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Abstract

In a randomised controlled pragmatic trial we investigated whether local infiltration analgesia

would result in earlier readiness for discharge from hospital after total knee replacement (TKR)

than patient-controlled epidural analgesia (PCEA) plus femoral nerve block. A total of 45 patients

with a mean age of 65 years (49 to 81) received a local infiltration with a peri-articular injection of

bupivacaine, morphine, and methylprednisolone, as well as adjuvant analgesics. In 45 PCEA

+femoral nerve blockade patients with a mean age of 67 years (50 to 84), analgesia included a

bupivacaine nerve block, bupivacaine/hydromorphone PCEA, and adjuvant analgesics. The mean

time until ready for discharge was 3.2 days (1 to 14) in the local infiltration group and 3.2 days

(1.8 to 7.0) in the PCEA+femoral nerve blockade group. The mean pain scores for patients

receiving local infiltration were higher when walking (p = 0.0084), but there were no statistically

significant differences at rest. The mean opioid consumption was higher in those receiving local

infiltration.

The choice between these two analgesic pathways should not be made on the basis of time to

discharge after surgery. Most secondary outcomes were similar, but PCEA+femoral nerve

blockade patients had lower pain scores when walking and during continuous passive movement.

If PCEA+femoral nerve blockade is not readily available, local infiltration provides similar length

of stay and similar pain scores at rest following TKR.

Introduction

Pain management after total knee replacement (TKR) may influence a patient’s participation

in physiotherapy, the time to discharge from hospital, and the long-term outcome. Patient-

controlled epidural analgesia (PCEA) is widely considered to be better than intravenous

opioids for pain relief after major surgery,1 and some consider it to provide the best pain

relief after TKR,2 whereas others support continuous femoral nerve blockade.3 The addition

of a single-injection femoral nerve block to PCEA reduces pain without slowing the

achievement of physiotherapy goals following TKR.4

A local infiltration protocol5 recommends the infiltration of the surgical site with

bupivacaine plus additives in order to avoid epidural analgesia, parenteral opioids or nerve

blockade. Patients treated by local infiltration may also receive oral opioids, meloxicam and

a transdermal clonidine patch. When local infiltration and femoral nerve blockade are

compared there is a small but not significant trend towards better pain control on the day

after surgery with local infiltration.6 Local analgesia delivered through an intra-articular

catheter gives lower pain scores, less opioid use and better mobilisation on the first post-

operative day than femoral nerve blockade via a perineural catheter.7

We report a randomised prospective pragmatic trial comparing local infiltration5 versus

PCEA and femoral nerve blockade.4 A pragmatic trial design was used because the study

was intended to help clinicians choose between two alternative courses of treatment.8 The

study was not blinded because the differences between the two protocols were too marked

for this to be achievable. Both limbs of the trial included the use of non-steroidal anti-

inflammatory drugs (NSAIDs), which improves pain and physiotherapy outcomes after
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TKR.9 We hypothesised that local infiltration would result in earlier discharge,10 and would

also be associated with lower opioid consumption, lower opioid-related symptom distress

scores, improved recovery and higher patient satisfaction.

Patients & Methods

The trial had ethical approval and the patients gave written informed consent. They were

consecutively randomised to either local infiltration or PCEA combined with femoral nerve

blockade (1:1 allocation, parallel trial design). The group to which the patients were

assigned was indicated in numbered sealed envelopes, which were prepared by an

independent researcher and opened by the anaesthetist assigned to the procedure.

Patients aged between 18 and 85 years were eligible if they had osteoarthritis, were

scheduled for primary unilateral TKR, and had < 15° of varus, 15° of valgus or a 15° flexion

contracture. Exclusion criteria included relevant drug allergy or intolerance, American

Society of Anesthesiologists (ASA)11 grade > III, insulin-dependent diabetes, hepatic or

renal failure, chronic opioid use (more than three months) and previous open knee surgery

(Fig. 1). The characteristics of the patients in the two groups were similar (Table I).

Patients rated their pre-operative pain at rest and with activity on a numerical rating scale12

(NRS; with 0 representing no pain and 10 the worst imaginable pain) and filled out a Short-

Form (SF)-8 Health Survey.13

The local infiltration patients received pre-operative meloxicam (7.5 mg orally if aged > 75

years; otherwise 15 mg), controlled-release oxycodone (10mg orally if aged > 80 years; 20

mg otherwise) and a clonidine patch (100 μg/24 h) 30 to 60 minutes prior to transfer to the

operating theatre. A spinal anaesthetic with 0.5% bupivacaine (10, 12.5 or 15 mg) was

administered. A surgeon, who had received video training, performed the local infiltration,

consisting of one deep injection prior to cementation and a more superficial injection prior

to closure of the wound. The deep injection consisted of bupivacaine 0.5% with adrenaline,

30 ml; morphine, 8 mg/ml, 1 ml; methylprednisolone, 40 mg/ml, 1 ml; cefazolin, 500 mg in

10 ml in normal saline, 22 ml. The superficial injection consisted of 40 ml 0.25%

bupivacaine.

