) study limitations,
where the proportion of information from studies at high risk of
bias is su�icient to a�ect the interpretation of results.

• Inconsistency: important inconsistency (−1) as indicated by the
presence of wide variance of point estimates, and/or minimal
or no overlap of confidence intervals, and/or a high level of

heterogeneity (I2 > 75%) across studies.

• Indirectness: some (−1) or major (−2) uncertainty about
directness due to di�erences in populations, interventions and/
or outcome assessment across studies. Please note that we
considered issues relating to methods of outcome assessment
at the study level identified in the 'Risk of bias' assessment for
their impact on 'indirectness' at the outcome level here, and not
under the 'Risk of bias' portion of the GRADE assessment.

• Imprecision: imprecision of estimates of e�ect (−1) if the total
number of participants was small (< 400). We considered issues
relating to sample size at the study level identified in the 'Risk
of bias' assessment for their impact on 'imprecision' at the
outcome level here, rather than under the 'Risk of bias' portion
of the GRADE assessment.

• Reporting bias: high risk of reporting bias (−1) related to
publication bias and/or selective outcome reporting. Please
note that we considered issues relating to selective outcome
reporting at the study level identified in the 'Risk of bias'
assessment for their impact on 'reporting bias' at the outcome
level here, and not under the 'Risk of bias' portion of the GRADE
assessment.

'Summary of findings' table

We included a 'Summary of findings' table to present the main
findings for clinically and functionally important outcomes in a
transparent and simple tabular format, including pain at rest and
with movement on postoperative day 1, opioid consumption via
PCA on postoperative day 1, the time to first bowel movement,
the length of hospital stay, and the composite outcome of any
serious postoperative adverse events. We included key information
concerning the certainty of the body of evidence for each outcome,
the magnitude of e�ect of the interventions examined, and the sum
of available data on the outcomes. We did not include individual
postoperative opioid-related adverse events in a 'Summary of
findings' table as there were too many to enumerate and would
exceed the recommended number of outcomes.

Subgroup analysis and investigation of heterogeneity

We planned to perform the following subgroup analyses for pain at
rest, pain on movement and opioid consumption on postoperative
day 1 to explore potential sources of clinical or methodological
heterogeneity.

• Elective versus emergency surgery

• Location of wound catheter

• Local anaesthetic agent

• Local anaesthetic dose

• Wound infusion programme

• Co-analgesic agents

We planned to use the test for interaction to identify di�erences
between subgroups, and to use meta-regression to determine the
influence of the above factors on the treatment e�ect if we included
at least 10 studies.

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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Sensitivity analysis

We planned to perform the following sensitivity analyses to
establish the robustness of the primary meta-analysis.

• Excluding unpublished data supplied by study authors

• Excluding estimated or derived data

• Excluding trials assessed to be at high risk of bias

R E S U L T S

Description of studies

Results of the search

We identified a total of 4180 records through searches in the
following databases: CENTRAL (1213 records), MEDLINE (1140

records) and Embase (1827 records). We removed 1504 duplicates
and a further 2656 records deemed irrelevant based on screening
of titles and abstracts. We attempted to retrieve full-text articles
of the remaining 20 records to review their eligibility. Additionally,
we identified two potentially relevant ongoing studies by searching
trial registries and also reviewed them for eligibility. Of the 22
records reviewed in detail for eligibility, 11 records met the
inclusion criteria (six full-text articles plus five conference abstracts
reporting six randomised controlled trials). We excluded seven
records (five full-text articles and two trial registry records), and
four records are awaiting classification (two conference abstracts
and two trial registry records). Results of the search and reasons for
exclusions are shown in Figure 1.

 

Figure 1.   Study flow diagram

 
Included studies

Full details about study design, sample size, participant
characteristics, inclusion and exclusion criteria, post-
randomisation exclusions, intervention and control, and outcomes
reported in the included studies are shown in the Characteristics of
included studies tables.

We included six randomised controlled trials that enrolled a total
of 564 participants undergoing midline laparotomy for colorectal
resection to continuous wound infusion with a local anaesthetic or
a normal saline placebo (Baig 2006; Beaussier 2007; Fustran 2015;

Krishnan 2014; Polglase 2007; Wang 2010). We also included five
additional publications (conference abstracts) of the same trials
as secondary publications of the primary included study (Krishnan
2014; Polglase 2007; Wang 2010). There were a total of 23 post-
randomisation exclusions across these trials. Hence, we included a
total of 541 participants in the analysis of at least one outcome (268
in local anaesthetic group; 273 in control group).

All six trials were conducted in the setting of elective
colorectal resection. Two trials included participants undergoing
the procedure via either midline laparotomy or laparoscopic
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approaches, who were stratified into subgroups by the approach
(Fustran 2015; Krishnan 2014). We included only the open
laparotomy subgroup in this review. The remaining four trials
included participants undergoing colorectal resection via midline
laparotomy only. The indication for surgery was restricted to
colorectal cancer in Beaussier 2007 and Fustran 2015, which
excluded individuals with other bowel conditions such as
inflammatory bowel disease. Two trials excluded individuals with
intra-abdominal sepsis or abscess (Baig 2006; Fustran 2015). Wang
2010 included participants regardless of the underlying pathology.
The indication for surgery was unspecified in the remaining three
trials. The reported mean or median age of the participants were
similar at around 55 to 65 years across all six included trials.
Three trials included only participants with American Society of
Anesthesiologists (ASA) class I to III (Baig 2006; Fustran 2015;
Krishnan 2014). Beaussier 2007 included only ASA class I or II
participants. Polglase 2007 included participants regardless of ASA
status, thus included a small number of participants with ASA class
up to V. Wang 2010 did not specify any selection criteria based on
ASA status.

There were considerable di�erences between trials in the
implementation details of continuous local anaesthetic wound
infusion. Two trials positioned the wound catheter in the
subcutaneous (suprafascial) layer of the abdominal wall (Baig
2006; Polglase 2007), one trial in the musculofascial layer (Wang
2010), and three trials in the preperitoneal layer (Beaussier 2007;
Fustran 2015; Krishnan 2014). The trials used various types,
strengths, doses, and volumes of local anaesthetics: Baig 2006
used bupivacaine 0.5% at 4 mL/hour (20 mg/hour); Krishnan 2014
used levobupivacaine 0.25% at 10 mL/hour (25 mg/hour), and
Beaussier 2007; Fustran 2015; Polglase 2007; and Wang 2010 used
ropivacaine 0.2% to 0.54% at 4 to 10 mL/hour (16 to 21.6 mg/hour).
Two trials gave a 10 mL bolus prior to commencing continuous
infusion (Beaussier 2007; Fustran 2015). All six included trials used
normal saline as the placebo in the control group. The infusion was
continued for two days in Fustran 2015 and Wang 2010, three days
in Baig 2006 and Polglase 2007, and four days in Beaussier 2007 and
Krishnan 2014. All six trials used continuous wound infusion of local
anaesthetic or placebo as a part of a multimodal analgesic regimen,
with other non-randomised analgesic co-interventions carried out
equally in the two study groups. These co-interventions universally
included an intravenous opioid patient-controlled analgesia (PCA)

system. Baig 2006 did not use any other additional analgesic
agents. Wang 2010 and Beaussier 2007 added a single agent
only (paracetamol or a non-steroidal anti-inflammatory drug).
Fustran 2015; Krishnan 2014 and Polglase 2007 used two to three
additional analgesic agents (paracetamol plus a non-steroidal anti-
inflammatory drug, with another opioid such as oxycodone or
tramadol). See Characteristics of included studies for details of co-
analgesic regimens.

Excluded studies

See the Characteristics of excluded studies tables.

We excluded three studies due to ineligible intervention or control.
The control group did not receive a placebo or sham in Abadir 2009.
The intervention was epidural infusion of bupivacaine in Nalda
1977. We excluded a trial registry record because the control was
thoracic epidural analgesia (this trial was terminated due to low
recruitment rate; NCT01062919).

We excluded three studies due to ineligible type of
incision (paramedian in Gibbs 1988), or surgical procedure
(cholecystectomy in Fry 1984, gastrectomy or gastrojejunostomy in
Dhanapal 2017).

We excluded one trial registry record as it was withdrawn before
enrolling any participants (NCT00557843).

Studies awaiting classification

See the Characteristics of studies awaiting classification tables.

We were only able to find conference abstracts for four studies with
insu�icient details to allow classification (Araujo 2014; Arino 2012;
Cano 2012; Maric 2009).

Risk of bias in included studies

We assessed that random sequence generation, allocation
concealment, and blinding were appropriately carried out in nearly
all of the included trials. However, all trials had high risk of bias in
at least one other domain, relating mainly to the assessment and
reporting of specific outcomes, high rates of attrition and missing
data, small sample size, and industry bias. The risk of bias in the
included trials is summarised in Figure 2 and Figure 3.
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Figure 2.   'Risk of bias' graph: review authors' judgements about each 'Risk of bias' item presented as percentages
across all included studies
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Figure 3.   'Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study

 
Allocation

Five trials described random sequence generation using a
computer-generated randomisation schedule as well as adequate
allocation concealment using sealed envelopes and visually
identical unlabelled study solutions (Baig 2006; Beaussier 2007;
Fustran 2015; Polglase 2007; Wang 2010). We considered these
trials to have low risk of selection bias. The remaining trial did not
describe these processes in su�icient detail for a judgment to be
made (Krishnan 2014). We considered Krishnan 2014 to have an
unclear risk of selection bias.

Blinding

All six included trials described adequate blinding of participants
and outcome assessors (Baig 2006; Beaussier 2007; Fustran 2015;
Krishnan 2014, Polglase 2007; Wang 2010). In all trials, only the
pharmacist who prepared the study solution but was otherwise
unconnected to the study was not blinded. We considered all six
trials to have low risk of performance and detection bias.
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Incomplete outcome data

In one trial, missing data for opioid consumption from 12 out of 310
participants (3.9%) were handled by the last observation carried
forward method (Polglase 2007). This method may distort the
estimated means and standard deviations, as opioid consumption
would be expected to reduce over time. In the same trial, data for
pain on movement were missing from 5 out of 310 participants
(1.6%), and complete case analysis was performed. However, the
e�ect of handling the missing data in this manner may be negligible
due to the small proportion of participants a�ected. Polglase
2007 had an additional post-randomisation dropout rate of 4.9%.
Overall, we judged this trial to have unclear risk of attrition bias.

Another trial did not report the number of participants who
underwent randomisation or the number of losses and exclusions
post-randomisation (Baig 2006). Furthermore, Baig 2006 assessed
adverse events and complications by retrospective chart review,
which is prone to incomplete and missing data. However, they did
not describe the prevalence and handling of missing data. For these
reasons, we judged this trial to have unclear risk of attrition bias.

We considered the remaining four trials (67%), with an attrition rate
of 10% or higher, and complete case analysis, to have high risk of
attrition bias (Beaussier 2007; Fustran 2015; Krishnan 2014; Wang
2010).

Selective reporting

Two trials reported all predefined, clinically relevant,
and reasonably expected outcomes, including pain, opioid
consumption, adverse outcomes and complications (Polglase 2007;
Wang 2010). Hence, we considered these studies to be at low risk of
reporting bias.

In Baig 2006, pain at rest and on movement were both predefined
outcomes, but they only reported results for pain at rest. In
addition, the trial authors reported statistically significant results
about the number of PCA doses, although it was not a predefined
outcome. Beaussier 2007 omitted to report results for sedation,
a predefined outcome. Furthermore, the trial authors reported
that, “no major adverse event occurred”, but did not describe
the definitions or methods of assessing these events. Fustran
2015 omitted to report results regarding pruritus, sedation and
respiratory depression predefined in the methods. Krishnan 2014
omitted to report a number of clinically important predefined
outcomes, including pain at rest, pain on movement, and opioid
consumption. We considered these studies to be at high risk of
reporting bias for the reasons described.

Other potential sources of bias

Small study bias

We considered Polglase 2007 (local anaesthetic = 143, control =
167) to be at unclear risk of small study bias. We considered the
remaining five trials to be at high risk of small study bias (Baig
2006, local anaesthetic = 35, control = 35; Beaussier 2007, local
anaesthetic = 21, control = 21; Fustran 2015, local anaesthetic
= 17, control = 17 in the laparotomy subgroup; Krishnan 2014,
local anaesthetic = 24, control = 6 in the laparotomy subgroup;
Wang 2010, local anaesthetic = 28, control = 27). Small trials tend
to produce imprecise overestimates of the true e�ect, may be
associated with higher risk of bias, and may be more prone to the

e�ects of random chance (Chaimani 2013; Dechartres 2013; Moore
1998; Nuesch 2010).

Industry bias

We considered risk of industry bias to be unclear in three
trials. Beaussier 2007 received a grant from the manufacturer of
ropivacaine, the local anaesthetic used in the study. Fustran 2015
received equipment and expenses from the device manufacturer.
Polglase 2007 received equipment from the device manufacturer
and grants from a hospital research foundation and a non-profit
organisation. However, these trials did not state the involvement of
the industry sponsor in the design, conduct, analysis and reporting
of the trials.

We considered the remaining three trials to have low risk of industry
bias. Baig 2006 was funded by a private donation. Krishnan 2014
and Wang 2010 received equipment from the device manufacturer,
but explicitly stated that the industry sponsor had no involvement
in any aspects of the study. Additionally, Krishnan 2014 received a
grant from a hospital research foundation.

Inclusion and exclusion criteria (selection bias)

We had no concerns regarding the selection criteria used in any
of the six included trials (Baig 2006; Beaussier 2007; Fustran 2015;
Krishnan 2014; Polglase 2007; Wang 2010), and judged them to have
low risk of bias.

Methods of outcome assessment (information bias)

We considered Beaussier 2007 to be at low risk of bias.

We considered Fustran 2015; Krishnan 2014; Polglase 2007 and
Wang 2010 to have unclear risk of bias, as the definitions and
methods of assessing adverse events were not described at all or in
su�icient detail.

In addition to unclear definitions, Baig 2006 identified adverse
events by retrospective review of charts, which is prone to be
unreliable and inaccurate. Hence, we considered this study to be at
high risk of bias.

Methods of statistical analysis (analytical bias)

We considered Fustran 2015 and Wang 2010 to be at low risk of bias.

Baig 2006; Beaussier 2007 and Polglase 2007 did not clearly state if
they had performed intention-to-treat analysis, so we considered
these studies to have unclear risk of bias.

We considered Krishnan 2014 to be at high risk of bias due to
making inappropriate comparisons or not performing appropriate
statistical tests for some outcomes. It was also not clear if analyses
in this trial were performed by intention-to-treat.

E9ects of interventions

See: Summary of findings for the main comparison Continuous
local anaesthetic wound infusion compared to placebo for
postoperative pain a/er midline laparotomy for colorectal
resection in adults

We included six randomised controlled trials that enrolled a total
of 564 participants undergoing midline laparotomy for colorectal
resection comparing continuous wound infusion with a local
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anaesthetic to a normal saline placebo (Baig 2006; Beaussier 2007;
Fustran 2015; Krishnan 2014; Polglase 2007; Wang 2010). There
were a total of 23 post-randomisation exclusions across these trials.
Hence, we included a total of 541 participants in the analysis of at
least one outcome (268 in local anaesthetic group; 273 in control
group).

The results for the key outcomes are summarised in the Summary
of findings for the main comparison.

Postoperative pain at rest and on movement

(See Analysis 1.1; Analysis 1.2; Analysis 1.3; Analysis 1.4; Analysis
1.5; Analysis 1.6)

All six included trials assessed postoperative pain at rest using a 10-
point numerical rating scale (0 = no pain; 1 to 3 = mild pain; 4 to 6 =
moderate pain; 7 to 10 = severe pain) or equivalent. All but one trial
(Fustran 2015), assessed postoperative pain on movement. Fustran
2015 and Wang 2010 monitored postoperative pain for two days,
Baig 2006 and Polglase 2007 for three days, and Beaussier 2007 and
Krishnan 2014 for four days.

Although Baig 2006 described assessment of pain on movement
in the methods, they did not publish the results. We were unable
to obtain unpublished data for this outcome. Furthermore, this
trial referred to the day of the operation as "Day 1", whereas
conventionally postoperative day 1 refers to the following day.
Baig 2006 assessed pain twice per day. We used the results from
this trial labelled as "Day 2 AM" for the analysis of pain score
on postoperative day 1, results labelled as "Day 3 AM " for the
analysis of pain score on postoperative day 2, and so on, to achieve
consistency with convention and with other included trials.

We estimated mean and standard deviation of pain scores in
Fustran 2015 from the reported median and interquartile range. We
estimated standard deviation of pain scores in Wang 2010 from the
reported 95% confidence interval of the mean di�erence.

Krishnan 2014 described assessing pain at rest and on movement,
but did not publish the results. We obtained unpublished data
from the lead author's PhD thesis stored in the university archive.
However, we did not find the standard deviation of the pain scores
or any other parameters that we could use for estimation of the
standard deviation reported. Hence, we could not include this trial
in our analysis.

Compared to the control group, pain at rest was reduced in the
local anaesthetic group on postoperative day 1 (MD −0.59, 95% CI

−1.12 to −0.07; I2 = 41%; 5 studies, 511 participants; high-certainty
evidence). There was no evidence of a di�erence in pain at rest in
the local anaesthetic group on postoperative day 2 (MD −0.30, 95%

CI −0.68 to 0.08; I2 = 12%; 5 studies, 511 participants; high-certainty

evidence) or day 3 (MD −0.24, 95% CI −0.58 to 0.10; I2 = 0%; 3
studies, 422 participants; high-certainty evidence). Weighted mean
pain score at rest in the control group was 3.1 on postoperative day
1 (SD = 1.0; 5 studies), 2.1 on day 2 (SD 1.1; 5 studies), and 1.9 on day
3 (SD 1.4; 3 studies).

Compared to the control group, pain on movement was reduced
in the local anaesthetic group on postoperative day 1 (MD −1.13,

95% CI −2.26 to −0.01; I2 = 76%; 3 studies, 407 participants; low-
certainty evidence). There was no evidence of a di�erence in pain
on movement in the local anaesthetic group on postoperative

day 2 (MD −0.86, 95% CI −1.79 to 0.08; I2 = 78%; 3 studies, 407
participants; low-certainty evidence). There was a reduction in pain
on movement in the local anaesthetic group on postoperative day 3

(MD −0.57, 95% CI −1.03 to −0.12; I2 = 0%; 2 studies, 352 participants;
low-certainty evidence). Weighted mean pain score on movement
in the control group was 6.1 on postoperative day 1 (SD 1.2; 3
studies), 4.7 on day 2 (SD 1.1; 3 studies), and 4.2 on day 3 (SD 2.0;
2 studies).

Only one trial contributed data on pain at rest and on movement
on postoperative day 4 (Beaussier 2007), showing no evidence of
a di�erence at rest (MD 0.10, 95% CI −0.75 to 0.95; 42 participants;
moderate-certainty evidence) or on movement (MD −0.50, 95% CI
−1.7 to 0.68; 42 participants; moderate-certainty evidence) in the
local anaesthetic group. Mean pain score on postoperative day 4 in
the control group in this study was 0.9 (SD 1.3) at rest and 3 (SD 2)
on movement.

We did not downgrade the certainty of the evidence for
postoperative pain at rest on days 1, 2 and 3. We downgraded
the certainty of the evidence for pain at rest on day 4 by one
level to moderate for imprecision due to the small total number of
participants.

For pain on movement on day 1 and day 2, we downgraded the
certainty of the evidence by two levels to low for inconsistency,
indicated by a high level of heterogeneity and reporting bias arising
from selective outcome reporting. We downgraded the certainty
of the evidence for pain on movement on day 3 by two levels to
low for imprecision, due to the small total number of participants
and reporting bias arising from selective outcome reporting. We
downgraded the certainty of the evidence for pain on movement on
day 4 by one level to moderate for imprecision due to the small total
number of participants.

Postoperative opioid consumption via patient-controlled
analgesia (PCA)

(See Analysis 1.7; Analysis 1.8; Analysis 1.9; Analysis 1.10)

All six included trials compared postoperative opioid consumption
via PCA between the two study groups. Fustran 2015 and Wang
2010 monitored postoperative opioid consumption for two days,
Baig 2006 and Polglase 2007 for three days, and Beaussier 2007 and
Krishnan 2014 for four days.

