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ABSTRACT
Objectives Randomised controlled trial of the effect of 
a perineural infusion of levobupivacaine on moderate/
severe phantom limb pain 6 months after major lower limb 
amputation.
Setting Single- centre, UK university hospital.
Participants Ninety patients undergoing above- knee 
and below- knee amputation for chronic limb threatening 
ischaemia under general anaesthesia. Exclusion criteria 
were patients having surgery under neuraxial anaesthesia; 
inability to operate a patient- controlled analgesia device or 
complete a Visual Analogue Scale; amputation for trauma 
or malignancy; or contraindication to levobupivacaine.
Interventions Either levobupivacaine 0.125% or saline 
0.9% (10 mL bolus, infusion of 8 mL/hour for 96 hours) via 
a sciatic or posterior tibial nerve sheath catheter placed 
under direct vision during surgery.
Primary and secondary outcome measures The 
primary outcome measure was the presence of phantom 
limb pain, residual limb pain and phantom limb sensations 
up to 6 months after amputation. Secondary outcome 
measures included early postoperative pain and morphine 
requirements after surgery.
Results Data from 81 participants were analysed; 
6- month follow- up data were available for 62 patients. 
Pain and morphine requirements varied widely before 
and after amputation in both groups. The incidences of 
moderate/severe phantom limb pain, residual limb pain 
and phantom limb sensations were low from 6 weeks with 
no significant differences between groups in phantom limb 
pain at rest (OR 0.56, 95% CI 0.14 to 2.14, p=0.394) or 
movement (OR 0.58, 95% CI 0.15 to 2.21, p=0.425) at 6 
months. Early postoperative pain scores were low in both 
groups with no between- group differences in residual limb 
pain or phantom limb sensations (rest or movement) at 
any time point. High postoperative morphine consumption 
was associated with worsening phantom limb pain both at 
rest (−17.51, 95% CI −24.29 to −10.74; p<0.001) and on 
movement (−18.54, 95% CI −25.58 to −11.49; p<0.001). 
The incidence of adverse effects related to the study was 
low in both groups: postoperative nausea, vomiting and 
sedation scores were similar, and there were no features 
of local anaesthetic toxicity.

Conclusions Long- term phantom limb pain, residual 
limb pain and phantom limb sensations were not reduced 
significantly by perineural infusion of levobupivacaine, 
although the study was underpowered to show significant 
differences in the primary outcome. The incidence of 
phantom limb pain was lower than previously reported, 
possibly attributable to frequent assessment and early 
intervention to identify and treat postoperative pain when 
it occurred. There were large variations in postoperative 
pain scores, high requirements for analgesics before and 
after surgery and some problems maintaining recruitment 
and long -term follow- up. Knowledge of these potential 
problems should inform future research in this group of 
patients. Further work should investigate the association 
between perioperative morphine requirements and late 
phantom limb pain.
Trial registration numbers EudraCT 2007- 000619- 27; 
ISRCTN68691928.

INTRODUCTION
Peripheral arterial disease affects one in five 
people aged over 60 years in the UK.1 Over 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the largest double- blind randomised placebo- 
controlled study of the effect of perineural local an-
aesthetic infusion on long- term phantom limb pain 
after major lower limb amputation.

 ⇒ In contrast to previous studies, we differentiated 
between phantom limb pain, residual limb pain and 
non- painful phantom limb sensations.

 ⇒ The study included a rigorous protocol to detect and 
treat pain after amputation, in line with modern pain 
management practice.

 ⇒ There was good adherence to the study protocol, 
with a higher proportion of recruited patients com-
pleting 6- month follow- up compared with similar 
previous studies.

 ⇒ Enrolment reduced over time, and because we were 
unable to include multiple sites, the planned recruit-
ment target was not reached.
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3500 patients with chronic limb threatening ischaemia 
(CLTI) require emergency revascularisation every year.2 
Despite these aggressive attempts at limb salvage via 
reconstructive surgery or angioplasty, approximately 3000 
patients in the UK undergo major lower limb (above and 
below knee) amputation annually.2 3

Major amputation is a significant cause of morbidity 
and mortality.3 Pain after amputation significantly affects 
quality of life and postoperative recovery.4 5 Pain that 
persists after amputation typically occurs as residual limb 
pain at the surgical incision site, phantom limb pain or 
both.6 7 Non- painful phantom limb sensations also occur 
commonly, but are not usually troublesome.6

Phantom limb pain is a well- described but varied 
phenomenon with a commonly reported incidence of 
32%–80% of amputees.7–10 The onset of phantom limb 
pain is often within days of surgery, and severity usually 
decreases over time.7 11 However, once established 
phantom limb pain is very difficult to manage, and has 
significant adverse effects on quality of life, rehabilitation 
and the ability to mobilise using a prosthetic limb.7 11 12

Several techniques including regional anaesthesia, 
transcutaneous nerve stimulation or analgesics such as 
ketamine have been investigated for the prevention or 
alleviation of phantom limb pain and residual limb pain. 
However, the data are conflicting, most studies have been 
small and have often not distinguished between residual 
limb pain, phantom limb sensations and true phantom 
limb pain.13–16 Although some studies have shown reduc-
tions in phantom limb pain and residual limb pain from 
preoperative and postoperative epidural analgesia, the 
largest single trial found no benefit.13 17 In addition, many 
patients presenting for major amputation are receiving 
a variety of antiplatelet and anticoagulant medications 
for primary or secondary prevention of cardiovascular 
disease, or in an attempt at limb salvage.18 In these 
patients, neuraxial anaesthesia is relatively contraindi-
cated and a perineural local anaesthetic infusion may be 
more appropriate.19

Several studies have investigated the effect of peri-
neural local anaesthetic infusion on postoperative pain 
after amputation, based on the rationale that preven-
tion of central sensitisation will reduce or prevent the 
subsequent development of chronic pain syndromes.6 8 
However, many of these studies have reported conflicting 
results, and there is no definite consensus on the efficacy 
of the technique to prevent phantom limb pain.10 20–28 
Most studies of perineural anaesthesia were not controlled 
trials or used retrospective controls.21 22 24 26 29 Further-
more, one did not distinguish between phantom limb 
sensations, phantom limb pain and residual limb pain, 
and the largest study (198 patients) was retrospective and 
did not assess patients for phantom limb pain.23 26 Varia-
tions in definitions and measurement of pain after ampu-
tation are present throughout the existing literature. A 
recent randomised controlled trial demonstrated that 
perineural infusion of ropivacaine significantly reduced 
residual limb pain in the early postoperative period, but 

there was no decrease in intensity of phantom limb pain 
after 12 months.25

Given the effect of phantom limb pain on quality 
of life and rehabilitation, and the simplicity and cost- 
effectiveness of perioperative nerve sheath infusions, it is 
important to establish their efficacy on pain after lower 
limb amputation. This has recently been highlighted as 
a top research priority within this group of patients.30 
Therefore, we conducted a prospective, double- blind, 
randomised clinical trial with the hypothesis that peri-
neural local anaesthetic infusion would reduce the inci-
dence and intensity of phantom limb pain. Our primary 
aim was to assess the effect of a perineural infusion of 
levobupivacaine on phantom limb pain, residual limb 
pain and phantom limb sensations 6 months after ampu-
tation. Secondary aims were the effect of the infusion 
on acute postoperative residual limb pain, morphine 
consumption and time to fitness to hospital discharge.

METHODS
Patient and public involvement
There was no involvement of patients or the public in the 
development of the trial protocol.

Study design and patients
The study was reported via Consolidated Standards of 
Reporting Trials statement guidelines.31 All patients 
admitted to the vascular unit at Leicester Royal Infirmary 
who needed major lower limb amputation for CLTI were 
eligible for the study. Two hundred and four patients 
were screened for inclusion between October 2007 and 
October 2013 (figure 1). Patient enrolment began on 
1 October 2007. Exclusion criteria were: patients unfit 
for general anaesthesia; patients undergoing surgery 
under regional anaesthesia, inability to operate a patient- 
controlled analgesia device (PCA) or to complete a Visual 
Analogue Scale (VAS); amputation for trauma or malig-
nancy; a known contraindication to levobupivacaine; or 
inability to provide informed consent. Patients meeting 
the inclusion criteria were recruited after surgeons 
had decided that amputation was needed and written 
informed consent for the study was obtained (SB and 
JPT). Baseline characteristics including age, sex, comor-
bidities, current medications and use of analgesics were 
recorded before surgery.

Randomisation
Patients were randomised (1:1, blocks of 10) to receive 
either levobupivacaine (group L) 0.125% (Chirocaine, 
Abbott Laboratories, Maidenhead, UK) or 0.9% saline 
(group S) for perineural infusion. Treatment randomi-
sation was allocated via an internet link (with blinding 
maintained) by the Clinical Trials Support Unit, Univer-
sity of Nottingham, UK. An unblinded randomisation 
email notification was then sent to the hospital pharmacy 
indicating the treatment required for preparation and 
concealment in a protective package, so the study team 
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and all clinical staff involved in the patients’ care and 
follow- up were blinded to the treatment group.

Study procedure
All patients received standardised general anaesthesia, 
comprising intravenous propofol titrated to loss of 
consciousness, maintenance with nitrous oxide and isoflu-
rane in oxygen and intravenous morphine 0.1–0.15 mg/
kg and paracetamol 1 g. During surgery, the surgeon 

identified the sciatic nerve under direct vision (patients 
undergoing above- knee amputation (AKA)) The sciatic 
nerve divides at the knee and so in patients undergoing 
below knee amputation its major branch, the poste-
rior tibial nerve was identified directly. For all patients 
the sciatic or posterior tibial nerve was then transected 
4–5 cm proximal to the wound and a 16 G epidural cath-
eter was inserted at least 5 cm alongside the nerve within 

Figure 1. CONSORT Diagram  

 

 
Assessed for eligibility (n=204) Excluded (n=114) 

 Not meeting inclusion criteria (n=44) 
Planned spinal anaesthesia (n=14) 
Planned bilateral amputation (n=7) 
Medically unfit for surgery (n=23) 

 Declined to participate (n=12) 
Insufficient time to recruit (n=22) 
Communication problems (n=6) 
Other reasons (n=30) 
 

Analysed (n=41) 
 

 Revision surgery (n=7) 

Levobupivacaine 
Allocated intervention (n=45) 
Perioperative withdrawal (n=4) 
Received intervention (n=41) 

Saline  
Allocated intervention (n=45) 
Perioperative withdrawal (n= 5) 
Received intervention (n=40) 
 

Allocation  

Analysis 

Randomised (n=90) 

Screening 

Analysed (n=40) 
 

