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Abstract
A continuous femoral nerve block (cFNB) involves the percutaneous insertion of a catheter
adjacent to the femoral nerve, followed by a local anesthetic infusion, improving analgesia
following total knee arthroplasty (TKA). Portable infusion pumps allow infusion continuation
following hospital discharge, raising the possibility of decreasing hospitalization duration. We
therefore used a multicenter, randomized, triple-masked, placebo-controlled study design to test
the primary hypothesis that a four-day ambulatory cFNB decreases the time until each of three
predefined readiness-for-discharge criteria (adequate analgesia, independence from intravenous
opioids, and ambulation ≥ 30 meters) are met following TKA compared with an overnight
inpatient-only cFNB. Preoperatively, all patients received a cFNB with perineural ropivacaine
0.2% from surgery until the following morning, at which time they were randomized to either
continue perineural ropivacaine (n=39) or switch to normal saline (n=38). Patients were
discharged with their cFNB and portable infusion pump as early as postoperative day three.
Patients given four days of perineural ropivacaine attained all three criteria in a median (25th–75th

percentiles) of 47 (29–69) hours, compared with 62 (45–79) hours for those of the control group
(Estimated ratio=0.80, 95% confidence interval: 0.66–1.00; p=0.028). Compared with controls,
patients randomized to ropivacaine met the discharge criterion for analgesia in 20 (0–38) vs. 38
(15–64) hours (p=0.009), and intravenous opioid independence in 21 (0–37) vs. 33 (11–50) hours
(p=0.061). We conclude that a four-day ambulatory cFNB decreases the time to reach three
important discharge criteria by an estimated 20% following TKA compared with an overnight
cFNB, primarily by improving analgesia.

Introduction
While total knee arthroplasty (TKA) improves patients’ long-term quality-of-life, it often
results in severe pain in the immediate postoperative period that is difficult to control with
solely oral and intravenous analgesics [36]. Adding a continuous femoral nerve block
(cFNB)—also termed perineural local anesthetic infusion—is a relatively novel option. This
technique involves the percutaneous insertion of a catheter directly adjacent to the femoral
nerve below the inguinal ligament, followed by an infusion of dilute local anesthetic (Figure
A, supplemental material). In hospitalized patients following TKA, addition of a cFNB to a
multimodal analgesic regimen improves analgesia and accelerates passive knee flexion
[7;36]. However, with few exceptions, perineural infusion benefits are provided only during
the infusion itself and cease when the perineural catheter is removed, negating the
possibility of shortening hospitalization duration [33]. As a result, practitioners are left with
the perplexing choice of requiring an extended hospitalization to provide superior analgesia
and other infusion benefits, or allowing earlier hospital discharge with potentially
inadequate analgesia and suboptimal rehabilitation [33].

Unlike intravenous or epidural analgesics, perineural infusion may be continued following
hospital discharge using a portable infusion pump to provide local anesthetic on an
ambulatory basis [16]. Ambulatory cFNB thus offers the theoretic potential of providing
prolonged analgesia while simultaneously decreasing disability and hospitalization duration
[17]. A previous investigation reported a four-day ambulatory cFNB decreased the time
required to reach three important discharge criteria by 53% compared with an overnight,
hospital-only cFNB following TKA (p<0.001) [18]. However, a major limitation of that
study was the highly artificial research environment: (1) all subjects convalesced in a
specialized, stand-alone clinical research center often with a single nurse for each patient;
(2) a single anesthesiologist cared for all subjects; and (3) the three physical therapists
involved in the study were specially trained to optimize the study protocol, including
ambulation distances [18]. Consequently, it is problematic generalizing results from this
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single trial to the more than half-million patients who undergo knee arthroplasty each year in
the United States [25], much less in the rest of the world.

We therefore designed this prospective clinical trial to test the hypothesis that an extended
ambulatory cFNB shortens the time until three specific, predefined readiness-for-discharge
criteria are met following TKA; and to allow inference of the results to the general
population by using standard orthopaedic hospital wards in multiple centers with a wide
range of healthcare providers (e.g., surgeons, anesthesiologists, nurses, physical therapists,
etc). The three discharge criteria for this multicenter, randomized, triple-masked (patients,
investigators, and statisticians), placebo-controlled investigation included (1) adequate
analgesia; (2) independence from intravenous opioids; and (3) sufficient ambulation to allow
home discharge. These criteria were chosen because failure to meet one or more of them
accounts for the majority of hospitalization days at many institutions.

