Clin Orthop Relat Res (2014) 472:1384-1393
DOI 10.1007/s11999-013-3192-3

Clinical Orthopaedics
and Related Research’

A Publication of The Association of Bone and Joint Surgeons®

SYMPOSIUM: PERIOPERATIVE PAIN MANAGEMENT IN ORTHOPAEDIC SURGERY

Single-injection or Continuous Femoral Nerve Block for Total

Knee Arthroplasty?

Eric Albrecht MD, DESA (Fellow), Dorothea Morfey BSc, MBBS,
Vincent Chan MD, Rajiv Gandhi MD, Arkadiy Koshkin MD, Ki Jinn Chin MD, MBBS,
Sylvie Robinson BSc, Philippe Frascarolo PhD, Richard Brull MD

Published online: 9 August 2013
© The Association of Bone and Joint Surgeons® 2013

Abstract

Background The ideal local anesthetic regime for femo-
ral nerve block that balances analgesia with mobility after
total knee arthroplasty (TKA) remains undefined.
Questions/purposes We compared two volumes and con-
centrations of a fixed dose of ropivacaine for continuous
femoral nerve block after TKA to a single injection femoral

One of the authors (RB) is supported by the Merit Award Program,
Department of Anesthesia, University of Toronto, Toronto, Ontario,
Canada. One of the authors (EA) has received grants from the “Swiss
Academy for Anaesthesia Research” (SACAR), Lausanne,
Switzerland (no grant numbers attributed, less than USD 10,000) and
from the “Foundation SICPA” (no grant numbers attributed, USD
10,000 to USD 100,000), Prilly, Switzerland. Equipment support for
research was provided from BK Medical, Philips Healthcare, and
SonoSite.

All ICMIJE Conflict of Interest Forms for authors and Clinical
Orthopaedics and Related Research editors and board members are
on file with the publication and can be viewed on request.

Clinical Orthopaedics and Related Research neither advocates nor
endorses the use of any treatment, drug, or device. Readers are
encouraged to always seek additional information, including FDA-
approval status, of any drug or device prior to clinical use.

Each author certifies that the Research Ethics Board of Toronto
Western Hospital approved the human protocol for this investigation,
that all investigations were conducted in conformity with ethical
principles of research, and that informed consent for participation in
the study was obtained.

This work was performed at Toronto Western Hospital, Toronto,
Ontario, Canada.

This study was presented in part as a Best of Meeting abstract at the
2012 American Society of Regional Anesthesia and Pain Medicine
Annual Spring Meeting and Workshops, San Diego, CA, USA.

E. Albrecht, V. Chan, R. Gandhi, A. Koshkin,

K. J. Chin, R. Brull (<)

Department of Anesthesia, Toronto Western Hospital,
399 Bathurst Street, Toronto, Ontario M5T 2S8, Canada
e-mail: Richard.Brull@uhn.ca

@ Springer

nerve block with ropivacaine to determine (1) time to dis-
charge readiness; (2) early pain scores and analgesic
consumption; and (3) functional outcomes, including range of
motion and WOMAC scores at the time of recovery.
Methods Ninety-nine patients were allocated to one of three
continuous femoral nerve block groups for this randomized,
placebo-controlled, double-blind trial: a high concentration
group (ropivacaine 0.2% infusion), a low concentration group
(ropivacaine 0.1% infusion), or a placebo infusion group
(saline 0.9% infusion). Infusions were discontinued on post-
operative Day (POD) 2. The primary outcome was time to
discharge readiness. Secondary outcomes included opioid
consumption, pain, and functional outcomes. Ninety-three
patients completed the study protocol; the study was halted
early because of unanticipated changes to pain protocols at the
host institution, by which time only 61% of the required
number of patients had been enrolled.

Results With the numbers available, the mean time to
discharge readiness was not different between groups (high
concentration group, 62 hours [95% confidence interval
[CI], 51-72 hours]; low concentration group, 73 hours
[95% CI, 63—83 hours]; placebo infusion group 65 hours
[95% CI, 56-75 hours]; p = 0.27). Patients in the low
concentration group consumed significantly less morphine
during the period of infusion (POD 1, high concentration
group, 56 mg [95% CI, 42-70 mg]; low concentration
group, 35 mg [95% CI, 27-43 mg]; placebo infusion group,
48 mg [95% CI, 38-59 mg], p = 0.02; POD 2, high con-
centration group, 50 mg [95% CI, 41-60 mg]; low
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concentration group, 33 mg [95% CI, 24-42 mg]; placebo
infusion group, 39 mg [95% CI, 3048 mg], p = 0.04);
however, there were no important differences in pain
scores or opioid-related side effects with the numbers
available. Likewise, there were no important differences in
functional outcomes between groups.