Enrollment 

Protocol violation (n=2) 
Change of surgical 
procedure (n=2) 
Died  (n=1 ) 

 

Protocol violation (n=2) 
Change of surgical 
procedure (n= 1) 
Patient withdrew (n=1) 

6 week follow-up (n=34) 
Withdrawn (n=7) 

 
 

6 week follow-up (n=36) 
Withdrawn (n=4) 

 
 

Catheter displaced (n=1) 
Died (n=3) 

3 month follow-up (n=34) 3 month follow-up (n=34) 
Withdrawn (n=2) 

 
 

6 month follow-up (n=30) 
Withdrawn (n=4) 

 
 

6 month follow-up (n=32) 
Withdrawn (n=2) 

 
 

Revision surgery (n=1) 
Died (n=1) 
 

Revision surgery (n=1) 
Died (n=1) 

Too unwell (n=1) or 
Died (n=3) 
 

12 month follow-up (n=26) 
Withdrawn (n=4) 

 
 

12 month follow-up (n=29) 
Withdrawn (n=3) 

 
 

Protocol change (n=1) 
Died (n=3) 
 

Protocol change (n=2) 
Died (n=1) 
 

Figure 1 Consolidated Standards of Reporting Trials Diagram of patient flow through the study. PCA, patient- controlled 
analgesia.
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the nerve sheath. The catheter was then sutured to the 
nerve sheath and surrounding soft tissue by an absorb-
able Vicryl stay suture to ensure it stayed in position after 
surgery. The catheter was also secured into position at the 
skin using a silk suture and adhesive strips. After 4 days, 
the stay suture was excised from the skin, and the cath-
eter was withdrawn by gentle retraction from the ampu-
tation site. All surgeons received appropriate training in 
standardised placement and fixation of the perineural 
catheter before performing the procedure. A bolus of 
levobupivacaine 0.125% 10 mL (group L) or saline 0.9% 
10 mL (group S) was given followed by a continuous infu-
sion (via an electronic infusion pump) of the same at a 
rate of 8 mL/hour for 4 days. Levobupivacaine was used 
because of its lower potential for cardiotoxicity compared 
with other local anaesthetic agents.

Pain at rest and movement was recorded by the 
patient using a manual VAS (0–100 mm). Pain scores 
were categorised as no pain (0–4 mm); mild pain 
(5–39 mm); moderate pain (40–69 mm) and severe pain 
(70–100 mm).32 Because of the sensitivity of the scale, 
and the potential for inaccurate transcribing by frail 
elderly patients after surgery, VAS ≤4 mm was classified 
as no pain.33 Non- painful phantom limb sensations were 
recorded as either present or absent, and phantom limb 
sensation intensity was recorded using a Verbal Rating 
Scale (VRS) (range 0–10). VRSs were categorised as none 
(0); mild (1–3); moderate (4–6) and severe (7–10)7–10 
sensations.

Baseline VAS scores were measured within 6 hours before 
surgery. After amputation, VAS scores were recorded 
hourly for the first 4 hours, 4- hourly up to 24 hours, and 
then 12- hourly up to 96 hours. From 24 hours onwards, 
patients were asked to differentiate between residual limb 
pain and phantom limb pain. Pain scores were further 
recorded after 1 week, 3 weeks, 6 weeks, 3 months and 
6 months. The presence and intensity of non- painful 
phantom limb sensations were recorded at the same time 
points.

Postoperative analgesia
After surgery, all patients received morphine (1 mg bolus, 
5 min lockout via the PCA device) with additional intrave-
nous morphine boluses given by the postoperative recovery 
room nurse if required. The PCA morphine bolus was 
increased to 2 mg in patients who reported a VAS >70 mm 
scale and had received >20 mg morphine intravenous 
to treat acute pain in the postoperative recovery room. 
PCA morphine was continued for at least 48 hours after 
surgery, and if VAS >35 mm at 48 hours, it was continued 
up to 96 hours postoperatively. After discontinuation of 
PCA morphine, patients received regular oral analgesia 
(codeine phosphate 60 mg 6- hourly or tramadol 100 mg 
6- hourly). Oral morphine was given on request for break-
through surgical wound pain. Drugs being taken for anal-
gesia before surgery (long- acting opioids, gabapentin, 
amitriptyline) were continued at the same dose for at least 
48 hours. Following discontinuation of PCA, long- term 

opioid therapy was titrated down in accordance with the 
patient’s clinical condition. Gabapentin (300 mg daily 
up to a maximum of 1.8 g) was started as rescue medi-
cation if VAS >70 mm at rest 48 hours after surgery or if 
the patient complained of definite phantom limb pain. If 
phantom limb pain persisted during follow- up, patients 
were referred to the hospital’s chronic pain specialists.

Study outcomes
The primary outcome measures were:
1. The presence (or absence) of moderate or severe (VAS 

≥40 mm) phantom limb pain at rest and on movement 
6 months after amputation.

2. Improvement of phantom limb pain and residual 
limb pain from the baseline at rest and on movement 
during the 6- month follow- up.

3. The presence of moderate to severe phantom limb 
sensations (VRS ≥4) during the 6- month follow- up.

Secondary outcomes were:
1. Early postoperative pain, measured as the change in 

acute postoperative residual limb pain from the base-
line at rest and on movement in the first 96 hours after 
surgery.

2. Early postoperative morphine requirements in the first 
96 hours after surgery. Bioequivalent morphine con-
sumption was calculated by combining PCA with oral 
morphine requirements (using a conversion factor of 
0.33 for oral morphine).

3. Late effects on mood, physical disability and quality 
of life, measured using the Late Life disability index 
(quality of life and disability), the 36- item Short Form 
health survey (SF- 36) inventory, (pain and disability) 
the McGill pain questionnaire (pain) and the Univer-
sity of Leicester Amputee questionnaire (pain and dis-
ability) (data not presented here).

4. Time from surgery to fitness for discharge from 
hospital.

Sample size calculation
The study size was based on our previous pilot study in 
a similar cohort of patients, in which 1 out of 5 (20%) 
patients receiving a sciatic nerve sheath infusion of 
bupivacaine reported phantom limb pain at 6 months, 
compared with 5 out of 6 (83%) in those receiving a 
placebo infusion.34 Based on these data and the inci-
dence of phantom limb pain reported in the litera-
ture, we calculated that 35 patients per group would be 
required to show a 3- fold reduction in the incidence of 
phantom limb pain at 6 months from a conservative esti-
mate of 50%–17% (β=0.2, α=0.05). The power calcula-
tion was revised after inspection of the blinded data by 
the trial data monitoring committee found the overall 
incidence of phantom limb pain was lower than antici-
pated. The revised calculation showed that 66 patients 
per group completing the 6 month follow- up with eval-
uable data would be required to detect a 3- fold reduc-
tion in the incidence of phantom limb pain at 6 months. 
The protocol was amended accordingly and changed to 
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permit the inclusion of other centres, to increase overall 
study numbers.

Statistical analysis
All data were analysed on per- protocol basis. Primary 
and secondary outcomes were assessed using a range of 
linear and logistic regression models adjusted for preop-
erative VAS and morphine requirements (see online 
supplemental material). All models were evaluated for 
other predictors such as age, sex, presence of diabetes 
and types of operation and retained statistically signifi-
cant (p<0.05) predictors in the final model. No imputa-
tion was performed for missing data. Full details of the 
statistical analysis are presented as online supplemental 
material. All statistical analyses were conducted in SPSS 
V.26.0 (IBM) and the R software V.3.6 (R Foundation for 
Statistical Computing, Vienna, Austria) environments. 
Categorical variables are presented as frequencies (%), 
and numerical variables are summarised as mean (SD) 
or median (IQR) as appropriate. For more detailed 

description of the statistical analyses, see online supple-
mental methods.

RESULTS
Two hundred and four patients were screened for inclu-
sion into the study between October 2007 and October 
2013. Ninety patients met the eligibility criteria and 
provided written consent. As the number of patients 
undergoing major amputation had decreased in our 
hospital, and because we were unable to extend recruit-
ment to other centres, recruitment was terminated in 
2013, on the advice of the data monitoring committee, 
before the planned enrolment of 132 patients. Overall, 
data from 81 patients were analysed (9 exclusions in the 
perioperative period, figure 1), with 6- month follow- up 
data available for 62 patients. The median age of partic-
ipants was 71 (range 41–94) years, 63% (n=51) were 
males and 56% (n=45) had an AKA. Groups L and S were 
well matched for age, sex, comorbidities, preoperative 

Table 1 Baseline characteristics, expressed as N (%) or median (range) except for age, which is presented as mean (range)

Group L—levobupivacaine 0.125% (n=41) Group S—saline 0.9% (n=40)

Male sex: 24 (59%) 27 (68%)

Age (years) 71 (41–94) 71.5 (44–90)

Amputation:

  Above knee 24 (59%) 21 (53%)

  Below knee 17 (41%) 19 (47%)

  Previous contralateral amputation 0 (0%) 2 (5%)

Coexisting diseases

  Hypertension 19 (46%) 19 (48%)

  Insulin- dependent diabetes mellitus 7 (17%) 8 (20%)

  Non- insulin- dependent diabetes mellitus 8 (20%) 10 (25%)

  Ischaemic heart disease 14 (34%) 15 (38%)

  Heart failure 5 (12%) 6 (15%)

  Chronic kidney disease 5 (12%) 7 (18%)

  Severe respiratory disease 5 (12%) 5 (13%)

Smoking history

  Current 12 (29%) 9 (23%)

  Previous 24 (59%) 17 (43%)

  Never 5 (12%) 14 (35%)

Preoperative analgesia

  Daily oral morphine dose (mg) 50 (10–645) 40 (5–600)

  Gabapentin therapy 7 (17%) 12 (30%)

Duration of preoperative pain (months)

  None 2 (5%) 2 (5%)

  <1 12 (29%) 7 (18%)

  1–6 10 (24%) 9 (23%)

  >6 14 (34%) 19 (48%)

  >12 2 (5%) 2 (5%)
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morphine consumption and duration of preoperative 
pain (table 1).

Phantom limb pain
There was a wide variation in the incidence and severity of 
phantom limb pain after surgery in both groups (table 2). 
The incidence and severity of phantom limb pain at rest 
and on movement was similar between both groups at all 
postoperative time points (table 2, online supplemental 
tables 1 and 2). The overall peak incidence of moderate/
severe phantom limb pain at rest across both groups was 
29.4% (n=20/68) after 3 months, while the peak inci-
dence of moderate/severe phantom limb pain on move-
ment across both groups was 30.0% (n=21/70) after 6 
weeks (online supplemental tables 1 and 2).