Four of these trials used morphine PCA (Baig 2006; Beaussier 2007;
Fustran 2015; Polglase 2007). Fustran 2015 only reported the total
consumption over two days. We estimated the mean and standard
deviation of daily consumption assuming equal daily consumption,
although we recognise that consumption on day 2 is likely to be less
than day 1. Krishnan 2014 used PCA with fentanyl or oxycodone,
and reported opioid consumption in milligrams of oxycodone
equivalent. As intravenous morphine and oxycodone have 1:1 dose
equivalence, we used the reported values directly in our analysis.
Wang 2010 used morphine PCA in all participants except four
(local anaesthetic 2/28; control 2/27), who received fentanyl PCA
due to renal impairment or previous history of morphine-induced
hallucinations. This study only reported on morphine consumption
in those participants who received morphine PCA. We estimated
standard deviation of opioid consumption via PCA in Wang 2010
from the reported 95% confidence interval of the mean di�erence.

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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Compared to the control group, opioid consumption via PCA
was reduced among participants who received continuous local
anaesthetic wound infusion on postoperative day 1 (MD −12 mg,

95% CI −20 to −4; I2 = 61%; 6 studies, 528 participants; moderate-

certainty evidence) and day 2 (MD −10 mg, 95% CI −16 to −3.5; I2

= 50%; 6 studies, 528 participants; moderate-certainty evidence).
There was no evidence of a di�erence in opioid consumption on

postoperative day 3 (MD −5 mg, 95% CI −11 to 1; I2 = 51%; 4
studies, 451 participants; moderate-certainty evidence) or day 4

(MD −2 mg, 95% CI −7 to 2; I2 = 0%; 2 studies, 71 participants; low-
certainty evidence). Weighted mean opioid consumption via PCA
(mg morphine equivalent) in the control group on postoperative
day 1 was 41 (SD 11; 6 studies), 30 (SD 9.3; 6 studies) on day 2, and
17 (SD 9.4; 4 studies) on day 3.

We downgraded the certainty of the evidence for PCA opioid
consumption on day 1 and day 2 by one level to moderate
for attrition bias (serious study limitations), arising from large
numbers of post-randomisation exclusions and missing data.
We downgraded the certainty of the evidence for PCA opioid
consumption on day 3 by one level to moderate for attrition bias
(serious study limitations). We downgraded the certainty of the
evidence for PCA opioid consumption on day 4 by two levels to low
for attrition bias (serious study limitations) and imprecision due to
the small total number of participants.

Postoperative opioid-related adverse events

Nausea or vomiting

(See Analysis 1.11)

Four trials reported the rates of postoperative nausea or
vomiting (Baig 2006; Beaussier 2007; Fustran 2015; Polglase
2007). Fustran 2015 estimated the rates in the laparotomy
subgroup based on reported rates in the overall study population,
which additionally included participants undergoing laparoscopic
colorectal resection. Two trials reported the rates of nausea and
rates of vomiting separately (Krishnan 2014; Wang 2010). We
used the reported rates of nausea in our analysis, based on the
assumption that participants with vomiting must have also had
nausea and therefore were a subset of those participants with
nausea. Beaussier 2007 defined postoperative nausea or vomiting
as requiring specific treatment with intravenous ondansetron.
Polglase 2007 described evaluating nausea on a 10-point numerical
rating scale (0 = no nausea). The remaining trials did not describe
how they defined and assessed this outcome, so it was not possible
know if they had used acceptable approaches.

These six trials reported 127 cases of nausea or vomiting among
their 541 included participants, and there was no evidence of a
di�erence between the two study groups (67/268 (25%) in local
anaesthetic group; 60/273 (22%) in control group; RR 0.90, 95% CI

0.71 to 1.14; I2 = 0%; 6 studies, 541 participants; moderate-certainty
evidence).

We downgraded the certainty of the evidence for this outcome
by one level to moderate for indirectness relating to outcome
assessment.

Ileus

(See Analysis 1.12)

Varying definitions of postoperative ileus exist, but it is typically
defined as a functional inhibition of bowel motility for more than
three days a/er surgery (Luckey 2003), although some propose that
delayed return of bowel motility is only clinically significant if it
persists for more than six days (Artinyan 2008). Three trials reported
the rates of postoperative ileus (Baig 2006; Krishnan 2014; Wang
2010). None of the included trials described how they defined and
assessed this outcome, so it was not possible know if they had used
acceptable and consistent approaches.

Among 155 participants included in three trials (Baig 2006; Krishnan
2014; Wang 2010), there were 28 cases of postoperative ileus in
total (11/87 (13%) in local anaesthetic group; 17/68 (25%) in control
group). There was no evidence of a di�erence between the study

groups (RR 0.49, 95% CI 0.14 to 1.77; I2 = 55%; low-certainty
evidence).

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Urinary retention

In Krishnan 2014, there was no evidence of a di�erence in
rates of postoperative urinary retention between the two study
groups (1/24 (4%) in local anaesthetic group; 0/6 (0%) in
control group; RR 0.84, 95% CI 0.04 to 18.44; very low-certainty
evidence). Urinary retention was a predefined outcome in Baig
2006, but they did not publish the results. There are numerous
definitions of postoperative urinary retention based on history and
physical examination, the need for bladder catheterisation and
ultrasonographic assessment (Baldini 2009). However, how this
outcome was defined or assessed in the included trials was not
reported, so it was not possible know if they had used acceptable
approaches.

We downgraded the certainty of the evidence for this outcome
by three levels (maximum reached) to very low for risk of bias
(serious study limitations) because all data for this outcome
were contributed by a single trial with unclear random sequence
generation and allocation concealment, indirectness relating to
outcome assessment, imprecision due to the small number of
participants, and reporting bias arising from selective outcome
reporting.

Pruritus

(See Analysis 1.13)

In total, three trials reported 20 cases of pruritus in 395 participants
(Krishnan 2014; Polglase 2007; Wang 2010), with no evidence
of a di�erence between the study groups (13/195 (7%) in local
anaesthetic group; 7/200 (4%) in control group; (RR 0.83, 95% CI

0.38 to 1.82; I2 = 0%; 3 studies, 395 participants; very low-certainty
evidence). Fustran 2015 predefined pruritus as an outcome but did
not publish the results. There lacks a uniform approach to identify
and assess postoperative pruritus across studies in the literature
(Waxler 2005). However, how this outcome was defined or assessed
in the included trials was not reported, so it was not possible know
if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome
by three levels to very low for indirectness relating to outcome

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)
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assessment, imprecision due to the small number of participants,
and reporting bias arising from selective outcome reporting.

Sedation

Wang 2010 reported eight cases of sedation, with no evidence
of a di�erence between the two study groups (4/28 (1%) in local
anaesthetic group; 4/27 (1%) in control group; RR 0.96, 95% CI 0.27
to 3.47; very low-certainty evidence). Three other trials predefined
sedation as an outcome, but did not publish the results (Baig 2006;
Beaussier 2007; Fustran 2015). Beaussier 2007 described evaluating
sedation on a three-point scale (0 = fully alert). The remaining trials
did not describe how they defined and assessed this outcome, so it
was not possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome
by three levels to very low for indirectness relating to outcome
assessment, imprecision due to the small number of participants,
and reporting bias arising from selective outcome reporting.

Sleep disturbance

None of the included trials evaluated the outcome of sleep
disturbance as objectively assessed by polysomnography. Pain
and opioids are important contributors to postoperative sleep
disturbance, characterised by reduction in total sleep time,
elimination of rapid eye movement (REM) sleep, reduction in
amounts of slow wave sleep, and increase in stage 2 non-REM
sleep (Rosenberg-Adamsen 1996). Polysomnography is required to
objectively assess postoperative sleep disturbance.

Beaussier 2007 assessed subjective sleep quality as an outcome.
Participants were asked to rate their sleep quality on postoperative
day 1 and day 2 on a 10-point numerical rating scale (0 = very poor
quality of sleep, 10 = excellent quality of sleep). Compared to the
control group, participants in the local anaesthetic group reported
improved sleep quality scores on day 1 (MD 2.9, 95% CI 1.4 to 4.4; 42
participants; low-certainty evidence) and day 2 (MD 1.7, 95% CI 0.55
to 2.9; 42 participants; low-certainty evidence). Mean sleep quality
scores in the control group in this study were 5 (SD 3.2) on day 1 and
6.9 (SD 2.4) on day 2.

We downgraded the certainty of the evidence for this outcome
by two levels to low due to indirectness relating to outcome
assessment and imprecision due to the small total number of
participants.

Respiratory depression

(See Analysis 1.14)

Two trials with 125 participants (Baig 2006; Wang 2010), reported
a total of four cases of respiratory depression (0/63 (0%) in local
anaesthetic group; 4/62 (6%) in control group). There was no
evidence of a di�erence between the two study groups (RR 0.21,

95% CI 0.02 to 1.77; I2 = 0%; 2 studies, 125 participants; very low-
certainty evidence). Respiratory depression was predefined as an
outcome in two other trials (Beaussier 2007; Fustran 2015), but
they did not publish the results. How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence by three levels to very
low for indirectness relating to outcome assessment, imprecision

due to the small number of participants, and reporting bias arising
from selective outcome reporting.

Time to rescue analgesia

None of the included trials evaluated the outcome of time to rescue
analgesia.

Time to first flatus and time to first bowel movement

(See Analysis 1.15)

Two trials evaluated the time to first flatus (Beaussier 2007; Polglase
2007). Polglase 2007 reported that there was "no di�erence"
between the two study groups in the time to first flatus, but did
not report any statistical parameters that we could include in our
analysis for this outcome. Beaussier 2007 found no evidence of a
di�erence in the time to first flatus between the two study groups
(2.25 days (SD 0.67) in local anaesthetic group; 3 days (SD 1.71) in
control group; MD −0.75 days, 95% CI −1.54 to 0.04; 42 participants;
moderate-certainty evidence).

Five trials evaluated time to first bowel movement (Baig 2006;
Beaussier 2007; Krishnan 2014; Polglase 2007; Wang 2010). Again,
Polglase 2007 only reported that there was "no di�erence" between
the two study groups, but did not report any statistical parameters
that we could include in our analysis for this outcome. Based on the
remaining four trials, time to first bowel movement was reduced in
the local anaesthetic group (MD −0.67 days, 95% CI −1.17 to −0.17;

I2 = 0%; 4 studies, 197 participants; moderate-certainty evidence),
compared to the weighted mean time of 4.4 days (SD 1.1) in the
control group.

We downgraded the certainty of the evidence for the time to
first flatus and the time to first bowel movement by one level
to moderate for imprecision due to the small total number of
participants.

Time to ambulation

(See Analysis 1.16.)

Four trials evaluated the time to ambulation (Baig 2006; Fustran
2015; Krishnan 2014; Wang 2010). Krishnan 2014 reported the mean
time to ambulation within each study group, but did not report the
standard deviation or other statistical parameters that we could use
to estimate the standard deviation, so we could not include this
trial in our analysis for this outcome. We estimated the mean and
standard deviation of the time to ambulation from the reported
median and interquartile range in Fustran 2015, and from the
reported 95% confidence interval of the mean in Wang 2010.

There was no evidence of a di�erence in the time to ambulation in
the local anaesthetic group (MD −0.53 days, 95% CI −1.28 to 0.22;

I2 = 64%; 3 studies, 159 participants; moderate-certainty evidence),
compared to the weighted mean time of 3.3 days (SD 0.6) in the
control group.

We downgraded the certainty of the evidence for this outcome by
one level to moderate for imprecision due to the small total number
of participants.

Length of hospital stay

(See Analysis 1.17)
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All six included trials evaluated the length of hospital stay (Baig
2006; Beaussier 2007; Fustran 2015; Krishnan 2014; Polglase 2007;
Wang 2010). Krishnan 2014 reported the mean length of hospital
stay within each study group, but did not report the standard
deviation or other statistical parameters that we could use to
estimate the standard deviation, so we could not include this trial
in our analysis for this outcome. Wang 2010 reported that there
was "no significant e�ect" on the length of hospital stay, but did
not report any statistical parameters that we could include in
our analysis for this outcome. We estimated mean and standard
deviation of the length of hospital stay from the reported median
and interquartile range in Fustran 2015, and from the reported
median and 95% confidence interval for the mean di�erence in
Polglase 2007.

The length of hospital stay was reduced in the local anaesthetic

group (MD −1.2 days, 95% CI −2.0 to −0.3; I2 = 0%; 4 studies, 456
participants; high-certainty evidence), compared to the weighted
mean length of hospital stay of 7.4 days (SD 2.4) in the control
group. We did not downgrade the certainty of the body of evidence
for this outcome.

Serious postoperative adverse events

(See Analysis 1.18; Analysis 1.19; Analysis 1.20; Analysis 1.21;
Analysis 1.22.)

Any serious postoperative adverse event (composite outcome)

Six trials reported a total of 75 serious postoperative adverse events
among 541 participants (37/268 (14%) in local anaesthetic group;
38/273 (14%) in control group) until hospital discharge. There was
no evidence of a di�erence between the two study groups (RR 1.04,

95% CI 0.68 to 1.58; I2 = 0%; low-certainty evidence).

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and reporting bias arising from selective outcome reporting.

Death by any cause

Only Krishnan 2014 reported this outcome until hospital discharge.
Among 30 participants in the laparotomy subgroup, there was one
death in the control group (1/6 (17%)) due to aspiration pneumonia,
and none in the local anaesthetic group (0/24 (0%)). There was no
evidence of a di�erence (RR 0.09, 95% CI 0.00 to 2.05; low-certainty
evidence).

We downgraded the certainty of the evidence for this outcome by
two levels to low for risk of bias (serious study limitations) because
all data for this outcome were contributed by a single trial with
unclear random sequence generation and allocation concealment,
and imprecision due to the small total number of participants.

Pulmonary complications

Pneumonia

Three trials (Baig 2006; Polglase 2007; Wang 2010) reported a total
of 18 cases of pneumonia among 435 participants (9/206 (4%) in
local anaesthetic group; 9/229 (4%) in control group) until hospital
discharge. There was no evidence of a di�erence between the two

study groups (RR 1.15, 95% CI 0.47 to 2.82; I2 = 0%; moderate-
certainty evidence). The trials did not report how they defined or

assessed this outcome, so it was not possible know if they had used
acceptable approaches.

We downgraded the certainty of the evidence for this outcome
by one level to moderate for indirectness relating to outcome
assessment.

Respiratory failure

Baig 2006 reported one case of respiratory failure among 70
participants (0/35 (0%) in local anaesthetic group; 1/35 (3%) in
control group) until hospital discharge. There was no evidence of
a di�erence between the two study groups (RR 0.33, 95% CI 0.01
to 7.91; low-certainty evidence). How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Pulmonary oedema

Baig 2006 reported one case of pulmonary oedema among 70
participants (0/35 (0%) in local anaesthetic group; 1/35 (3%) in
control group) until hospital discharge. There was no evidence of
a di�erence between the two study groups (RR 0.33, 95% CI 0.01
to 7.91; low-certainty evidence). How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Venous thromboembolic complications

Deep vein thrombosis

Polglase 2007 reported two cases of deep vein thrombosis in the
control group (2/167 (1%)), and none in the local anaesthetic
group (0/143 (0%)) until hospital discharge. There was no evidence
of a di�erence between the two study groups (RR 0.23, 95% CI
0.01 to 4.82; very low-certainty evidence). Deep vein thrombosis
was predefined as an outcome in Baig 2006, but the results were
not published. How this outcome was defined or assessed in the
included trials was not reported, so it was not possible know if they
had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome
by three levels to very low for indirectness relating to outcome
assessment, imprecision due to the small total number of
participants, and reporting bias arising from selective outcome
reporting.

Pulmonary embolism

Polglase 2007 reported one case of pulmonary embolism in the
local anaesthetic group (1/143 (1%)), and none in the control group
(0/167 (0%)) until hospital discharge. There was no evidence of
a di�erence between the two study groups (RR 3.50, 95% CI 0.14
to 85.25; low-certainty evidence). How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.
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We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Wound catheter-related complications

Visceral or vascular injury

None of the included trials evaluated the outcome of wound
catheter-related visceral or vascular injury.

Laparotomy wound breakdown

Two trials (Krishnan 2014; Polglase 2007) reported a total of 14
cases of laparotomy wound breakdown or dehiscence among 340
participants (3/167 (2%) in local anaesthetic group; 11/173 (6%) in
control group) until hospital discharge. There was no evidence of a
di�erence between the two study groups (RR 0.32, 95% CI 0.09 to

1.12; I2 = 0%; low-certainty evidence). All cases occurred in the same
trial (Polglase 2007). How this outcome was defined or assessed in
the included trials was not reported, so it was not possible know if
they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Laparotomy wound infection

Five trials evaluated the rates of laparotomy wound infection
(Baig 2006; Fustran 2015; Krishnan 2014; Polglase 2007; Wang
2010). In Fustran 2015, rates in the laparotomy subgroup were
estimated based on reported rates in the overall study population,
which additionally included participants undergoing laparoscopic
colorectal resection. A total of 32 cases of laparotomy wound
infection were reported among 499 participants (18/247 (7%) in
local anaesthetic group; 14/252 (6%) in control group) until hospital
discharge. There was no evidence of a di�erence between the two

study groups (RR 1.18, 95% CI 0.58 to 2.37; I2 = 0%; moderate-
certainty evidence). How this outcome was defined or assessed in
the included trials was not reported, so it was not possible know if
they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome
by one level to moderate for indirectness relating to outcome
assessment.

Intra-abdominal infection

Fustran 2015 evaluated the rates of intra-abdominal infection
until hospital discharge. Rates in the laparotomy subgroup (2/17
(12%) in local anaesthetic group; 1/17 (6%) in control group) were
estimated based on reported rates in the overall study population,
which additionally included participants undergoing laparoscopic
colorectal resection. There was no evidence of a di�erence between
the study groups (RR 2.00, 95% CI 0.20 to 20.04; low-certainty
evidence). How this outcome was defined or assessed in the
included trials was not reported, so it was not possible know if they
had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment,
and imprecision due to the small total number of participants.

Local anaesthetic systemic toxicity

Local anaesthetic systemic toxicity is a potentially life-threatening
adverse event that may occur a/er administration of local
anaesthetics. It is characterised by progressive cardiovascular
and neurological depression, with a constellation of symptoms
including severe hyper- or hypotension, cardiac arrhythmias, loss
of consciousness, and seizures (El-Boghdadly 2018).

Beaussier 2007 and Krishnan 2014 evaluated the rates of local
anaesthetic systemic toxicity among trial participants until hospital
discharge. There were no cases of local anaesthetic systemic
toxicity in these trials (0/45 (0%) in local anaesthetic group; 0/27
(0%) in control group; RR not available; 95% CI not available; very
low-certainty evidence). The trial authors did not report how they
had defined or assessed this outcome so it was not possible know
if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
three levels to very low for risk of bias (serious study limitations)
because nearly half of all data for this outcome were contributed
by a trial with unclear random sequence generation and allocation
concealment, indirectness relating to outcome assessment, and
imprecision due to the small total number of participants.

Other

Myocardial infarction

Wang 2010 reported one case of myocardial infarction among 55
participants (0/28 (0%) in local anaesthetic group; 1/27 (4%) in
control group) until hospital discharge. There was no evidence of
a di�erence between the two study groups (RR 0.32, 95% CI 0.01
to 7.57; low-certainty evidence). How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Renal impairment

Polglase 2007 reported eight cases of renal impairment among 310
participants (4/143 (3%) in local anaesthetic group; 4/167 (2%) in
control group) until hospital discharge. There was no evidence of
a di�erence between the two study groups (RR 1.12, 95% CI 0.29
to 4.39; low-certainty evidence). How this outcome was defined
or assessed in the included trials was not reported, so it was not
possible know if they had used acceptable approaches.

We downgraded the certainty of the evidence for this outcome by
two levels to low for indirectness relating to outcome assessment
and imprecision due to the small total number of participants.

Patient satisfaction

None of the included trials evaluated patient satisfaction.

Unavailable or unusable data

A number of studies did not report or only partially reported
the results of certain predefined outcomes, and we could not
included them in the meta-analysis. We have summarised studies
and outcomes with unavailable or unusable data in Appendix 2.
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Subgroup analyses

See Appendix 3.

Sensitivity analyses

See Appendix 4.

D I S C U S S I O N

Summary of main results

This review compared the e�ectiveness of continuous wound
infusion of local anaesthetic versus placebo for controlling
postoperative pain a/er midline laparotomy for colorectal
resection. We identified six trials, contributing a total of 541
participants to our meta-analysis (local anaesthetic 268; control
273; Baig 2006; Beaussier 2007; Fustran 2015; Krishnan 2014;
Polglase 2007; Wang 2010).

All six included trials randomised participants to continuous wound
infusion of a local anaesthetic or a placebo as a component of a
multimodal analgesic regimen in which all participants were given
additional simple non-opioid analgesics as well as opioids via a
patient-controlled analgesia (PCA) system as required to achieve
adequate pain relief. All trials used opioid consumption via PCA in
addition to pain at rest and on movement, scored on a 10-point
numerical rating scale or equivalent (0 = no pain; 1 to 3 = mild
pain; 4 to 6 = moderate pain; 7 to 10 = severe pain) to evaluate
the overall analgesic e�icacy of continuous wound infusion of local
anaesthetic versus placebo.