Materials and Methods
Enrollment

This study adhered to the guidelines of the Committee of Research and Ethical Issues of
IASP. The Institutional Review Board at each participating clinical center approved all study
procedures and the trial was prospectively registered at clinicaltrials.gov (NCT00419276).
All subjects provided written, informed consent; and because this was a multi-center trial, a
Data Safety Monitoring Board (University of California San Diego, San Diego, California)
reviewed data and adverse events every six months. Subjects offered enrollment included
adults (18–75 years) scheduled for primary, unilateral, tricompartment, cemented TKA via a
12–18 cm midline skin incision and parapatellar approach who desired a cFNB for
postoperative analgesia. Exclusion criteria included a history of alcohol or opioid
dependence, current chronic analgesic therapy (daily use > 4 weeks), allergy to study
medications, known renal insufficiency (creatinine > 1.5 mg/dL), morbid obesity (body
mass index > 40 kg/m2), pregnancy, incarceration, or comorbidity that resulted in moderate-
to-severe functional limitation (American Society of Anesthesiologists physical status
classification > 2) [32].

Perioperative procedures
A femoral perineural catheter (StimuCath, Teleflex Medical, Research Triangle Park, North
Carolina) was inserted in all subjects using a nerve stimulator (Stimuplex-DIG; B. Braun
Medical, Bethlehem, PA) initially set at 1.2 mA, 0.1 ms, and 2 Hz, using a technique similar
to one previously described with a muscle contraction end-point of the quadriceps at 0.20–
0.50 mA via the placement needle (Figure 1) [15;21]. Forty milliliters of mepivacaine 1.5%,
with epinephrine, 100 μg, was injected via the catheter with gentle aspiration every 3 mL.
The femoral nerve block was evaluated 20 minutes later and considered successful when
subjects were unable to extend the knee and experienced a decreased sensation to cold
temperature in the femoral nerve distribution. Subjects with a successful catheter placement
and nerve block onset per protocol were retained in the study.

For the surgical procedure, subjects were given a volatile anesthetic in nitrous oxide and
oxygen. A ropivacaine 0.2% infusion was initiated via the femoral catheter with a basal rate
of 6 mL/h, patient-controlled bolus-dose of 4 mL, and lock-out period of 30 min.

All subjects received the ropivacaine perineural infusion initiated in the operating room and
continued until the morning after surgery, as well as one week of oral acetaminophen (975
mg four times daily), a sustained-release oral opioid (Oxycontin, 10 mg every 12 h); and
celecoxib (200 mg every 12 h). For breakthrough pain, subjects were instructed to depress
the bolus button on their infusion pump and wait at least 15 min for analgesic onset. Rescue
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opioid was determined by pain severity using a Numeric Rating Scale (NRS) of 0–10 [9],
with 0 equal to no pain and 10 being the worst imaginable pain: oxycodone 5 mg (NRS < 4)
or 10 mg (NRS ≥ 4). Pain was reassessed 30 min later and intravenous morphine (2–4 mg)
was provided until the NRS < 4.

Randomization and intervention
Subject demographic and catheter placement data were uploaded via the Internet to a secure
[40], password-protected, encrypted central server (www.PAINfRE.com, General Clinical
Research Center, Gainesville, Florida) [2]. Subjects were allocated to treatment only after
confirmation of a successful initial surgical block preoperatively. Subjects were randomized
to one of two groups—ropivacaine 0.2% or normal saline (placebo)—stratified by
institution/hospital using computer-generated tables and provided to investigational
pharmacists via the PAINfRE.com Web site. An investigational pharmacist at each
institution prepared all study solution as determined by these lists. Ropivacaine and normal
saline are indistinguishable in appearance, and therefore investigators, subjects, and all
clinical staff were masked to treatment group assignment. Unmasking did not occur until
statistical analysis was complete (termed “triple masking”). At 06:00 on postoperative day
(POD) 1, each patient’s infusion pump which contained ropivacaine 0.2% was replaced with
an infusion pump filled with study solution containing either additional ropivacaine 0.2% or
normal saline (Figure B, supplemental material).