For the primary outcome, there was no significant 
difference in the presence of moderate/severe phantom 
limb pain at rest (OR: 0.56, 95% CI: 0.14 to 2.14; p=0.394) 
or phantom limb pain at rest on movement (OR: 0.58, 
95% CI: 0.15 to 2.21; p=0.425) between the treatment 
groups at 6 months (table 3, online supplemental table 
3). When accounted for morphine consumption, the 
mean VAS at rest and movement at 6 months were 
approximately 42%–44% lower in group L compared 
with group S (table 3, online supplemental table 3). 
However, the effect of the treatment group was not 

statistically significant for phantom limb pain at rest 
(−0.92, 95% CI −1.92 to 0.09; p=0.073) and phantom limb 
pain on movement (−0.98, 95% CI 1.99 to 0.03; p=0.056) 
(table 3, online supplemental table 4). The improve-
ment in VAS scores for phantom limb pain at rest (11.95, 
95% CI −3.76 to 27.66; p=0.133) and phantom limb pain 
on movement (10.83, 95% CI −5.23 to 26.88; p=0.182) at 
6 months compared with baseline was also not statistically 
significant (table 3, online supplemental table 5, online 
supplemental figure 1).

The incidence of moderate or severe phantom limb 
pain at rest and on movement (online supplemental 
tables 1 and 2) increased from the few days after ampu-
tation (figure 2). Phantom limb pain severity increased 
in the first 6 months after surgery in both groups at 
rest (−22.10, 95% CI −30.69 to −0.18); p<0.001) and 
movement (−21.95, 95% CI −30.68 to −13.23; p<0.001) 
(table 4). When adjusting for all time points, there was 
no significant improvement in phantom limb pain at rest 
(1.09, 95% CI −2.06 to 4.23; p=0.498) and phantom limb 
pain on movement (0.87, 95% CI −2.33 to 4.06; p=0.595) 
scores between groups (tables 3 and 4).

High postoperative morphine consumption compared 
with no use of analgesics showed worsening phantom 
limb pain at rest (−17.51, 95% CI −24.29 to −10.74; 

Table 2 Visual Analogue Pain Scores on rest and movement (scale 0–100) between 24 hours and 6 months after amputation, 
presented as median (IQR)

Pain/time point

Rest Movement

Group L (n=41) Group S (n=40) Group L (n=41) Group S (n=40)

Preoperative pain

  Before surgery 40 (0–73) 22 (2–75) 71 (32–99) 66 (34–96)

Postoperative phantom limb pain

  24 hours 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

  48 hours 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

  72 hours 0 (0–0) 0 (0–0) 0 (0–0) 0 (0–0)

  96 hours 0 (0–0) 0 (0–1) 0 (0–0) 0 (0–1)

  1 week 0 (0–14) 0 (0–24) 0 (0–23) 0 (0–30)

  6 weeks 0 (0–50) 0 (0–67) 0 (0–50) 0 (0–67)

  3 months 0 (0–37) 0 (0–57) 0 (0–37) 0 (0–57)

  6 months 0 (0–21) 0 (0–49) 0 (0–21) 0 (0–49)

Postoperative residual limb pain

  24 hours 1 (0–24) 0 (0–40) 33 (16–61) 47 (15–74)

  48 hours 1 (0–14) 0 (0–27) 34 (18–58) 45 (23–72)

  72 hours 0 (0–1) 0 (0–14) 20 (5–44) 34 (0–63)

  96 hours 0 (0–13) 0 (0–4) 32 (10–61) 23 (0–68)

  1 week 0 (0–14) 0 (0–13) 26 (15–52) 18 (0–50)

  6 weeks 0 (0–0) 0 (0–13) 0 (0–16) 0 (0–29)

  3 months 0 (0–0) 0 (0–0) 0 (0–34) 0 (0–3)

  6 months 0 (0–1) 0 (0–0) 0 (0–25) 0 (0–1)

Pain before surgery refers to pain in the limb to be amputated.
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p<0.001) and on movement (−18.54, 95% CI −25.58 to 
−11.49; p<0.001) up to 6 months (table 4). Higher preop-
erative pain scores were positively associated with the 
improvement in phantom limb pain at rest (1.00, 95% CI 
0.95 to 1.04; p<0.001) and on movement (0.98, 95% CI 
0.93 to 1.02; p<0.001) in the 6 months after amputation 
(table 4).

Residual limb pain
Despite the wide variation between patients, residual limb 
pain scores decreased over time after surgery (p<0.001) 
and were low in most patients from 1 week after ampu-
tation (table 2). Early postoperative pain scores were 
consistently lower than pain before surgery (online 
supplemental table 6). However, there residual limb pain 
severity at rest and on movement was similar between 
the groups (table 2). Similarly, there were no differences 
between groups in the improvement of residual limb pain 
at rest (2.00, 95% CI −1.46 to 5.46; p=0.257) or on move-
ment (−0.97, 95% CI −5.70 to 3.76; p=0.687) (table 3, 
online supplemental table 7, online supplemental figures 
2 and 3).

Patients with a higher daily intake of analgesics in the 
postoperative period experienced significant worsening 
in residual limb pain at rest (−17.40, 95% CI −24.44 to 

−10.35; p<0.001) and on movement (−21.42, 95% CI 
−30.45 to −12.39; p<0.001) compared with those who did 
not take any analgesia (online supplemental table 7). 
Patients with higher pain scores before surgery experi-
enced greater improvements in residual limb pain at rest 
(0.98, 95% CI 0.93 to 1.03; p<0.001) and on movement 
1.05, 95% CI 0.97 to 1.13; p<0.001) after amputation 
compared with those reporting less preoperative pain 
(online supplemental table 7). There was no evidence 
that the improvement of acute residual limb pain at rest 
(3.16, 95% CI −0.88 to 7.20; p=0.125) and on movement 
(1.43, 95% CI −3.41 to 6.27; p=0.563) differed between 
treatment groups regardless of any postoperative time 
points (table 3, online supplemental table 8).

Phantom limb sensations
The presence of phantom limb sensations increased with 
time after amputation (p<0.001) (online supplemental 
table 2). There were no significant differences between 
the study groups in the presence of phantom limb sensa-
tions (OR: 1.13, 95% CI 0.60 to 2.14; p=0.708) or its inten-
sity (OR: 0.82, 95% CI 0.46 to 1.47; p=0.513) at 6 months 
(table 3). There was also no effect of preoperative pain on 
the incidence and severity of phantom limb sensations.

Table 3 ORs and estimates of mean differences between groups (L vs S) and corresponding 95% CIs for primary and 
secondary outcomes at rest and on movement

Outcomes

Rest Movement

Estimate (95% CI) P value Estimate (95% CI) P value

Primary outcome

  Moderate or severe phantom limb pain at 6 
months*

0.56 (0.14 to 2.14) 0.394 0.58 (0.15 to 2.21) 0.425

  Phantom limb pain scores at 6 months† 0.92 (−1.92 to 0.09) 0.073 −0.98 (−1.99 to 0.03) 0.056

  Improvement of phantom limb pain at 6 months 
compared with baseline

11.95 (−3.76 to 27.66) 0.133 10.83 (−5.23 to 26.88) 0.182

  Improvement in phantom limb pain at all time 
points (24 hours to 6 months) compared with 
baseline

1.09 (−2.05 to 4.22) 0.498 0.87 (−2.32 to 4.05) 0.595

  Improvement in residual limb pain at all time points 
(24 hours to 6 months) compared with baseline

2.00 (−1.46 to 5.46) 0.257 −0.97 (−5.70 to 3.76) 0.687

  Presence of phantom limb sensations at 6 
months‡

1.13 (0.60 to 2.14) 0.708

  Moderate or severe phantom limb sensations at 6 
months‡

0.82 (0.46 to 1.47) 0.513

Secondary outcomes

  Improvement of acute residual limb pain at all time 
points (1–96 hours after surgery) compared with 
baseline

3.16 (−0.88 to 7.20) 0.125 1.43 (−3.41 to 6.27) 0.563

  Cumulative bioequivalent combined morphine 
consumption (mg) at 96 hours

−0.13 (−0.55 to 0.30) 0.567 −0.12 (−0.55 to 0.31) 0.581

*Estimates (95% CI) for the primary outcome present the OR (95% CI) in group L compared with group S.
†Estimate (95% CI) for the phantom limb pain scores at 6 month presents the ratio of means of group L and S and corresponding 95% CI.
‡Estimates (95% CI) present the OR (95% CI) in group L compared with group S. The assessment of phantom limb sensations was made at 
rest, and not movement.
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Requirements for postoperative analgesics
Morphine requirements in the early postoperative period 
were similar in both groups (online supplemental table 9). 
There was no significant difference in mean bioequivalent 
combined morphine consumption at 96 hours between 
groups L and S after adjustment for baseline pain at rest 
(−0.13, 95% CI −0.55 to 0.30; p=0.567) and movement 
(−0.12, 95% CI −0.55 to 0.31; p=0.581) (table 3). More 
patients in group S (n=14) received rescue analgesia with 
gabapentin after 1 week than group L (n=9). However, 
there was no significant difference overall in rescue medi-
cation use between the two groups at any postoperative 
time point (online supplemental table 10).

Time to fitness for hospital discharge
Time to fitness for discharge was similar between the two 
groups (group L, 12 (7–15.75) days; group S 12 (8–17) 
days) (p=0.804).

Adverse events and complications
In the perioperative and early postoperative period, 
nausea, vomiting and sedation scores were similar (online 
supplemental table 11). No symptoms or signs of local 
anaesthetic toxicity were recorded in either group. In the 
6 months of follow- up, seven patients in group L required 
revision surgery (six for non- healing wounds and one 
underwent amputation of the contralateral leg), six died 
in the follow- up period and three developed wound infec-
tions. In group S, two required revision surgery (for non- 
healing wounds), seven died in the follow- up period and 
seven developed wound infections. There were no prob-
lems related to perineural catheter insertion or malfunc-
tion reported in either group. The incidence of other 
serious adverse events was similar in both groups (online 
supplemental table 12).

DISCUSSION
In this study, both the incidence and severity of phantom 
limb pain after amputation were generally low, and 
residual limb pain scores were low from 6 weeks after 
surgery. Perineural infusion of levobupivacaine 0.125% 
did not significantly reduce phantom limb pain, residual 
limb pain or phantom limb sensations in the first 6 
months after major lower limb amputation compared 
with placebo. There was wide variation in the severity of 
pain in the ischaemic limb and a greater than 100- fold 
difference in requirements for opioid analgesics before 
surgery. Higher postoperative morphine requirements 
were associated with higher pain scores in the first week 
after amputation and an increased incidence of phantom 
limb pain at 6 months.

