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What does this paper add? 

Perineural catheter (PNC) usage following major lower limb amputation is associated 

with a reduction in acute post-operative pain scores with this effect preserved 

following subgroup analysis for RCTs only. PNC usage is also associated with 

reduced post-operative morphine requirement with this effect preserved following 

subgroup analysis for peripheral arterial disease patients but lost when RCTs are 

analysed separately. No evidence of effect of PNC on mortality, phantom limb pain 

or chronic stump pain was demonstrated. The effect of PNCs on stump and phantom 

limb pain remains poorly reported with minimal high-quality data available thus 

warranting further evaluation in randomised trials. 
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Abstract 

  

Objective 

Controlling pain after major lower limb amputation (MLLA) is of critical importance to 

patients and clinicians. The aim of this systematic review and meta-analysis is to 

assess the effect of perineural catheters (PNCs) on post-operative pain, post-

operative morphine requirement, in-hospital mortality, long-term phantom limb pain 

and chronic stump pain.  

  

Method 

A systematic review using PubMed, EMBASE via OVID and the Cochrane library 

from database inception (1946) to 20th October 2020 was performed according to 

PRISMA guidelines. Studies involving patients undergoing MLLA which reported on 

post-operative morphine requirement, pain scores, in-hospital mortality, phantom 

limb pain (PLP) and chronic stump pain were included. Studies comparing PNC use 

to epidural or wound site local anaesthetic infusions were excluded. Outcome data 

were extracted from individual studies and meta-analysis performed using a random-

effects (Mantel-Haenszel) model for dichotomous data using an odds ratio (OR) 

summary statistic with 95% confidence intervals (CI), and with an inverse-variance 

random-effects model for continuous data using a standardised mean difference 

(SMD) summary statistic with 95% CIs. Sensitivity analyses were performed for post-

operative pain scores and post-operative morphine requirement. Study quality was 

assessed using the Downs and Black score, and outcomes assessed using the 

GRADE tool. 

  

Results 

Ten studies reporting on 731 patients were included with 350 patients receiving a 

PNC and 381 receiving standard care. PNC use is associated with a reduction in 

post-operative pain (SMD -0.30, 95% CI -0.58 to -0.01, p=.04, I2=54%, GRADE 

quality of evidence: low) and post-operative morphine requirements (SMD -0.63, 

95% CI -1.03 to -0.23, p=.002, I2=75%, GRADE quality of evidence: moderate) 

although the effect of PNC on reduced post-operative morphine requirements is lost 

on sensitivity analysis of randomised trials only (p=.40). No demonstrable effect was 
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found on in-hospital mortality, PLP or chronic stump pain (GRADE quality of 

evidence: low).  

  

Conclusion 

PNC usage in amputees is associated with a significant reduction in post-operative 

pain scores and post-operative morphine requirements although this latter finding is 

lost on sensitivity analysis of randomised trials only.  
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Introduction 

Pain management following major lower limb amputation (MLLA) remains a major 

problem for patients, and a significant challenge for clinicians despite a multi-modal, 

multi-disciplinary approach.1 Different post-operative pain syndromes can develop 

following MLLA due to nociceptive pain from soft tissue and bony injury, and 

neuropathic pain from direct neural trauma and central sensitization.2 

  

Whilst acute stump pain mostly resolves within the first few post-operative weeks, 

phantom limb pain (PLP) can occur in up to 80% of amputees with at least 75% of 

these patients developing symptoms within the first post-operative week.3,4 Although 

PLP usually improves gradually within the first year, or resolves completely, some 

patients experience chronic debilitating symptoms.5 

  

In 2014, the UK National Confidential Enquiry into Patient Outcomes and Death 

(NCEPOD) reported that only 37% of patients experienced good acute pain control, 

despite usage of epidurals and intravenous patient-controlled opioid analgesia 

(PCA).1 Ambler et al recently published core outcome sets based on a Delphi 

consensus process for patients undergoing MLLA and highlighted the significance of 

reporting acute post-surgical pain, residual stump pain and PLP in future studies.6 

Adequate pain control using a multi-modal approach is therefore high on the agenda 

for vascular surgeons and anaesthetists in order to minimise the significant negative 

impact on amputees’ quality of life, rehabilitation, psychosocial wellbeing and return 

to employment.7-11 

  