On postoperative day 1, our analysis found a reduction in pain at
rest by approximately 1 point from the control group benchmark of
approximately of 3 points. We have high confidence in this result.
Pain on movement was reduced by approximately 1 point from
the control group benchmark of 6 points, but we have limited
confidence in this result. At the same time, we have moderate
confidence that opioid consumption via PCA was reduced by
approximately 10 mg morphine-equivalent in the local anaesthetic
group from the control group benchmark of approximately 40
mg. The simultaneous reduction in opioid consumption via PCA
in addition to the reduction in pain scores indicate that the
analgesic e�icacy of the intervention is more substantial than is
reflected by the reduction in pain scores alone. Overall, continuous
local anaesthetic wound infusion versus placebo acutely improves
postoperative pain control a/er midline laparotomy for colorectal
resection in adults.

However, the analgesic e�ect of continuous local anaesthetic
wound infusion versus placebo is probably not sustained, with
little or no e�ect on pain scores a/er postoperative day 1 or
opioid consumption via PCA a/er postoperative day 2. Our analysis
found no evidence of a di�erence in pain at rest on postoperative
day 2, day 3 or day 4, or pain on movement on postoperative
day 2 or day 4, or opioid consumption via PCA on postoperative
day 3 or day 4. We have moderate to low confidence in these
results, except high confidence in the result for pain at rest on
postoperative day 2 and day 3. There was a reduction in pain
on movement by approximately 1 point in the local anaesthetic
group on postoperative day 3 from the control group benchmark
approximately 4 points, but we have low confidence in this result.
We have moderate confidence that there was a reduction in
opioid consumption via PCA by approximately 10 mg morphine-

equivalent in the local anaesthetic group on postoperative day 2
from the control group benchmark of approximately 30 mg.

Recognised postoperative adverse events related to opioids
include nausea or vomiting, ileus, urinary retention, pruritus,
sedation, sleep disturbance and respiratory depression, although
many other contributing factors are usually also present in the
postoperative period. All six included trials monitored and reported
rates of nausea or vomiting, but only a few trials assessed
other postoperative opioid-related adverse events. None of the
trials evaluated sleep disturbance objectively. Based on subjective
assessment in one trial, continuous local anaesthetic wound
infusion versus placebo may improve sleep quality. Our analysis
found no evidence of a di�erence between the local anaesthetic
group and the control group in the rates of postoperative opioid-
related adverse events other than sleep quality. This may be due
to a lack of power to detect small e�ect sizes. We have very
low confidence in the available results for most outcomes, except
moderate confidence in the result for nausea or vomiting and
low confidence in the results for ileus and sleep disturbance.
Although continuous local anaesthetic wound infusion versus
placebo probably reduces opioid consumption via PCA in the
early postoperative period, it likely has little or no e�ect on the
opoid-related adverse events of nausea or vomiting and ileus.
This is not surprising as opioid use is only one of a multitude of
perioperative risk factors that contribute to these adverse events
(Apfel 2012; Artinyan 2008; Gan 2006; Rybakov 2017). The e�ects of
the intervention on the rates of other postoperative opioid-related
adverse events are uncertain.

Recovery of bowel function can be assessed by the time to first
flatus and the time to first bowel movement, as well as rates
of ileus. Overall functional recovery a/er surgery is reflected by
the time to ambulation and the length of hospital stay. Moreover,
the length of hospital stay is a particularly important outcome
for patients and the healthcare system. Our analysis found no
evidence of a di�erence between the local anaesthetic group and
the control group in ileus, time to first flatus or time to ambulation,
although this could be due to insu�icient power to detect small
e�ect sizes. The time to first bowel movement was reduced by
approximately one day in the local anaesthetic group from the
control group benchmark of approximately four days. We are
moderately confident in this result. The length of hospital stay
was reduced by approximately one day in the local anaesthetic
group compared to the control group benchmark of seven days,
with high certainty. Overall, continuous local anaesthetic wound
infusion compared to placebo improves functional recovery a/er
midline laparotomy for colorectal resection in adults.

The intervention may have little or no e�ect on the rates of
any serious postoperative adverse events. Our analysis found
no evidence of a di�erence between the two study groups in
any serious postoperative adverse events, including death by
any cause, pulmonary complications, venous thromboembolic
complications, wound catheter-related complications (including
laparotomy wound infection), local anaesthetic systemic toxicity,
myocardial infarction, or renal impairment. We have moderate
confidence in the results for pneumonia and laparotomy wound
infection. However, due to the small number of trials contributing
data on the other serious postoperative adverse events considered,
we have low to very low confidence in these results and we caution
against drawing conclusions.
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The implementation of continuous wound infusion varied across
the included trials in factors such as the number and location of
the wound catheter, the local anaesthetic agent and dose, the
infusion programme (rate of infusion, bolus prior infusion), and the
non-randomised co-analgesic regimen used in the trials. This may
account for the moderate to high levels of heterogeneity in a small
number of analyses in this review. Subgroup analyses suggested
that preperitoneal placement of the wound catheter and delivery
of a bolus prior to commencing continuous wound infusion may
potentially increase the e�icacy of the intervention. This warrants
further investigation through high-quality, randomised controlled
trials.

Overall completeness and applicability of evidence

All six trials included in this review involved adults undergoing
elective midline laparotomy for colorectal resection. This review
was dominated by a single medium-sized trial (310 participants)
with broad inclusion criteria irrespective of anaesthetic risk,
underlying pathology or co-morbidities (Polglase 2007). The
remaining five trials all had small sample sizes (30 to 70
participants). Small trials tend to produce imprecise overestimates
of the true e�ect, may be associated with higher risk of bias, and
may be more prone to the e�ects of random chance (Chaimani
2013; Dechartres 2013; Moore 1998; Nuesch 2010). Most trials
excluded individuals with high anaesthetic risk (ASA class IV or
greater), renal or hepatic failure, obesity, chronic pain, psychiatric
disorders, or drug or alcohol abuse. In two trials, the indication
for surgery was limited to bowel cancer, and individuals with
other bowel conditions such as inflammatory bowel disease
were excluded (Beaussier 2007; Fustran 2015). These two trials
accounted for under 15% of the total number of participants.
The indication for surgery was unrestricted in Wang 2010 and
unspecified in the remaining trials (Baig 2006; Krishnan 2014;
Polglase 2007). All six trials were conducted in the elective setting,
so the findings may not be applicable to patients with pathologies
such as bowel perforation, acute bowel obstruction or intra-
abdominal infection that typically necessitate emergency surgery.
Individuals with intra-abdominal sepsis or abscess were excluded
from two trials (Baig 2006; Fustran 2015).

Most trials measured and reported data on pain at rest and
on movement, opioid consumption, opioid-related adverse event
of nausea or vomiting, the time to first bowel movement, the
length of hospital stay, and the serious postoperative adverse
event of laparotomy wound infection. However, few trials reported
data on the postoperative opioid-related adverse events of ileus,
urinary retention, pruritus, sedation, respiratory depression, or the
functional recovery outcomes of the time to first flatus and the
time to ambulation. There was also a paucity of data on serious
postoperative adverse events, including death by any cause,
pulmonary complications, venous thromboembolic complications,
wound catheter-related complications (other than laparotomy
wound infection), local anaesthetic systemic toxicity, myocardial
infarction, and renal impairment. There were no available data on
the time to rescue analgesia, patient satisfaction, or the serious
postoperative adverse event of wound catheter-related visceral
or vascular injury. There were no objective data on the opioid-
related adverse event of sleep disturbance, but subjective data
were available from one trial.

Incomplete reporting of predefined outcomes was present in all
six included trials. Most of our attempts to obtain the unpublished
results were unsuccessful. We were required to estimate the
mean and standard deviation of several continuous outcomes and
impute the event rates of several dichotomous outcomes from
other reported parameters.

All six included trials in our review compared continuous wound
infusion of a local anaesthetic against a normal saline placebo.
This required a wound catheter to be inserted in participants
in both intervention and control groups, which may confound
any potential complications related to the physical placement
of a wound catheter, such as visceral and vascular injury,
laparotomy wound breakdown, laparotomy wound infection, and
intra-abdominal infection.

Quality of the evidence

We assessed all six included trials to be at high or unclear risk
of bias for at least one of the examined domains (Characteristics
of included studies). We assessed random sequence generation
and allocation concealment to be adequate in all trials except
one (Krishnan 2014), where insu�icient details were provided. We
assessed blinding to be adequate in all trials. The main study
limitations included attrition bias in trials with large numbers of
post-randomisation exclusions or missing data for some outcomes,
reporting bias related to selective reporting of outcomes in
trials where the results of some predefined outcomes were not
published, and information bias in trials using unclear or di�erent
definitions or methods of assessment for some outcomes.

We downgraded the certainty of the evidence for serious study
limitations, inconsistency between trials, indirectness of outcome
assessment, and imprecision of estimates of e�ect. We rated
the certainty of the evidence for a small number of clinically
and functionally important outcomes, including pain at rest on
postoperative day 1, opioid consumption via PCA on postoperative
day 1, the time to first bowel movement, and the length of hospital
stay, as moderate or high (Summary of findings for the main
comparison). We rated the certainty of the evidence for other
key outcomes as low (pain on movement on postoperative day
1, any serious postoperative adverse event; Summary of findings
for the main comparison), suggesting that the true e�ects of the
intervention on these outcomes may be substantially di�erent from
the e�ect estimates, and further research is very likely to change the
e�ect estimates and have an important impact on our confidence
in the results.

Potential biases in the review process

We conducted a thorough literature search using a large number
of synonymous search terms within each domain of the search
strategy in order to capture as many relevant results as possible.
We included pain as a domain because we expected pain reduction
to be a primary endpoint in all trials evaluating continuous local
anaesthetic wound infusion, and therefore pain or words related to
pain would be mentioned in the title or abstract of the publication.
Similarly, we included randomised controlled trial as a domain
because we only wanted to include high-quality randomised
controlled trials in this review. Although unlikely, it is possible that
potentially relevant trials that did not mention these two domains
in the title or abstract may have been missed by this search strategy.
We minimised human error in study selection and data extraction
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by having two review authors independently complete this process.
To minimise publication bias, we sought unpublished data from
authors of trials published in full text as well as trials published
as conference abstracts only. We needed to estimate or impute
meta-analysis parameters for a large number of outcomes due to
incomplete outcome reporting. Sensitivity analyses showed that
our primary analysis was robust despite the use of estimated or
imputed data.

Agreements and disagreements with other studies or
reviews

There is increasing recognition of the need for evidence-based
guidelines for procedure-specific pain management (Joshi 2013;
Kehlet 2007), since the mechanisms and intensity of pain, the
placebo response, and the treatment e�ects may di�er between
di�erent surgical procedures and surgical incisions (Beaussier
2012; Espitalier 2013; Gerbershagen 2013; Gerbershagen 2014; Gray
2005). We are not aware of any published systematic review and
meta-analysis that adequately evaluated the e�icacy of continuous
local anaesthetic wound infusion a/er midline laparotomy for
colorectal resection.

Liu 2006 included 44 trials of continuous wound infusion of
a local anaesthetic versus a placebo for the management of
postoperative pain following various obstetric, gynaecological,
urological, orthopaedic, cardiothoracic, and general surgical
procedures. The 'general surgery' subgroup contained a total of 12
trials, mainly consisting of trials in inguinal hernia repair (5 trials)
and cholecystectomy (3 trials), with a small number of trials in
colorectal surgery (2 trials), abdominal aortic aneurysm repair (1
trial), and unspecified major abdominal surgery (1 trial). Compared
to the control group, there was a small reduction in mean daily
pain score on a 0 to 100 mm visual analogue scale at rest (MD −11
mm, 95% CI −17 to −1; P = 0.02) in the local anaesthetic group,
but there was no di�erence in pain on movement. Reductions in
mean daily opioid consumption (MD −12 mg, 95% CI −19 to −6; P <
0.001) and postoperative nausea or vomiting (odds ratio 0.47, 95%
CI 0.24 to 0.89; P = 0.02) were also found. There was no di�erence
in the length of hospital stay. Liu 2006 did not examine other
relevant clinical outcomes, including adverse events. They did not
examine heterogeneity. They excluded trials that did not directly
report means and standard deviations and made no attempts to
impute these parameters. Only one of the six trials included in our
Cochrane Review (Baig 2006), was also included by Liu 2006. In
contrast to our assessment (Characteristics of included studies), Liu
2006 gave this trial a Jadad score of 4 (rigorous) using the Oxford
quality scoring system (Jadad 1996), which has been criticised as an
over-simplistic, flawed, and unreliable method of assessing quality
and risk of bias (Higgins 2017).

Another heterogeneous review included 32 trials of continuous
infusion or intermittent injection of a local anaesthetic through
a wound catheter versus a placebo or no wound catheter for
the management of postoperative pain following various major
and minor gastrointestinal, obstetric, gynaecological, urological,
plastic, thoracic, vascular surgical procedures (Gupta 2011).
Subgroup analyses for "major abdominal surgery", consisting of
a heterogeneous mix of gastrointestinal, urological and vascular
procedures, showed no di�erence in pain at rest, pain on
movement or opioid consumption with moderate or high levels
of heterogeneity present in all end points. Gupta 2011 conducted
all other analyses by pooling data from all trials. They examined

a small number of postoperative opioid-related adverse events
and found no di�erence in postoperative nausea or vomiting,
ileus or pruritus. There was no di�erence in laparotomy wound
infection, but there was a lower risk of wound breakdown in the
local anaesthetic group (3/163 in local anaesthetic group, 12/191 in
control group; P = 0.048). The length of hospital stay was shorter
in the local anaesthetic group (MD −0.6 days, 95% CI −1.2 to 0.0; P
= 0.04). Gupta 2011 included three of the six trials included in this
Cochrane Review (Baig 2006; Beaussier 2007; Polglase 2007), and
all three trials received a Jadad score of 5 (most rigorous) using
the Oxford quality scoring system, in contrast to our assessment
(Characteristics of included studies).

Reviews by Karthikesalingam 2008 and Ventham 2014 specifically
examined trials in colorectal resection. We included in
our Cochrane Review, three of the five trials included in
Karthikesalingam 2008 (Baig 2006; Beaussier 2007; Polglase 2007),
however, Karthikesalingam 2008 also pooled in the analysis two
additional trials with di�erent surgical incisions and di�erent
comparators (Cheong 2001; Fredman 2001). Pooled analysis in
Karthikesalingam 2008 showed reduced postoperative opioid
consumption on day 1 in the local anaesthetic group compared to
the control group (MD −8.34 mg, 95% CI −16.38 to −0.31; P = 0.04),
but not on day 2 and day 3. The local anaesthetic group also had
small reductions in postoperative pain at rest on day 3, but not on
day 1 and day 2, and in pain on movement on day 1 to day 3. There
was no di�erence in the time to first bowel movement or the length
of hospital stay. However, statistically significant heterogeneity was
present in all end points. Karthikesalingam 2008 did not examine
other clinically important outcomes, including adverse events.
They reportedly used the Oxford quality scoring system to assess
the quality of all included trials but did not publish the scores.
Ventham 2014 included a total of 12 trials, appropriately separated
into subgroups by surgical technique (laparoscopic and open) and
intervention (wound infiltration, intraperitoneal instillation and
peripheral nerve block). They further divided six trials involving
open surgery and wound infiltration into two subgroups, based on
the plane of wound infiltration (subfascial and suprafascial). We
included four of these trials in our Cochrane Review (Baig 2006;
Beaussier 2007; Polglase 2007; Wang 2010). However, Ventham
2014 also included two additional trials with di�erent surgical
incisions and di�erent comparators in these subgroup analyses
(Cheong 2001; Ozturk 2011). Local anaesthetic administered via a
subfascial wound catheter in open surgery was associated with
reduced postoperative opioid consumption on day 1 (MD −16.6 mg,
95% CI −23.9 to −9.2; P < 0.001) and day 2 (MD −12.18 mg, 95%
CI −19.05 to −5.30; P = 0.0005), reduced the time to first bowel
movement (MD −0.8 days, 95% CI −1.5 to 0.03; P = 0.04), but there
was no di�erence in pain on movement, nausea or vomiting, or
the length of hospital stay. Local anaesthetic administered via a
suprafascial wound catheter in open surgery was associated with
reduced postoperative pain on movement on day 1 (MD −0.71, 95%
CI −1.14 to −0.28; P = 0.001) and day 2 (MD −0.50, 95% CI −0.93 to
−0.07; P = 0.02), but there was no di�erence in opioid consumption,
nausea or vomiting, the time to first bowel movement, or the
length of hospital stay. They found no di�erence in rates of ileus,
wound complications or venous thromboembolic complications
in the pooled analysis combining all subgroups. They did not
examine other postoperative opioid-related adverse events and
other clinically important adverse events. Ventham 2014 used the
Cochrane 'Risk of bias' assessment tool and the results were similar
to our assessment (Characteristics of included studies).
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

For clinicians

In adults undergoing elective midline laparotomy for colorectal
resection, continuous wound infusion of a local anaesthetic
compared to a normal saline placebo probably has beneficial
e�ects on pain and recovery when used as a component of
multimodal management of postoperative pain.

The intervention reduces postoperative pain at rest and the
length of hospital stay (high-certainty evidence), probably reduces
postoperative opioid consumption via PCA and the time to first
bowel movement (moderate-certainty evidence), and may reduce
pain on movement (low-certainty evidence). The intervention
may have little or no e�ect on the rates of any serious
postoperative adverse events, including death by any cause,
pulmonary complications, venous thromboembolic complications,
wound catheter-related complications, local anaesthetic systemic
toxicity, myocardial infarction, or renal impairment (low-certainty
evidence). The reasons for downgrading the certainty of the
evidence included risk of bias relating to study design or missing
data, inconsistency between trials, indirectness of outcome
assessment, and imprecision of the estimates of e�ect.

The findings of our review are most applicable to adults undergoing
elective midline laparotomy for resection of colorectal cancer, as
those undergoing the surgery for other bowel conditions such as
inflammatory bowel disease were excluded from two of six trials,
although the remaining four trials did not restrict the indication for
surgery. The findings may not be applicable to adults undergoing
emergency surgery for treatment of acute bowel pathologies.

For patients

Continuous injection of a local anaesthetic into the wound,
compared to an inactive substance such as salty water (normal
saline), reduces pain at rest and leads to earlier hospital discharge
a/er an elective surgery to remove a part of the bowel through
a long vertical cut in the abdomen. It probably reduces the
requirement for morphine-like pain killers and leads to earlier
bowel movement, and may reduce pain on movement. It does not
appear to a�ect the rates of any serious complications, although we
have limited confidence in this result. The reasons for downgrading
the certainty of the evidence included limitations related to study
design or missing data, inconsistency between trials, indirectness
in the way the outcomes were measured in some trials, and
imprecise results due to the small number of participants.

The findings of our review are most relevant to adults electively
having this type of surgery to treat bowel cancer, as those having
the surgery to treat other bowel conditions such as inflammatory
bowel disease were excluded from two of six trials, although the
remaining four trials did not restrict the reason for needing surgery.
The findings may not be relevant to adults needing to have this type
of surgery in an emergency.

For policy makers and funders of the intervention

Overall, our review supports the use of continuous local anaesthetic
wound infusion as a component of a multimodal management
strategy for postoperative pain a/er elective midline laparotomy
for colorectal resection, based on high-certainty evidence that the

intervention reduces pain at rest and the length of hospital stay,
and moderate-certainty evidence that the intervention probably
reduces opioid consumption via PCA and the time to first
bowel movement. In addition, our review found low-certainty
evidence that the intervention may reduce pain on movement.
The intervention does not appear to a�ect the rates of any serious
postoperative adverse events, although we have limited confidence
in this result. Ongoing attention and vigilance must be applied to
monitor serious postoperative adverse events.

Implications for research

General

There are a number of areas to be addressed by further research.
High-quality randomised controlled trials are necessary to evaluate
the e�ectiveness of continuous local anaesthetic wound infusion
a/er midline laparotomy for colorectal resection compared to a
placebo or sham, or to an alternative method, such as transverse
abdominis plane block or thoracic epidural analgesia. In addition,
the optimal implementation of continuous wound infusion in
terms of number and location of wound catheter(s), choice and
dose of analgesic agent(s), and infusion programme needs to
be established. Subgroup analyses suggested that preperitoneal
placement of the wound catheter and delivery of a bolus
prior to commencing continuous wound infusion may potentially
increase the e�icacy of the intervention. This warrants further
investigation through high-quality randomised controlled trials.
Health economic evaluations of continuous local anaesthetic
wound infusion are warranted to balance the current high cost
of wound infusion devices against the economic benefits of
potentially fewer adverse events and faster recovery.