Several previous studies of perineural local anaesthetic 
infusions have found reductions in phantom limb pain 
after lower limb amputation.21 24 26 However, a recent 
randomised trial demonstrated no benefit.25 Other 
studies have shown reductions in early postoperative 
residual limb pain and morphine consumption with a 
perineural local anaesthetic infusion.10 23 25 29 Much of 
the existing literature has been limited by complex issues, 
which affects pain research in this group, including large 
variations in postoperative pain scores, high requirements 
for opioid and other analgesics, difficulties in recruit-
ment and significant levels of attrition during prolonged 
follow- up.28

In patients receiving perineural local anaesthetic, the 
reported incidence of phantom limb pain ranges from 
18% to 88%, although these studies often included 
younger patients undergoing amputation for malignancy 
and trauma.22 24 35 A recent randomised controlled trial 
of patients with CLTI reported an incidence of 53% 
1 year after amputation, with 19% describing this as 

Figure 2 Incidence of moderate and severe phantom limb 
pain (VAS ≥40) at each time point after amputation at (A) rest 
and (B) movement. VAS, Visual Analogue Scale.
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severe.25 In our trial, only 23% of patients across both 
groups reported moderate- to- severe phantom limb pain 
at 6 months, which was much less than anticipated and 
previously described. The lower degrees of pain reported 
overall may have contributed to the lack of differences 
between groups, though in several sensitivity analyses that 
modelled the change in phantom limb pain compared 
with baseline pain scores, the improvement in phantom 
limb pain was consistently greater in patients receiving 
levobupivacaine. While this provides some evidence of 
a possible effect of the perineural infusion, this was not 
statistically significant.

There are several possible explanations for the differ-
ences between our and previous studies, relating to 
variations in study methods, design, populations and cut- 
offs for reporting phantom limb pain.6 9 First, we used 
a rigorous protocol of pain and sensation assessment, 
regular follow- up from a research nurse dedicated to the 
study, and early intervention to treat pain when needed. 
All patients received PCA morphine for 48–96 hours after 
surgery; any patients reporting any degree of phantom 
limb pain in the study received gabapentin as rescue 
medication; if phantom limb pain persisted, an early 
referral was made to chronic pain specialists for further 
management. Early and effective pain management 
represents modern practice and may prevent or atten-
uate the development of spinal cord sensitisation and 
chronic neuropathic pain.36 In addition to treating acute 
postoperative pain, we believe our rigorous study design 
contributed to the lower incidence of phantom limb pain 
due to frequent assessment, effective analgesia, and early 
intervention with rescue medication. This study may have 

obscured any possible treatment effect compared with 
previous data, as previous studies might have used less 
rigorous protocols for assessing and treating phantom 
limb pain.24–26 For these reasons, it is difficult to make 
firm conclusions from this study that are clearly appli-
cable to the wider population.

Second, in contrast to some previous studies, we made 
rigorous attempts to distinguish between phantom limb 
pain, residual limb pain and phantom limb sensations. 
We noted that both patients and clinical staff who were 
not part of the study team often misunderstood the 
distinction between phantom limb pain and phantom 
limb sensations (such as itching, the amputated leg 
being present, or neuropathic sensations). On review by 
the study nurse, some patients reported phantom limb 
pain when they were actually experiencing non- painful 
sensations that were not troublesome and did not require 
additional analgesia. We specifically enquired about 
these non- painful sensations and distinguished them in 
our analysis from true phantom limb pain. Therefore, 
unless previous studies specifically made this differentia-
tion, they might have overestimated the incidence of true 
phantom limb pain.

Third, there was no significant reduction in early post-
operative pain or morphine requirements in patients 
who received the perineural infusion, contrasting to 
previous studies in this area, although the study was 
underpowered to detect this10 25 This lack of difference 
between groups may relate to the higher pain scores 
and morphine requirements, and the lower proportion 
receiving gabapentin therapy before amputation, in 
group L. This highlights a possible trend towards worse 

Table 4 Summary of estimates and corresponding 95% CIs of linear model using generalised least squares for improvement 
of phantom limb pain at rest and movement for all time points (1 day to 6 months after amputation)

Parameters

Rest Movement

Estimate (95% CI) P value Estimate (95% CI) P value

Intercept* 49.75 (43.16 to 56.34) <0.001 73.03 (64.25 to 81.81) <0.001

Preoperative pain 1.00 (0.95 to 1.04) <0.001 0.98 (0.93 to 1.02) <0.001

Low morphine consumption −4.63 (−9.25 to 0.00) 0.049 −4.17 (−9.14 to 0.80) 0.100

Medium morphine consumption −7.00 (−14.49 to 1.51) 0.013 −6.34 (−12.15 to 0.53) 0.032

High morphine consumption −17.51 (−24.29 to 10.74) <0.001 −18.54 (−25.58 to 11.49) <0.001

2 days −2.94 (−6.90 to 1.02) 0.146 −5.05 (−9.65 to 0.44) 0.032

3 days −5.64 (−10.21 to 1.06) 0.016 −6.98 (−11.91 to 2.06) 0.006

4 days −6.70 (−11.29 to 2.10) 0.004 −7.91 (−12.87 to 2.95) 0.002

1 week −12.51 (−19.12 to 5.90) 0.002 −12.96 (−19.60 to 6.32) <0.001

6 weeks −24.15 (−32.51 to 15.79) <0.001 −24.06 (−32.62 to 15.50) <0.001

3 months −25.72 (−34.09 to 17.34) <0.001 −25.40 (−33.92 to 16.88) <0.001

6 months −22.10 (−30.69 to 0.18) <0.001 −21.95 (−30.68 to 13.23) <0.001

Group L vs group S 1.09 (−2.06 to 4.23) 0.498 0.87 (−2.33 to 4.06) 0.595

Daily morphine consumptions (analgesic use) between 24 hours postoperation to 180 days were categorised as no (0), low (1–40 mg), medium 
(41–100 mg) and high (>100 mg) depending on the actual morphine intake between the specified time and 24 hours before that time point.
*The intercept for rest (movement) indicates the mean improvement of phantom limb pain score at rest (movement) at day 1 for a typical 
patient in group S, with a preoperative pain score at rest of 41.0 (movement 61.9) and with no use of analgesics.
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pain and less effective pain control in group L before 
surgery.

Furthermore, our study involved patients with CLTI. 
The duration and severity of pain before surgery, and 
early postoperative morphine requirements varied widely 
in both groups. Preoperative pain and morphine require-
ments across both groups ranged from 5 mg to 645 mg 
daily. Many patients with CLTI have significant long- term 
pain, prolonged high analgesic requirements and are 
likely to have developed opioid tolerance. This may have 
confounded our results and made any additional effect 
of perineural levobupivacaine difficult to demonstrate. 
In common with similar studies, several patients did not 
complete the follow- up period. This emphasises the diffi-
culties and challenges associated with studying patients 
after amputation. These data suggest that future research 
in this area should focus on larger multicentre studies 
and use network or registry approaches.

Finally, the effect of sciatic or posterior tibial nerve 
blockade alone on central sensitisation after major ampu-
tation may be limited. Others have suggested additional 
femoral nerve blockade may improve efficacy.22 Further-
more, other postoperative factors, such as neuroma 
formation or inadequate surgical cover at the stump site, 
can contribute to significant pain.5 37 Therefore, perioper-
ative neural blockade alone is perhaps unlikely to abolish 
significant residual limb pain or phantom limb pain, or 
reduce morphine requirements in all patients.

The relationship between preoperative opioid use 
and greater postoperative pain is well established.38 Pain 
after amputation is more severe in patients with greater 
of degrees of preoperative and perioperative pain.39 40 
Our findings reflect this: though there was no correla-
tion between early and late postoperative pain scores, 
this study demonstrated a strong association between 
high perioperative opioid requirements and with higher 
acute residual limb pain scores and the development of 
phantom limb pain. This may reflect the development of 
opioid- induced hyperalgesia, and highlights the impor-
tance of a multimodal approach with frequent assessment 
and targeted strategies for perioperative pain manage-
ment.6 38 41

We also noted that higher preoperative pain scores 
were associated with a greater degree of improvement in 
phantom limb pain and residual limb pain overall. This 
may be explained by patients with higher baseline pain 
having more potential for a reduction in pain, compared 
with those who had relatively low baseline scores.

von Plato et al published a randomised controlled 
trial of a perineural local anaesthetic infusion on pain 
after amputation that had greater initial recruitment 
numbers.25 However, the current study is the largest that 
has the prevention of long- term phantom limb pain as the 
primary outcome, and fewer lost to follow- up meant that 
our study cohort after 6 months was greater. Strengths of 
our study include its randomised double- blinded design; 
and that the trial had one dedicated research nurse, 
who performed almost all visits and assessments. Thus, 

interobserver variability was reduced, and both adherence 
to the study protocol and numbers completing 6- month 
follow- up were high. Also, surgery and placement of the 
perineural catheter was performed by a small number 
of surgeons, and all postoperative care was on the same 
ward, so variability in care was minimised.

The study was limited by low levels of recruitment in the 
latter years, and we were unable to extend recruitment to 
multiple centres, so that the recruitment target was not 
reached. Hence, the trial was underpowered to demon-
strate significant differences in the primary outcome. 
The findings may not apply to others undergoing major 
amputation for other indications such as younger patients 
after trauma, in whom preoperative chronic pain and 
opioid use are likely to be lower, and the psychological 
implications different. Though several years have passed 
since data collection ceased, our study protocol of early 
effective multi- modal pain management reflects modern 
practice.

Future research in this area should focus on larger, 
multicentre studies with specific distinctions of phantom 
limb pain and non- painful phantom limb sensations. It 
may be beneficial to stratify for baseline pain, preoper-
ative analgesics and other potential confounders such 
as the presence of diabetes. It is important to consider 
a multimodal approach as part of the treatment strategy 
before and after amputation. Combined sciatic and 
femoral nerve blockade with or without neuraxial anaes-
thesia also warrants consideration.

CONCLUSIONS
In conclusion, the incidence and intensity of phantom 
limb pain, residual limb pain and phantom limb sensa-
tions were low after major lower limb amputation for 
CLTI. Perineural infusion of levobupivacaine 0.125% was 
not superior to a perineural infusion of saline, although 
the study was underpowered to assess the primary 
outcome. The low incidence of phantom limb pain in 
this study may have resulted from strict differentiation 
between phantom limb pain, residual limb pain and non- 
painful phantom limb sensations, in contrast to some 
previous studies, as well as early intervention to identify 
and treat postoperative pain when it occurred. Pain after 
amputation varies widely, and a single optimum strategy 
for postoperative analgesia and prevention of phantom 
limb pain might be unrealistic.