Conclusions Based on this study, which was terminated
prematurely before the desired sample size could be
achieved, we were unable to demonstrate that varying the
concentration and volume of a fixed-dose ropivacaine
infusion for continuous femoral nerve block influences
time to discharge readiness when compared with a con-
ventional single-injection femoral nerve block after TKA.
A low concentration of ropivacaine infusion can reduce
postoperative opioid consumption but without any impor-
tant differences in pain scores, side effects, or functional
outcomes. These pilot data may be used to inform the
statistical power of future randomized trials.

Level of Evidence Level II, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Continuous femoral nerve blockade provides excellent
postoperative analgesia for patients undergoing total knee
arthroplasty (TKA) [20] with fewer side effects than intra-
venous opioids [6, 20] or epidural infusions [6, 24].
However, the ideal local anesthetic regime for femoral nerve
block that balances pain relief with mobility after TKA,
whether in the form of a continuous perineural infusion or a
single bolus injection, remains undefined [17]. The modern
goals of early active mobilization and short in-patient
admissions demand a reappraisal of the way in which fem-
oral nerve block is used. Previous studies comparing equal
volumes of different concentrations of local anesthetic in
continuous femoral nerve block lack robust mobility data but
do indicate that adequate analgesia can likely be achieved
with concentrations of ropivacaine between 0.1% and 0.2%
[5, 18]. However, the effects of varying the volume and
concentration of a fixed dose of local anesthetic on analgesia
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and function are unexamined in the context of continuous
femoral nerve block. The impact of single-injection femoral
nerve block compared with continuous infusion also merits
thoughtful reconsideration in the modern-day context of
early mobilization pathways and multimodal analgesia,
particularly in terms of different infusate concentrations and
their effect on mobilization and rehabilitation [19, 20]. We
therefore aimed to answer the question of whether or not
varying the concentration and volume of a fixed dose of
ropivacaine for continuous femoral nerve block after TKA,
compared with a single-injection femoral nerve block, can
(1) decrease patients’ time to discharge readiness; (2)
decrease early pain scores and analgesic consumption; and
(3) improve functional outcomes, including range of motion
(ROM), and WOMAC scores at the time of recovery.

Patients and Methods
Study Design

This randomized, placebo-controlled, double-blind study
was designed to investigate clinically relevant analgesic and
functional outcomes after three different local anesthetic
regimes for femoral nerve block after TKA. To explore the
role of local anesthetic concentration, the first regime con-
sisted of a continuous femoral nerve block using an infusion
of ropivacaine 0.2%, whereas the second regime included a
continuous femoral nerve block using an infusion of ropi-
vacaine 0.1%. Both of the continuous femoral nerve block
infusion regimes deliberately contained the same mass of
ropivacaine per unit of time (10 mg per hour infusion, 10 mg
boluses allowable every 30 minutes). To evaluate the role of
mode of administration, the third regime comprised a single-
injection femoral nerve block using ropivacaine 0.375%
followed by a continuous infusion of a normal saline pla-
cebo. Each of these three regimes is described in detail
subsequently (see Study Intervention). The present report
follows the CONSORT guidelines [22].

Patient Demographics

Ethical approval was granted by the University Health Net-
work Research Ethics Board (REB number 08-0895-B), and
the trial was prospectively registered on Clinicaltrials.gov
(NCTO00803348). Between April 22, 2009, and October 17,
2011, all patients of American Society of Anesthesiologists
physical status I to III, aged between 18 and 85 years
scheduled to undergo primary unilateral TKA at Toronto
Western Hospital, who were able to walk 30 m without
stopping before surgery, were actively recruited to partici-
pate in this study. Informed written consent was obtained.
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Exclusion criteria included intended discharge to an
in-patient rehabilitation facility; patient refusal of femoral
nerve block, spinal anesthetic, or sciatic nerve block; con-
traindications to regional anesthesia (eg, allergy to local
anesthetics, coagulopathy); significant peripheral neuropa-
thy or neurological disorder affecting the lower extremity;
contraindication to a component of multimodal analgesia;
pregnancy; opioid tolerance (chronic use of over 30 mg
oxycodone or equivalent per day); cognitive or psychiatric
condition that might affect patient assessment; and/or ability
to provide informed consent.