Pain scores were recorded every four hours (except when subjects were sleeping) and when
subjects requested analgesics. Subjects underwent physical therapy twice daily beginning
the morning following surgery and thereafter until discharge (Figure 2). If the physical
therapist believed subject ambulation was limited due to quadriceps weakness, the
perineural infusion was stopped for one hour and then restarted at half the previous basal
rate. At 18:00 on POD 2 (36 h following randomization), a portable infusion pump (Pain
Pump 2 Blockaid, Stryker Instruments, Kalamazoo, MI) containing 400 mL of the same
study solution replaced the previous infusion pump (basal 5 mL/h regardless of previous
basal rate; bolus 4 mL; lock-out 60 min).

Outcome Measurements
Staff masked to treatment group assignment performed all measures and assessments.

At our institutions, failure to meet three criteria account for the majority of hospitalization
days. These three criteria include (1) adequate analgesia (defined as pain less than 4 on a
NRS of 0–10) [4]; (2) independence from intravenous opioids; and (3) sufficient ambulation
of at least 30 m without time limit [10]. Therefore, the primary end point for this study was
the time from surgical stop until all three of these criteria were fulfilled—without a
reversion to unfulfilled status. Fulfillment of criteria was evaluated at the end of each eight-
hour nursing shift.

Major secondary endpoints included pain scores as measured on a NRS, supplemental
opioid consumption, attaining a standing position without assistance, ambulation distance,
and passive knee flexion and extension. Range-of-motion was measured using a goniometer
prior to ambulation with the subject in the supine position during each physical therapy
session. Knee immobilizers were not used.

Subjects were discharged home or to a rehabilitation center with their portable infusion
pump and perineural catheter in situ. Subjects were discharged after meeting the three main
discharge criteria at the discretion of their orthopaedic surgeon, but never prior to the
morning of POD 3. Subjects and their caretakers were provided with verbal and written
catheter/pump instructions, the telephone and pager numbers of an investigator available at
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all times, and prescriptions for their outpatient oral medications that did not differ from the
oral analgesics provided in the hospital. Subjects were telephoned in the evenings through
POD 5. In the evening of POD 4, subjects’ caretakers removed the femoral catheters with
physician instructions provided by telephone.

Statistical methods
The study was powered for the primary end point. Based on a pilot study [17], the planning
distribution for time-to-discharge readiness for the Ropivacaine (Placebo) group was 30 h:
60% (25%); 45 h: 20% (25%); 54 h: 10% (25%); and 69+ h: 10% (25%). To ensure 90%
power at P=0.05 (two-sided) for the Wilcoxon Rank Sum Test, 38 subjects were required in
each treatment group on the basis of the formula of Shuster, Chang, and Tian [34]. To allow
for a higher variability in the primary end point, we planned to enroll a total of 80 subjects.
The actual study power is somewhat higher as better granularity of the actual discharge
qualification times occurred, making the outcome more continuous. In practice, we used the
actual times and not the grouped times.

For consistency, all outcome variables (primary and secondary) were analyzed by the Two-
sided Wilcoxon Rank Sum Test, which provides distribution-free P-values and is highly
robust against outliers. For the primary variable, effect size was estimated by the method of
Hodges and Lehmann for a scale parameter [12;35]. For convenient nomenclature, a two-
sided P<0.05 was considered significant. Because each comparison dilutes all other P-
values, we restricted our analysis to 11 comparisons among secondary end points [27]. Post
hoc comparison of the incidence of subject falls between the two treatment groups was made
using the Fisher’s Exact test. Significant findings in secondary outcomes should be viewed
as suggestive, requiring confirmation in a future trial before considering them as definitive
[27].