Author affiliations
1Division of Anaesthesia Critical Care & Pain Management, Department of 
Cardiovascular Sciences, University of Leicester, Leicester, UK
2Medical Statistics Team, University of Aberdeen, Aberdeen, UK
3Anaesthesia Critical Care and Pain Management, Leicester Royal Infirmary, 
University Hospitals of Leicester NHS Trust, Leicester, UK
4Division of Population Health and Genomics, University of Dundee, Dundee, UK

Acknowledgements We would like to acknowledge the assistance of Dr M 
Viskaduraki, University of Leicester, UK for additional statistical advice; and both 
Prof D.J. Rowbotham and Mr M. McCarthy, University Hospitals of Leicester NHS 
Trust, for advice on the trial protocol.

Learning C
entre. P

rotected by copyright.
 on F

ebruary 21, 2023 at U
niversity of D

undee Library &
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060349 on 10 F

ebruary 2023. D
ow

nloaded from
 

http://bmjopen.bmj.com/


11Hunt W, et al. BMJ Open 2023;13:e060349. doi:10.1136/bmjopen-2021-060349

Open access

Contributors Study conception and design: JPT. Acquisition, analysis and 
interpretation of data: JPT, SB, MN, WH and LC. Specialist statistical analysis: 
MN. Writing of the first draft of the manuscript: JPT, SB, WH and MN. Revision of 
the manuscript critically for important intellectual content: JPT, WH, MN and LC. 
Guarantor: JPT. All authors read and approved the final version of the manuscript.

Funding This work was supported by Action Medical Research (grant reference: 
AP1178) and the Association of Anaesthetists of Great Britain and Ireland (AAGBI) 
Departmental Project Grant 2006 (no grant number).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the Medicines and Healthcare 
Regulatory Agency (ref. 21275/0233/001- 0001) and the Trent Research Ethics 
Committee (07/H0405/42). Participants gave informed consent to participate in the 
study before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. The data 
generated during and/or analysed are available from the corresponding author on 
reasonable request. Some trial data are also available via the EudraCT and ISRCTN 
websites.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
William Hunt http://orcid.org/0000-0002-8051-6431

REFERENCES
 1 The Vascular Society. A best practice clinical care pathway 

for peripheral arterial disease. 2019. Available: https://www. 
vascularsociety.org.uk/_userfiles/pages/files/Resources/PAD% 
20QIF%20March%202019%20v2.pdf [Accessed 24 Aug 2020].

 2 Vascular Services Quality Improvement Programme. National 
vascular registry: 2021 annual report. Available: https://www.vsqip. 
org.uk/content/uploads/2022/04/NVR-2021-Annual-Report-Main- 
Report.pdf [Accessed 26 Jul 2022].

 3 Ambler GK, Thomas- Jones E, Edwards AG, et al. Prognostic risk 
modelling for patients undergoing major lower limb amputation: an 
analysis of the UK National vascular registry. Eur J Vasc Endovasc 
Surg 2020;59:606–13. 

 4 Pell JP, Donnan PT, Fowkes FG, et al. Quality of life following lower 
limb amputation for peripheral arterial disease. Eur J Vasc Surg 
1993;7:448–51. 

 5 Neil M. Pain after amputation. Bja Education 2016;16:107–12. 
 6 Nikolajsen L, Jensen TS. Phantom limb pain. Br J Anaesth 

2001;87:107–16. 
 7 Jensen TS, Krebs B, Nielsen J, et al. Phantom limb, phantom pain 

and stump pain in amputees during the first 6 months following limb 
amputation. Pain 1983;17:243–56. 

 8 Flor H. Phantom- limb pain: characteristics, causes, and treatment. 
Lancet Neurol 2002;1:182–9. 

 9 Bosmans JC, Geertzen JHB, Post WJ, et al. Factors associated 
with phantom limb pain: a 31/2- year prospective study. Clin Rehabil 
2010;24:444–53. 

 10 Laloo R, Ambler GK, Locker D, et al. Systematic review and meta- 
analysis of the effect of perineural catheters in major lower limb 
amputations. Eur J Vasc Endovasc Surg 2021;62:295–303. 

 11 Houghton AD, Nicholls G, Houghton AL, et al. Phantom pain: natural 
history and association with rehabilitation. Ann R Coll Surg Engl 
1994;76:22.

 12 Geertzen J, van der Linde H, Rosenbrand K, et al. Dutch evidence- 
based guidelines for amputation and prosthetics of the lower 
extremity: rehabilitation process and prosthetics. Part 2. Prosthet 
Orthot Int 2015;39:361–71. 

 13 Nikolajsen L, Ilkjaer S, Christensen JH, et al. Randomised trial of 
epidural bupivacaine and morphine in prevention of stump and 
phantom pain in lower- limb amputation. Lancet 1997;350:1353–7. 

 14 Karanikolas M, Aretha D, Tsolakis I, et al. Optimized perioperative 
analgesia reduces chronic phantom limb pain intensity, prevalence, 
and frequency: a prospective, randomized, clinical trial. 
Anesthesiology 2011;114:1144–54. 

 15 Alviar MJM, Hale T, Dungca M. Pharmacologic interventions for 
treating phantom limb pain. Cochrane Database Syst Rev 2011;12.

 16 Tilak M, Isaac SA, Fletcher J, et al. Mirror therapy and 
transcutaneous electrical nerve stimulation for management of 
phantom limb pain in amputees- a single blinded randomized 
controlled trial. Physiother Res Int 2016;21:109–15. 

 17 Jahangiri M, Jayatunga AP, Bradley JW, et al. Prevention of phantom 
pain after major lower limb amputation by epidural infusion of 
diamorphine, clonidine and bupivacaine. Ann R Coll Surg Engl 
1994;76:324.

 18 Horlocker TT, Vandermeuelen E, Kopp SL, et al. Regional anesthesia 
in the patient receiving antithrombotic or thrombolytic therapy: 
American Society of regional anesthesia and pain medicine 
evidence- based guidelines (fourth edition). Obstetric Anesthesia 
Digest 2019;39:28–9. 

 19 Natarajan B, Patel P, Mukherjee A. Acute lower limb ischemia- 
etiology, pathology, and management. Int J Angiol 
2020;29:168–74. 

 20 Pinzur MS, Garla PG, Pluth T, et al. Continuous postoperative 
infusion of a regional anesthetic after an amputation of the lower 
extremity. A randomized clinical trial. J Bone Joint Surg Am 
1996;78:1501–5. 

 21 Grant AJ, Wood C. The effect of intra- neural local anaesthetic 
infusion on pain following major lower limb amputation. Scott Med J 
2008;53:4–6. 

 22 Elizaga AM, Smith DG, Sharar SR, et al. Continuous regional 
analgesia by intraneural block: effect on postoperative opioid 
requirements and phantom limb pain following amputation. J Rehabil 
Res Dev 1994;31:179–87. 

 23 Ayling OGS, Montbriand J, Jiang J, et al. Continuous regional 
anaesthesia provides effective pain management and reduces opioid 
requirement following major lower limb amputation. Eur J Vasc 
Endovasc Surg 2014;48:559–64. 

 24 Borghi B, D’Addabbo M, White PF, et al. The use of prolonged 
peripheral neural blockade after lower extremity amputation: the 
effect on symptoms associated with phantom limb syndrome. Anesth 
Analg 2010;111:1308–15. 

 25 von Plato H, Peltoniemi M, Kauhanen P, et al. Combination of 
perineural and wound infusion after above knee amputation: a 
randomized, controlled multicenter study. Acta Anaesthesiol Scand 
2019;63:1406–12. 

 26 Fisher A, Meller Y. Continuous postoperative regional analgesia by 
nerve sheath block for amputation surgery -- a pilot study. Anesth 
Analg 1991;72:300–3. 

 27 Milosevic S, Strange H, Morgan M, et al. Exploring patients’ 
experiences of analgesia after major lower limb amputation: a 
qualitative study. BMJ Open 2021;11:e054618. 

 28 Bosanquet DC, Ambler GK, Waldron C- A, et al. Perineural local 
anaesthetic catheter after major lower limb amputation trial 
(placement): results from a randomised controlled feasibility trial. 
BMJ Open 2019;9:e029233. 

 29 Malawer MM, Buch R, Khurana JS, et al. Postoperative infusional 
continuous regional analgesia a technique for relief of postoperative 
pain following major extremity surgery. Clin Orthop Relat Res 
1991;266:227. 

 30 Bosanquet D, Nandhra S, Wong K, et al. Research priorities for lower 
limb amputation in patients with vascular disease. JVascSocGBIrel 
2021;1:11–6. 

 31 Schulz KF, Altman DG, Moher D. Consort 2010 statement: updated 
guidelines for reporting parallel group randomised trials. J Pharmacol 
Pharmacother 2010;1:100–7. 

 32 Serlin RC, Mendoza TR, Nakamura Y, et al. When is cancer pain mild, 
moderate or severe? grading pain severity by its interference with 
function. Pain 1995;61:277–84. 

 33 Jensen MP, Chen C, Brugger AM. Interpretation of visual analog 
scale ratings and change scores: a reanalysis of two clinical trials of 
postoperative pain. J Pain 2003;4:407–14. 