Study Intervention

All nerve blocks were performed by a staff regional anesthe-
siologist or a regional anesthesia fellow under supervision of a
staff regional anesthesiologist. The patients were positioned
supine and standard monitors were applied. Midazolam at 1 to
4 mg intravenously was administered for anxiolysis as needed.
The inguinal crease was sterilized with chlorhexidine 2%
solution and the skin was infiltrated with 3 mL lidocaine 1%.
Using a high-frequency linear array transducer (6—13 MHz,
SonoSite M-Turbo; SonoSite, Inc, Bothell, WA, USA), a 17-
gauge 90-mm insulated Tuohy needle was inserted out of plane
with the ultrasound beam and advanced until the tip was deep
to the fascia iliaca and superficial to the midpoint of the femoral
nerve in the short-axis view. A catheter (StimuCath® ;. Arrow
International, Inc, Reading, PA, USA) was then advanced
through the needle along the longitudinal axis of the femoral
nerve until the catheter tip was 2 to 4 cm beyond the needle tip.
The catheter was secured using liquid skin adhesive. Imme-
diately after catheter placement, 10 mL mepivacaine 2% was
injected through the catheter. Ten minutes later, sensation to
pinprick was evaluated in distribution of the femoral nerve.
Only patients with evidence of loss of sensation to pinprick
continued as study patients. All patients then received an
ultrasound-guided sciatic nerve block and a spinal anesthetic in
line with institutional practice for TKA. Sciatic nerve block
was performed in the lateral decubitus position at the sub-
gluteal level as previously reported [7] using 30 mL
ropivacaine 0.2%. Spinal anesthesia was performed in the
sitting position with 2.5 to 3.0 mL isobaric bupivacaine 0.5%
and 0.1 mg intrathecal morphine.

In the postanesthesia care unit (PACU), patients were
randomized to receive one of three local anesthetic infusion
regimes. Patients in the first experimental group (high con-
centration group) received a bolus of 20 mL ropivacaine 0.2%
with epinephrine 1:400,000 into the femoral catheter followed
by ropivacaine 0.2% at a rate of 5 mL/h with patient-con-
trolled boluses of 5 mL available every 30 minutes. Patients in
the second experimental group (low concentration group)
received the same bolus of 20 mL ropivacaine 0.2% with
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epinephrine 1:400,000 into the femoral catheter followed by
ropivacaine 0.1% at a rate of 10 mL/h with patient-controlled
boluses of 10 mL available every 30 minutes. Patients in the
control group (placebo infusion group) received a bolus of
30 mL ropivacaine 0.375% with epinephrine 1:400,000 into
the femoral catheter [21] followed by normal saline at a rate
of 1 mL/h with patient-controlled boluses of 1 mL available
every 30 minutes.

Randomization

Because of the possibility of preoperative quadriceps muscle
strength and function impacting on postoperative strength and
functional recovery, patients were stratified according to these
two parameters before assignment to a treatment group.
Quadriceps strength in the operative extremity was measured
using an isometric force dynamometer (microFET2™,
HOGGAN Health Industries, Inc, Salt Lake City, UT, USA)
and a functional baseline was obtained using the WOMAC
score [3]. The threshold levels for stratification were:
WOMAC = 54.5 and quadriceps strength = 16.34 1bs. If the
WOMAC score was above 54.5, the patient was designated to
be in the high WOMAC group; if equal or less, then the patient
was designated to be in the low WOMAC group. Also, if the
quadriceps strength was above 16.34, the patient was desig-
nated to be in the high quadriceps strength group; if equal or
less, then the patient was designated to be in the low quadriceps
strength group. Therefore, there were four possible stratifica-
tion groups: high WOMAC/high quadriceps strength; high
WOMAC/low quadriceps strength; low WOMAC/high
quadriceps strength; and low WOMAC/low quadriceps
strength. Patients were randomly allocated into one of the three
study groups according to a computer-generated list of random
numbers with randomization taking this stratification into
account so that there were approximately equal numbers of
patients with high or low muscle strength and high or low
WOMAC scores in each study group. The pharmacy depart-
ment established the randomization schedule.

Characteristics of the 93 patients were similar between
groups (Table 1).