Results
During a 29-month period between April 2007 and August 2009, 81 subjects enrolled and all
but one (99%) had a perineural catheter successfully positioned per protocol (Supplemental
Figure C; Table 1). Of these subjects, 40 were randomized to be switched from perineural
ropivacaine to normal saline (Placebo group) at 06:00 on POD 1, while 40 continued to
receive perineural ropivacaine through POD 4 (Ropivacaine group, Figure 2). One subject in
the Placebo group had an infection of his knee joint discovered in the operating room and
his procedure cancelled. Similarly, one subject from the Ropivacaine group had his
procedure canceled for medical reasons following catheter insertion. And one final subject
from the Placebo group underwent a rule-out myocardial infarction immediately following
surgery due to electrocardiogram changes (no evidence of infarction was detected). All three
of these individuals requested study withdrawal, and subsequent data was excluded from
analysis, as mandated by U.S. ethical guidelines [1]. Therefore, 77 subjects were included in
the analysis.

Primary end point
Subjects in the Ropivacaine group attained all three discharge criteria in a median (25th–75th

percentiles) of 47 (29–69) hours, compared with 62 (45–79) hours for those of the Placebo
group (Figure 1; Estimated ratio=0.80, 95% confidence interval: 0.66–1.00; p=0.028).

Secondary end points
While the between-group differences in reported pain and intravenous morphine
requirements were relatively small, a higher percentage of subjects receiving ropivacaine
met discharge criteria at each post-randomization time-point (Figures 2 and 3). In contrast,
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the two groups were nearly identical for distance of ambulation (Figure 4), knee range-of-
motion (Figure 5), and ability to stand unassisted (Table 2). Ten subjects (26%) of the
Ropivacaine group had their basal ropivacaine infusion halved on POD 1 because of
quadriceps weakness versus 9 subjects (24%) of the Placebo group. Three of the ten subjects
in the Ropivacaine group (8% of total group) required a second halving of their basal rate
because of continued quadriceps weakness. Hospitalization duration was a median (range)
of 3.0 (3.0–5.0) days in the Ropivacaine group and 3.5 (3.0–12.0) days in the Placebo group
(p=0.098).

Protocol violations and adverse events
Eight subjects—four in each treatment group—had their perineural catheters inadvertently
dislodged prior to POD 4. Catheter dislodgement is a well-known (and unfortunately
somewhat common) issue during perineural infusion and does not result in patient injury.
For purposes of analysis, each of these subjects was retained in their respective treatment
group per the intention-to-treat principle [39].

From the Placebo group, two subjects developed thrombocytopenia on POD 2 (one with a
history of mild Von Willebrand disease). Their low molecular weight heparin and celebrex
were discontinued and both received transfusions raising platelet counts above 100,000,
allowing home discharge on POD 4 and 11 following perineural catheter removal without
incident. From the Ropivacaine group, one subject required treatment for evolving delirium
tremens on POD 2 and at that time acknowledged that he was dependent upon a high daily
alcohol intake—an exclusion criterion of this study—and the subject requested study
withdrawal. Three additional subjects from the Ropivacaine group fell during their
perineural infusions: one the evening of POD 0 while sitting; one while trying to stand POD
2 without assistance; and one while exiting her car after arriving home following discharge
on POD 3 as well as the following day walking her dog. The first subject sustained a small
abrasion above her left eye while the other two subjects were uninjured. Of note, there were
no femoral nerve palsies reported the day following catheter removal (POD 5) or at the six-
week surgical postoperative visit [11].

Discussion
This multicenter investigation provides evidence that for subjects convalescing in a typical
orthopaedic ward following TKA, extending a cFNB from overnight to over four days
decreases the time to reach each of three important discharge criteria by an estimated 20%.
Furthermore, hospitalization for the duration of the infusion is not required when a portable
pump is used, and subjects or their caretakers remove the perineural catheters following
discharge. Our results thus suggest that by primarily decreasing postoperative pain, the
duration of hospitalization following TKA may be shortened in some cases while still
providing the benefits of cFNB.

Inference of results
Ambulatory cFNB following TKA has been studied previously, but in the highly artificial
environment of a stand-alone clinical research center [18]. In addition, a single
anesthesiologist provided all cFNB-related care from catheter insertion through follow-up
after catheter removal [18]. Within this environment, subjects with a four-day cFNB met
three discharge criteria in a median (25th–75th percentiles) of 25 (21–47) hours, compared
with 71 (46–89) hours for those of the control group with an overnight, hospital-only
infusion. Providing the extended cFNB thus resulted in a far greater decrease in time until
discharge readiness (46 hours, or 53%; p<0.001) than found for subjects of the current study
(15 hours, or 20%; p=0.028). That the benefit was greater in a highly-controlled
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environment is hardly surprising. Our current results reflect a country-wide diversity of
practice that is probably more representative of what clinicians can generally expect from an
extended, ambulatory cFNB.