Study design

• Follow guidance on study design provided by the CONSORT
statement (Schulz 2010).

• Consider a stratified design with predefined subgroup analyses
to evaluate the intervention in di�erent settings (e.g. emergency
versus elective surgery, open versus laparoscopic-assisted
approach) and participants (e.g. by age, body mass index, risk
factors for postoperative opioid-related adverse events).

• Clearly define the non-randomised multimodal analgesic
regimen provided. The regimen should be based on current best
practice.

• Consider novel study designs, such as a platform trial design,
that can enable e�icient comparison of multiple adaptive
treatment groups in a heterogenous population (Berry 2015).

• Adopt strategies to mitigate the study limitations a�ecting
previous trials as extensively outlined in this review, including:
small sample size, attrition bias, reporting bias, information
bias, industry bias.

Outcome measurement and reporting

• Include the following outcomes: daily pain score at rest and with
movement, daily opioid consumption, rates of postoperative
opioid-related adverse events (e.g. nausea or vomiting, ileus,
urinary retention, pruritus, sedation, respiratory depression,
sleep disturbance), the time to first flatus, the time to first bowel
movement, the time to ambulation, the length of hospital stay,
patient satisfaction.
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• If other forms of opioids are used concurrently with an opioid
PCA system as a part of the multimodal analgesia regimen, total
opioid consumption should be included as an outcome measure
in addition to PCA opioid consumption.

• Closely monitor and record rates of adverse events and
complications, including: potential treatment complications
(e.g. local anaesthetic toxicity, wound catheter injury), wound
complications (e.g. laparotomy wound infection, laparotomy
wound breakdown), surgical complications (e.g. anastomotic
leak, intra-abdominal infection), other serious postoperative
adverse events (e.g. pulmonary complication, myocardial
infarction, renal failure, thromboembolic complications),
mortality.

• Consider inclusion of health economic outcome measures, such
as cost of hospitalisation and interventions.

• Consider medium- to long-term outcomes such as return to
work, functional recovery and development of chronic pain.

• Clearly state the definitions and methods of assessment for all
outcomes.

• Report all specified outcomes for all treatment groups
at baseline and all assessment intervals with appropriate
summary statistics, including estimates of e�ect (e.g. mean,
median) and precision (e.g. standard deviation, range,

interquartile ranges, confidence interval). Consider including
this information in an appendix if unable to be included in the
primary publication or depositing data sets in an appropriate
public data repository.

• Avoid multiple publications of the same study.
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Characteristics of included studies [ordered by study ID]

 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial

Analysis by ITT: not reported

Participants Country: USA

Centres: 1

Recruitment period: March 2001-May 2002

Follow-up period: 4 weeks after discharge from hospital

Surgery: open segmental or total colectomy with primary anastomosis

Indication: not reported

Urgency: elective

Incision: midline

Length of incision: not reported

Exclusion criteria

• ≥ ASA IV

Baig 2006 
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• Emergency surgery

• Abscess at the time of surgery

• Laparoscopic surgery

• Allergy to bupivacaine

• Abdominal wall mesh

• Chronic pain

• Drug or alcohol abuse within 6 months

• Serum creatinine > 2 mg/dL

Number randomised: not reported

Post-randomisation exclusion: not reported

Number analysed = 70 (local anaesthetic n = 35; control n = 35)

Demographics

• Age (mean): local anaesthetic 58.8 years; control 55.7 years

• % Male: local anaesthetic 77%; control 57%

• BMI (mean): local anaesthetic 26.8 kg/m2; control 24.8 kg/m2

• ASA classification: I-III

Interventions Continuous wound infusion with:

• local anaesthetic: bupivacaine 0.5% (n = 35)

• control: NaCl 0.9% (n = 35)

Number of wound catheters: 2

Length of wound catheter: 6-10 cm

Wound catheter position: subcutaneous (suprafascial); 1 catheter placed along on each wound edge

Infusion rate: 4 mL/h total (2 mL/h per catheter)

Infusion duration: 72 h

Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions:

• IV morphine via PCA (programme not reported; meperidine used in participants with hypersensitivity
to morphine)

Outcomes Outcomes relevant to current review

• Pain score (0-10) at rest, recorded at 8 h after surgery, and twice daily thereafter for 3 days

• Pain score (0-10 VAS) on movement, recorded at 8 h after surgery, and twice daily thereafter for 3 daysa

• Morphine consumption, recorded at 8 h after surgery, and daily thereafter for 3 days

• Nausea or vomiting

• Ileus

• Urinary retentiona

• Sedationa

• Respiratory depression

• Length of hospital stay

• Time to first bowel movement

• Time to ambulation

• Pneumonia

• Respiratory failure

Baig 2006  (Continued)
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• Pulmonary oedema

• Deep vein thrombosisa

• Wound infection

Other outcomes reported

• Number of PCA doses, recorded at 8 h after surgery, and daily thereafter for 3 daysb

Notes aOutcomes predefined in methods but results not published.

bOutcomes published in paper but not predefined in methods.

Funding source: donation from the Caporella family

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence

Allocation concealment
(selection bias)

Low risk Allocation contained in sealed envelopes that were opened by the pharmacist.
Infusion pump filled with allocated study drug by the pharmacist.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Only the pharmacist had the code that defined the type of solution. The sur-
geon who placed the pump, the sta� who subsequently recorded various para-
meters and the participants were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Only the pharmacist had the code that defined the type of solution. The sur-
geon who placed the pump, the sta� who subsequently recorded various para-
meters and the participants were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk Identification of adverse outcomes by retrospective review of charts may be at
risk of missing or incomplete outcome data. Number of enrolments, number
of post-randomisation exclusions, and number with missing data were not re-
ported. Unclear if ITT analysis was performed.

Selective reporting (re-
porting bias)

High risk Predefined both pain at rest and on movement as outcomes, but only pub-
lished pain at rest. Did not predefine number of PCA doses as an outcome, but
published statistically significant results

Small study bias High risk < 50 participants per treatment arm

Industry bias Low risk Funded by donation. No industry funding or sponsorship

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns

Methods of outcome as-
sessment (information
bias)

High risk Definitions of adverse events not described in sufficient detail. Identification of
adverse events by retrospective review of charts

Methods of statistical
analysis (analytical bias)

Unclear risk Unclear if analysed by ITT. No sensitivity tests for protocol violation

Baig 2006  (Continued)
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Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial

Analysis by ITT: not reported

Participants Country: France and Switzerland

Centres: 3

Recruitment period: July 2005-May 2006

Follow-up period: 8-12 weeks after discharge from hospital

Surgery: open colonic resection with primary anastomosis

Indication: bowel cancer

Urgency: elective

Incision: midline

Length of incision (mean): local anaesthetic 22 cm; control 19 cm

Exclusion criteria

• BMI > 30 kg/m2

• Inflammatory bowel disease

• Pre-operative cognitive dysfunction

• Chronic pain

• Pre-operative opioid consumption

• Psychiatric disorders

• Inability to use PCA

• Pre-operative indication for de-functioning stoma or abdominal suction drain

Number randomised = 49

Post-randomisation exclusion

• 7 (14%), intraoperative indication for stoma (3), parietal tumour extension (1), lack of peritoneum (1),
intraoperative urologic complication (1), postoperative hyperthermia (1)

Number analysed = 42 (local anaesthetic n = 21; control n = 21)

Demographics

• Age (mean): local anaesthetic 58 years; control 62 years

• % Male: local anaesthetic 67%; control 52%

• BMI (mean): local anaesthetic 25 kg/m2; control 25 kg/m2

• ASA classification: local anaesthetic 52% I/48% II; control 33% I/67% II

Interventions Continuous wound infusion with:

• local anaesthetic: ropivacaine 0.2% (n = 21)

• control: NaCl 0.9% (n = 21)

Number of wound catheters: 1

Length of wound catheter: not reported

Wound catheter position: preperitoneal; catheter placed along full length of wound

Infusion rate: 10 mL bolus followed by 10 mL/h

Infusion duration: 48 h

Beaussier 2007 
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Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV morphine via PCA (1 mg bolus with 7-min lockout time)

• IV ketoprofen 50 mg 8-hourly as needed (paracetamol 1 g 6-hourly as needed was used in participants
with contraindication to NSAIDs)

Outcomes Outcomes relevant to current review

• Pain score (0-10 verbal numeric scale) at rest, recorded at 2, 6 and 12 h after surgery, and daily for 4

daysa

• Pain score (0-10 verbal numeric scale) on movement (cough), recorded at 2, 6 and 12 h after surgery,

and daily for 4 daysa

• Morphine consumption, recorded daily for 4 daysa

• Nausea or vomiting

• Sedationb

• Respiratory depressionb

• Sleep quality (0-10 verbal numeric scale)

• Length of hospital stay

• Time to first flatus

• Time to first bowel movement

• Local anaesthetic cardiotoxicity, monitored daily for 2 days

Other outcomes reported

• Duration of surgery

• Time to discharge from postanaesthetic care unit

• Number of participants requiring rescue analgesia, recorded daily for 2 days

• Mental function

• Plasma concentration of ropivacaine

• Wound pain and analgesia requirements at 8-12 weeks after surgery

Notes aInformation regarding outcomes presented graphically in paper without numerical results obtained
through private correspondence with study authors on 30 May 2015.

bOutcomes predefined in methods but results not published in results.

Funding source: grant from AstraZeneca, a manufacturer of ropivacaine

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence

Allocation concealment
(selection bias)

Low risk Allocation contained in sealed envelopes that were opened by the pharmacist.
Infusion pump filled with allocated study drug by the pharmacist.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Only the pharmacist had the code that defined the type of solution. The partic-
ipant and the physicians in charge of the participant were blinded during both
intra-operative and postoperative periods.
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Only the pharmacist had the code that defined the type of solution. The partic-
ipant and the physicians in charge of the participant were blinded during both
intra-operative and postoperative periods.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 7/49 (14%) participants were excluded from the study post-randomisation.
Reasons for exclusion were outlined above. ITT analysis was not performed.

Selective reporting (re-
porting bias)

High risk Predefined sedation as an outcome but did not publish results. Trial authors
reported “no major adverse event occurred”, but did not report on the defini-
tions or methods of assessing major adverse events used.

Small study bias High risk < 50 participants per treatment arm

Industry bias Unclear risk Funded by grant from AstraZeneca, a manufacturer of ropivacaine. Involve-
ment of the sponsor in the design, conduct, analysis and reporting of the trial
was not stated.

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns

Methods of outcome as-
sessment (information
bias)

Low risk No obvious concerns

Methods of statistical
analysis (analytical bias)

Unclear risk Unclear if analysed by ITT

Beaussier 2007  (Continued)

 
 

Methods Study design: parallel, stratified, randomised, double-blind, placebo-controlled clinical trial

Analysis by ITT: yes

Participants Country: Spain
Centres: 1
Recruitment period: April 2010-April 2012
Follow-up period: 48 h postoperatively
Surgery: open or laparoscopic colorectal resection (stratified)
Indication: malignant colorectal tumour
Urgency: elective

Incision (laparotomy subgroup): midlinea

Length of incision (median; all participants): local anaesthetic 16.5 cm; control 17.5 cm

Exclusion criteria

• A history of allergic reaction to ropivacaine or NSAIDs

• Inability to use a PCA system

• Moderate to severe respiratory dysfunction

• History of complex postoperative pain management

• Emergency surgery

• Inflammatory bowel disease

• Psychiatric disorder

• Active drug addition or ongoing treatment with opiates

Fustran 2015 
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• Morbid obesity (BMI > 35 kg/m2)

• Heart disease (New York Heart Association Functional Classification III-IV)

• Liver disease (Child-Pugh class A-C)

• Kidney failure (creatinine > 1.5 mmol/L)

• Treatment with fluvoxamine or enoxacin

• Sepsis (colon perforation or intra-abdominal abscess)

Number randomised (total) = 67

• Laparotomy subgroup = 34 (local anaesthetic n = 17; control n = 17)

• Laparoscopy subgroup = 33 (local anaesthetic n = 16; control n = 17)

Number analysed (total) = 67

• Laparotomy subgroup = 34 (local anaesthetic n = 17; control n = 17)

• Laparoscopy subgroup = 33 (local anaesthetic n = 16; control n = 17)

Missing data

• Laparotomy subgroup: 5 (15%) missing data for total opioid consumption due to inability to use PCA
or intolerance (local anaesthetic 3; control 2)

• Laparoscopy subgroup: 2 (6%) missing data for total opioid consumption due to inability to use PCA
or intolerance (local anaesthetic 1; control 1)

Demographics (all participants)

• Age (median): local anaesthetic 64 years; control 64.5 years

• % Male: local anaesthetic 61%; control 76%

• BMI: not reported

• ASA classification: local anaesthetic 3% I/67% II/30% III; control 3% I/65% II/32% III

Interventions Interventions in the laparotomy subgroup are described here only

Continuous wound infusion with:

• local anaesthetic: ropivacaine 0.38% (n = 17)

• control: NaCl 0.9% (n = 17)

Number of wound catheters: 1
Length of wound catheter: 15 cm

Wound catheter position: preperitoneal; catheter placed along full length of wound

Infusion rate: 10 mL bolus followed by 5 mL/h

Infusion duration: 48 h

Intra-operative analgesic co-interventions

• Dexketoprofen 50 mg IV, 60 min before wound closure

• Paracetamol 1 g IV, 60 min before wound closure

• Morphine 0.1 mg/kg IV, 30 min before wound closure

Postoperative analgesic co-interventions

• IV morphine via PCA (0.5 mg bolus with 5-min lockout time)

• IV dexketoprofen 50 mg 8-hourly

• IV paracetamol 1 g 8-hourly

Outcomes Outcomes relevant to current review

Fustran 2015  (Continued)
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• Pain score (0-10 verbal numeric scale), recorded at 0, 6, 12, 24, 48 h after surgery

• Morphine consumption, recorded at 48 h after surgery

• Nausea or vomiting

• Pruritusb

• Sedationb

• Respiratory depressionb

• Length of hospital stay

• Time to ambulation

• Surgical infection (wound infection and intra-abdominal infection)c

Other outcomes reported

• Duration of surgeryc

• Number of PCA doses, recorded at 48 h after surgery

• Time to ability to sit in chair

• Time to solid food intake

Notes aInformation obtained through private correspondence with trial author (8 January 2017).

bOutcomes predefined in methods but results not published.
cOutcomes reported in all participants without stratification into laparotomy and laparoscopy sub-
groups.

Funding source: equipment supplied by Baxter, a manufacturer of continuous wound infusion devices.
Baxter also provided expenses of an independent external monitor.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence

Allocation concealment
(selection bias)

Low risk Study drug prepared by central pharmacy department and placed in num-
bered sealed boxes according to the random number sequence. Infusion
pump filled with allocated study drug by an independent nurse.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The participants, the researchers and the statistician were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk The participants, the researchers and the statistician were blinded.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 5/34 (15%) participants in the laparotomy subgroup (local anaesthetic 3; con-
trol 2) were excluded from analysis of opioid consumption due to missing da-
ta as a result of inability to use PCA or intolerance. Complete case analysis was
performed for opioid consumption. ITT analysis was performed for all other
outcomes.

Selective reporting (re-
porting bias)

High risk Pruritus, sedation and respiratory depression predefined in methods but re-
sults not published

Small study bias High risk < 50 participants per treatment arm in the laparotomy subgroup
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Industry bias Unclear risk Quote: "Multi-holed catheters and elastomeric pumps supplied by Baxter,
manufacturer of the devices. Baxter provided expenses of an independent ex-
ternal monitor."

Comment: involvement of the sponsor in the design, conduct, analysis and re-
porting of the trial was not stated.

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns

Methods of outcome as-
sessment (information
bias)

Unclear risk Definitions and methods of assessing adverse events not described in suffi-
cient detail

Methods of statistical
analysis (analytical bias)

Low risk No obvious concerns

Fustran 2015  (Continued)

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial with 2:1 allocation
ratio
Analysis by ITT: not reported

Participants Country: Australia

Centres: 1

Recruitment period: September 2007-October 2009a

Follow-up period: 30 days after surgery

Surgery: open or laparoscopic colorectal resection

Indication: not reported

Urgency: elective

Incision (laparotomy subgroup): 97% midline, 3% transverse

Length of incision (mean) (laparotomy subgroup): 24.9 cma

Exclusion criteria

• ASA ≥ class IV

• Abnormal renal or hepatic function

• Taking medications known to interact with levobupivacaine (i.e. CYP1A2 or CYP3A4 inhibitors or in-
ducers)

• Received analgesia via epidural administration

• Known allergies to levobupivacaine, fentanyl or oxycodone

Number randomised (total): n = 90

• Laparotomy subgroup: not reported

• Laparoscopy subgroup: not reported

Post-randomisation exclusion (total)

• 9 (10%), sepsis encountered during operative procedure (1), change from abdominal to perineal ap-
proach (2), wound catheter pulled out by participant (2), trial protocol violation by the attending

Krishnan 2014 
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anaesthetists including epidural drug administration (2) and morphine or ketamine administration
via PCA (2)

• No subgroup breakdown provided

Number analysed (total) = 81

• Laparotomy subgroup = 30 (local anaesthetic n = 24; control n = 6)

• Laparoscopy subgroup = 51 (local anaesthetic n = 31; control n = 20)

Demographics (laparotomy subgroup)

• Age (mean): local anaesthetic 65.5 years; control 64.5 years

• % Male: local anaesthetic 58%; control 67%

• BMI: local anaesthetic 29.3 kg/m2; control 27.8 kg/m2

• ASA classification: local anaesthetic 4% I/42% II/54% III; control 33% I/0% II/67% IIIa

Interventions Only the laparotomy subgroup is summarised here

Continuous wound infusion with:

• local anaesthetic: levobupivacaine 0.25% (n = 24)

• control: NaCl 0.9% (n = 6)

Number of wound catheters: 2

Length of wound catheter: not reported

Wound catheter position: preperitoneal; 1 catheter placed along on each wound edge

Infusion rate: 10 mL/h total (5 mL/h per catheter) for first 48 h, 5 mL/h total (2.5 mL/h per catheter)
thereafter

Infusion duration: 96 h

Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV fentanyl or oxycodone via PCA (programme not reported)

• Paracetamol 1 g 6-hourly (route not reported)

• Ibuprofen 400 mg 8-hourly (route not reported)

• Oral oxycodone as required (dose and frequency not reported)

Outcomes Outcomes relevant to current review

• Pain score (0-10 verbal numeric scale) at rest, recorded at 6, 12, 24, 48, 72 and 96 h after surgerya,b

• Pain score (0-10 verbal numeric scale) on movement, recorded at 6, 12, 24, 48, 72 and 96 h after

surgerya,b

• Opioid consumption (mg oxycodone equivalent), recorded daily for 4 days after surgery

• Nausea or vomiting

• Ileus

• Urinary retention

• Pruritus

• Length of hospital staya,b

• Time to first bowel movementa

• Time to ambulationa,b

• Wound breakdown

• Wound infection

• Local anaesthetic toxicity, monitored twice daily
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• Mortality

Other outcomes reported

• Duration of surgery

• High stoma output

• Anastomotic leak

• Urinary tract infection

• Clostridium difficile infection

• Heart failure

• 30-day mortality

Notes aAdditional information for incompletely published outcomes obtained from lead author's PhD thesis.
bSD not reported and not estimable.

In addition to the primary reference, we identified 3 conference abstracts describing this study during
literature search (see Results of the search). We included these conference abstracts and the lead au-
thor's PhD thesis as secondary references.

Funding source: grant from The Hospital Research Foundation. Equipment supplied by I-Flow Corp, a
manufacturer of continuous wound infusion devices.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “Pharmacist … applied randomisation schedule”

Comment: generation of randomisation sequence was not described

Allocation concealment
(selection bias)

Unclear risk Quote: “Allocation was controlled by the … pharmacist”

Comment: concealment of the allocation was not described.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk All participants, medical sta�, nursing sta� and assessors were blinded to the
treatment.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk All participants, medical sta�, nursing sta� and assessors were blinded to the
treatment.

Incomplete outcome data
(attrition bias) 
All outcomes

High risk Overall, 9/90 (10%) participants were excluded from the study post-randomi-
sation. Number of participants excluded from the laparotomy subgroup was
not reported. Reasons for exclusion were outlined above. ITT analysis was not
performed.

Selective reporting (re-
porting bias)

High risk Predefined pain at rest and on movement and opioid consumption as out-
comes but did not publish complete results in paper. Predefined local anaes-
thetic toxicity as outcome but did not publish results in paper.