Blinding

An attending anesthesiologist, who was unrelated to the
study and blinded to group allocation, administered the
initial bolus dose through the catheter in the PACU. All
local anesthetic solutions administered postoperatively as
part of the study intervention were prepared by the hospital
pharmacy in identical size syringes and infusate bags and
concealed to maintain double-blinding. A nurse unrelated
to the study programmed the infusion pumps according to
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Table 1. Patient characteristics

High concentration group Low concentration group Placebo infusion group p value
Number 28 32 33
Age (years) 61 (57-64) 63 (60-67) 63 (60-66) 0.58
Sex (female/male) 13/15 14/18 17/16 0.82
Height (cm) 169 (165-172) 169 (167-172) 170 (167-174) 0.76
Weight (kg) 91 (84-98) 92 (86-99) 90 (83-96) 0.83
Body mass index (kg/m?) 32 (30-34) 32 (30-34) 31 (29-33) 0.63
ASA status III/IIT 2/12/14 0/13/19 2/21/10 0.12
Surgery duration (minutes) 100 (94-106) 98 (92-103) 97 (92-102) 0.84

Data are presented as mean (95% confidence interval) or absolute number as appropriate. High concentration group, infusion of ropivacaine
0.2%; low concentration group, infusion of ropivacaine 0.1%; placebo infusion group, infusion of normal saline 0.9%; ASA = American Society

of Anesthesiologists.

group allocation and covered the pump with an opaque
bag. Physiotherapists, surgeons, research assistants col-
lecting data, and members of the Acute Pain Service were
kept blinded to group allocation. When necessary, infusion
bags were replaced by nurses who had been instructed not
to communicate group allocation information to patients or
other healthcare providers.

Postoperative Treatment

All patients received our institutional standard multimodal
analgesia of 1 g acetaminophen every 6 hours, 200 mg
celecoxib every 12 hours (100 mg if age older than 65 years
or weight less than 70 kg), 200 mg gabapentin every 8 hours
(100 mg if age older than 65 years), 10 mg oxycodone con-
trolled release every 8 hours (5 mg if age older than 65 years),
and 10 mg oxycodone immediate release every 2 hours as
required (5 mg if age older than 65 years). In case of sulpha
allergy, 15 mg meloxicam daily (7.5 mg if age older than
65 years) was substituted instead of celecoxib.

Follow-up Routine

Discharge readiness criteria were reviewed after morning
and afternoon physical therapy sessions. Early functional and
analgesic outcomes were measured twice daily up to and
including postoperative Day (POD) 3 during and after physical
therapy sessions. Later functional outcomes were measured at
6 weeks, 3 months, and 12 months postoperatively.

The Acute Pain Service visited patients twice daily. If
deemed necessary, the oral opioid dose was increased to
achieve a visual analog scale (VAS) score for pain of 4 or
less. In the event of inadequate pain control such that the
VAS pain score was greater than 7, intravenous morphine
patient-controlled analgesia was started. If patients had
severe pain despite these measures, their group allocation

was unblinded, and the continuous femoral nerve block
was dosed with ropivacaine as judged clinically necessary
by the Acute Pain Service in line with institutional practice.
These patients were analyzed on an intention-to-treat basis
according to the group to which they were assigned. In the
event that pain was well controlled, but a patient had a
significant motor block or failed to walk at their first or
subsequent physiotherapy sessions, it was assumed that the
continuous femoral nerve block was contributory, and both
the continuous infusion and bolus volumes were halved.
This provided a standardized clinical strategy to reduce the
dose in the continuous perineural catheter-based infusions.
The continuous femoral nerve block infusion was discon-
tinued at 6:00 am on POD 2.

Outcome Measures

The primary outcome was the time to discharge readiness,
defined as the duration of time (in hours) from patient arrival
in the PACU until the achievement of all of the following
criteria [14]: (1) walk 30 m (wheeled walker allowed); (2) no
parenteral opioids for at least 12 hours; and (3) resting VAS
pain score less than or equal to 4. In the event that a patient
was discharged from the hospital before meeting these cri-
teria, the actual discharge time from the hospital was
considered as the time to discharge readiness. Secondary
outcomes were divided into analgesic and functional out-
comes. Analgesic outcomes included opioid consumption on
POD 1, 2, and 3 (mg, converted to equianalgesic intravenous
morphine [25]), pain (VAS) atrest and during physiotherapy,
incidence of opioid-related side effects (occurrence of nau-
sea and vomiting, pruritus, and drowsiness), and satisfaction
with analgesia (VAS). Early functional outcomes included
distance walked (meters) during physiotherapy, active and
passive knee flexion (degrees, measured by goniometer),
maximum quadriceps strength (pounds, measured by iso-
metric force dynamometer), and the occurrence of falls.
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Later functional outcomes were measured using the
WOMAC [3] and SF-36 health survey [4].