In 2015, our group performed a systematic review and meta-analysis of seven 

studies (416 patients), which highlighted the benefit of surgically inserted perineural 

catheters (PNC) in reducing post-operative opioid consumption.12 No statistically 

significant effect on post-operative pain scores, in-hospital mortality, PLP or chronic 

stump pain were found. These findings were based on generally low-quality small, 

heterogeneous studies with a lack of rigorous randomised controlled trials.12 
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Although most studies included in the 2015 review compared PNC use in the 

treatment group to a placebo or no PNC in the control group, one study compared 

PNC use to epidural use.22 We hypothesised this might have added unwanted 

heterogeneity, potentially influencing the magnitude of the effect of PNC on post-

operative outcomes when results were combined in meta-analysis.  Hence, an 

updated systematic review and meta-analysis, including more recent studies and 

focusing on a more homogenous control group, was deemed valuable.  

 

The aim of this systematic review and meta-analysis is to provide an up-to-date 

summary of the results of studies assessing the effect of perineural catheters (PNCs) 

in patients undergoing MLLA on post-operative pain, morphine requirement, in-

hospital mortality, long-term PLP and chronic stump pain, using an updated 

exclusion criteria compared to our previous review in 2015.12   
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Methods 

  

Data sources, search strategy and selection criteria 

This review was undertaken and reported according to PRISMA guidelines.13 The 

review is an update of the paper in 2015 by Bosanquet et al with an alteration to the 

exclusion criteria in an attempt to improve the homogeneity among studies included 

in this meta-analysis.12 Hence, a full search was repeated using the following 

sources: PubMed, EMBASE via OVID and Cochrane library using the MeSH words: 

“amputation”, “perineural catheters”, “nerve sheath catheter” and “pain”. Studies 

were included from database inception (1946) to 20th October 2020.   

The inclusion criteria were the same as our 2015 review: randomised controlled 

trials, cohort studies or case-control studies with adult patients (age>18 years) 

undergoing major lower limb amputation (hindquarter, transfemoral, through-knee, or 

transtibial) with a cohort of patients undergoing intraoperative placement of a PNC 

for postoperative infusion of local anaesthetic (treatment group), compared with 

either a placebo or alternative analgesic regime without the PNC (control group). In 

addition, to be eligible for inclusion in the review, at least one of the outcomes 

detailed below needed to be reported in the study. 

  

The updated exclusion criteria were: case reports, studies of paediatric patients, 

percutaneous ultrasound-guided insertion of PNCs (rather than intraoperative 

placement under direct vision), studies involving a single intraoperative perineural 

injection without postoperative infusion via a PNC, and studies comparing PNCs 

(treatment group) to a continuous local anaesthetic infusion via either epidural or 

wound site infusion (control group). 

  

Data extraction, outcomes measured and assessment of quality of studies 

Data extraction was performed independently by two authors (RL and DD) with 

reference to a senior author (DB) on any matter of disagreement. Demographic data 

extracted were: first author, year of study, study type (randomised control trials, 

cohort, case-controlled or quasi-experimental) and design (including whether 

retrospective or prospective, single or multiple centres, and if consecutive patients 

were enrolled), number of patients, primary anaesthetic given to both intervention 
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and control groups, local anaesthetic type used in the treatment group, and study 

quality as assessed using the Downs and Black (D&B) score.14 

  

Based on the recently published core outcome sets for patients undergoing MLLA 

from a Delphi consensus process6, the following outcomes were selected: 

 

1. Post-operative pain scores: Patient-reported assessment of acute pain within 

the first 1 to 6 post-operative days.  

2. Post-operative morphine requirements: Morphine (or morphine equivalents) 

administered to patients within the first 3 to 5 post-operative days. 

3. In-hospital mortality: Patient death during their inpatient hospital stay following 

major lower limb amputation.  

4. Phantom limb pain: Defined as per Flor3 as cramping, burning or shooting 

pain typically felt in the distal extremity of the absent limb.  

5. Chronic stump pain: Persisting pain at the surgical site at least 3 month post-

operatively.  

  
Authors were contacted for further data if one or more than one of the outcomes 

above was reported, but not in sufficient detail to permit meta-analysis. 