Post-operative analgesia continued with oxycodone every 12 h x 48 hours (10 mg orally if

aged > 80 years; 20 mg otherwise), meloxicam daily (7.5 mg orally if aged > 75 years; 15

mg otherwise), oxycodone (5 mg every 6 h as needed), paracetamol (1 g orally every 6 h)

and ketorolac (15 mg intramuscularly every 6 h as needed). In cases of severe pain (NRS

scores > 6 for > 2 hours), salvage therapy was available using intravenous hydromorphone

PCEA. Controlled-release oxycodone is not approved in the US for the treatment of post-

operative pain in patients not previously exposed to opioids, but this practice has been

extensively described.5–7,10

The PCEA and femoral nerve blockade patients received the same pre-operative dose of

meloxicam + dexamethasone (6 mg orally) 30 to 60 minutes before transfer to the operating

theatre. An ultrasound-guided femoral nerve blockade (30 ml bupivacaine 0.25%, with

adrenaline 1:200 000) was administered, followed by a combined spinal epidural with 0.5%
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bupivacaine (10 mg, 12.5 mg or 15 mg). Post-operative PCEA (bupivacaine 0.06% /

hydromorphone 10 μg/ml) was started at 4 ml/h/ 4 ml bolus/10 min lockout/20 ml hourly

maximum. The basal rate on the PCEA was reduced to 2 ml/h at 6:59 on the first post-

operative day, further reduced to 0 ml/h at 16:59 on the first post-operative day, and the

epidural was removed at noon on the second post-operative day. Patients received oral

meloxicam (7.5 to 15 mg daily) and oxycodone/paracetamol (5/325 every 3 hr as needed).

Both groups received intra-operative intravenous sedation with midazolam and propofol. On

arrival in the recovery room, the PCEA and femoral nerve blockade patients received

urinary catheters. The urinary catheters were subsequently removed at the same time as the

epidural catheters. Continuous passive movement was initiated on the first post-operative

day as was physiotherapy. Patients were interviewed twice daily by a research assistant

during the first three post-operative days, and seven days later by telephone, in order to

gather information about readiness for discharge, pain, activity and analgesic use. They were

contacted by telephone at six months to assess recovery (SF-8) and identify neuropathic pain

(Leeds Assessment of Neuropathic Symptoms and Signs, LANSS).9

Discharge and discharge readiness were calculated from the time of leaving the operating

theatre to the time when the discharge criteria were met.

Patients were judged ready to be discharged when the PCEA (if present) was discontinued,

when they were experiencing only mild pain (NRS < 4), had required no parenteral narcotics

within the last four hours, had no moderate or severe nausea within the last four hours and

were eating normally. They were also required to have no urinary catheter, a dry surgical

wound, no acute medical problems, stable vital signs during physiotherapy, and to be able to

transfer independently to and from a chair and from bed to a standing position. Additional

criteria for readiness for discharge included ability to walk 40 feet with only a walker or

crutch if needed, and full extension of the knee.

Secondary hypotheses related to pain and possible reduction in opioid use. The QoR-40 is a

validated measure that assesses the effect of operative techniques on post-operative

recovery.14,15 High scores indicate better recovery. The pain dimension involves seven

items on a scale of 1 to 5 (1, constant; 5, never). The opioid-related symptom distress scale

(ORSDS) evaluates post-operative opioid-related symptoms16 and has been validated for

orthopaedic patients, including after TKR.17 Higher scores indicate more severe symptoms.

Patients were asked to indicate, on a scale of 1 to 10, with 1 being ‘very dissatisfied’ and 10

being ‘very satisfied’, how effective their pain medication had been. Their opioid usage was

also recorded.

Before surgery and at six months an SF-8 and the LANSS pain scale9,18 were administered.

The SF-8 is a widely accepted questionnaire,13 with high scores indicative of high levels of

health. The LANSS test is a validated instrument for the identification of neuropathic pain18.

High scores indicate the presence of neuropathic pain. Additional tracked events included

unplanned conversion to PCEA.

Assessments were made using the various instruments on the first, second, third and seventh

post-operative days and at six months.
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Statistical Analysis

Preliminary unpublished data indicated that PCEA and femoral nerve blockade patients were

ready for discharge at a mean of 3.2 days post-operatively. We hypothesised that local

infiltration would reduce the time until the patients were ready for discharge by 0.5 days.