Statistical Analysis

Primary outcome and other continuous data were compared
across groups using an analysis of variance. Noncontinuous
data were compared using a Pearson’s test. Data are pre-
sented as mean along with the 95% confidence intervals
(95% CI), absolute numbers, or percentages as appropriate.
Kaplan-Meier life table analysis (survival analysis) was
performed for effect of mode of administration on time to
discharge readiness and a log-rank test was applied. Sig-
nificance was considered at p < 0.05. Statistical analyses
were performed using the JMP 9 statistical package (SAS
Institute, Cary, NC, USA).

Power Analysis

Based on our institutional database, patients who had
undergone TKA at Toronto Western Hospital in 2008

were discharged from the hospital to home after a mean
(SD) of 100 (36) hours. This value excluded patients for
whom discharge to a rehabilitation facility was planned.
We considered a clinically significant difference in time
to discharge readiness to be 20%. A total of 153
patients, 51 patients in each group, was required to detect
an effect size of 0.5 SDs in the time to discharge readi-
ness between the two experimental groups with a power
of 80% using a two-sided p = 0.05 level test. Allowing for
approximately a 10% incomplete followup or patient
dropout, we planned to enroll 56 patients per group for a
total of 168 patients.

Premature Study Termination

Recruitment was halted after the enrollment of 99 patients
(59% of the desired 168) as a result of an unanticipated
change in standard practice at our home institution such
that single-injection sciatic nerve blocks were no longer
routinely administered for postoperative analgesia after
TKA. Six patients were lost to followup or withdrew

Assessed for Eligibility (n = 111)

Excluded (n = 12)

- Not meeting inclusion criteria (n = 3)
g > Surgery cancelled (n=4)
g Refused to participate (n = 2)
- Other reasons (n = 3)
Y
Randomized (n = 99)
8 v v \ 4
§ High concentration group (n=32) Low concentration group (n=32) Placebo infusion group (n=35)
<
A 4 A 4 A
g Lost to follow-up (n=2) Lost to follow-up (n=0) Lost to follow-up (n=2)
f; Consent withdrawn (n=2) Consent withdrawn (n=0) Consent withdrawn (n=0)
\ 4 A 4
Intention to treat in Group R2 Intention to treat in Group R1 Intention to treat in Group NS
(n=28) (n=32) (n=33)
é, No sciatic block performed (n=6) No sciatic block performed (n=7) No sciatic block performed (n=3)
g No spinal morphine given (n=0) No spinal morphine given (n=3) No spinal morphine given (n=0)
Catheter failure (n=1) Catheter failure (n=2) Catheter failure (n=2)

Fig. 1 This diagram presents a patient flow chart.
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consent (Fig. 1) without a significant difference in loss
between groups (p = 0.11). Sixteen patients had no sciatic
nerve block because of protocol violations related to time
constraints in the operating room. Five patients had pri-
mary catheter failure after the mepivacaine bolus. Spinal
morphine was withheld from three patients on suspicion of
obstructive sleep apnea by the provider anesthesiologist.
The group allocations of one patient in the high concen-
tration group and one patient in the placebo infusion group
were unblinded because of severe pain on POD 0 and POD
1, respectively. Both of these patients received a rescue
bolus of 10 mL ropivacaine 0.2% followed by an infusion
of 0.2% ropivacaine at a rate of 5 mL/h with patient-con-
trolled boluses of 5 mL available every 30 minutes. The
data collected from all these patients were analyzed on an
intention-to-treat basis.

With the numbers available (61% of the required 153,
according to our a priori sample size calculation), we had
39% power to detect a difference of 11 hours between
groups in terms of time to discharge readiness.

Results
Time to Discharge Readiness

With the numbers available, we detected no differences in the
time to discharge readiness among the three groups (high
concentration group, 62 hours [95% CI, 51-72 hours]; low
concentration group, 73 hours [95% CI, 63—83 hours]; placebo
infusion group, 65 hours [95% CI, 56-75 hours]; p = 0.27).

The proportion of patients in each group who met dis-
charge readiness criteria did not differ between groups at
any time postoperatively (Fig. 2; p = 0.24).

Analgesic Outcomes

Patients in the low concentration group consumed signifi-
cantly less morphine during the period of infusion (POD 1,
high concentration group, 56 mg [95% CI, 42-70 mg]; low
concentration group, 35 mg [95% CI, 27-43 mg]; placebo
infusion group, 48 mg [95% CI, 38-59 mg], p=0.02; POD 2,
high concentration group, 50 mg [95% CI, 41-60 mg]; low
concentration group, 33 mg [95% CI, 24-42 mg]; placebo
infusion group, 39 mg [95% CI, 3048 mg], p = 0.04);
however, there were no important differences in pain scores
or opioid-related side effects with the numbers available
(Table 2).