  

 

Statistical analysis and evidence rating 

Review Manager version 5.4 was used for the meta-analysis (RevMan 5.4, The 

Cochrane Collaboration 2020).15 A random-effects (Mantel-Haenszel) model was 

used for dichotomous data using an odds ratio (OR) summary statistic with 95% 

confidence intervals (CI), and an inverse-variance random-effects model was used 

for continuous data using a standardised mean difference (SMD) summary statistic 

with 95% CIs. Standardized mean difference (SMD) was used as the summary 

statistic rather than mean difference as studies reported outcomes using different 

scales. The SMD expresses the size of the intervention effect relative to the study 

variability by comparing standard deviations (SD), and permits pooling of different 

scale types on meta-analysis. An SMD of ‘0’ implies equivalence. The magnitude of 

effect is considered ‘small’ at an SMD of 0-0.2, ‘medium’ at an SMD of 0.2-0.5, and 

‘large’ at an SMD of >0.8. The magnitude of negative SMDs are interpreted with the 
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same cut-offs. Authors were contacted for mean and standard deviation when 

studies published continuous data presented as median and range. If not obtained, 

median and range was transformed into mean and standard deviation using the 

methodology described by Hozo et al.16  

  

Sensitivity analyses were performed for studies enrolling peripheral arterial disease 

patients alone, larger studies (>50 patients in total) and randomised controlled trials 

(RCTs). A sensitivity analysis comparing outcomes at different levels of amputation 

(AKA versus BKA) was planned, but data were not extractable in this format from the 

included studies. The Grading of Recommendations Assessment, Development, and 

Evaluation (GRADE) system was used to rate the quality of evidence and strength of 

recommendation for each outcome, as per Cochrane collaboration 

recommendation.18  Quality of evidence was ranked as ‘very low’, ‘low’, ‘moderate’ or 

‘high’ based on risk of bias, indirectness, inconsistency, imprecision and publication 

bias of studies involved.18  Randomised controlled trials and observational studies 

were assigned an a-priori ranking of ‘high’ and ‘low’ respectively and this score was 

downgraded or upgraded due to biases identified.  
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Results 

After performing a full search from database inception (1946) to 20th October 2020, 

5779 records were identified, of which 49 articles were assessed for eligibility (Figure 

1). Ten papers met the inclusion criteria.19-21,23-29 Since publication of the 2015 

systematic review on PNCs by Bosanquet et al, four relevant studies have been 

recently published and are included in this meta-analysis.12,19-21,29 One paper which 

was included in the meta-analysis performed in 2015 was excluded during article 

screening as it compared PNC (treatment group) to a local anaesthetic infusion via 

an epidural catheter (control group).22 However, the other six papers from the 2015 

review were included in our current meta-analysis. 

A total of 731 patients undergoing lower limb amputation were included with 350 

patients receiving a PNC local anaesthetic infusion (treatment group) and 381 not 

receiving a PNC local anaesthetic infusion (control group). 

  

Table 1 presents the baseline characteristics of the included studies. Of the ten 

studies, four were randomised controlled trials 19-21,23, two were retrospective cohort 

studies24,25, two were retrospective quasi-experimental studies26,27 and two were 

case-control studies28,29. Seven studies included only patients with peripheral arterial 

disease (PAD)19-21,23,24,26,27  with two including only patients with cancer25,28 and one 

study not specifying29. Five studies compared baseline characteristics between 

treatment and control groups and three of these demonstrated no statistically 

significant difference between them24,26,27. Data on amputation level were included 

for all but two studies19,24, with a pooled below knee amputation rate of 43% versus 

57% for through-knee, above knee and hip disarticulation. In the treatment group, 

five studies recorded the use of bupivacaine alone (0.25% or 0.5%) 23,25-28, two 

studies recorded the use of levobupivacaine (0.125%) alone19,21, one study recorded 

the use of ropivacaine (0.75%) alone20, one study recorded the use of bupivacaine 

0.25% bolus intraoperatively followed by a 0.2% ropivacaine infusion29 and one 

retrospective study recorded the use of either 0.25% bupivacaine, 0.2% ropivacaine 

or 1% lignocaine24. Six papers used a continuous infusion of local anaesthetic 

postoperatively for the treatment group19,21,23,24, 26,27, while four studies used a 

combination of continuous infusion and intermittent boluses.20,25,28,29 Two studies 

involved PNCs in combination with peripheral wound catheters in the treatment 

group20,21 and one study including pre-, intra- and post-operative gabapentinoids 
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along with PNCs in the treatment group.29 The duration of local anaesthetic delivered 

via PNC was recorded for seven studies, with a weighted mean duration of 3.83 

days.19-21,24,25,27,29  

 

            

Outcomes 

  

The following outcomes are presented in Table 2. 