Our study protocol provided supplemental analgesics as necessary until pain was acceptably
low (NRS < 4); it is thus unsurprising there was little difference in pain scores between the
two treatment groups at each time point in both investigations [18]. However, in the
previously-published study, subjects receiving an extended cFNB achieved independence
from intravenous opioids 19 hours sooner (medians of 44 versus 25 hours; p=0.044),
compared with only 12 hours in the current study (33 versus 21 hours; p=0.061). This
difference most likely resulted from the fact that subjects in the current study convalesced
on standard orthopaedic wards where 1:6 to 1:8 nurse-patient ratios were the norm, whereas
it was usually 1:1 ratio in the previously-published study. With a 1:1 ratio, nursing staff are
naturally far more available to provide intravenous opioids for pain spikes, as is commonly
needed for postoperative pain which often waxes and wanes.

Ambulation
In contrast, there was less between-group improvement for either study in the time until
ambulating 30 meters by extending the cFNB (5 hours in the current study, p=0.780);
however, the time until reaching this criterion between treatment groups for the extended
and overnight cFNB in the previous study was 23 and 31 hours, respectively, compared with
40 and 45 hours of the current investigation. Again, we can only speculate as to the
reason(s) why the subjects in both treatment groups of the previous study ambulated at least
30 meters so much earlier than the current study; but it is likely due, in part, to the physical
therapists involved. In the previous study, only three physical therapists specifically trained
to maximize ambulatory distance were involved in patient care; while in the current
investigation there were many physical therapists spread over multiple institutions who were
asked to have subjects ambulate to the best of their ability, but no specific study-related
instructions given beyond that one request. As with the time until intravenous opioid
independence, it is probable that the ambulation results of the current investigation are far
more indicative of what practitioners can expect for their own subjects by providing an
extended, ambulatory cFNB following TKA.

Many believe that pain limits ambulation after arthroplasty [22]. However, although
analgesia was improved in our extended infusion subjects, it did not result in increased
ambulation distance. One explanation for this lack of improvement is that a well-recognized
side effect of perineural infusion is muscular weakness [5], particularly undesirable in cFNB
that affect quadriceps femoris function required for ambulation. Because an extended cFNB
was not correlated with a decrease in ambulation distance as well, it is possible that the
disadvantage of muscle weakness is offset by improved analgesia. However, a weakened
quadriceps femoris muscle is a risk factor for falling in elderly patients, regardless of
analgesia [38]. In the current study, two subjects fell (twice in one subject for a total of 3
falls), and both were in the Ropivacaine group (p=0.240). There is growing evidence that
lower extremity continuous peripheral nerve blocks increase the risk of patient falls
[11;14;18;29;31;41]. Whether or not the cFNB was a contributing factor to the falls of the
present study remains unknown because our investigation was not powered to detect such
(presumably) rare complications [24]. Nonetheless, patient falls during perineural infusion
are now being highlighted in the anesthesiology and surgical literature [11;23;29].

Fall prevention
Until additional data are available, practitioners may want to consider steps that may
minimize the risk of falls. Such steps include minimizing the dose of local anesthetic;

Ilfeld et al. Page 7

Pain. Author manuscript; available in PMC 2011 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



providing limited-volume patient-controlled bolus doses which allow for a decreased basal
dose without compromising analgesia in some cases [8;19]—although not all [20]; utilizing
a knee immobilizer and walker/crutches during ambulation [29]; and educating all
healthcare providers of possible continuous peripheral nerve block-induced muscle
weakness and necessary fall precautions. Of note, a similar percentage of subjects in each
treatment group (26% vs. 24%) had a decrease in their basal infusion rate when quadriceps
femoris weakness limited ambulation, suggesting that the muscle weakness was not due to
the perineural ropivacaine infusion. However, three of the ten subjects of the Ropivacaine
group required a second halving of their basal rate because of continued quadriceps
weakness, versus none of the Placebo group subjects. This association demonstrates the
importance of a using an infusion pump that allows the basal rate to be adjusted during the
infusion. The optimal basal infusion rate and ropivacaine concentration remain
undetermined following TKA; and initially providing a lower rate or concentration may
result in decreased cFNB benefits for a subset of patients [6;37].