Small study bias High risk < 50 participants per treatment arm in the laparotomy subgroup

Industry bias Low risk Quote: "The project received commercial untied support by way of gratis Pain-
Buster devices from the I-Flow Corp (United States) via Surgical Specialties
(Australia). These sources had no input into any aspects of the study from de-
sign through to manuscript. Financial support was also provided by The Hospi-
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tal Research Foundation via a program grant to the Discipline of Surgery, The
University of Adelaide."

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns

Methods of outcome as-
sessment (information
bias)

Unclear risk Definitions and methods of assessing adverse events not described in suffi-
cient detail

Methods of statistical
analysis (analytical bias)

High risk Unclear if analysed by ITT. Compared outcomes between laparotomy to la-
paroscopic subgroups rather than comparing treatment versus control within
each subgroup. Some conclusions were drawn by comparing mean estimates
without performing any statistical test.

Krishnan 2014  (Continued)

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial
Analysis by ITT: not reported

Participants Country: Australia

Centres: 1

Recruitment period: December 2003-February 2006

Follow-up period: until discharge from hospital

Surgery: open colorectal resection

Indication: not reported

Urgency: elective

Incision: midline

Length of incision (mean): local anaesthetic 20.9 cm; control 22.5 cm

Exclusion criteria:

• Age < 18 years

• Abdominoperineal resection

• Allergic to lignocaine, ropivacaine or morphine

• Requirement for epidural or intrathecal infusion

• Emergency surgery

• Inability to operate PCA device

• Inability to provide written informed consent

Number randomised = 326 (local anaesthetic n = 153; control n = 173)

Post-randomisation exclusion

• 16 (4.9%), intervention could not be used due to medically unfit or anaesthetic decision (local anaes-
thetic 4; control 2), refused (local anaesthetic 1), operation changed or cancelled (local anaesthetic 4;
control 3), device not available (local anaesthetic 1; control 1)

Number analysed = 310 (local anaesthetic n = 143, control n = 167)

Missing data

Polglase 2007 
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• Managed by last observation carried forward

• 5 (1.6%) missing data for pain on movement, set-up difficulties preventing recording of this outcome

• 12 (3.9%) missing data for opioid consumption, wound catheter dislodged (local anaesthetic 2; control
1), wound catheter removed early (local anaesthetic 1), surgical protocol not met (local anaesthetic
1; control 2), analgesic protocol not met (local anaesthetic 1; control 2), confusion (control 2)

Demographics

• Age (mean): local anaesthetic 66.9 years; control 64.5 years

• % Male: local anaesthetic 48%; control 53%

• BMI: not reported

• ASA classification: local anaesthetic 26% I/46% II/26% III/ 2% IV/0% V; control 30% I/51% II/15% III/3%
IV/1% V

Interventions Continuous wound infusion with:

• local anaesthetic: ropivacaine 0.54% (n = 143)

• control: NaCl 0.9% (n = 167)

Number of wound catheters: 2

Length of wound catheter: 6.5 cm

Wound catheter position: subcutaneous (suprafascial); 1 catheter placed along the upper part and 1
catheter placed along the lower part of the wound

Infusion rate: 4 mL/h (2 mL/h per catheter)

Infusion duration: 60 h

Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV morphine via PCA (1 mg bolus with 5-min lockout time and 1 mg/h background infusion)

• IV tramadol 50 mg 6-hourly

• IV or rectal paracetamol 1 g 6-hourly

• IV parecoxib 40 mg daily, which was changed after 139 participants to intramuscular ketorolac 30 mg
12-hourly (age ≤ 65) or 15 mg 12-hourly (age > 65) due to emerging information regarding increased
cerebrovascular and cardiovascular risks of COX-2 inhibitors

Outcomes Outcomes relevant to current review

• Pain score (0-10 verbal numeric scale) at rest, recorded daily for 3 days

• Pain score (0-10 verbal numeric scale) at rest, recorded daily for 3 days

• Morphine consumption, recorded daily for 4 days

• Nausea or vomiting

• Pruritus

• Length of hospital stay

• Time to first flatusa

• Time to first bowel movementa

• Pneumonia

• Deep vein thrombosis

• Pulmonary embolism

• Wound breakdown: major and minor

• Wound infection

• Renal impairment

Other outcomes reported
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• Nausea score

• Mobility score

• Wound erythema

Notes aOutcomes reported only as "no significant difference".

We identified 1 additional record of a conference abstract describing this study during literature search
(see Results of the search).

Funding source: grant from Tackling Bowel Cancer, Cabrini Hospital Clinical Education and Research
Institute. Grant from Mazda Foundation. Equipment supplied by I-Flow Corporation, a manufacturer of
continuous wound infusion devices.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence

Allocation concealment
(selection bias)

Low risk The syringes containing the study drugs appeared identical and were labelled
with numbers corresponding to the randomisation sequence.

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk The study drugs were prepared by an external third party and were delivered
by a trial nurse not involved with participant care. All participants, medical
and nursing sta� were blinded.

Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Participants were assessed postoperatively by blinded outcome assessors.

Incomplete outcome data
(attrition bias) 
All outcomes

Unclear risk 16 participants (4.9%) were excluded post-randomisation. ITT analysis was
not performed. In addition, 12 participants (3.9%) did not complete 72 h of da-
ta collection for opioid consumption due to various reasons outlined above.
Missing data were handled by the last observation carried forward method,
which may distort means and standard deviations as opioid consumption
would be expected to reduce over time. 5 participants (1.6%) were missing da-
ta for pain on movement due to set-up difficulties preventing recording of this
outcome. Complete case analysis was performed for this outcome.

Selective reporting (re-
porting bias)

Low risk Predefined and reported clinically relevant and reasonable outcomes, includ-
ing adverse outcomes

Small study bias Unclear risk 50-199 participants per treatment arm

Industry bias Unclear risk Quote: "Supported by Tackling Bowel Cancer – Cabrini Hospital Clinical Educa-
tion and Research Institute Melbourne, Victoria, Australia; Mazda Foundation –
Private Bag 40 Mount Waverly, Victoria 3149; and I-Flow Corporation, Pleasant
Plain, Ohio: Supplied Painbuster Soakeri devices for this trial."

Comment: involvement of the sponsor in the design, conduct, analysis and re-
porting of the trial was not stated.

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns
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Methods of outcome as-
sessment (information
bias)

Unclear risk Definitions and methods of assessing adverse outcomes not described

Methods of statistical
analysis (analytical bias)

Unclear risk Unclear if analysed by ITT

Polglase 2007  (Continued)

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial
Analysis by ITT: yes

Participants Country: Australia

Centres: 1

Recruitment period: September 2005-March 2008

Follow-up period: until discharge from hospital

Surgery: open colorectal surgery

Indications: irrespective of underlying pathology

Urgency: elective

Incision: midline

Length of incision (mean): local anaesthetic 25.4 cm; control 25.6 cm

Exclusion criteria

• Adverse reaction to local anaesthesia or opioid analgesia

Number randomised = 55 (local anaesthetic n = 28; control n = 27)

Number analysed = 55 (local anaesthetic n = 28; control n = 27)

Missing data

• 7 (13%) missing data for total opioid consumption, unable to use PCA due to language barrier (control
2) or excessive confusion (control 1); given fentanyl PCA (local anaesthetic 2; control 2)

Demographics

• Age (mean): local anaesthetic 64.6 years, control 70.3 years

• % Male: local anaesthetic 57%, control 52%

• BMI: not reported

• ASA classification: not reported

Interventions Study groups

• Local anaesthetic: ropivacaine 0.2% (n = 28)

• Control: NaCl 0.9% (n = 27)

Number of wound catheters: 2

Length of wound catheters: ?

Wound catheter position: musculofascial, 1 catheter placed along each wound edge

Wang 2010 
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Infusion rate: 8 mL/h (4 mL/h per catheter)

Infusion duration: 67.5 h

Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV morphine or fentanyl via PCA (programme not reported)

• Paracetamol (dose and frequency not reported)

Outcomes Outcomes relevant to current review

• Pain score (0-10 verbal numeric scale) at rest, recorded daily for 2 days

• Pain score (0-10 verbal numeric scale) on movement, recorded daily for 2 days

• Morphine consumption, recorded daily for 2 days

• Nausea or vomiting

• Ileus

• Pruritus

• Sedation

• Respiratory depression

• Length of hospital staya

• Time to first bowel movement

• Time to ambulation

• Pneumonia

• Wound infection

Other outcomes reported

• Intra-abdominal bleed

• Perioperative myocardial infarction

• Respiratory depression

• Confusion

• Hallucination

Notes aOutcomes reported only as "no significant effect".

We identified 1 additional record of a conference abstract describing this study during literature search
(see Results of the search).

Funding source: funding from I-Flow Corporation, a manufacturer of continuous wound infusion de-
vices

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Computer-generated randomisation sequence

Allocation concealment
(selection bias)

Low risk Study drug was loaded by pharmacist into identical pumps with identical
sticker label. Randomisation code was kept locked in pharmacy

Blinding of participants
and personnel (perfor-
mance bias) 
All outcomes

Low risk Quote: "The intervention assignment schedule was ... blinded from partici-
pants, all sta� administering the treatment (i.e. surgeon, surgical assistants
and scrub nurses), as well as from those who monitored outcomes (i.e. doc-
tors, nurses, allied health sta� and members of the Acute Pain Service)."

Wang 2010  (Continued)
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Blinding of outcome as-
sessment (detection bias) 
All outcomes

Low risk Quote: "The intervention assignment schedule was ... blinded from partici-
pants, all sta� administering the treatment (i.e. surgeon, surgical assistants
and scrub nurses), as well as from those who monitored outcomes (i.e. doc-
tors, nurses, allied health sta� and members of the Acute Pain Service)."

Incomplete outcome data
(attrition bias) 
All outcomes

High risk 7/55 (13%) participants were missing data for morphine consumption. Com-
plete case analysis was performed for morphine consumption. All other out-
comes were analysed by ITT.

Selective reporting (re-
porting bias)

Low risk Predefined and reported clinically relevant and reasonable outcomes, includ-
ing adverse outcomes

Small study bias High risk < 50 participants per treatment arm

Industry bias Low risk Quote: "I-Flow Corporation and its Australian distributor, Surgical Synergies,
provided funding for the study but were not involved in the design, implemen-
tation, analysis and reporting of the study."

Inclusion and exclusion
criteria (selection bias)

Low risk No obvious concerns

Methods of outcome as-
sessment (information
bias)

Unclear risk Definitions and methods of assessing adverse outcomes not described

Methods of statistical
analysis (analytical bias)

Low risk No obvious concerns. Appropriate use of logrank statistic to analyse time to
events

Wang 2010  (Continued)

ASA: American Association of Anesthesiologists physical status classification (I = healthy, II = mild systemic disease, III = severe systemic
disease, IV = severe systemic disease that is a constant threat to life, V = not expected to survive without the operation, VI = brain-dead); BMI:
body mass index; cm: centimetre; dL: decilitre; g: gram; ITT: intention-to-treat; IV: intravenous; kg: kilogram; m: metre; mg: milligram;
mmol: millimole; n: number of participants; NSAID: non-steroidal anti-inflammatory drug; PCA: patient-controlled analgesia; VAS: visual
analogue scale
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

Abadir 2009 No placebo or sham control group for comparison

Dhanapal 2017 Surgical procedure was predominantly gastrectomy or gastrojejunostomy. Only 13 of 94 partici-
pants (14%) in the study underwent right hemicolectomy. No subgroup data available

Fry 1984 Surgical procedure was cholecystectomy, not colorectal resection

Gibbs 1988 Surgical incision was paramedian, not midline laparotomy

Nalda 1977 Intervention was epidural infusion of bupivacaine

NCT00557843 Trial withdrawn before enrolling any participants

NCT01062919 Control was epidural infusion of bupivacaine. Trial terminated due to low recruitment rate
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Characteristics of studies awaiting assessment [ordered by study ID]

 

Methods Study design: parallel, randomised clinical trial

Blinding: not reported

Control: not reported

Analysis by ITT: not reported

Participants Country: Portugal

Centres: not reported

Recruitment period: not reported
Follow-up period: not reported
Surgery: open major abdominal surgery
Indication: not reported
Urgency: not reported
Incision: not reported
Length of incision: not reported
Exclusion criteria: not reported

Number randomised = 22
Post-randomisation exclusion: not reported
Number analysed: not reported
Demographics: not reported

Interventions Continuous wound infusion at 10 mL/h for 48 h

Treatment group: not reported

Control group: not reported

Outcomes Outcomes relevant to current review

• Postoperative pain at rest on verbal response scale

Notes Currently only available as conference abstract. No contact information available

Araujo 2014 

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial

Analysis by ITT: not reported

Participants Country: Spain

Centres: 1

Recruitment period: not reported

Follow-up period: not reported

Surgery: open colorectal resection

Indication: not reported

Urgency: elective

Arino 2012 
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Incision: midline

Length of incision: not reported

Exclusion criteria: not reported

Number randomised = 33 (local anaesthetic n = 15; control n = 18)

Post-randomisation exclusion: 4 (12%), reasons not reported

Number analysed = 29 (local anaesthetic n = 13; control n = 16)

Demographics: not reported

Interventions Continuous wound infusion with:

• local anaesthetic: levobupivacaine 0.25% (n = 13)

• control: NaCl 0.9% (n = 16)

Number of wound catheters: 1

Length of wound catheter: 15 cm

Wound catheter position: preperitoneal

Infusion rate: 5 mL bolus followed by 5 mL/h

Infusion duration: 48 h

Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV tramadol (dose and frequency not reported)

• IV ketorolac (dose and frequency not reported)

• IV morphine via PCA (programme not reported)

Outcomes Outcomes relevant to current review

• Pain score (presumed at rest, VAS), recorded at 4, 8, 12, 24, 36 and 48, 72 and 96 h after surgerya

• Morphine consumption, recorded at 48 h after surgery

• “Side effects” (not reported)a

Notes Currently only available as conference abstract. Contacted trial author on 15 February 2017. Did
not receive response

aResults reported qualitatively only ("pain scores were not reduced during 48 h after surgery... no
side effects were observed")

Arino 2012  (Continued)

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial

Analysis by ITT: not reported

Participants Country: Spain

Centres: not reported

Recruitment period: not reported

Cano 2012 

Continuous local anaesthetic wound infusion for postoperative pain a�er midline laparotomy for colorectal resection in adults (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

47



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Follow-up period: not reported

Surgery: colorectal surgery

Indication: colorectal cancer

Urgency: not reported

Length of incision: not reported
Exclusion criteria: not reported

Number randomised = 60
Post-randomisation exclusion: not reported
Number analysed: not reported
Demographics: not reported

Interventions Continuous wound infusion with:

• local anaesthetic: levobupivacaine 0.25% (n = 30)

• control: NaCl 0.9% (n = 30)

Number of wound catheters: 1
Length of wound catheter: not reported
Wound catheter position: preperitoneal
Infusion rate: 7 mL/h
Infusion duration: 72 h
 
Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV propacetamol 1 g, frequency not reported

• IV dexketoprofen 50 mg, frequency not reported

• IV metamizol 2 g, frequency not reported

• IV morphine 5 mg, frequency not reported

Outcomes Outcomes relevant to current review

• Pain score at rest and on movement with VAS

• Morphine consumption

• Patient satisfaction

• Time to ambulation

Notes Study presently only available in conference abstract form. No contact information available

Cano 2012  (Continued)

 
 

Methods Study design: parallel, randomised, double-blind, placebo-controlled clinical trial
Analysis by ITT: not reported

Participants Country: Croatia
Centres: not reported
Recruitment period: not reported
Follow-up period: not reported
Surgery: open abdominal colorectal surgery
Indication: not reported
Urgency: elective
Incision: midline
Length of incision: not reported

Maric 2009 
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Exclusion criteria: not reported

Number randomised = 50 (local anaesthetic n = 25; control n = 25)
Post-randomisation exclusion: not reported
Number analysed: not reported
Demographics: not reported

Interventions Continuous wound infusion with:

• local anaesthetic: levobupivacaine 0.25% (n = 50)

• control: NaCl 0.9% (n = 50)

Number of wound catheters: 2
Length of wound catheter: not reported
Wound catheter position: suprafascial; 1 catheter placed along on each wound edge
Infusion rate: 8 mL bolus followed by 8 mL/h total (4 mL bolus followed by 4 mL/h per catheter)
Infusion duration: 48 h
 
Intra-operative analgesic co-interventions: not reported

Postoperative analgesic co-interventions

• IV diclofenac 75 mg 12-hourly

• IV morphine via PCA (programme not reported)

Outcomes Outcomes relevant to current review

• Pain score (presumed at rest, VAS), recorded at 6, 12, 24 and 48 after surgerya

• Morphine consumption, recorded at 6, 12, 24 and 48 after surgery

• Nausea and vomitinga

• “Side effects” (details not reported)a

Notes Currently only available as conference abstract. Contacted trial author on 22 February 2017. Did
not receive response.

aResults reported qualitatively only ("Satisfactory analgesia was achieved in both groups... Nausea
and vomiting were less present in Group L. No side effects were observed.”).

Maric 2009  (Continued)

ITT: intention-to-treat; IV: intravenous; PCA: patient-controlled analgesia; VAS: visual analogue scale
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Local anaesthetic versus placebo

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point numeri-
cal rating scale or equivalent)

5 511 Mean Difference (IV, Ran-
dom, 95% CI)

-0.59 [-1.12, -0.07]

2 Pain at rest: day 2 (10-point numeri-
cal rating scale or equivalent)

5 511 Mean Difference (IV, Ran-
dom, 95% CI)

-0.30 [-0.68, 0.08]

3 Pain at rest: day 3 (10-point numeri-
cal rating scale or equivalent)

3 422 Mean Difference (IV, Ran-
dom, 95% CI)

-0.24 [-0.58, 0.10]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4 Pain on movement: day 1 (10-point
numerical rating scale or equivalent)

3 407 Mean Difference (IV, Ran-
dom, 95% CI)

-1.13 [-2.26, -0.01]

5 Pain on movement: day 2 (10-point
numerical rating scale or equivalent)

3 407 Mean Difference (IV, Ran-
dom, 95% CI)

-0.86 [-1.79, 0.08]

6 Pain on movement: day 3 (10-point
numerical rating scale or equivalent)

2 352 Mean Difference (IV, Ran-
dom, 95% CI)

-0.57 [-1.03, -0.12]

7 Opioid consumption via patient con-
trolled analgesia: day 1 (mg morphine
equivalent)

6 528 Mean Difference (IV, Ran-
dom, 95% CI)

-11.98 [-19.80,
-4.17]

8 Opioid consumption via patient con-
trolled analgesia: day 2 (mg morphine
equivalent)

6 528 Mean Difference (IV, Ran-
dom, 95% CI)

-9.64 [-15.77,
-3.52]

9 Opioid consumption via patient con-
trolled analgesia: day 3 (mg morphine
equivalent)

4 451 Mean Difference (IV, Ran-
dom, 95% CI)

-4.93 [-10.95, 1.09]

10 Opioid consumption via patient
controlled analgesia: day 4 (mg mor-
phine equivalent)

2 71 Mean Difference (IV, Ran-
dom, 95% CI)

-2.27 [-6.85, 2.31]

11 Nausea or vomiting 6 541 Risk Ratio (M-H, Random,
95% CI)

0.90 [0.71, 1.14]

12 Ileus 3 155 Risk Ratio (M-H, Random,
95% CI)

0.49 [0.14, 1.77]

13 Pruritus 3 395 Risk Ratio (M-H, Random,
95% CI)

0.83 [0.38, 1.82]

14 Respiratory depression 2 125 Risk Ratio (M-H, Random,
95% CI)

0.21 [0.02, 1.77]

15 Time to first bowel movement
(days)

4 197 Mean Difference (IV, Ran-
dom, 95% CI)

-0.67 [-1.17, -0.17]

16 Time to ambulation (days) 3 159 Mean Difference (IV, Ran-
dom, 95% CI)

-0.53 [-1.28, 0.22]

17 Length of hospital stay (days) 4 456 Mean Difference (IV, Ran-
dom, 95% CI)

-1.17 [-2.01, -0.33]

18 Any serious postoperative adverse
event (composite outcome)

6 541 Risk Ratio (M-H, Random,
95% CI)

1.04 [0.68, 1.58]

19 Pneumonia 3 435 Risk Ratio (M-H, Random,
95% CI)

1.15 [0.47, 2.82]

20 Laparotomy wound breakdown 2 340 Risk Ratio (M-H, Random,
95% CI)

0.32 [0.09, 1.12]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

21 Laparotomy wound infection 5 499 Risk Ratio (M-H, Random,
95% CI)

1.18 [0.58, 2.37]