Learning C
entre. P

rotected by copyright.
 on F

ebruary 21, 2023 at U
niversity of D

undee Library &
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060349 on 10 F

ebruary 2023. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-8051-6431
https://www.vascularsociety.org.uk/_userfiles/pages/files/Resources/PAD%20QIF%20March%202019%20v2.pdf
https://www.vascularsociety.org.uk/_userfiles/pages/files/Resources/PAD%20QIF%20March%202019%20v2.pdf
https://www.vascularsociety.org.uk/_userfiles/pages/files/Resources/PAD%20QIF%20March%202019%20v2.pdf
https://www.vsqip.org.uk/content/uploads/2022/04/NVR-2021-Annual-Report-Main-Report.pdf
https://www.vsqip.org.uk/content/uploads/2022/04/NVR-2021-Annual-Report-Main-Report.pdf
https://www.vsqip.org.uk/content/uploads/2022/04/NVR-2021-Annual-Report-Main-Report.pdf
http://dx.doi.org/10.1016/j.ejvs.2019.12.006
http://dx.doi.org/10.1016/j.ejvs.2019.12.006
http://dx.doi.org/10.1016/s0950-821x(05)80265-8
http://dx.doi.org/10.1093/bjaed/mkv028
http://dx.doi.org/10.1093/bja/87.1.107
http://dx.doi.org/10.1016/0304-3959(83)90097-0
http://dx.doi.org/10.1016/s1474-4422(02)00074-1
http://dx.doi.org/10.1177/0269215509360645
http://dx.doi.org/10.1016/j.ejvs.2021.03.008
http://dx.doi.org/10.1177/0309364614542725
http://dx.doi.org/10.1177/0309364614542725
http://dx.doi.org/10.1016/S0140-6736(97)06315-0
http://dx.doi.org/10.1097/ALN.0b013e31820fc7d2
http://dx.doi.org/10.1002/pri.1626
http://dx.doi.org/10.1097/01.aoa.0000552901.03545.fb
http://dx.doi.org/10.1097/01.aoa.0000552901.03545.fb
http://dx.doi.org/10.1055/s-0040-1713769
http://dx.doi.org/10.2106/00004623-199610000-00007
http://dx.doi.org/10.1258/RSMSMJ.53.1.4
http://dx.doi.org/10.1016/j.bja.2019.11.017
http://dx.doi.org/10.1016/j.bja.2019.11.017
http://dx.doi.org/10.1016/j.ejvs.2014.07.002
http://dx.doi.org/10.1016/j.ejvs.2014.07.002
http://dx.doi.org/10.1213/ANE.0b013e3181f4e848
http://dx.doi.org/10.1213/ANE.0b013e3181f4e848
http://dx.doi.org/10.1111/aas.13440
http://dx.doi.org/10.1213/00000539-199103000-00004
http://dx.doi.org/10.1213/00000539-199103000-00004
http://dx.doi.org/10.1136/bmjopen-2021-054618
http://dx.doi.org/10.1136/bmjopen-2019-029233
http://dx.doi.org/10.1097/00003086-199105000-00035
http://dx.doi.org/10.54522/jvsgbi.2021.001
http://dx.doi.org/10.4103/0976-500X.72352
http://dx.doi.org/10.4103/0976-500X.72352
http://dx.doi.org/10.1016/0304-3959(94)00178-H
http://dx.doi.org/10.1016/s1526-5900(03)00716-8
http://bmjopen.bmj.com/


12 Hunt W, et al. BMJ Open 2023;13:e060349. doi:10.1136/bmjopen-2021-060349

Open access 

 34 Jaggernauth V, McCarthy M, Lapworth M, et al. The effect of 
continuous sciatic nerve blockade via a neural sheath catheter 
on stump and phantom limb pain in lower limb amputees. Br J 
Anaesthesia 2006;96:276P. 

 35 Lambert AW, Dashfield AK, Cosgrove C, et al. Randomized 
prospective study comparing preoperative epidural and 
intraoperative perineural analgesia for the prevention of 
postoperative stump and phantom limb pain following major 
amputation. Reg Anesth Pain Med 2001;26:316–21. 

 36 Subedi B, Grossberg GT. Phantom limb pain: mechanisms and 
treatment approaches. Pain Res Treat 2011;2011:864605. 

 37 Flor H, Nikolajsen L, Staehelin Jensen T. Phantom limb pain: a case 
of maladaptive CNS plasticity? Nat Rev Neurosci 2006;7:873–81. 

 38 Roullet S, Nouette- Gaulain K, Biais M, et al. Preoperative opioid 
consumption increases morphine requirement after leg amputation. 
Can J Anaesth 2009;56:908–13. 

 39 Nikolajsen L, Ilkjaer S, Krøner K, et al. The influence of preamputation 
pain on postamputation stump and phantom pain. Pain 
1997;72:393–405. 

 40 Hanley MA, Jensen MP, Smith DG, et al. Preamputation pain and 
acute pain predict chronic pain after lower extremity amputation.  
J Pain 2007;8:102–9. 

 41 Colvin LA, Bull F, Hales TG. Perioperative opioid analgesia—when 
is enough too much? A review of opioid- induced tolerance and 
hyperalgesia. Lancet 2019;393:1558–68. 

Learning C
entre. P

rotected by copyright.
 on F

ebruary 21, 2023 at U
niversity of D

undee Library &
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-060349 on 10 F

ebruary 2023. D
ow

nloaded from
 

http://dx.doi.org/10.1093/bja/aei288
http://dx.doi.org/10.1093/bja/aei288
http://dx.doi.org/10.1097/00115550-200107000-00007
http://dx.doi.org/10.1155/2011/864605
http://dx.doi.org/10.1038/nrn1991
http://dx.doi.org/10.1007/s12630-009-9185-8
http://dx.doi.org/10.1016/s0304-3959(97)00061-4
http://dx.doi.org/10.1016/j.jpain.2006.06.004
http://dx.doi.org/10.1016/j.jpain.2006.06.004
http://dx.doi.org/10.1016/S0140-6736(19)30430-1
http://bmjopen.bmj.com/


1 
 

Supplementary material:  
 
The effect of a continuous perineural levobupivacaine infusion on pain after 
major lower limb amputation: a randomised double-blind placebo-controlled 
trial 
  

William H. Hunt, Mintu Nath, Sarah Bowrey, Lesley Colvin, Jonathan P. Thompson 

 

 
Recruitment numbers 

The data presented are from patients recruited between October 2007 and October 2013.  Recruitment 

slowed during 2012 because the number of patients undergoing major lower limb amputation decreased.  

We also noted that the overall incidence of late phantom pain appeared to be lower than in our original 

pilot study. We submitted our blinded data to the independent Data Monitoring Committee in December 

2012, who confirmed that the overall incidence of phantom limb pain was lower than anticipated and 

revised the original power calculation to include 132 patients with evaluable 6-month follow-up data. For 

these reasons, we submitted a substantial protocol amendment to the LREC and study sponsors to 

extend recruitment to other centres.  However, despite inviting a number of UK hospitals to take part, 

none were willing to do so because they did not have the resources to commit to the number of follow-

up visits required for 6 months after surgery.  Recruitment was stopped in October 2013, shortly before 

the research nurse, who had done most of the recruitment, data collection and follow-up, left our team 

as her grant funding had expired. 

Data handling and statistical analysis 

All data were analysed on a per-protocol basis. We calculated the improvement or change of the 

outcome measure at a given time point by subtracting the score from the corresponding baseline 

score i.e. change = baseline score – outcome score. Baseline VAS scores at rest and on movement 

were measured at 6h prior to the operation.  
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Between one and 96 hours after surgery, patients continued oral morphine perioperatively while 

some patients received both patient-controlled analgesia device (PCA) and oral morphine. 

Therefore, we calculated the postoperative morphine usage as total bioequivalent morphine 

consumption by adding the i.v. PCA morphine use to the daily dose of oral morphine (using a 

conversion factor of 0.33 so that 10mg oral morphine was classed as 3mg bioequivalent) to give a 

combined bioequivalent dose. 

Daily morphine consumptions (analgesic use) between 24h post-operation to 180d were categorised 

as no (0), low (1-40 mg), medium (41-100 mg) and high (>100 mg) depending on the actual morphine 

intake between the specified time and 24h before that time point.  

All categorical variables are presented as frequencies (%), and numerical variables summarised as 

mean (standard deviation) or median (interquartile range) as appropriate. 

As a preliminary analysis, we assessed the phantom limb pain and residual limb pain scores between 

the two groups at each postoperative time point. Since the median scores are zero in most cases, we 

did not conduct any formal statistical test to compare between groups 

We fitted a logistic regression model to evaluate the primary outcome measures, the presence of 

moderate or severe PLP scores (PLP score ≥ 40) at rest (PLP-R) and on movement (PLP-M) at 6 

months, assuming the binomial distribution of the data with a logit link function. The model was 

adjusted for the baseline score and daily morphine consumption at 6 months regardless of the 

statistical significance of these predictors. We examined other predictors, such as age, sex, presence 

of diabetes, types of operation, and preoperative questionnaire data; however, there was no 

evidence that these predictors were statistically significant (p>0.05). All the available data were used 

to estimate the effect size, and any missing data were assumed to be missing at random. 

We also conducted several sensitivity analyses on the primary outcome data on PLP-R and PLP-M 

scores at 6 months. These include: (a) a general linear model of log-transformed PLP scores at rest 
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and movement at six months; (b) a general linear model on the improvement in PLP scores at six 

months. All these models were adjusted for the baseline score and daily morphine consumption at 6 

months. 

The secondary outcomes included: improvement of (a) phantom limb pain scores at rest and 

movement at postoperative time points of 24 hours, 48 hours, 72 hours, 96 hours, one week,  six 

weeks, three months, and six months, (b) acute residual limb pain scores at rest and on movement 

at postoperative time points of 1 hour, 2 hours, 4 hours, 8 hours, 12 hours, 24 hours and 48 hours, 

(c) chronic residual limb pain scores at rest and on movement at postoperative time points of 24 

hours, 48 hours, 72 hours, 96 hours, one week,  six weeks, three months and six months, (d) the 

presence of non-painful phantom limb sensations and (e) a moderate or higher PSI at 24 hours, 48 

hours, 72 hours, 96 hours, one week,  six weeks, three months and six months. 

We analysed the outcome data on improvement of phantom limb pain, acute and chronic residual 

limb pain scores at rest and movement for all time points (24h to 6 months) by fitting a separate 

linear model for each outcome measure. The model included the treatment group and adjusted for 

the corresponding baseline score (as a deviation from the overall population mean) and relevant 

data on analgesic use by the patient, i.e. daily morphine consumption for PLP and chronic SP, and 

morphine bioequivalent dose for acute SP. The model considered time as a categorical variable. We 

explored the model for other predictors, such as age, sex, presence of diabetes, types of operation, 

and preoperative questionnaire data (log-transformed), and retained statistically significant (p<0.05) 

predictors in the final model. We evaluated all models using generalised least squares and 

incorporated autoregressive continuous time process of first-order to account for the correlation 

between measurements within the same patient, and a constant variance function to account for 

the heterogeneity of variance of the outcome variable at each time point (i.e. estimating and 

adjusting for the variance at each time point). All estimates of variances were obtained using the 

restricted maximum likelihood (REML) method. Details of the modelling framework under 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2021-060349:e060349. 13 2023;BMJ Open, et al. Hunt W



4 
 

generalised least squares framework are presented by Pinheiro and Bates (2000).1 For our missing 

data analysis strategy, we adopted list-wise deletion. No imputation was performed for missing data. 

We analysed the data on the presence of phantom limb sensation (PLS) and moderate or greater 

phantom sensation intensity (PSI) at all time points using a separate mixed-effects logistic regression 

model. The models were adjusted for treatment, baseline score, daily morphine consumption, and 

linear and quadratic terms for time points as fixed effects and incorporated patient as a random 

effect. The estimates of variances were obtained using the REML method. 

We also modelled the cumulative bioequivalent morphine consumption at 96h using a general linear 

model and adjusted for baseline score and other predictors as described above. A comparison of 

anxiety and depression scores at baseline and 6 months postoperative time point was conducted 

using Wilcoxon signed rank-sum test. 