  

1. Post-operative pain scores 

Four studies (462 patients)20,21,24,29 reported data on post-operative pain scores 

which were measured using a variety of techniques. Three studies used a Numerical 

Rating Scale with two using an 11-point range (0 is ‘no pain’ and 10 is the ‘worst pain 

imaginable’)21,24 and the other using a 4-point range (0 is ‘no pain’ and 3 is ‘severe 

pain’).29 One study used a 5-grade Visual Rating Scale (0 is ‘no pain’ and 4 is 

‘unbearable pain’).20 Pain scores were recorded during the first post-operative day in 

one study24, during the first 5 post-operative days in two studies20,21 and during the 

first six post-operative days in one study29. PNC usage was associated with a  

reduction in post-operative pain scores (SMD -0.30, 95% CI -0.58 to -0.01, p=.04, I2= 

54%, GRADE quality of evidence: low, Tables 2 and 3) and this effect was 

maintained on sensitivity analysis for RCTs only (SMD -0.60, 95% CI -0.94 to -0.27, 

p=.0005, I2=0%) as shown in Figure 2. 

 

2. Post-operative morphine requirements  

Eight studies provided data on post-operative morphine or morphine equivalent 

requirements recorded in milligrams for 526 patients.20-21,23-28 Six studies20,21,24-26,28 

recorded total post-operative opioid analgesic requirements which were converted to 

morphine equivalents while two studies23,27 directly recorded morphine requirements. 

Five studies23-26,28 recorded morphine requirements during the first 3 post-operative 

days and three studies recorded requirement within the first 5 post-operative 

days.20,21,27 Four studies20,23,26,28 specifically assessed the post-operative parenteral 

morphine requirement while four studies21,24,25,27 did not specify the route of 

administration.  
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Meta-analysis of these eight studies suggested that PNC usage was associated with 

a significant reduction in postoperative morphine use (SMD -0.63, 95% CI -1.03 to -

0.23, p=.002, I2=75%, GRADE quality of evidence: moderate, Table 2 and 3, Figure 

3) with moderate heterogeneity among studies. This effect was maintained on 

sensitivity analyses for studies with PAD patients only (p=.005), larger studies 

(p=.01) but lost for randomised controlled trials (RCTs) only (p=.40).   

  

3. In-hospital mortality 

In-hospital mortality was reported in 4 studies (403 patients).20,21,24,27 No difference 

between treatment and control group was demonstrated (OR 0.61, 95% CI 0.26 to 

1.44, p=.26, I2=0%, GRADE quality of evidence: low, Tables 2 and 3). 

  

4. Phantom limb pain 

Data on phantom limb pain were available from five studies (355 patients) with 

weighted mean follow-up of 7.13 months.19-21,25,27 There was no significant difference 

between the treatment and control groups (OR 0.87, 95% CI 0.52 to 1.45, p=.58, I2= 

0%, GRADE quality of evidence: low, Tables 2 and 3). 

  

5. Chronic stump pain 

Meta-analysis of results from three studies (190 patients) with a weighted mean 

follow-up of 9.26 months, found no significant difference in chronic stump pain 

between treatment and control groups (OR 1.26, 95% CI 0.59 to 2.67, p=.55, I2= 0%, 

GRADE quality of evidence: low, Tables 2 and 3).19,21,25  
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Discussion  

This systematic review and meta-analysis of ten studies including 731 patients 

compared outcomes associated with the use of PNC local anaesthetic infusion in 

patients undergoing MLLA. Meta-analysis showed PNC usage was associated with a 

reduction in postoperative morphine requirement. This finding was maintained on 

sensitivity analysis for studies with PAD patients only and larger studies but was lost 

when analysing RCTs only. PNC usage was associated with a reduction in post-

operative pain scores, a finding which was not previously demonstrated. This effect 

was preserved on sensitivity analysis for RCTs only. However, no difference was 

found in in-hospital mortality, PLP or chronic stump pain between treatment and 

control groups despite inclusion of up-to-date studies.  