22 Local anaesthetic systemic toxicity 2 72 Risk Ratio (M-H, Random,
95% CI)

0.0 [0.0, 0.0]

 
 

Analysis 1.1.   Comparison 1 Local anaesthetic versus placebo, Outcome
1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 10.96% -0.25[-1.65,1.15]

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 15.86% -1.8[-2.89,-0.71]

Fustran 2015 17 2 (1.1) 17 2 (1.5) 20.74% 0[-0.88,0.88]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 36.55% -0.5[-0.96,-0.04]

Wang 2010 28 2.4 (2.1) 27 3 (2.1) 15.89% -0.6[-1.69,0.49]

   

Total *** 244   267   100% -0.59[-1.12,-0.07]

Heterogeneity: Tau2=0.14; Chi2=6.76, df=4(P=0.15); I2=40.87%  

Test for overall effect: Z=2.21(P=0.03)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.2.   Comparison 1 Local anaesthetic versus placebo, Outcome
2 Pain at rest: day 2 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 4 (3.1) 35 3.1 (3.1) 6.73% 0.9[-0.53,2.33]

Beaussier 2007 21 1 (1.3) 21 1.7 (2.1) 11.85% -0.7[-1.76,0.36]

Fustran 2015 17 2 (2.2) 17 2 (1.3) 9.15% 0[-1.21,1.21]

Polglase 2007 143 1.8 (1.8) 167 2.3 (2) 51.35% -0.5[-0.92,-0.08]

Wang 2010 28 1.6 (1.5) 27 1.7 (1.5) 20.93% -0.1[-0.87,0.67]

   

Total *** 244   267   100% -0.3[-0.68,0.08]

Heterogeneity: Tau2=0.03; Chi2=4.57, df=4(P=0.33); I2=12.38%  

Test for overall effect: Z=1.55(P=0.12)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.3.   Comparison 1 Local anaesthetic versus placebo, Outcome
3 Pain at rest: day 3 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 2.8 (2.7) 35 3.2 (3) 6.41% -0.4[-1.74,0.94]

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 0.8 (0.9) 21 1.1 (1.3) 25.32% -0.3[-0.98,0.38]

Polglase 2007 143 1.8 (1.7) 167 2 (2) 68.26% -0.2[-0.61,0.21]

   

Total *** 199   223   100% -0.24[-0.58,0.1]

Heterogeneity: Tau2=0; Chi2=0.12, df=2(P=0.94); I2=0%  

Test for overall effect: Z=1.37(P=0.17)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.4.   Comparison 1 Local anaesthetic versus placebo, Outcome 4
Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 29.87% -2.5[-3.68,-1.32]

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 41.3% -0.8[-1.27,-0.33]

Wang 2010 28 5.2 (2.4) 27 5.4 (2.4) 28.84% -0.2[-1.44,1.04]

   

Total *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.5.   Comparison 1 Local anaesthetic versus placebo, Outcome 5
Pain on movement: day 2 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 2.9 (1.5) 21 5 (1.9) 28.37% -2.1[-3.14,-1.06]

Polglase 2007 143 4.5 (2.2) 167 5 (2.2) 38.82% -0.5[-0.99,-0.01]

Wang 2010 28 4 (1.5) 27 4.2 (1.5) 32.81% -0.2[-1.01,0.61]

   

Total *** 192   215   100% -0.86[-1.79,0.08]

Heterogeneity: Tau2=0.52; Chi2=9.08, df=2(P=0.01); I2=77.98%  

Test for overall effect: Z=1.79(P=0.07)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.6.   Comparison 1 Local anaesthetic versus placebo, Outcome 6
Pain on movement: day 3 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 2.8 (1.7) 21 3.8 (2.2) 14.52% -1[-2.19,0.19]

Polglase 2007 143 3.8 (2.1) 167 4.3 (2.3) 85.48% -0.5[-0.99,-0.01]

   

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Total *** 164   188   100% -0.57[-1.03,-0.12]

Heterogeneity: Tau2=0; Chi2=0.58, df=1(P=0.45); I2=0%  

Test for overall effect: Z=2.48(P=0.01)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.7.   Comparison 1 Local anaesthetic versus placebo, Outcome 7 Opioid
consumption via patient controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 3.95% -45.7[-82.74,-8.66]

Beaussier 2007 21 26 (13) 21 43 (14) 25.53% -17[-25.17,-8.83]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 25.23% -11.2[-19.55,-2.85]

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 2.59% -12.1[-58.82,34.62]

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 30.79% -3.3[-8.39,1.79]

Wang 2010 26 48.1 (32.5) 22 62.2 (32.5) 11.91% -14.1[-32.55,4.35]

   

Total *** 263   265   100% -11.98[-19.8,-4.17]

Heterogeneity: Tau2=44.91; Chi2=12.81, df=5(P=0.03); I2=60.97%  

Test for overall effect: Z=3(P=0)  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Analysis 1.8.   Comparison 1 Local anaesthetic versus placebo, Outcome 8 Opioid
consumption via patient controlled analgesia: day 2 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 32.5 (37.1) 35 61.3 (128) 1.84% -28.8[-72.95,15.35]

Beaussier 2007 21 18 (9) 21 29 (16) 24.7% -11[-18.85,-3.15]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 23.47% -11.2[-19.55,-2.85]

Krishnan 2014 24 26.8 (23.9) 5 53.6 (42.4) 2.4% -26.8[-65.17,11.57]

Polglase 2007 143 21.3 (16.1) 167 24.2 (18.4) 35.74% -2.9[-6.74,0.94]

Wang 2010 26 30.7 (26.5) 22 48.3 (26.5) 11.85% -17.6[-32.65,-2.55]

   

Total *** 263   265   100% -9.64[-15.77,-3.52]

Heterogeneity: Tau2=23.49; Chi2=9.97, df=5(P=0.08); I2=49.85%  

Test for overall effect: Z=3.08(P=0)  

Favours local anaesthetic 10050-100 -50 0 Favours control
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Analysis 1.9.   Comparison 1 Local anaesthetic versus placebo, Outcome 9 Opioid
consumption via patient controlled analgesia: day 3 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 35.7 (51.3) 35 41 (55.3) 5.29% -5.3[-30.29,19.69]

Beaussier 2007 21 4 (6) 21 12 (11) 40.82% -8[-13.36,-2.64]

Krishnan 2014 24 15.9 (28.1) 5 37.7 (30.3) 4.06% -21.8[-50.64,7.04]

Polglase 2007 143 15.4 (16.4) 167 16.4 (15.4) 49.82% -1[-4.56,2.56]

   

Total *** 223   228   100% -4.93[-10.95,1.09]

Heterogeneity: Tau2=15.63; Chi2=6.16, df=3(P=0.1); I2=51.3%  

Test for overall effect: Z=1.61(P=0.11)  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Analysis 1.10.   Comparison 1 Local anaesthetic versus placebo, Outcome 10 Opioid
consumption via patient controlled analgesia: day 4 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 2 (6) 21 4 (9) 98.01% -2[-6.63,2.63]

Krishnan 2014 24 11.2 (27.2) 5 26.6 (34.9) 1.99% -15.4[-47.87,17.07]

   

Total *** 45   26   100% -2.27[-6.85,2.31]

Heterogeneity: Tau2=0; Chi2=0.64, df=1(P=0.42); I2=0%  

Test for overall effect: Z=0.97(P=0.33)  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Analysis 1.11.   Comparison 1 Local anaesthetic versus placebo, Outcome 11 Nausea or vomiting.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 22/35 25/35 49.78% 0.88[0.63,1.22]

Beaussier 2007 2/21 6/21 2.47% 0.33[0.08,1.47]

Fustran 2015 3/17 3/17 2.57% 1[0.23,4.27]

Krishnan 2014 16/24 5/6 26.02% 0.8[0.51,1.26]

Polglase 2007 13/143 14/167 10.41% 1.08[0.53,2.23]

Wang 2010 11/28 7/27 8.75% 1.52[0.69,3.33]

   

Total (95% CI) 268 273 100% 0.9[0.71,1.14]

Total events: 67 (Local anaesthetic), 60 (Control)  

Heterogeneity: Tau2=0; Chi2=4.08, df=5(P=0.54); I2=0%  

Test for overall effect: Z=0.88(P=0.38)  

Favours local anaesthetic 1000.01 100.1 1 Favours control
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Analysis 1.12.   Comparison 1 Local anaesthetic versus placebo, Outcome 12 Ileus.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 8/35 7/35 47.7% 1.14[0.46,2.81]

Krishnan 2014 1/24 1/6 17.32% 0.25[0.02,3.45]

Wang 2010 2/28 9/27 34.98% 0.21[0.05,0.9]

   

Total (95% CI) 87 68 100% 0.49[0.14,1.77]

Total events: 11 (Local anaesthetic), 17 (Control)  

Heterogeneity: Tau2=0.69; Chi2=4.41, df=2(P=0.11); I2=54.65%  

Test for overall effect: Z=1.09(P=0.28)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Analysis 1.13.   Comparison 1 Local anaesthetic versus placebo, Outcome 13 Pruritus.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Krishnan 2014 10/24 3/6 72.17% 0.83[0.33,2.11]

Polglase 2007 2/143 2/167 16.45% 1.17[0.17,8.19]

Wang 2010 1/28 2/27 11.38% 0.48[0.05,5.01]

   

Total (95% CI) 195 200 100% 0.83[0.38,1.82]

Total events: 13 (Local anaesthetic), 7 (Control)  

Heterogeneity: Tau2=0; Chi2=0.33, df=2(P=0.85); I2=0%  

Test for overall effect: Z=0.47(P=0.64)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Analysis 1.14.   Comparison 1 Local anaesthetic versus placebo, Outcome 14 Respiratory depression.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 0/35 1/35 45.9% 0.33[0.01,7.91]

Wang 2010 0/28 3/27 54.1% 0.14[0.01,2.55]

   

Total (95% CI) 63 62 100% 0.21[0.02,1.77]

Total events: 0 (Local anaesthetic), 4 (Control)  

Heterogeneity: Tau2=0; Chi2=0.16, df=1(P=0.69); I2=0%  

Test for overall effect: Z=1.44(P=0.15)  

Favours local anaesthetic 1000.01 100.1 1 Favours control
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Analysis 1.15.   Comparison 1 Local anaesthetic versus placebo, Outcome 15 Time to first bowel movement (days).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 3.7 (1.4) 35 4.2 (1.6) 49.46% -0.58[-1.29,0.13]

Beaussier 2007 21 3.1 (0.8) 21 4.4 (2.3) 23.69% -1.3[-2.32,-0.28]

Krishnan 2014 24 4 (1.5) 6 3.8 (2) 8.43% 0.2[-1.51,1.91]

Wang 2010 28 4.4 (1.6) 27 4.9 (2.7) 18.42% -0.5[-1.66,0.66]

   

Total *** 108   89   100% -0.67[-1.17,-0.17]

Heterogeneity: Tau2=0; Chi2=2.61, df=3(P=0.46); I2=0%  

Test for overall effect: Z=2.65(P=0.01)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.16.   Comparison 1 Local anaesthetic versus placebo, Outcome 16 Time to ambulation (days).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 2 (0.6) 35 2.3 (0.6) 48.96% -0.31[-0.59,-0.03]

Fustran 2015 17 3 (1.8) 17 3 (0.7) 29.41% 0[-0.92,0.92]

Wang 2010 28 3.9 (2.5) 27 5.7 (2.2) 21.62% -1.75[-2.99,-0.51]

   

Total *** 80   79   100% -0.53[-1.28,0.22]

Heterogeneity: Tau2=0.28; Chi2=5.55, df=2(P=0.06); I2=63.97%  

Test for overall effect: Z=1.39(P=0.17)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 1.17.   Comparison 1 Local anaesthetic versus placebo, Outcome 17 Length of hospital stay (days).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 9.8 (5.5) 35 10.1 (6.7) 8.63% -0.3[-3.16,2.56]

Beaussier 2007 21 4.8 (1) 21 6.1 (2.2) 66.24% -1.3[-2.33,-0.27]

Fustran 2015 17 8 (9.3) 17 10 (3) 3.28% -2[-6.65,2.65]

Polglase 2007 143 9 (8.1) 167 10 (8.1) 21.85% -1[-2.8,0.8]

   

Total *** 216   240   100% -1.17[-2.01,-0.33]

Heterogeneity: Tau2=0; Chi2=0.57, df=3(P=0.9); I2=0%  

Test for overall effect: Z=2.73(P=0.01)  

Favours local anaesthetic 105-10 -5 0 Favours control
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Analysis 1.18.   Comparison 1 Local anaesthetic versus placebo, Outcome
18 Any serious postoperative adverse event (composite outcome).

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 1/35 4/35 3.92% 0.25[0.03,2.13]

Beaussier 2007 0/21 0/21   Not estimable

Fustran 2015 4/17 5/17 14.05% 0.8[0.26,2.48]

Krishnan 2014 3/24 1/6 4.15% 0.75[0.09,6]

Polglase 2007 26/143 23/167 67.74% 1.32[0.79,2.21]

Wang 2010 3/28 5/27 10.14% 0.58[0.15,2.19]

   

Total (95% CI) 268 273 100% 1.04[0.68,1.58]

Total events: 37 (Local anaesthetic), 38 (Control)  

Heterogeneity: Tau2=0; Chi2=3.59, df=4(P=0.46); I2=0%  

Test for overall effect: Z=0.16(P=0.87)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Analysis 1.19.   Comparison 1 Local anaesthetic versus placebo, Outcome 19 Pneumonia.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 0/35 1/35 7.94% 0.33[0.01,7.91]

Polglase 2007 8/143 7/167 81.31% 1.33[0.5,3.59]

Wang 2010 1/28 1/27 10.75% 0.96[0.06,14.65]

   

Total (95% CI) 206 229 100% 1.15[0.47,2.82]

Total events: 9 (Local anaesthetic), 9 (Control)  

Heterogeneity: Tau2=0; Chi2=0.69, df=2(P=0.71); I2=0%  

Test for overall effect: Z=0.32(P=0.75)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Analysis 1.20.   Comparison 1 Local anaesthetic versus placebo, Outcome 20 Laparotomy wound breakdown.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Krishnan 2014 0/24 0/6   Not estimable

Polglase 2007 3/143 11/167 100% 0.32[0.09,1.12]

   

Total (95% CI) 167 173 100% 0.32[0.09,1.12]

Total events: 3 (Local anaesthetic), 11 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Z=1.78(P=0.07)  

Favours local anaesthetic 1000.01 100.1 1 Favours control
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Analysis 1.21.   Comparison 1 Local anaesthetic versus placebo, Outcome 21 Laparotomy wound infection.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 1/35 1/35 6.57% 1[0.07,15.36]

Fustran 2015 2/17 4/17 20.2% 0.5[0.11,2.38]

Krishnan 2014 3/24 0/6 6.07% 1.96[0.11,33.62]

Polglase 2007 10/143 6/167 50.35% 1.95[0.73,5.22]

Wang 2010 2/28 3/27 16.8% 0.64[0.12,3.55]

   

Total (95% CI) 247 252 100% 1.18[0.58,2.37]

Total events: 18 (Local anaesthetic), 14 (Control)  

Heterogeneity: Tau2=0; Chi2=2.78, df=4(P=0.6); I2=0%  

Test for overall effect: Z=0.45(P=0.65)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Analysis 1.22.   Comparison 1 Local anaesthetic versus placebo, Outcome 22 Local anaesthetic systemic toxicity.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Beaussier 2007 0/21 0/21   Not estimable

Krishnan 2014 0/24 0/6   Not estimable

   

Total (95% CI) 45 27 Not estimable

Total events: 0 (Local anaesthetic), 0 (Control)  

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Comparison 2.   Subgroup analyses by local anaesthetic agent

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point nu-
merical rating scale or equivalent)

5 511 Mean Difference (IV, Random,
95% CI)

-0.59 [-1.12, -0.07]

1.1 Bupivacaine or levobupivacaine 1 70 Mean Difference (IV, Random,
95% CI)

-0.25 [-1.65, 1.15]

1.2 Ropivacaine 4 441 Mean Difference (IV, Random,
95% CI)

-0.65 [-1.27, -0.03]

2 Pain on movement: day 1 (10-
point numerical rating scale or
equivalent)

3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

2.1 Bupivacaine or levobupivacaine 0 0 Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.2 Ropivacaine 3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

3 Opioid consumption via pa-
tient-controlled analgesia: day 1
(mg morphine equivalent)

6 528 Mean Difference (IV, Random,
95% CI)

-11.98 [-19.80,
-4.17]

3.1 Bupivacaine or levobupivacaine 2 99 Mean Difference (IV, Random,
95% CI)

-32.04 [-64.39, 0.31]

3.2 Ropivacaine 4 429 Mean Difference (IV, Random,
95% CI)

-10.42 [-17.84,
-2.99]

 
 

Analysis 2.1.   Comparison 2 Subgroup analyses by local anaesthetic agent,
Outcome 1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.1.1 Bupivacaine or levobupivacaine  

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 10.96% -0.25[-1.65,1.15]

Subtotal *** 35   35   10.96% -0.25[-1.65,1.15]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

   

2.1.2 Ropivacaine  

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 15.86% -1.8[-2.89,-0.71]

Fustran 2015 17 2 (1.1) 17 2 (1.5) 20.74% 0[-0.88,0.88]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 36.55% -0.5[-0.96,-0.04]

Wang 2010 28 2.4 (2.1) 27 3 (2.1) 15.89% -0.6[-1.69,0.49]

Subtotal *** 209   232   89.04% -0.65[-1.27,-0.03]

Heterogeneity: Tau2=0.21; Chi2=6.58, df=3(P=0.09); I2=54.39%  

Test for overall effect: Z=2.05(P=0.04)  

   

Total *** 244   267   100% -0.59[-1.12,-0.07]

Heterogeneity: Tau2=0.14; Chi2=6.76, df=4(P=0.15); I2=40.87%  

Test for overall effect: Z=2.21(P=0.03)  

Test for subgroup differences: Chi2=0.26, df=1 (P=0.61), I2=0%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 2.2.   Comparison 2 Subgroup analyses by local anaesthetic agent, Outcome
2 Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.2.1 Bupivacaine or levobupivacaine  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Test for overall effect: Not applicable  

   

2.2.2 Ropivacaine  

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 29.87% -2.5[-3.68,-1.32]

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 41.3% -0.8[-1.27,-0.33]

Wang 2010 28 5.2 (2.4) 27 5.4 (2.4) 28.84% -0.2[-1.44,1.04]

Subtotal *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

   

Total *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Not applicable  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 2.3.   Comparison 2 Subgroup analyses by local anaesthetic agent, Outcome 3
Opioid consumption via patient-controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

2.3.1 Bupivacaine or levobupivacaine  

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 3.95% -45.7[-82.74,-8.66]

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 2.59% -12.1[-58.82,34.62]

Subtotal *** 59   40   6.55% -32.04[-64.39,0.31]

Heterogeneity: Tau2=101.81; Chi2=1.22, df=1(P=0.27); I2=18.04%  

Test for overall effect: Z=1.94(P=0.05)  

   

2.3.2 Ropivacaine  

Beaussier 2007 21 26 (13) 21 43 (14) 25.53% -17[-25.17,-8.83]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 25.23% -11.2[-19.55,-2.85]

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 30.79% -3.3[-8.39,1.79]

Wang 2010 26 48.1 (32.5) 22 62.2 (32.5) 11.91% -14.1[-32.55,4.35]

Subtotal *** 204   225   93.45% -10.42[-17.84,-2.99]

Heterogeneity: Tau2=35.2; Chi2=8.9, df=3(P=0.03); I2=66.3%  

Test for overall effect: Z=2.75(P=0.01)  

   

Total *** 263   265   100% -11.98[-19.8,-4.17]

Heterogeneity: Tau2=44.91; Chi2=12.81, df=5(P=0.03); I2=60.97%  

Test for overall effect: Z=3(P=0)  

Test for subgroup differences: Chi2=1.63, df=1 (P=0.2), I2=38.66%  

Favours local anaesthetic 10050-100 -50 0 Favours control
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Comparison 3.   Subgroup analyses by wound infusion programme

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point nu-
merical rating scale or equivalent)

5 511 Mean Difference (IV, Random,
95% CI)

-0.59 [-1.12, -0.07]

1.1 Bolus prior to infusion 2 76 Mean Difference (IV, Random,
95% CI)

-0.87 [-2.63, 0.89]

1.2 Infusion only 3 435 Mean Difference (IV, Random,
95% CI)

-0.49 [-0.90, -0.09]