Study Limitations
The control (Placebo) group received an initial femoral nerve block followed by an
overnight cFNB, and not simply a single-injection femoral nerve block and/or opioids as is
common in many practices in the United States. Additionally, although all subjects received
sustained-release oral opioids, these may result in undesirable side effects which were not
assessed in this investigation. This study also excluded patients who had taken opioids daily
for more than the previous four weeks. Although precise figures are unavailable,
undoubtedly a large percentage of patients undergoing TKA have received over a month of
opioids daily, and whether the results of the current study remain applicable to this patient
subset remains unknown.

Early discharge
Our study protocol required subjects to remain hospitalized until at least POD 3, even if they
were discharge-ready earlier. This partially explains why subjects of the Ropivacaine group
had a median (range) actual hospitalization duration of 3 (3–5) days even though they met
the three main discharge criteria in a median of less than 2 days. Furthermore, there is
usually a substantial difference between discharge-readiness and actual discharge because
additional factors such as patient comorbidities [28], rehabilitation expectations [7;36], and
hospital policy [13;30] may significantly influence hospitalization duration. While this
investigation suggests that the duration of hospitalization after TKA may be decreased with
ambulatory cFNB, it does not define an appropriate subset of patients and incidence of
complications associated with early discharge. Caution is warranted because, following
TKA, the median times to myocardial infarction and pulmonary embolism are one and four
days, respectively [26].

Although the feasibility of converting TKA into an overnight-stay procedure using
ambulatory cFNB has been previously demonstrated,[17] a single series of patients does not
permit conclusions to be drawn regarding the relative safety of this practice. Therefore,
additional study is required to define an appropriate subset of patients and assess the
incidence of complications associated with earlier discharge following TKA. Nonetheless,
ambulatory cFNB may enable rapid hospital discharge to a skilled nursing facility or
rehabilitation center where medical oversight would continue in case of an adverse event
[3].