We conducted all statistical analyses in the SPSS Version 26.0 (IBM, Chicago, IL) and R software 

environment (2020).2 For models implemented in the R software environment, we used the 

following packages for different modelling frameworks: (1) nlme for generalised least squares model 

(https://cran.r-project.org/web/packages/nlme) and (2) lme4 for mixed effects logistic regression 

model (https://cran.r-project.org/web/packages/lme4). 
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Supplementary Data  

Supplementary Table 1 – Incidence of pain at rest classified as: none (VAS 0-4), mild (VAS 5-39), 

moderate (VAS 40-69) and severe (VAS 70-100). The percentage (%) of patients who complained of 

moderate or severe phantom limb or residual limb pain (VAS ≥40) at rest in each group is presented.  

Pain before surgery refers to pain in the limb to be amputated. VAS: Visual Analogue Pain Score. 

 Group L – Levobupivacaine 0.125% 
(n=41) 

Group S – Saline 0.9% (n=40) 

Pain None Mild Mod Severe % None Mild Mod Severe % 
Preoperative pain 
Before surgery 11 7 6 13 51.4% 11 11 5 11 42.1% 
Phantom limb pain 
24 h 38 3 0 0 0% 35 1 1 1 5.3% 
48 h 37 2 1 1 4.9% 37 0 2 0 5.1% 
72 h 34 2 1 2 7.7% 35 2 2 0 5.1% 
96 h 34 2 1 2 7.7% 33 3 3 0 7.7% 
1 week 24 4 4 1 15.2% 26 5 4 2 16.2% 
6 weeks 19 6 6 3 26.5% 21 4 2 9 30.6% 
3 months 22 4 6 2 23.5% 18 4 6 6 35.3% 
6 months 22 1 1 6 23.3% 17 6 4 5 28.1% 
Residual limb pain 
24 h 24 10 6 1 17.1% 24 5 9 1 25.6% 
48 h 28 9 4 0 9.8% 25 7 6 1 17.9% 
72 h 32 4 2 1 7.7% 27 8 2 2 10.3% 
96 h 27 10 0 2 5.1% 31 5 2 1 7.7% 
1 week 21 8 3 1 12.1% 24 7 4 2 16.2% 
6 weeks 28 4 2 0 5.9% 26 4 6 0 16.7% 
3 months 27 4 1 2 8.8% 28 3 3 0 8.8% 
6 months 24 5 0 1 3.3% 26 5 1 0 3.1% 
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Supplementary Table 2 – Incidence of phantom limb pain and residual limb pain on movement, and 

phantom limb sensations at different time points, classified as: none, mild, moderate, and severe. 

The percentage (%) of patients who complained of moderate or severe phantom limb or residual 

limb pain (VAS ≥40), or moderate or severe phantom limb sensation intensity (VRS ≥4) at each 

individual time point in each group is presented. VAS: Visual Analogue Pain Score; VRS: Verbal Rating 

Scale. 

Pain/Time 
point 

Group L (n=41) Group S (n=40) 

 None Mild Mod Severe % None Mild Mod Severe % 
Preoperative pain  
Before surgery 4 7 7 19 70.3% 5 6 10 17 71.1% 
Phantom limb pain 
24 h 37 4 0 0 0.0% 35 1 1 1 2.6% 
48 h 37 2 1 1 4.9% 33 2 3 1 10.3% 
72 h 35 1 2 2 10.0% 34 2 2 1 7.7% 
96 h 34 2 2 2 10.0% 32 4 3 0 7.7% 
1 week 23 4 5 1 18.2% 25 5 5 2 19.0% 
6 weeks 18 6 7 3 29.4% 21 4 2 9 30.6% 
3 months 20 6 5 3 23.5% 18 4 6 6 35.3% 
6 months 22 1 1 6 23.3% 15 7 3 5 26.7% 
Residual limb pain 
24 h 7 16 11 7 43.9% 8 7 12 12 61.5% 
48 h 6 17 13 5 43.9% 8 9 10 12 56.4% 
72 h 9 19 8 3 28.2% 12 9 13 5 46.2% 
96 h 9 13 13 4 43.6% 13 10 8 8 41.0% 
1 week 5 14 12 2 42.4% 13 12 7 5 32.4% 
6 weeks 25 5 4 0 11.8% 20 9 7 0 19.4% 
3 months 20 6 5 3 23.5% 26 5 3 0 8.8% 
6 months 21 3 3 3 20% 25 4 3 0 9.4% 
Phantom Limb Sensations 
24 h 21 8 9 2 27.5% 16 8 8 5 34.2% 
48 h 22 19 0 0 0.0% 28 11 0 0 0.0% 
72 h 17 9 9 3 31.6% 20 6 7 3 27.8% 
96 h 18 8 6 6 31.6% 19 4 10 5 39.5% 
1 week 9 6 11 7 54.5% 10 11 12 4 43.2% 
6 weeks 4 7 15 8 67.6% 4 9 15 8 63.9% 
3 months 2 10 15 7 64.7% 4 8 11 11 64.7% 
6 months 3 12 10 5 50.0% 4 10 8 10 56.3% 

 

§ For phantom limb pain and residual limb pain, VAS scores (range 0-100 mm) have been categorised 

as: none (VAS 0-4), mild (VAS 5-39), moderate (VAS 40-69) and severe (VAS 70-100). 

§§ For phantom limb pain sensation intensity, VRS scores (range 0-10) have been categorised as: 

none (VRS 0), mild (VRS 1-3), moderate (VRS 4-6) and severe (VRS 7-10). 
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Supplementary Table 3 – Summary of estimates of odds ratio (95% confidence interval) of logistic 

regression model for the presence of moderate or severe phantom limb pain (VAS pain score ≥40) at 

rest or movement at the 6-month time point. VAS: Visual Analogue Pain Score. Daily morphine 

consumptions (analgesic use) between 24h post-operation to 180d were categorised as no (0), low 

(1-40 mg), medium (41-100 mg) and high (>100 mg) depending on the actual morphine intake 

between the specified time and 24h before that time point. 

 Rest Movement 

 Odds Ratio (95% CI) P-value Odds Ratio (95% CI) P-value 

Preoperative painǂ 1.77 (0.47, 6.63) 0.394 2.39 (0.51, 11.13) 0.266 

Low morphine 
consumption§   

3.38 (0.57, 19.96) 0.178 3.23 (0.56, 18.72) 0.191 

Medium morphine 
consumption 

1.06 (0.10, 11.00) 0.958 0.95 (0.09, 9.92) 0.965 

High morphine consumption 4.27 (0.47, 38.36) 0.196 5.39 (0.57, 50.47) 0.140 

Group L vs Group S 0.56 (0.14, 2.14) 0.394 0.58 (0.15, 2.21) 0.425 

 

ǂ The odds ratio for preoperative pain at rest (movement) indicates the increase in odds of moderate 

or severe PLP pain at rest (movement) due to an increase in one unit increase in the score of 

preoperative pain. 

§ The odds ratio for low (medium) morphine consumption at rest (movement) indicates the odds of 

moderate or severe PLP pain at rest (movement) compared with no use of analgesics. 
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Supplementary Table 4 – Summary of estimates (95% confidence interval) of linear regression 

model for phantom limb pain scores at rest and movement at 6 months. Daily morphine 

consumptions (analgesic use) between 24h post-operation to 180d were categorised as no (0), low 

(1-40 mg), medium (41-100 mg) and high (>100 mg) depending on the actual morphine intake 

between the specified time and 24h before that time point. 

 Rest Movement 

 Estimate (95% CI) P-value Estimate (95% CI) P-value 

Interceptǂ 1.10 (0.09, 2.11) 0.033 0.72 (-0.70, 2.14) 0.314 

Preoperative pain 0.21 (-0.08, 0.50) 0.150 0.29 (-0.06, 0.64) 0.100 

Low morphine consumption 0.56 (-0.91, 2.02) 0.448 0.52 (-0.93, 1.98) 0.471 

Medium morphine 
consumption 

-0.39 (-2.15, 1.37) 0.661 -0.52 (-2.28, 1.24) 0.554 

High morphine consumption 1.60 (-0.37, 3.56) 0.109 1.70 (-0.22, 3.62) 0.081 

Group L vs Group S -0.92 (-1.92, 0.09) 0.073 -0.98 (-1.99, 0.03) 0.056 

 

ǂ The intercept for rest (movement) indicates the phantom limb pain VAS score on the log scale for a 

typical patient at 6 months in group S with a log preoperative pain score at rest (movement) of zero 

and no use of analgesics.  
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Supplementary Table 5 - Summary of estimates (95% confidence interval) of linear regression model 

for the improvement of phantom limb pain at rest and movement between baseline and the 6-

month follow-up. Daily morphine consumptions (analgesic use) between 24h post-operation to 180d 

were categorised as no (0), low (1-40 mg), medium (41-100 mg) and high (>100 mg) depending on 

the actual morphine intake between the specified time and 24h before that time point. 

Parameters Rest Movement 

 Estimate (95% CI) P-value Estimate (95% CI) P-value 

Interceptǂ 18.65 (7.37, 29.92) 0.002 40.45 (28.66, 52.24) <0.001 

Preoperative pain 0.75 (0.53, 0.96) <0.001 0.80 (0.58, 1.02) <0.001 

Low morphine consumption -15.12 (-37.72, 7.48) 0.185 -15.30 (-38.48, 7.87) 0.191 

Medium morphine consumption 7.74 (-19.15, 34.64) 0.566 9.51 (-18.10, 37.12) 0.492 

High morphine consumption -26.76 (-56.66, 3.15) 0.078 -31.95 (-62.36, -1.54) 0.034 

Group L vs Group S 11.95 (-3.76, 27.66) 0.133 10.83 (-5.23, 26.88) 0.182 

 
ǂ The intercept for rest (movement) indicates the mean improvement of phantom limb pain score at 

rest (movement) at day 1 for a typical patient in Group S, with a preoperative pain score at rest of 

41.0 (movement 61.9) and with no use of analgesics  
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Supplementary Table 6 – Visual analogue pain (residual limb pain) score (scale 0-100) at rest and on 

movement in the early postoperative period presented as median (IQR).  