2 Pain on movement: day 1 (10-
point numerical rating scale or
equivalent)

3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

2.1 Bolus prior to infusion 1 42 Mean Difference (IV, Random,
95% CI)

-2.5 [-3.68, -1.32]

2.2 Infusion only 2 365 Mean Difference (IV, Random,
95% CI)

-0.73 [-1.16, -0.29]

3 Opioid consumption via pa-
tient-controlled analgesia: day 1
(mg morphine equivalent)

6 528 Mean Difference (IV, Random,
95% CI)

-11.98 [-19.80,
-4.17]

3.1 Bolus prior to infusion 4 170 Mean Difference (IV, Random,
95% CI)

-15.24 [-22.42,
-8.06]

3.2 Infusion only 2 358 Mean Difference (IV, Random,
95% CI)

-4.91 [-12.45, 2.63]

 
 

Analysis 3.1.   Comparison 3 Subgroup analyses by wound infusion programme,
Outcome 1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.1.1 Bolus prior to infusion  

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 15.86% -1.8[-2.89,-0.71]

Fustran 2015 17 2 (1.1) 17 2 (1.5) 20.74% 0[-0.88,0.88]

Subtotal *** 38   38   36.6% -0.87[-2.63,0.89]

Heterogeneity: Tau2=1.36; Chi2=6.32, df=1(P=0.01); I2=84.17%  

Test for overall effect: Z=0.97(P=0.33)  

   

3.1.2 Infusion only  

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 10.96% -0.25[-1.65,1.15]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 36.55% -0.5[-0.96,-0.04]

Wang 2010 28 2.4 (2.1) 27 3 (2.1) 15.89% -0.6[-1.69,0.49]

Subtotal *** 206   229   63.4% -0.49[-0.9,-0.09]

Heterogeneity: Tau2=0; Chi2=0.15, df=2(P=0.93); I2=0%  

Test for overall effect: Z=2.4(P=0.02)  

   

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Total *** 244   267   100% -0.59[-1.12,-0.07]

Heterogeneity: Tau2=0.14; Chi2=6.76, df=4(P=0.15); I2=40.87%  

Test for overall effect: Z=2.21(P=0.03)  

Test for subgroup differences: Chi2=0.17, df=1 (P=0.68), I2=0%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 3.2.   Comparison 3 Subgroup analyses by wound infusion programme,
Outcome 2 Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.2.1 Bolus prior to infusion  

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 29.87% -2.5[-3.68,-1.32]

Subtotal *** 21   21   29.87% -2.5[-3.68,-1.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.15(P<0.0001)  

   

3.2.2 Infusion only  

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 41.3% -0.8[-1.27,-0.33]

Wang 2010 28 5.2 (2.4) 27 5.4 (2.4) 28.84% -0.2[-1.44,1.04]

Subtotal *** 171   194   70.13% -0.73[-1.16,-0.29]

Heterogeneity: Tau2=0; Chi2=0.78, df=1(P=0.38); I2=0%  

Test for overall effect: Z=3.24(P=0)  

   

Total *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Chi2=7.64, df=1 (P=0.01), I2=86.91%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 3.3.   Comparison 3 Subgroup analyses by wound infusion programme, Outcome
3 Opioid consumption via patient-controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

3.3.1 Bolus prior to infusion  

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 3.95% -45.7[-82.74,-8.66]

Beaussier 2007 21 26 (13) 21 43 (14) 25.53% -17[-25.17,-8.83]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 25.23% -11.2[-19.55,-2.85]

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 2.59% -12.1[-58.82,34.62]

Subtotal *** 94   76   57.31% -15.24[-22.42,-8.06]

Heterogeneity: Tau2=10.77; Chi2=3.68, df=3(P=0.3); I2=18.43%  

Test for overall effect: Z=4.16(P<0.0001)  

   

3.3.2 Infusion only  

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 30.79% -3.3[-8.39,1.79]

Wang 2010 26 48.1 (32.5) 22 62.2 (32.5) 11.91% -14.1[-32.55,4.35]

Favours local anaesthetic 10050-100 -50 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Subtotal *** 169   189   42.69% -4.91[-12.45,2.63]

Heterogeneity: Tau2=10.63; Chi2=1.22, df=1(P=0.27); I2=18.22%  

Test for overall effect: Z=1.28(P=0.2)  

   

Total *** 263   265   100% -11.98[-19.8,-4.17]

Heterogeneity: Tau2=44.91; Chi2=12.81, df=5(P=0.03); I2=60.97%  

Test for overall effect: Z=3(P=0)  

Test for subgroup differences: Chi2=3.79, df=1 (P=0.05), I2=73.59%  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Comparison 4.   Subgroup analyses by co-analgesic agents

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point nu-
merical rating scale or equiva-
lent)

5 511 Mean Difference (IV, Random,
95% CI)

-0.59 [-1.12, -0.07]

1.1 None 1 70 Mean Difference (IV, Random,
95% CI)

-0.25 [-1.65, 1.15]

1.2 At least one agent 4 441 Mean Difference (IV, Random,
95% CI)

-0.65 [-1.27, -0.03]

2 Pain on movement: day 1 (10-
point numerical rating scale or
equivalent)

3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

2.1 None 0 0 Mean Difference (IV, Random,
95% CI)

0.0 [0.0, 0.0]

2.2 At least one agent 3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

3 Opioid consumption via pa-
tient-controlled analgesia: day 1
(mg morphine equivalent)

6 528 Mean Difference (IV, Random,
95% CI)

-11.98 [-19.80,
-4.17]

3.1 None 1 70 Mean Difference (IV, Random,
95% CI)

-45.70 [-82.74,
-8.66]

3.2 At least one agent 5 458 Mean Difference (IV, Random,
95% CI)

-10.34 [-17.23,
-3.45]
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Analysis 4.1.   Comparison 4 Subgroup analyses by co-analgesic agents,
Outcome 1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

4.1.1 None  

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 10.96% -0.25[-1.65,1.15]

Subtotal *** 35   35   10.96% -0.25[-1.65,1.15]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.35(P=0.73)  

   

4.1.2 At least one agent  

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 15.86% -1.8[-2.89,-0.71]

Fustran 2015 17 2 (1.1) 17 2 (1.5) 20.74% 0[-0.88,0.88]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 36.55% -0.5[-0.96,-0.04]

Wang 2010 28 2.4 (2.1) 27 3 (2.1) 15.89% -0.6[-1.69,0.49]

Subtotal *** 209   232   89.04% -0.65[-1.27,-0.03]

Heterogeneity: Tau2=0.21; Chi2=6.58, df=3(P=0.09); I2=54.39%  

Test for overall effect: Z=2.05(P=0.04)  

   

Total *** 244   267   100% -0.59[-1.12,-0.07]

Heterogeneity: Tau2=0.14; Chi2=6.76, df=4(P=0.15); I2=40.87%  

Test for overall effect: Z=2.21(P=0.03)  

Test for subgroup differences: Chi2=0.26, df=1 (P=0.61), I2=0%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 4.2.   Comparison 4 Subgroup analyses by co-analgesic agents, Outcome
2 Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

4.2.1 None  

Subtotal *** 0   0   Not estimable

Heterogeneity: Not applicable  

Test for overall effect: Not applicable  

   

4.2.2 At least one agent  

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 29.87% -2.5[-3.68,-1.32]

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 41.3% -0.8[-1.27,-0.33]

Wang 2010 28 5.2 (2.4) 27 5.4 (2.4) 28.84% -0.2[-1.44,1.04]

Subtotal *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

   

Total *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Not applicable  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Analysis 4.3.   Comparison 4 Subgroup analyses by co-analgesic agents, Outcome 3
Opioid consumption via patient-controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

4.3.1 None  

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 3.95% -45.7[-82.74,-8.66]

Subtotal *** 35   35   3.95% -45.7[-82.74,-8.66]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=2.42(P=0.02)  

   

4.3.2 At least one agent  

Beaussier 2007 21 26 (13) 21 43 (14) 25.53% -17[-25.17,-8.83]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 25.23% -11.2[-19.55,-2.85]

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 2.59% -12.1[-58.82,34.62]

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 30.79% -3.3[-8.39,1.79]

Wang 2010 26 48.1 (32.5) 22 62.2 (32.5) 11.91% -14.1[-32.55,4.35]

Subtotal *** 228   230   96.05% -10.34[-17.23,-3.45]

Heterogeneity: Tau2=28.98; Chi2=8.93, df=4(P=0.06); I2=55.2%  

Test for overall effect: Z=2.94(P=0)  

   

Total *** 263   265   100% -11.98[-19.8,-4.17]

Heterogeneity: Tau2=44.91; Chi2=12.81, df=5(P=0.03); I2=60.97%  

Test for overall effect: Z=3(P=0)  

Test for subgroup differences: Chi2=3.38, df=1 (P=0.07), I2=70.45%  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Comparison 5.   Sensitivity analyses excluding unpublished data

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Time to first bowel movement
(days)

3 167 Mean Difference (IV, Random,
95% CI)

-0.75 [-1.27, -0.23]

 
 

Analysis 5.1.   Comparison 5 Sensitivity analyses excluding
unpublished data, Outcome 1 Time to first bowel movement (days).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 3.7 (1.4) 35 4.2 (1.6) 54.01% -0.58[-1.29,0.13]

Beaussier 2007 21 3.1 (0.8) 21 4.4 (2.3) 25.87% -1.3[-2.32,-0.28]

Wang 2010 28 4.4 (1.6) 27 4.9 (2.7) 20.12% -0.5[-1.66,0.66]

   

Total *** 84   83   100% -0.75[-1.27,-0.23]

Heterogeneity: Tau2=0; Chi2=1.52, df=2(P=0.47); I2=0%  

Test for overall effect: Z=2.83(P=0)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Comparison 6.   Sensitivity analyses excluding estimated or derived data

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point numerical
rating scale or equivalent)

3 422 Mean Difference (IV, Ran-
dom, 95% CI)

-0.83 [-1.69, 0.04]

2 Pain at rest: day 2 (10-point numerical
rating scale or equivalent)

3 422 Mean Difference (IV, Ran-
dom, 95% CI)

-0.30 [-1.01, 0.40]

3 Pain on movement: day 1 (10-point nu-
merical rating scale or equivalent)

2 352 Mean Difference (IV, Ran-
dom, 95% CI)

-1.56 [-3.22, 0.10]

4 Pain on movement: day 2 (10-point nu-
merical rating scale or equivalent)

2 352 Mean Difference (IV, Ran-
dom, 95% CI)

-1.23 [-2.79, 0.33]

5 Opioid consumption via patient-con-
trolled analgesia: day 1 (mg morphine
equivalent)

4 451 Mean Difference (IV, Ran-
dom, 95% CI)

-13.60 [-26.89,
-0.30]

6 Opioid consumption via patient-con-
trolled analgesia: day 2 (mg morphine
equivalent)

4 451 Mean Difference (IV, Ran-
dom, 95% CI)

-7.72 [-15.53,
0.09]

7 Nausea or vomiting 3 422 Risk Ratio (M-H, Random,
95% CI)

0.88 [0.65, 1.18]

8 Time to ambulation (days) 1   Mean Difference (IV, Ran-
dom, 95% CI)

Totals not select-
ed

9 Length of hospital stay (days) 2 112 Mean Difference (IV, Ran-
dom, 95% CI)

-1.18 [-2.16,
-0.21]

10 Laparotomy wound infection 4 465 Risk Ratio (M-H, Random,
95% CI)

1.46 [0.67, 3.20]

 
 

Analysis 6.1.   Comparison 6 Sensitivity analyses excluding estimated or derived
data, Outcome 1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 22.5% -0.25[-1.65,1.15]

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 29.41% -1.8[-2.89,-0.71]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 48.1% -0.5[-0.96,-0.04]

   

Total *** 199   223   100% -0.83[-1.69,0.04]

Heterogeneity: Tau2=0.35; Chi2=5, df=2(P=0.08); I2=59.99%  

Test for overall effect: Z=1.88(P=0.06)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Analysis 6.2.   Comparison 6 Sensitivity analyses excluding estimated or derived
data, Outcome 2 Pain at rest: day 2 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 4 (3.1) 35 3.1 (3.1) 17.91% 0.9[-0.53,2.33]

Beaussier 2007 21 1 (1.3) 21 1.7 (2.1) 26.96% -0.7[-1.76,0.36]

Polglase 2007 143 1.8 (1.8) 167 2.3 (2) 55.13% -0.5[-0.92,-0.08]

   

Total *** 199   223   100% -0.3[-1.01,0.4]

Heterogeneity: Tau2=0.19; Chi2=3.68, df=2(P=0.16); I2=45.71%  

Test for overall effect: Z=0.85(P=0.4)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 6.3.   Comparison 6 Sensitivity analyses excluding estimated or derived data,
Outcome 3 Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 44.72% -2.5[-3.68,-1.32]

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 55.28% -0.8[-1.27,-0.33]

   

Total *** 164   188   100% -1.56[-3.22,0.1]

Heterogeneity: Tau2=1.24; Chi2=6.89, df=1(P=0.01); I2=85.48%  

Test for overall effect: Z=1.85(P=0.06)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 6.4.   Comparison 6 Sensitivity analyses excluding estimated or derived data,
Outcome 4 Pain on movement: day 2 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Beaussier 2007 21 2.9 (1.5) 21 5 (1.9) 45.78% -2.1[-3.14,-1.06]

Polglase 2007 143 4.5 (2.2) 167 5 (2.2) 54.22% -0.5[-0.99,-0.01]

   

Total *** 164   188   100% -1.23[-2.79,0.33]

Heterogeneity: Tau2=1.11; Chi2=7.49, df=1(P=0.01); I2=86.65%  

Test for overall effect: Z=1.55(P=0.12)  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 6.5.   Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome
5 Opioid consumption via patient-controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 10.09% -45.7[-82.74,-8.66]

Beaussier 2007 21 26 (13) 21 43 (14) 39.52% -17[-25.17,-8.83]

Favours local anaesthetic 10050-100 -50 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 6.9% -12.1[-58.82,34.62]

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 43.49% -3.3[-8.39,1.79]

   

Total *** 223   228   100% -13.6[-26.89,-0.3]

Heterogeneity: Tau2=99.06; Chi2=11.92, df=3(P=0.01); I2=74.84%  

Test for overall effect: Z=2(P=0.05)  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Analysis 6.6.   Comparison 6 Sensitivity analyses excluding estimated or derived data, Outcome
6 Opioid consumption via patient-controlled analgesia: day 2 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 32.5 (37.1) 35 61.3 (128) 2.98% -28.8[-72.95,15.35]

Beaussier 2007 21 18 (9) 21 29 (16) 38.49% -11[-18.85,-3.15]

Krishnan 2014 24 26.8 (23.9) 5 53.6 (42.4) 3.89% -26.8[-65.17,11.57]

Polglase 2007 143 21.3 (16.1) 167 24.2 (18.4) 54.64% -2.9[-6.74,0.94]

   

Total *** 223   228   100% -7.72[-15.53,0.09]

Heterogeneity: Tau2=25.25; Chi2=5.73, df=3(P=0.13); I2=47.67%  

Test for overall effect: Z=1.94(P=0.05)  

Favours local anaesthetic 10050-100 -50 0 Favours control

 
 

Analysis 6.7.   Comparison 6 Sensitivity analyses excluding
estimated or derived data, Outcome 7 Nausea or vomiting.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 22/35 25/35 79.45% 0.88[0.63,1.22]

Beaussier 2007 2/21 6/21 3.94% 0.33[0.08,1.47]

Polglase 2007 13/143 14/167 16.62% 1.08[0.53,2.23]

   

Total (95% CI) 199 223 100% 0.88[0.65,1.18]

Total events: 37 (Local anaesthetic), 45 (Control)  

Heterogeneity: Tau2=0; Chi2=1.98, df=2(P=0.37); I2=0%  

Test for overall effect: Z=0.88(P=0.38)  

Favours local anaesthetic 1000.01 100.1 1 Favours control
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Analysis 6.8.   Comparison 6 Sensitivity analyses excluding
estimated or derived data, Outcome 8 Time to ambulation (days).

Study or subgroup Local anaesthetic Control Mean Difference Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% CI

Baig 2006 35 2 (0.6) 35 2.3 (0.6) -0.31[-0.59,-0.03]

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 6.9.   Comparison 6 Sensitivity analyses excluding
estimated or derived data, Outcome 9 Length of hospital stay (days).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Baig 2006 35 9.8 (5.5) 35 10.1 (6.7) 11.53% -0.3[-3.16,2.56]

Beaussier 2007 21 4.8 (1) 21 6.1 (2.2) 88.47% -1.3[-2.33,-0.27]

   

Total *** 56   56   100% -1.18[-2.16,-0.21]

Heterogeneity: Tau2=0; Chi2=0.41, df=1(P=0.52); I2=0%  

Test for overall effect: Z=2.39(P=0.02)  

Favours local anaesthetic 105-10 -5 0 Favours control

 
 

Analysis 6.10.   Comparison 6 Sensitivity analyses excluding
estimated or derived data, Outcome 10 Laparotomy wound infection.

Study or subgroup Local anaes-
thetic

Control Risk Ratio Weight Risk Ratio

  n/N n/N M-H, Random, 95% CI   M-H, Random, 95% CI

Baig 2006 1/35 1/35 8.24% 1[0.07,15.36]

Krishnan 2014 3/24 0/6 7.61% 1.96[0.11,33.62]

Polglase 2007 10/143 6/167 63.1% 1.95[0.73,5.22]

Wang 2010 2/28 3/27 21.05% 0.64[0.12,3.55]

   

Total (95% CI) 230 235 100% 1.46[0.67,3.2]

Total events: 16 (Local anaesthetic), 10 (Control)  

Heterogeneity: Tau2=0; Chi2=1.33, df=3(P=0.72); I2=0%  

Test for overall effect: Z=0.95(P=0.34)  

Favours local anaesthetic 1000.01 100.1 1 Favours control

 
 

Comparison 7.   Subgroup analyses by wound catheter location

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1 Pain at rest: day 1 (10-point
numerical rating scale or equiv-
alent)

5 511 Mean Difference (IV, Random,
95% CI)

-0.59 [-1.12, -0.07]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Subcutaneous (suprafascial) 2 380 Mean Difference (IV, Random,
95% CI)

-0.48 [-0.91, -0.04]

1.2 Musculofascial 1 55 Mean Difference (IV, Random,
95% CI)

-0.60 [-1.69, 0.49]

1.3 Preperitoneal 2 76 Mean Difference (IV, Random,
95% CI)

-0.87 [-2.63, 0.89]

2 Pain on movement: day 1 (10-
point numerical rating scale or
equivalent)

3 407 Mean Difference (IV, Random,
95% CI)

-1.13 [-2.26, -0.01]

2.1 Subcutaneous (suprafascial) 1 310 Mean Difference (IV, Random,
95% CI)

-0.80 [-1.27, -0.33]

2.2 Musculofascial 1 55 Mean Difference (IV, Random,
95% CI)

-0.20 [-1.44, 1.04]

2.3 Preperitoneal 1 42 Mean Difference (IV, Random,
95% CI)

-2.5 [-3.68, -1.32]

3 Opioid consumption via pa-
tient-controlled analgesia: day 1
(mg morphine equivalent)

6 528 Mean Difference (IV, Random,
95% CI)

-11.98 [-19.80, -4.17]

3.1 Subcutaneous (suprafascial) 2 380 Mean Difference (IV, Random,
95% CI)

-20.37 [-61.12, 20.39]

3.2 Musculofascial 1 48 Mean Difference (IV, Random,
95% CI)

-14.10 [-32.55, 4.35]

3.3 Preperitoneal 3 100 Mean Difference (IV, Random,
95% CI)

-14.13 [-19.92, -8.34]

 
 

Analysis 7.1.   Comparison 7 Subgroup analyses by wound catheter location,
Outcome 1 Pain at rest: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

7.1.1 Subcutaneous (suprafascial)  

Baig 2006 35 4.9 (2.9) 35 5.1 (3.1) 10.96% -0.25[-1.65,1.15]

Polglase 2007 143 2.6 (1.9) 167 3.1 (2.2) 36.55% -0.5[-0.96,-0.04]

Subtotal *** 178   202   47.51% -0.48[-0.91,-0.04]

Heterogeneity: Tau2=0; Chi2=0.11, df=1(P=0.74); I2=0%  

Test for overall effect: Z=2.15(P=0.03)  

   

7.1.2 Musculofascial  

Wang 2010 28 2.4 (2.1) 27 3 (2.1) 15.89% -0.6[-1.69,0.49]

Subtotal *** 28   27   15.89% -0.6[-1.69,0.49]

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

Heterogeneity: Not applicable  

Test for overall effect: Z=1.08(P=0.28)  

   

7.1.3 Preperitoneal  

Beaussier 2007 21 1.6 (1.9) 21 3.4 (1.7) 15.86% -1.8[-2.89,-0.71]

Fustran 2015 17 2 (1.1) 17 2 (1.5) 20.74% 0[-0.88,0.88]

Subtotal *** 38   38   36.6% -0.87[-2.63,0.89]

Heterogeneity: Tau2=1.36; Chi2=6.32, df=1(P=0.01); I2=84.17%  

Test for overall effect: Z=0.97(P=0.33)  

   

Total *** 244   267   100% -0.59[-1.12,-0.07]

Heterogeneity: Tau2=0.14; Chi2=6.76, df=4(P=0.15); I2=40.87%  

Test for overall effect: Z=2.21(P=0.03)  

Test for subgroup differences: Chi2=0.21, df=1 (P=0.9), I2=0%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control

 
 

Analysis 7.2.   Comparison 7 Subgroup analyses by wound catheter location,
Outcome 2 Pain on movement: day 1 (10-point numerical rating scale or equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

7.2.1 Subcutaneous (suprafascial)  

Polglase 2007 143 5.5 (2.1) 167 6.3 (2.1) 41.3% -0.8[-1.27,-0.33]

Subtotal *** 143   167   41.3% -0.8[-1.27,-0.33]

Heterogeneity: Not applicable  

Test for overall effect: Z=3.34(P=0)  

   

7.2.2 Musculofascial  

Wang 2010 28 5.2 (2.4) 27 5.4 (2.4) 28.84% -0.2[-1.44,1.04]

Subtotal *** 28   27   28.84% -0.2[-1.44,1.04]

Heterogeneity: Not applicable  

Test for overall effect: Z=0.32(P=0.75)  

   

7.2.3 Preperitoneal  

Beaussier 2007 21 4 (2) 21 6.5 (1.9) 29.87% -2.5[-3.68,-1.32]

Subtotal *** 21   21   29.87% -2.5[-3.68,-1.32]

Heterogeneity: Not applicable  

Test for overall effect: Z=4.15(P<0.0001)  

   

Total *** 192   215   100% -1.13[-2.26,-0.01]

Heterogeneity: Tau2=0.74; Chi2=8.42, df=2(P=0.01); I2=76.25%  

Test for overall effect: Z=1.98(P=0.05)  

Test for subgroup differences: Chi2=8.42, df=1 (P=0.01), I2=76.25%  

Favours local anaesthetic 52.5-5 -2.5 0 Favours control
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Analysis 7.3.   Comparison 7 Subgroup analyses by wound catheter location, Outcome 3
Opioid consumption via patient-controlled analgesia: day 1 (mg morphine equivalent).