  

Strengths and weaknesses 

  

This systematic review and meta-analysis incorporates the results of four recent 

studies (including three randomised controlled trials) to assess the effect of PNC 

use.19-21,29 The larger number of studies (10 vs 7) and increased patient population 

(731 vs 416) enhances credibility of the findings compared to the previous review.12 

Narrower confidence intervals in this meta-analysis suggest improved precision of 

results. The revised exclusion criteria in this systematic review aimed to improve the 

homogeneity among studies included in the meta-analysis. This led to exclusion of a 

randomised trial published in 2001 by Lambert et al which compared PNC use in the 

treatment group to a pre-operative local anaesthetic epidural infusion (placed 24 

hours before the operation) in the control group, whereas all other studies compared 

PNC use to a placebo or no PNC.  

 

This meta-analysis showed PNC usage was associated with a reduction in post-

operative pain scores. This finding was not previously demonstrated in the last 

review in 2015.12 This effect is preserved following subgroup analysis for RCTs only. 

The inclusion of recently published higher quality evidence including two RCTs and 

one case-control study since the last review in 2015 may have contributed to this 

demonstrable overall effect among 462 patients as shown in Table 2.  
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New evidence available since 2015 demonstrated a greater reduction in post-

operative morphine requirement for patients undergoing MLLA (SMD -0.63, 95% CI -

1.03 to -0.23, p=.002, I2=75% in this meta-analysis compared to SMD -0.59, 95% CI 

-1.10 to -0.07, p=.03, I2=79% in 2015).12 Additionally, the effect of reduction in post-

operative morphine requirement was preserved in a sub-group analysis for PAD 

patients only which was not previously demonstrated in 2015.12 This effect was also 

preserved for a subgroup analysis of larger studies but lost when analysing RCTs 

only, which does raise concerns about the validity of the finding. However, the 

exclusion of a relatively high quality observational study such as Ayling et al24 (D&B 

score 23) compared to the two RCTs of lower quality20,21 (D&B score 19 and 20) 

should be considered alongside the loss of effect of PNCs in the ‘RCTs only’ 

subgroup analysis. (Table 2) 

 

In this systematic review, the weighted mean duration of delivery of local anaesthetic 

via PNC was calculated as 3.83 days from seven studies.19-21,24,25,27,29 This is 

favourable as evidence suggests that nociceptive wound pain has been found to be 

maximum within the first 72 hours following MLLA and hence, adequate analgesia is 

crucial throughout this period.2   

 

The overall quality of evidence remains low to moderate according to GRADE scores 

(Table 3). Despite the inclusion of three recent randomised controlled trials in this 

systematic review, the median Down’s and Black score is only mildly improved to 

14.5 (range 3 to 23) from a median of 11 in 2015 (range 3 to 23), emphasizing the 

paucity of high-quality data on this topic.  

 

Implications for practice 

  

PNCs have been utilised since at least 1991 as part of a multi-modal approach to 

provide quick, cheap and good-quality analgesia with easy insertion and few adverse 

effects.23 Occasionally, catheter dislodgement and leak around entry site can occur 

but this is minimised with insertion under direct vision intraoperatively.30 PNC usage 

is not only associated with a reduction in acute pain, but also with a reduced 

morphine consumption. Opioids, whilst being effective analgesic agents, come with 

many side effects, including respiratory depression, drowsiness, delirium, 
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constipation and urinary retention. This is particularly pertinent in vascular patients 

undergoing MLLA, who tend to be elderly and often suffer from co-morbidities which 

can exacerbate these problems, such as polypharmacy and renal dysfunction.11 

 

Although pooled data show no apparent difference in in-hospital mortality, long-term 

PLP or stump pain between patients in the treatment group and control group, this 

does not mean that no difference exists. It is important to note that whilst more data 

are available for analysis compared to 2015, there remains a paucity of high-quality 

data, and the effect of PNCs on these outcomes are still worthy of further evaluation 

in randomised trials. 

  

Conclusion 

This systematic review and meta-analysis found that PNC usage in amputees is 

associated with reduced post-operative pain scores with this effect preserved 

following subgroup analysis for RCTs only. PNC usage is also associated with 

reduced post-operative morphine requirement with this effect preserved following 

subgroup analysis for peripheral arterial disease patients but lost when RCTs are 

analysed separately. No evidence of effect of PNC on mortality, phantom limb pain 

or chronic stump pain was demonstrated. There remains a paucity of high-quality 

data on the effect of PNCs on other outcomes and these are still worthy of further 

evaluation in randomised trials. 
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