Time after 

surgery (h) 

Rest Movement 

 Group L Group S Group L Group S 

Preoperative 40 (0-73) 22 (2-75)  71 (32-99)  66 (34-96) 

1 0 (0-28) 0 (0-0)  0 (0-34)  0 (0-0)  

2 0 (0-35) 0 (0-64) 11 (0-42)  1 (0-76)  

4 7 (0-50) 20 (2-40)  37 (0-55)  37 (16-52)  

8 18 (0-62) 12 (0-40)  50 (6-74)  39 (10-65)  

12 27 (3-59) 35 (3-64)  48 (8-70)  47 (17-75)  

24 1 (0-24) 0 (0-40)  33 (16-61)  47 (15-74)  

36 1 (0-28) 1 (0-33)  40 (19-91)  40 (17-60)  

48 1 (0-14) 0 (0-27)  34 (18-58)  45 (23-72)  

72 0 (0-1) 0 (0-14)  20 (5-44)  34 (0-63)  

96 0 (0-13) 0 (0-4)  32 (10-61)  23 (0-68)  
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Supplementary Table 7 – Summary of estimates (95% confidence interval) of linear model using 

generalised least squares for improvement of residual limb pain at rest and movement for all time 

points (24 h to 6-month). Daily morphine consumptions (analgesic use) between 24h post-operation 

to 180d were categorised as no (0), low (1-40 mg), medium (41-100 mg) and high (>100 mg) 

depending on the actual morphine intake between the specified time and 24h before that time 

point. 

Parameters Rest Movement 

 Estimate (95% CI) P-value Estimate (95% CI) P-value 

Interceptǂ 33.62 (25.92, 41.31) <0.001 53.86 (41.13, 66.58) <0.001 

Preoperative pain 0.98 (0.93, 1.03) <0.001 1.05 (0.97, 1.13) <0.001 

Low morphine consumption -0.53 (-4.70, 3.65) 0.805 -4.72 (-9.88, 0.43) 0.072 

Medium morphine consumption -3.99 (-9.56, 1.57) 0.160 -6.51 (-13.51, 0.48) 0.068 

High morphine consumption -17.40 (-24.44, -10.35) <0.001 -21.42 (-30.45, -12.39) <0.001 

2 days 3.33 (-2.68, 9.34) 0.277 -0.35 (-6.59, 5.90) 0.913 

3 days 4.71 (-1.93, 11.35) 0.164 7.07 (-0.83, 14.96) 0.079 

4 days 3.42 (-3.98, 10.82) 0.365 1.80 (-7.19, 10.79) 0.695 

1 week 2.54 (-4.92, 10.01) 0.503 9.53 (0.53, 18.54) 0.038 

6 weeks  5.06 (-2.32, 12.45) 0.179 26.18 (17.51, 34.86) <0.001 

3 months  5.19 (-2.41, 12.79) 0.180 23.82 (14.73, 32.90) <0.001 

6 months 7.01 (-0.23, 14.24) 0.058 24.44 (15.17, 33.71) <0.001 

Group L vs Group S 2.00 (-1.46, 5.46) 0.257 -0.97 (-5.70, 3.76) 0.687 

 
ǂ The intercept for rest (movement) indicates the mean improvement of residual limb pain score at 

rest (movement) at day 1 for a typical patient in Group S, with a preoperative pain score at rest of 

41.0 (movement 61.9) and with no use of analgesics. 
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Supplementary Table 8 – Summary of estimates (95% confidence interval) of linear model using 

generalised least squares for improvement of pain at rest and movement for all time points (24 h to 

6-month).  

Parameters Rest Movement 

 Estimate (95% CI) p-value Estimate (95% CI) p-value 

Interceptǂ 38.63 (28.57, 48.69) <0.001 62.13 (48.08, 76.19) <0.001 

Preoperative pain 0.92 (0.87, 0.98) <0.001 0.89 (0.81, 0.97) <0.001 

Cumulative bioequivalent 
morphine consumption 

-0.03 (-0.05, -0.01) <0.001 -0.04 (-0.07, -0.02) 0.001 

2 h -12.77 (-20.11, -5.43) <0.001 -13.50 (-21.30, -5.71) 0.001 

4 h -10.10 (-18.75, -1.46) 0.022 -23.70 (-33.07, -14.34) <0.001 

8 h -13.73 (-23.30, -4.15) 0.005 -26.63 (-36.69, -16.56) <0.001 

12 h -19.35 (-29.24, -9.46) <0.001 -31.44 (-41.31, -21.57) <0.001 

24 h  -0.01 (-9.19, 9.17) 0.998 -25.03 (-34.63, -15.42) <0.001 

48 h  6.17 (-2.69, 15.03) 0.172 -22.19 (-32.10, -12.27) <0.001 

72 h 10.07 (1.11, 19.03) 0.028 -11.57 (-21.71, -1.42) <0.001 

96 h 10.25 (0.84, 19.67) 0.033 -14.67 (-25.60, -3.74) 0.009 

Group L vs Group S 3.16 (-0.88, 7.20) 0.125 1.43 (-3.41, 6.27) 0.563 

 
ǂ The intercept for rest (movement) indicates the mean improvement of acute residual limb pain 

score at rest (movement) at day 1 for a typical patient in Group S, with a preoperative pain score at 

rest of 41.0 (movement 61.9) and with no use of analgesics. 
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Supplementary Table 9 – Morphine consumption: cumulative PCA and total morphine consumption 

during first 96 h and bioequivalent morphine consumption from 1 week after surgery. Bioequivalent 

morphine consumption was calculated by combining PCA with oral morphine consumption (using a 

conversion factor of 0.33 for oral morphine) in the first 96 h after amputation Data expressed as 

median (range). PCA: Patient-controlled analgesia. 

 Group L (n=41) Group S (n=40) 

Time after 

surgery 

PCA morphine 

(mg) 

Total morphine (mg) 

(oral and i.v. PCA) 

PCA morphine (mg) Total morphine (mg) 

(oral and i.v. PCA) 

1 h 0 (0-24)   0 (0-10)  

2 h 5 (0-33)   5 (0-25)  

4 h 10 (0-53)   12 (0-67)  

8 h 7 (0-73)  23 (0-98)  

12 h 30 (1-90)   32 (0-131)  

24 h 53 (2-177) 59 (2-191) 54 (0-255)  73 (12-319) 

48 h 86 (2-367) 101 (2-367)  87 (0-551) 93 (12-565)  

72 h 97 (2-475) 113 (2-475)  99 (0-594) 113 (2-765) 

96 h 97 (2-567)  113 (8-577) 105 (0-649)  133 (12-977) 

1 week  20 (0-240)   20 (0-600)  

6 weeks  0 [0-160]  0 (0-280) 

3 months  0 (0-160)  0 (0-170)  

6 months  0 (0-120)  0 (0-130) 

 

*Patients receiving oral morphine before surgery continued this medication throughout their 

hospital stay and this is included in the total daily consumption. Data from 1 week onwards refer to 

daily requirements for oral morphine only.  Postoperative morphine was calculated as a 

bioequivalent (see methods for explanation) 
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Supplementary Table 10 – The number of patients receiving rescue gabapentin therapy 

postoperatively (proportion given in brackets).  

Timepoint Group L (n=41) Group S (n=40) 

24 h 4 (10%) 6 (15%) 

48 h 5 (13%) 7 (18%) 

72 h 6 (18%) 10 (29%) 

96 h 9 (24%) 11 (29%) 

1 week  9 (26%) 14 (38%) 

6 weeks 15 (45%) 19 (53%) 

3 months 16 (47%) 15 (44%) 

6 months 14 (47%) 20 (63%) 
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Supplementary Table 11 – Number of patients reporting early postoperative adverse events  

Adverse Event Group L (n=41) Group S (n=40) 

Nausea or vomiting 24 h 2 2 

Nausea or vomiting 48 h 1 2 

Nausea or vomiting 72 h 1 2 

Nausea or vomiting 96 h 2 3 

Antiemetics given 24 h  2 2 

Antiemetics given 48 h 1 4 

Antiemetics given 72 h 1 3 

Antiemetics given 96 h 3 3 

Sedation score >2 at 1 h 14 17 

Sedation score >2 at 2 h 3 4 

Sedation score >2 at 4 h 0 1 

Sedation score >2 at 24 h 0 0 
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Supplementary Table 12 – Number of patients experiencing serious adverse events in the 6-month 
follow-up period. COPD: Chronic Obstructive Pulmonary Disease; GI: Gastrointestinal. 

System Serious adverse Event Group L (n=41) Group S (n=40) 

Surgical Site Wound Infection 3 7 

Non-Healing 6 2 

Cardiovascular Myocardial Infarction/Ischaemic Heart Disease 2 3 

Supraventricular Tachycardia 0 1 

Peripheral Vascular Disease (Contralateral Leg) 3 1 

Respiratory Pneumonia 2 2 

Pulmonary Embolism 1 0 

Exacerbation of COPD 2 0 

Lung Cancer 2 1 

Haematological Lower limb thrombosis 1 0 

Upper limb thrombosis 0 1 

Neurological Cerebrovascular Accident 0 2 

Brain Tumour  1 0 

Gastrointestinal Lower GI Bleed 1 0 

Severe Oesophagitis 0 1 

Small Bowel Obstruction 1 0 

Ischaemic Bowel 2 1 

Rectovaginal Fistula 1 0 

Deranged Liver Function Tests  0 1 

Splenic Infarct 0 1 

Infection Infected Ulcer 1 1 

Urosepsis 0 1 

Cellulitis 1 2 

Infected axillo-femoral graft 2 0 

Psychological Delirium 0 3 

Severe Depression 1 0 

Other  Bakers’ cyst 0 1 

Fall secondary to frailty 1 1 

Sacral pressure sore 0 2 

Extensive facial dermatitis  0 1 
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Supplementary Figure Legends 

Supplementary Figure 1 – The observed change of phantom limb pain postoperatively from the 

baseline values for each individual patient (point) and the summary statistics (boxplots) from day 1 

to day 180. Note the intervals between time points are not equal. The four panels denote (1) 

Improvement of phantom limb pain at rest, (2) Improvement of phantom limb pain on movement, 

for both group L and group S at all time points (24 h to 6 months).Group L – Levobupivacaine; Group 

S – Saline. 

Supplementary Figure 2 – The observed change of residual limb pain postoperatively from the 

baseline values for each individual patient (point) and the summary statistics (boxplots) from day 1 

to day 180. Note the intervals between time points are not equal. The four panels denote (1) 

Improvement of residual limb pain at rest and (2) Improvement of residual limb pain on movement, 

for both group L and group S at all time points (24 h to 6 months). Group L – Levobupivacaine; Group 

S – Saline. 

Supplementary Figure 3 – The observed change of acute residual limb pain postoperatively from the 

baseline values for each individual patient (point) and the summary statistics (boxplots) from 1 h to 

96 h postoperative time points. Note the intervals between time points are not equal. The four 

panels denote (1) Improvement of acute residual limb pain at rest, (2) Improvement of acute 

residual limb pain on movement, for both group L and group S at all time points (1 h to 96 h). Group 

L – Levobupivacaine; Group S – Saline. 
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