Functional Outcomes

With the numbers available, there were no important dif-
ferences in any early or later functional outcome measures
detected between groups (Table 3). One patient in the
placebo infusion group fell on POD 1.

Discussion

TKA is associated with severe postoperative pain [9, 24].
Pain relief is essential for patient comfort, and neither
rehabilitation nor discharge from the hospital is possible
without adequate analgesia. However, modern clinical
practice demands analgesia with function. Although the
analgesic properties of continuous femoral nerve block
after TKA are well recognized, continuous femoral nerve
block has been associated with quadriceps weakness [2, 14]
and may increase the risk of falls [13, 27]. Earlier trials

Fig. 2 This survival analysis 100%
curve describes the effect of
mode of administration on time
to discharge readiness. High con-
centration group, infusion of
ropivacaine 0.2%; low concen-
tration  group, infusion of
ropivacaine 0.1%; and placebo
infusion group, infusion of nor-
mal saline 0.9%.
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Table 2. Analgesic outcomes on postoperative Day (POD) 1, 2, and 3

Analgesic outcome High concentration group Low concentration group Placebo infusion group p value

Opioid consumption (intravenous morphine equivalent, mg)

POD 1 56 (42-70) 35 (27-43) 48 (38-59) 0.02*
POD 2 50 (41-60) 33 (24-42) 39 (30-438) 0.04*
POD 3 27 (20-35) 18 (12-25) 21 (14-28) 0.18
Pain at rest (VAS)
POD 1 am 5 (4-6) 4 (3-5) 5 (4-6) 0.17
POD 1 pm 5 (4-6) 4 (3-5) 5 (4-6) 0.37
POD 2 am 4 (3-5) 324 3 (2-4) 0.60
POD 2 pm 4 (3-5) 2 (1-3) 3 (2-4) 0.03*
POD 3 am 2 (2-3) 2 (1-3) 2 (1-3) 0.76
POD 3 pm 2 (2-3) 3 (24) 2 (1-4) 0.93
Pain during physiotherapy (VAS)
POD 1 am 7 (6-8) 7 (6-7) 7 (6-8) 0.65
POD 1 pm 7 (5-8) 6 (5-7) 6 (6-7) 0.56
POD 2 am 7 (6-8) 6 (5-7) 7 (6-7) 0.67
POD 2 pm 6 (5-7) 5 (4-6) 6 (5-7) 0.50
POD 3 am 6 (5-7) 5 (4-6) 5 (4-6) 0.54
POD 3 pm 6 (5-7) 5 4-7) 5 4-7) 0.86
Nausea and vomiting (incidence)
POD 1 am 40% 33% 50% 0.76
POD 1 pm 12% 7% 14% 0.73
POD 2 am 17% 3% 18% 0.23
POD 2 pm 33% 10% 32% 0.21
POD 3 am 22% 7% 19% 0.36
POD 3 pm 12% 3% 6% 0.49
Pruritus (incidence)
POD 1 am 27% 14% 27% 0.58
POD 1 pm 33% 11% 27% 0.28
POD 2 am 27% 7% 14% 0.21
POD 2 pm 17% 3% 10% 0.30
POD 3 am 12% 7% 14% 0.69
POD 3 pm 17% 0% 10% 0.10
Drowsiness (incidence)
POD 1 am 40% 19% 32% 0.47
POD 1 pm 17% 29% 32% 0.60
POD 2 am 12% 23% 14% 0.62
POD 2 pm 40% 10% 14% 0.10
POD 3 am 12% 3% 10% 0.49
POD 3 pm 12% 0% 14% 0.13
Satisfaction (VAS)
POD 1 am 6 (5-7) 8 (7-8) 6 (5-7) 0.12
POD 1 pm 6 (5-7) 7 (6-8) 7 (7-8) 0.08
POD 2 am 6 (5-7) 7 (5-8) 8 (7-9) 0.06
POD 2 pm 6 (5-7) 8 (7-9) 8 (7-9) 0.08
POD 3 am 7 (6-8) 8 (7-9) 9 (8-9) 0.11
POD 3 pm 8 (7-9) 8 (7-9) 9 (8-9) 0.18

Data are presented as mean (95% confidence interval) or percentage. Significant results are underscored by an asterisk. High concentration group,
infusion of ropivacaine 0.2%; low concentration group, infusion of ropivacaine 0.1%; placebo infusion group, infusion of normal saline 0.9%;
VAS = visual analog scale.
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Table 3. Early and later functional outcomes on postoperative Day (POD) 1, 2, 3, at 6 weeks, 3 months, and 12 months