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect of femoral perineural ropivacaine infusion on the time to reach three important
discharge criteria (adequate analgesia, independence from intravenous opioids, and the
ability to ambulate at least 30 m) following total knee arthroplasty. Data presented are
Kaplan-Meier estimates of the cumulative percentages of subjects meeting all three
discharge criteria at each time point and subsequent time points. Data are for subjects
randomly assigned to group Ropivacaine (perineural ropivacaine from surgery through
postoperative day 4) or group Placebo (perineural ropivacaine from surgery through 06:00
postoperative day 1 followed by perineural normal saline through postoperative day 4).
Subjects given four days of perineural ropivacaine attained all 3 discharge criteria in a
median (25th–75th percentiles) of 47 (29–69) hours, compared with 62 (45–79) hours for
those of the control group (Estimated ratio=0.80, 95% confidence interval: 0.66–1.00;
p=0.028).
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Figure 2.
Effects of femoral perineural ropivacaine infusion on postoperative pain following total
knee arthroplasty. Pain severity indicated using a Numeric Rating Scale of 0–10, with 0
equal to no pain and 10 being the worst imaginable pain. Data are expressed as median
(horizontal bar) with 25th–75th (box) and 10th–90th (whiskers) percentiles for subjects
randomly assigned to group Ropivacaine (perineural ropivacaine from surgery through
postoperative day 4) or group Placebo (perineural ropivacaine from surgery through 06:00
postoperative day 1 followed by perineural normal saline through postoperative day 4).
Because each comparison dilutes all other P-values, we restricted our analysis to 11
comparisons among secondary end points. P-values are provided where statistical
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comparisons were applied. Kaplan-Meier estimates include the cumulative percentages of
subjects with the discharge criterion of a median Numeric Rating Scale < 4 in the 8-hour
period and subsequent time points. Subjects given four days of perineural ropivacaine
attained this analgesia discharge criterion in a median (25th–75th percentiles) of 20 (0–38)
hours, compared with 38 (15–64) hours for those of the control group (Estimated ratio=0.52,
95% confidence interval: 0.28–0.84; p=0.009). “Eve”: Evening; and “Nit”: Night.
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Figure 3.
Effects of femoral perineural ropivacaine infusion on intravenous morphine consumption
following total knee arthroplasty. Data are expressed as median (horizontal bar) with 25th–
75th (box) and 10th–90th (whiskers) percentiles for subjects randomly assigned to group
Ropivacaine (perineural ropivacaine from surgery through postoperative day 4) or group
Placebo (perineural ropivacaine from surgery through 06:00 postoperative day 1 followed by
perineural normal saline through postoperative day 4). Because each comparison dilutes all
other P-values, we restricted our analysis to 11 comparisons among secondary end points. P-
values are presented where statistical comparisons were applied. Kaplan-Meier estimates
include the cumulative percentages of subjects with the discharge criterion of independence
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from intravenous opioids during the 8-hour period and subsequent time points. Subjects
given four days of perineural ropivacaine attained this discharge criterion of independence
from intravenous opioids during an 8-hour period in a median (25th–75th percentiles) of 21
(0–37) hours, compared with 33 (11–50) hours for those of the control group (Estimated
ratio=0.69, 95% confidence interval: 0.42–1.01; p=0.061). “Eve”: Evening; and “Nit”:
Night.
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Figure 4.
Effects of femoral perineural ropivacaine infusion on ambulation following total knee
arthroplasty. Data are expressed as median (horizontal bar) with 25th–75th (box) and 10th–
90th (whiskers) percentiles for subjects randomly assigned to group Ropivacaine (perineural
ropivacaine from surgery through postoperative day postoperative day 4) or group Placebo
(perineural ropivacaine from surgery through 06:00 postoperative day 1 followed by
perineural normal saline through postoperative day 4). Kaplan-Meier estimates include the
cumulative percentages of subjects ambulating the discharge criterion of at least 30 m at
each time point and subsequent time points. Subjects given four days of perineural
ropivacaine attained this discharge criterion in a median (25th–75th percentiles) of 40 (25–
68) hours, compared with 45 (25–66) hours for those of the control group (Estimated
ratio=1.00, 95% confidence interval: 0.75–1.26; p=0.778). “Eve”: Evening.
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Figure 5.
Effects of femoral perineural ropivacaine infusion on passive knee flexion and extension
following total knee arthroplasty. Data are expressed as median (horizontal bar) with 25th–
75th (box) and 10th–90th (whiskers) percentiles for subjects randomly assigned to group
Ropivacaine (perineural ropivacaine from surgery through postoperative day postoperative
day 4) or group Placebo (perineural ropivacaine from surgery through 06:00 postoperative
day 1 followed by perineural normal saline through postoperative day 4). Because each
comparison dilutes all other P-values, we restricted our analysis to 11 comparisons among
secondary end points. Therefore, statistics were not applied to the data of this figure. “Eve”:
Evening.
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Table 1

Pre-Randomization Subject Information

Ropivacaine Group (n=39) Placebo Group (n=38)

Age (yr) 61 (58–67) 66 (60–70)

Sex (female/male) 26/13 25/13

Height (cm) 168 (160–175) 163 (155–168)

Weight (kg) 82 (69–95) 81 (70–88)

Body mass index (kg/m2) 28 (26–32) 29 (26–34)

ASA Physical Status 2 (2–2) 2 (2–2)

Minimum needle current (mA) 0.40 (0.30–0.48) 0.36 (0.30–0.47)

Minimum catheter current (mA) 0.26 (0.10–0.41) 0.26 (0.17–0.40)

Intraoperative fentanyl (μg) 250 (200–350) 250 (175–300)

Intraoperative morphine (mg) 0 (0–8) 0 (0–6)

Catheter insertion to randomization (h) 23 (21–23) 22 (20–23)

Surgery duration (min) 138 (114–155) 133 (111–156)

Tourniquet duration (min) 95 (74–110) 92 (75–107)

Values are reported as median (25th–75th percentiles)

ASA: American Society of Anesthesiologists
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