We considered a reduction of 0.5 days to be the minimal clinically important difference. A

power analysis with α = 0.05, β=0.8, and two-sided hypothesis testing indicated that 45

patients in each group were needed. Analysis was by original assigned groups and was

performed using either Microsoft Excel or SPSS 13.0 for Windows (SPSS Inc., Chicago,

Illinois). Significance was set at a p-value of < 0.05. Readiness for discharge was compared

using Student’s t-test. Continuous variables are presented as mean (range) and compared

using two-sample t-tests. NRS pain scores were analysed using generalised estimated

equations (GEE), a technique that is better suited for repeated measurements of pain scores

from a group of individuals.19 Discrete variables are presented using proportions and

analysed with a chi-squared test.

Results

There was no difference between groups in terms of time to being ready for discharge or

actual length of stay (Figs 2 and 3). Patients were ready for discharge at a mean of 3.2 days

(1 to 14) (local infiltration) vs. 3.2 days (1.8 to 7.0) (PCEA+femoral nerve blockade) (p =

0.98). The mean length of stay was 3.8 days (2 to 14) (local infiltration) and 3.6 days (2.7 to

7.1) (PCEA+femoral nerve blockade) (p = 0.55). Among 45 patients receiving local

infiltration, three also received intravenous (IV) PCEA and one received PCEA because of

high pain scores. Among 45 PCEA+femoral nerve blockade patients, one also received IV

PCEA because of a failed epidural.

No difference was detected in pain at rest between the groups (p=0.4068). Age, BMI, race

and ASA status were not significant and were therefore removed from the final model; the

estimate was adjusted for time and gender.

A difference in pain during walking between the groups was detected in the model. The β

estimate for the treatment effect implies that the local infiltration group had a mean pain

during walking of 0.81 points higher than did the PCEA+femoral nerve blockade group

(p=0.0084). Age, BMI and race were not significant and were removed from the final

model; the estimate was adjusted for time, gender and ASA status.

A borderline difference between the groups in pain during physiotherapy was detected. The

β estimate for the treatment effect implies that the local infiltration group had a mean pain

score during physiotherapy of 0.55 points higher than did the PCEA+femoral nerve

blockade group (p=0.0951). Age and race were not significant and were removed from the

final model; the estimate was adjusted for time, gender, BMI and ASA status.

A difference in pain while using CPM between the treatment groups was detected. The β

estimate for the treatment effect implies that the local infiltration group had a mean pain

score while using CPM of 0.88 points higher than did the PCEA+femoral nerve blockade
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group (p = 0.0132). Age, BMI and race were not significant and were removed from the

final model; the estimate was adjusted for time, gender and ASA status.

The mean total opioid usage (converted to equivalents of oral morphine) was greater among

patients receiving local infiltration (Table II): 228 mg (30 to 608) (LIA) vs. 142 mg (34 to

477) (PCEA+femoral nerve blockade, cumulative post-operative days 0 to 2, p = 0.0001).

Other measures of pain and recovery, including ORSDS, QOR-40, SF-8 and LANSS, were

not different between groups (Tables II and III). The pain portion of the QoR-40 was

statistically different between the groups (p = 0.03) despite similar mean values of 32 (local

infiltration) vs. 33 (PCEA+femoral nerve blockade). This reflects median values of 32 for

local infiltration and 34 for PCEA + femoral nerve blockade.

Two adverse events were reported to our Institutional Review Board. One patient who

received local infiltration fell and dislocated her knee, requiring closed reduction. This was

judged not to be related to participation in the study because it occurred on the third

postoperative day. Another patient who received local infiltration developed delirium on the

first post-operative day and this lasted for several days. She was removed from the study at

the family’s request. This was judged as possibly related to study participation.

Discussion

Patients in both treatment groups were ready for discharge and were actually discharged at

the same time post-operatively. The mean length of stay (3.8 vs. 3.6 days) was similar to

that found in many studies reporting the outcome of local infiltration after TKR,20 which

mostly vary between three and five days, except for one study that reported a median length

of stay of one day.21

Although the primary outcome was similar in both groups, some secondary outcomes

marginally favoured PCEA+femoral nerve blockade, in that five patients had excessive pain

requiring a change in analgesic modality, including four patients receiving local infiltration

who required PCEA and one PCEA+femoral nerve blockade patient who required IV PCEA

following a failed epidural. PCEA+femoral nerve blockade patients had statistically

significantly better pain control while walking and during CPM, although the difference was

< 1 on a scale of 0 to 10. Additionally, the opioid consumption of the PCEA+femoral nerve

blockade group was only 38.8% of that of the local infiltration group on first post-operative

day and 62.2% on the second post-operative day. These results should only be considered

for patients undergoing uncomplicated primary TKR. Further research is required in the use

of these techniques among more medically and surgically challenging patients.