Functional outcome High concentration group Low concentration group Placebo infusion group p value
Distance walked (m)
POD 1 am 3 (0-6) 4 (0-10) 6 (0-11) 0.71
POD 1 pm 8 (1-15) 12 (3-21) 14 (6-23) 0.57
POD 2 am 39 (28-51) 40 (28-51) 44 (32-56) 0.83
POD 2 pm 48 (37-57) 55 (37-73) 52 (41-63) 0.72
POD 3 am 65 (55-75) 66 (51-81) 57 (45-69) 0.48
POD 3 pm 54 (41-67) 51 (33-68) 47 (33-62) 0.78
Active flexion (degrees)
POD 1 am 61 (53-69) 55 (47-63) 56 (49-62) 0.41
POD 1 pm 72 (63-80) 66 (57-75) 60 (53-67) 0.09
POD 2 am 71 (63-79) 61 (54-69) 66 (58-72) 0.18
POD 2 pm 75 (68-82) 68 (62-75) 64 (56-71) 0.08
POD 3 am 79 (73-86) 78 (71-85) 71 (64-78) 0.15
POD 3 pm 78 (67-89) 78 (69-87) 71 (63-78) 0.39
Passive flexion (degrees)
POD 1 am 86 (80-91) 84 (79-89) 76 (69-83) 0.03*
POD 1 pm 91 (85-96) 92 (87-98) 76 (70-82) < 0.001*
POD 2 am 86 (81-93) 81 (76-86) 81 (76-87) 0.23
POD 2 pm 88 (83-93) 86 (81-91) 81 (73-88) 0.18
POD 3 am 91 (85-96) 87 (82-92) 84 (79-89) 0.15
POD 3 pm 88 (79-97) 85 (81-88) 81 (76-86) 0.23
Quadriceps strength (pounds)
Preoperative 18 (15-20) 17 (15-20) 17 (15-19) 0.98
POD 1 am 4 (2-6) 6 (4-8) 5(3-7) 0.47
POD 1 pm 5(3-7) 6 (4-8) 6 (4-7) 0.67
POD 2 am 5 (4-7) 6 (4-7) 5 (4-7) 0.78
POD 2 pm 6 (5-8) 7 (5-9) 6 (5-8) 0.60
POD 3 am 8 (6-9) 8 (6-11) 7 (5-8) 0.41
POD 3 pm 8 (6-10) 11 (8-13) 9 (7-11) 0.14
WOMAC score
Preoperative 44 (40-48) 46 (41-51) 43 (37-49) 0.70
6 weeks 30 (23-38) 31 (25-36) 33 (28-38) 0.74
3 months 22 (15-30) 21 (16-25) 24 (17-30) 0.81
12 months 17 (7-27) 22 (14-30) 18 (9-27) 0.68
SF-36 score
Preoperative 91 (86-97) 91 (86-96) 90 (84-97) 0.96
6 weeks 70 (58-81) 69 (57-81) 73 (63-83) 0.89
3 months 80 (68-91) 75 (64-86) 88 (78-98) 0.17
12 months 97 (90-104) 102 (100-104) 103 (100-106) 0.07

Data are presented as mean (95% confidence interval). Significant results are underscored by an asterisk. High concentration group, infusion of
ropivacaine 0.2%; low concentration group, infusion of ropivacaine 0.1%; placebo infusion group, infusion of normal saline 0.9%.

supporting the analgesic efficacy of continuous femoral
nerve block for TKA were based on a now outdated
intention to cause motor block to reduce muscle spasm and
facilitate passive motion rehabilitation techniques during
prolonged in-patient admissions [6, 24]. Furthermore,
previous studies comparing different formulations of