Study or subgroup Local anaesthetic Control Mean Difference Weight Mean Difference

  N Mean(SD) N Mean(SD) Random, 95% CI   Random, 95% CI

7.3.1 Subcutaneous (suprafascial)  

Baig 2006 35 35.8 (35.6) 35 81.5 (106) 3.95% -45.7[-82.74,-8.66]

Polglase 2007 143 34.1 (20.2) 167 37.4 (25.5) 30.79% -3.3[-8.39,1.79]

Subtotal *** 178   202   34.74% -20.37[-61.12,20.39]

Heterogeneity: Tau2=716.89; Chi2=4.94, df=1(P=0.03); I2=79.75%  

Test for overall effect: Z=0.98(P=0.33)  

   

7.3.2 Musculofascial  

Wang 2010 26 48.1 (32.5) 22 62.2 (32.5) 11.91% -14.1[-32.55,4.35]

Subtotal *** 26   22   11.91% -14.1[-32.55,4.35]

Heterogeneity: Tau2=0; Chi2=0, df=0(P<0.0001); I2=100%  

Test for overall effect: Z=1.5(P=0.13)  

   

7.3.3 Preperitoneal  

Beaussier 2007 21 26 (13) 21 43 (14) 25.53% -17[-25.17,-8.83]

Fustran 2015 14 13 (8.4) 15 24.2 (14) 25.23% -11.2[-19.55,-2.85]

Krishnan 2014 24 66.7 (24.6) 5 78.8 (52.1) 2.59% -12.1[-58.82,34.62]

Subtotal *** 59   41   53.35% -14.13[-19.92,-8.34]

Heterogeneity: Tau2=0; Chi2=0.95, df=2(P=0.62); I2=0%  

Test for overall effect: Z=4.78(P<0.0001)  

   

Total *** 263   265   100% -11.98[-19.8,-4.17]

Heterogeneity: Tau2=44.91; Chi2=12.81, df=5(P=0.03); I2=60.97%  

Test for overall effect: Z=3(P=0)  

Test for subgroup differences: Chi2=0.09, df=1 (P=0.96), I2=0%  

Favours local anaesthetic 10050-100 -50 0 Favours control

 

 

A P P E N D I C E S

Appendix 1. Search strategies

CENTRAL (CRSO)

#1MESH DESCRIPTOR Anesthesia, Local
#2MESH DESCRIPTOR Anesthetics, Local EXPLODE ALL TREES
#3MESH DESCRIPTOR Analgesia EXPLODE ALL TREES
#4MESH DESCRIPTOR Bupivacaine EXPLODE ALL TREES
#5MESH DESCRIPTOR Lidocaine EXPLODE ALL TREES
#6MESH DESCRIPTOR Mepivacaine EXPLODE ALL TREES
#7(((local or regional or peripheral or intraabdominal or intra-abdominal or preperitoneal or pre-peritoneal or subfascial or suprafascial
or "transversus abdominis plane*" or TAP or rectus sheath* or subcutaneous) adj5 (an?esthe* or analgesi* or block*))):TI,AB,KY
#8((bupivacaine or levobupivacaine or ropivacaine or lignocaine or lidocaine or mepivacaine)):TI,AB,KY
#9#1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8
#10MESH DESCRIPTOR Infusion Pumps EXPLODE ALL TREES
#11MESH DESCRIPTOR Catheters EXPLODE ALL TREES
#12((continuous or catheter or pump or infusion or infiltration or perfusion or di�usion or instillation)):TI,AB,KY
#13#10 OR #11 OR #12
#14MESH DESCRIPTOR Pain, Postoperative
#15pain*:TI,AB,KY
#16#14 OR #15
#17#9 AND #13 AND #16
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#18MESH DESCRIPTOR Colorectal Surgery
#19MESH DESCRIPTOR General Surgery
#20MESH DESCRIPTOR Laparotomy
#21MESH DESCRIPTOR Digestive System Surgical Procedures EXPLODE ALL TREES
#22MESH DESCRIPTOR Traumatology
#23(((abdom* or general or gastrointestinal or GI or colorectal or open or trauma or emergency or fast track) adj5 (surger* or operation*
or procedure*))):TI,AB,KY
#24laparotom*:TI,AB,KY
#25#18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24
#26#17 AND #25

MEDLINE (OVID)

1. Anesthesia, Local/
2. exp Anesthetics, Local/
3. exp Analgesia/
4. Bupivacaine/ or Lidocaine/ or Mepivacaine/
5. ((local or regional or peripheral or intraabdominal or intra-abdominal or preperitoneal or pre-peritoneal or subfascial or suprafascial or
"transversus abdominis plane*" or TAP or rectus sheath* or subcutaneous) adj5 (an?esthe* or analgesi* or block*)).tw.
6. (bupivacaine or levobupivacaine or ropivacaine or lignocaine or lidocaine or mepivacaine).tw.
7. or/1-6
8. exp Infusion Pumps/ or exp Catheters/
9. (continuous or catheter or pump or infusion or infiltration or perfusion or di�usion or instillation).tw.
10. 8 or 9
11. Pain, Postoperative/
12. pain*.tw.
13. 11 or 12
14. 7 and 10 and 13
15. Colorectal Surgery/
16. General Surgery/
17. Laparotomy/
18. exp Digestive System Surgical Procedures/
19. Traumatology/
20. ((abdom* or general or gastrointestinal or GI or colorectal or open or trauma or emergency or fast track) adj5 (surger* or operation*
or procedure*)).tw.
21. laparotom*.tw.
22. or/15-21
23. 14 and 22
24. randomized controlled trial.pt.
25. controlled clinical trial.pt.
26. randomized.ab.
27. placebo.ab.
28. drug therapy.fs.
29. randomly.ab.
30. trial.ab.
31. groups.ab.
32. 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31
33. exp animals/ not humans.sh.
34. 32 not 33
35. 23 and 34

Embase (OVID)

1. Anesthesia, Local/
2. exp local anesthetic agent/
3. exp Analgesia/
4. Bupivacaine/ or Lidocaine/ or Mepivacaine/
5. ((local or regional or peripheral or intraabdominal or intra-abdominal or preperitoneal or pre-peritoneal or subfascial or suprafascial or
"transversus abdominis plane*" or TAP or rectus sheath* or subcutaneous) adj5 (an?esthe* or analgesi* or block*)).tw.
6. (bupivacaine or levobupivacaine or ropivacaine or lignocaine or lidocaine or mepivacaine).tw.
7. or/1-6
8. exp Infusion Pump/ or exp Catheter/
9. (continuous or catheter or pump or infusion or infiltration or perfusion or di�usion or instillation).tw.
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10. 8 or 9
11. Postoperative pain/
12. pain*.tw.
13. 11 or 12
14. 7 and 10 and 13
15. Colorectal Surgery/
16. General Surgery/
17. Laparotomy/
18. exp abdominal surgery/
19. Traumatology/
20. ((abdom* or general or gastrointestinal or GI or colorectal or open or trauma or emergency or fast track) adj5 (surger* or operation*
or procedure*)).tw.
21. laparotom*.tw.
22. or/15-21
23. 14 and 22
24. random$.tw.
25. factorial$.tw.
26. crossover$.tw.
27. cross over$.tw.
28. cross-over$.tw.
29. placebo$.tw.
30. (doubl$ adj blind$).tw.
31. (singl$ adj blind$).tw.
32. assign$.tw.
33. allocat$.tw.
34. volunteer$.tw.
35. Crossover Procedure/
36. double-blind procedure.tw.
37. Randomized Controlled Trial/
38. Single Blind Procedure/
39. or/24-38
40. (animal/ or nonhuman/) not human/
41. 39 not 40
42. 23 and 41
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5

Appendix 2. Unavailable and unusable data

Local anaesthetic ControlOutcome Study

Mean SD Events Total Mean SD Events Total

Explanation

Pain score
at rest:day
1

Krishnan
2014

2.4 - - 24 4.3 - - 6 SD not reported and not es-
timable

Pain score
at rest:day
2

Krishnan
2014

2.0 - - 24 3.2 - - 6 SD not reported and not es-
timable

Pain score
at rest:day
3

Krishnan
2014

1.8 - - 24 2.4 - - 6 SD not reported and not es-
timable

Pain score
at rest:day
4

Krishnan
2014

1.6 - - 24 2.4 - - 6 SD not reported and not es-
timable

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

Pain score
on move-
ment:day 1

Krishnan
2014

4.5 - - 24 5.6 - - 6 SD not reported and not es-
timable

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

Pain score
on move-
ment:day 2

Krishnan
2014

3.9 - - 24 4.2 - - 6 SD not reported and not es-
timable

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

Pain score
on move-
ment:day 3

Krishnan
2014

3.7 - - 24 4.2 - - 6 SD not reported and not es-
timable

Pain score
on move-
ment:day 4

Krishnan
2014

3.3 - - 24 3.6 - - 6 SD not reported and not es-
timable
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Urinary re-
tention

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

Pruritus Fustran
2015

- - - 17 - - - 17 Outcome predefined in meth-
ods but results not published

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

Beaussier
2007

- - - 21 - - - 21 Outcome predefined in meth-
ods but results not published

Sedation

Fustran
2015

- - - 17 - - - 17 Outcome predefined in meth-
ods but results not published

Beaussier
2007

- - - 21 - - - 21 Outcome predefined in meth-
ods but results not published

Respiratory
depression

Fustran
2015

- - - 17 - - - 17 Outcome predefined in meth-
ods but results not published

Time to
first flatus

Polglase
2007

- - - 143 - - - 167 Results reported as "no signif-
icant difference" only. Mean
and SD not reported and not
estimable

Time to
first bowel
movement

Polglase
2007

- - - 143 - - - 167 Results reported as "no signif-
icant difference" only. Mean
and SD not reported and not
estimable

Time to am-
bulation

Krishnan
2014

9.7 - - 24 10.4 - - 6 SD not reported and not es-
timable

Krishnan
2014

10.4 - - 24 9.7 - - 6 SD not reported and not es-
timable

Length of
hospital
stay

Wang 2010 - - - 28 - - - 27 Results reported as "no signif-
icant effect" only. Mean and
SD not reported and not es-
timable

  (Continued)
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Deep vein
thrombosis

Baig 2006 - - - 35 - - - 35 Outcome predefined in meth-
ods but results not published

  (Continued)
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Appendix 3. Subgroup analyses

By urgency: elective versus emergency

We did not conduct this subgroup analysis because participants in all six included trials underwent elective surgery.

By location of wound catheter: subcutaneous (suprafascial) versus musculofascial versus preperitoneal

(See Analysis 7.1 to Analysis 7.3)

The test for subgroup di�erences by the location of the wound catheter was significant for pain on movement (P = 0.01) on postoperative
day 1, where preperitoneal placement appeared to be associated with the largest e�ect, although each of the three subgroups only had
one trial that contributed data. There was no significant subgroup di�erence for pain at rest (P = 0.90) or opioid consumption (P = 0.96)
on postoperative day 1.

By local anaesthetic agent: bupivacaine/levobupivacaine versus ropivacaine

(See Analysis 2.1 to Analysis 2.3)

There was no significant subgroup di�erence for pain at rest (P = 0.61) or opioid consumption (P = 0.20) on postoperative day 1. We could
not conduct subgroup analysis for pain on movement on postoperative day 1 due to paucity of data.

By local anaesthetic dose: maximum safe dose versus submaximal dose

Both trials of bupivacaine or levobupivacaine used doses above the recommended maximum dose of 400 mg in 24 hours (20 mg/hour
= 480 mg/24 hours in Baig 2006; 25 mg/hour = 600 mg/24 hours in Krishnan 2014), while all four trials of ropivacaine used doses below
the recommended maximum dose of 770 mg in 24 hours (16 to 21.6 mg/hour = 384 to 518.4 mg/24 hours). As such, we did not conduct
subgroup analysis by local anaesthetic dose as it produced identical subgroups as the subgroup analysis by local anaesthetic agent.

By continuous wound infusion programme: bolus versus no bolus prior to infusion

(See Analysis 3.1 to Analysis 3.3)

The test for subgroup di�erences by the infusion programme was significant for pain on movement (P = 0.006) and opioid consumption (P
= 0.05) on postoperative day 1, where administration of a bolus prior to infusion appeared to be associated with the largest e�ect, although
only a small number of trials were available in each subgroup. There was no significant subgroup di�erence for pain at rest (P = 0.68) on
postoperative day 1.

By co-analgesic agents in addition to opioid patient-controlled analgesia: none versus at least one agent

(See Analysis 4.1 to Analysis 4.3)

There was no significant subgroup di�erence for pain at rest on postoperative day 1 (P = 0.61). We could not conduct subgroup analysis for
pain on movement and opioid consumption on postoperative day 1 due to paucity of data.

Appendix 4. Sensitivity analyses

Excluding unpublished data

(See Analysis 5.1)

We used unpublished data from Krishnan 2014 in our analysis of time to first bowel movement. The e�ects of continuous local anaesthetic
wound infusion versus placebo on the time to first bowel movement were robust to the exclusion of unpublished data.

Excluding estimated or derived data

(See Analysis 6.1 to Analysis 6.10)

Incomplete reporting of predefined outcomes was present in all six included trials. We were required to estimate the mean and standard
deviation of several continuous outcomes and impute the event rates of several dichotomous outcomes from other reported parameters.
The e�ects of continuous local anaesthetic wound infusion versus placebo were robust to the exclusion of estimated or imputed data. The
magnitude of reductions in pain on movement on postoperative day 1 and opioid consumption on postoperative day 2 were robust, but
the e�ects were no longer statistically significant.

Excluding trials at high risk of bias

We did not conduct this sensitivity analysis because all six included trials were at high risk of bias in at least one of the assessed domains.
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financial assistance to support research in advancement of medicine and safety, quality and risk management in healthcare.

D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

Changes to the previously published protocol adopted prior to conducting data analysis (Liang 2016).

• Removed limited timeframe of three days for postoperative pain score and opioid consumption in order to evaluate longer-term
e�ects of the intervention. Downgraded results a/er postoperative day 1 to secondary outcomes to avoid excessive number of primary
outcomes.

• Added respiratory depression and urinary retention as examples of postoperative opioid-related adverse events.

• Added the time to first flatus as an outcome as it reflects delayed bowel movement and is a clinically relevant opioid-related adverse
e�ect.

• Removed duration of surgery as an outcome because both intervention and control groups require wound catheter insertion so this
would equally impact both study groups.

• Removed cost of hospital stay as an outcome as this review is primarily focused on evaluating the clinical e�ectiveness of the
intervention. A separate, comprehensive health economic evaluation of continuous local anaesthetic wound infusion is certainly
warranted.
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• Changed from reporting both fixed- and random-e�ects models to reporting either fixed-e�ect model or random-e�ects model based
on level of heterogeneity, as this would enable clearer presentation and interpretation of the results, as using random-e�ects models
is mainly beneficial when substantial heterogeneity is present.

• Removed planned subgroup analyses of pain score and opioid consumption on postoperative day 1 by the duration of wound infusion,
comparing 24 hours versus 48 hours versus 72 hours. Upon further consideration, it is not clinically plausible for di�erences in the
duration of wound infusion to impact outcomes on postoperative day 1.

• Changed planned subgroup analyses for co-analgesic agents from comparing paracetamol versus non-steroidal anti-inflammatory
agent to comparing number of additional co-analgesic agents (none versus single agent versus two or more agents) to encompass the
possibility of other agents being used as a part of a multimodal analgesic regimen.

• Added subgroup analyses by whether or not a bolus was administered prior to continuous wound infusion, as this may plausibly impact
the primary outcomes.

Changes in the previously published protocol adopted a/er conducting data analysis based on input from editorial team and external peer
reviewers (Liang 2016).

• Removed visual inspection of funnel plots for assessing reporting biases as this is too subjective. Retained regression analysis for funnel
plot asymmetry if more than 10 studies are available.

• Clarified that types of studies included non-standard designs (such as cluster- or cross-over randomised controlled trials).

• Renamed outcomes 'opioid-related adverse e�ects' to 'postoperative opioid-related adverse events' to be consistent with Cochrane
language and to clarify the time of interest of these events. Also downgraded opioid-related adverse e�ects to secondary outcomes to
avoid excessive number of primary outcomes. Clarified that in addition to the examples of postoperative opioid-related adverse events
given, we would also include other postoperative opioid-related adverse events reported by trial authors.

• Separated outcomes 'time to flatus, bowel movement and ambulation' into 'time to first flatus and time to first bowel movement' and
'time to ambulation' as these are di�erent aspects of functional recovery.

• Renamed outcomes 'serious adverse events' to 'serious postoperative adverse events' to more clearly convey the scope of these
outcomes. Explicitly stated that 'death by any cause' was considered as a part of this outcome. Clarified that in addition to the examples
of serious postoperative adverse events given, we would also include other serious postoperative adverse events reported by trial
authors. Clarified that we combined all reported serious operative adverse events into a composite outcome.

• Renamed outcome 'wound catheter complications' to 'wound catheter-related complications' as wound catheter may not be directly
responsible for these complications.

• Renamed outcome 'systemic local anaesthetic toxicity' to 'local anaesthetic systemic toxicity' to be consistent with literature.

• Funding sources for each study was recorded as part of the 'Risk of bias' assessment. Added this to data extraction and management
for clarification.

• Separated and clarified criteria for assessment of performance bias and detection bias.

• Clarified description, rationale and criteria for assessment of small study bias, industry bias (previously named 'funding bias' in the
protocol), selection bias, information bias, and analytical bias.

• Clarified description and criteria for GRADE assessment of the certainty of the evidence. We added further details about our methods
for applying GRADE and assessing the quality of the evidence.

• We added further details about our methods for applying GRADE and assessing the quality of the evidence.

• Changed wording from 'quality' to 'certainty' of evidence to be consistent with GRADE language. Clarified criteria for downgrading
evidence.

• Added justification for choice of outcomes in 'Summary of findings' table.

• Applied random-e�ects model to all outcomes. Firstly, there was reasonable expectation of at least moderate levels of clinical
heterogeneity among included studies. Secondly, presenting results of both fixed- and random-e�ects models was noted to be
confusing without additional value.
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