A recent study reported similar pain scores with local infiltration compared with continuous

femoral nerve blockade22 and recommended the former as a cheaper and easier alternative.

Dalury et al10 reported that local infiltration following TKR provided better analgesia than

conventional pain management. Busch et al23 found that local infiltration reduced PCEA use

and improved patient satisfaction. Kehlet and Andersen20 reviewed 14 studies and found

support for local infiltration with a single-injection, but not via a wound catheter.

Limitations noted for many of the studies included the inadequate assessment of pain, and
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unsatisfactory quality comparators such as inadequate analgesic regimens for the controls or

the use of NSAIDs in patients receiving local infiltration but not among controls. The effect

of local infiltration on length of stay was unclear in these studies. McCartney and McLeod3

emphasised that only four of 21 studies of local infiltration after TKR compared it with other

regional analgesic techniques, either PCEA or continuous femoral nerve blockade. Local

infiltration provided better analgesia than either femoral nerve blockade or PCEA, but

criticisms included the administration of NSAIDs to the local infiltration groups, and

complications associated with local infiltration. Raeder2 commented on a study that found

local infiltration provided better analgesia than intrathecal morphine + IV PCEA,21 but this

comparator was considered suboptimal. Local infiltration was deemed promising, but

research was advocated both to identify the roles of each individual component of local

infiltration and to compare it to the best potential alternatives. Our study addresses many of

these criticisms by comparing local infiltration to an excellent alternative (PCEA+femoral

nerve blockade), using NSAIDs in both groups, and using many detailed and validated

outcome measures, analysed at many time points.

However, the choice of local infiltration of PCEA+femoral nerve blockade for postoperative

analgesia should not be based on the idea that either regimen leads to earlier readiness for

discharge. Some secondary outcomes favoured PCEA+femoral nerve blockade, but the pain

differences were small. Local infiltration has the advantage of not requiring anaesthetists

with training in femoral nerve blockade. Similarly, PCEA+femoral nerve blockade do not

require surgeons with training in local infiltration.

This study compared two distinct analgesic regimens, including controlled-release

oxycodone and a clonidine patch in the local infiltration group. Further research is necessary

to determine the effects of either adding these adjuncts to the PCEA+femoral nerve blockade

regimen or removing them from the local infiltration regimen. Local infiltration might be

better suited for patients for whom epidural analgesia is contraindicated. Further research is

also needed to determine whether the addition of a nerve block to local infiltration would

improve post-operative analgesia. For institutions in which PCEA+femoral nerve blockade

is not readily available, local infiltration provides similar length of stay and similar pain

scores at rest following TKR.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
CONSORT Diagram. Flow of patients through the protocol (PCEA, patient-controlled

epidural analgesia; FNB, femoral nerve blockade).
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Figure 2.
Kaplan-Meier survival curves of time (hours) to readiness for discharge. Time 0 = time out

of the operating theatre. The dotted line represents the local infiltration group and the solid

line represents the patient-controlled epidural analgesia + femoral nerve blockade group.
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Figure 3.
Kaplan-Meier survival curves of time (hours) to actual discharge. Time 0 = time out of the

operating theatre. The dotted line represents the local infiltration group and the solid line

represents the patient-controlled epidural analgesia + femoral nerve blockade group.
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Table I

Patient characteristics (PCEA+FNB, patient-controlled epidural analgesia plus femoral nerve block)

Local infiltration PCEA+FNB p-value

Patients (n) 45 45

Mean age (yrs) (range) 65 (49 to 81) 67 (50 to 84) 0.239*

Male gender (n, %) 16 (36) 16 (36) 1.000†

Mean body mass index (kg/m2) (range) 31 (23 to 47) 32 (21 to 48) 0.722*

Body mass index group (n, %) 0.930†

 Normal (<25 kg/m2) 2 (4) 3 (7)

 Overweight (25 kg/m2 to < 30 kg/m2) 20 (44) 19 (42)

 Obese (30 kg/m2 to < 40 kg/m2) 20 (44) 21 (47)

 Morbidly obese (≥ 40 kg/m2) 3 (7) 2 (4)

Ethnicity (n, %) 0.368†

 Caucasian 37 (82) 40 (89)

 Other 8 (18) 5 (11)

American Society of Anesthesiologists grade (n, %) 0.568†

 1 2 (4) 2 (4)

 2 36 (80) 32 (71)

 3 7 (16) 11 (24)

*
independent samples t-test

†
 chi-squared test
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