femoral nerve block are variously retrospective [8], do not
use complete multimodal analgesia [5, 8, 12, 21], or pri-
marily address analgesic outcomes with little or no
consideration of mobility or function [8, 12, 18, 26]. The
multiplicity of differences in local anesthetic volumes and
concentrations used for the femoral nerve block as well as
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differences in modes of administration and outcome mea-
sures make comparisons between studies and meaningful
interpretation problematic. In the present study, we inves-
tigated whether altering the concentration and volume of a
fixed dose of ropivacaine in a continuous femoral nerve
block would affect time to discharge readiness after TKA
compared with a conventional single-injection femoral
nerve block. Our secondary questions were whether the
concentration and volume of ropivacaine in continuous
femoral nerve blocks would affect the quality of analgesia
compared with a single-injection femoral nerve block, and
finally, whether functional outcomes would be affected.
The present study has a number of limitations. First, and
most importantly, our data must be interpreted with caution
because this trial was terminated early, resulting in a much
smaller sample size than intended and an increased likeli-
hood that we failed to detect differences between treatment
groups that might have been present. The premature termi-
nation resulted in only 61% of the planned sample size being
recruited, resulting in a 39% power to detect a clinically
relevant difference on our primary study end point of time to
discharge readiness. The reason for early termination was a
change in practice at our home institution such that sciatic
nerve block was discontinued as a component of standard
postoperative analgesia after TKA. This change was made
after our review of the evidence found that the analgesic
benefit of adding a sciatic nerve block to a femoral nerve
block for TKA is questionable [1]. As such, recruitment for
the present study was terminated, because a change in the
standard postoperative analgesic regimen would introduce
considerable bias and render the interpretation of our results
problematic. Our sample size was further restricted by loss of
four patients to followup and withdrawal of consent by two
patients. Second, the multimodal analgesia treatment pre-
scribed in our institution, including intrathecal morphine,
opioids, gabapentin, NSAIDs, and acetaminophen, may
mean that our data are not generalizable to other settings that
do not use a similar approach. Finally, continuous infusion
and bolus volumes were not routinely increased as part of the
study because there was insufficient evidence in the literature
for increasing the local anesthetic dose beyond what was
provided [5, 14, 18]. Nonetheless, we believe our results are
worthy of dissemination and thoughtful consideration as the
combined analgesic and functional impact of different for-
mulations of femoral nerve block has been very little studied
up to now. Finally, despite the insufficient sample size, our
results may serve as useful pilot data for future studies.
There is very little published evidence regarding the
impact of different femoral nerve block formulations on
time to discharge readiness. The present study replicated
the discharge criteria used by Ilfeld and colleagues [14, 15]
in two previous studies examining the effect of the duration
of continuous femoral nerve block on time to discharge
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readiness after TKA. Patients with a continuous femoral
nerve block were randomly allocated to a ropivacaine 0.2%
infusion for 4 days or an identical infusion stopped on the
morning of the first postoperative day. Ilfeld found that the
time to discharge readiness in the 4-day infusion groups
was significantly shorter than the comparison groups, a
finding that appears to be at odds with the present study
wherein we found similar times to discharge readiness
across all three groups, including the placebo infusion
group. It is noteworthy that, unlike our study, the patients
in these two previous trials were all American Society of
Anesthesiologists physical status II and were subject to
strict exclusion criteria around preoperative analgesic use.
For these reasons, we believe our results more closely
represent the TKA population at large. Finally, unlike
several other comparative studies of continuous and single-
injection femoral nerve block after TKA [8, 21, 26], we
purposefully avoided using length of hospital stay as an
outcome measure, because this is notoriously influenced by
multiple factors [16].

Another recurring problem that undermines comparisons
of analgesic efficacy between previous studies and the
present one is the inconsistency in the use of multimodal
analgesia across study groups [5, 8, 12, 21]. Multimodal
analgesia has been shown to improve analgesic and func-
tional outcomes after total joint arthroplasty [11] and has
been supported by a procedure-specific systematic review
[9]. The multimodal analgesic regimen used here includes
intrathecal morphine, peripheral nerve blockade, and three
nonopioid oral analgesics and reflects the standard, evi-
dence-based practice at our institution.

The effects of different formulations of femoral nerve
block on functional end points other than time to dis-
charge readiness or length of hospital stay have been
studied very little, and many of the studies of femoral
nerve block after TKA do not report any detail on post-
operative mobility, muscle strength, or long-term
functional outcomes [8, 12, 21, 23, 26]. Different mea-
sures of function also make comparisons between studies
problematic. Consistency in functional measures, whether
ROM, quadriceps strength, or questionnaire-based scales
such as SF-36, is required for clinically meaningful,
patient-centered results [10].

Based on this study, which was terminated prematurely
before the desired sample size could be achieved, we were
unable to demonstrate that varying the concentration and
volume of a fixed-dose ropivacaine infusion for continuous
femoral nerve block influences time to discharge readiness
when compared with a conventional single-injection fem-
oral nerve block after TKA. A low concentration of
ropivacaine infusion can reduce postoperative opioid con-
sumption but without any important differences in pain
scores, side effects, or functional outcomes. These pilot
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data may be used to inform the statistical power of future
randomized trials.
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