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Background: Previously, we have demonstrated that extending a
continuous femoral nerve block (cFNB) from overnight to 4 days after
total knee arthroplasty (TKA) provides clear benefits during the infusion,
but not subsequent to catheter removal. However, there were major
limitations in generalizing the results of that investigation, and we sub-
sequently performed a very similar study using a multicenter format,
with many health care providers, in patients on general orthopedic wards,
thus greatly improving inference of the results to the general popula-
tion. Not surprisingly, the perioperative/short-term outcomes differed
greatly from the first, more limited study. We now present a prospective
follow-up study of the previously published, multicenter, randomized
controlled clinical trial to investigate the possibility that an extended
ambulatory cFNB decreases long-term pain, stiffness, and functional

disability after TKA, which greatly improves inference of the results to
the general population.
Methods: Subjects undergoing TKA received a cFNB with ropivacaine
0.2% from surgery until the following morning, at which time patients
were randomized to continue either perineural ropivacaine (n = 28) or
normal saline (n = 26). Patients were discharged with their catheter and
a portable infusion pump, and catheters were removed on postoperative
day 4. Health-related quality of life was measured using the Western
Ontario and McMaster Universities Osteoarthritis Index preoperatively
and then at 7 days, as well as 1, 2, 3, 6, and 12 months after surgery. This
index evaluates pain, stiffness, and physical functional disability. For in-
clusion in the analysis, we required a minimum of 4 of the 6 time points,
including day 7 and at least 2 of months 3, 6, and 12.
Results: The 2 treatment groups had similar Western Ontario and
McMaster Universities Osteoarthritis scores for the mean area-under-
the-curve calculations (point estimate for the difference in mean area
under the curve for the 2 groups [overnight infusion group j extended
infusion group] = 3.8; 95% confidence interval,j3.8 to +11.3; P = 0.32)
and at all individual time points (P 9 0.05).
Conclusions: This investigation found no evidence that extending an
overnight cFNB to 4 days improves (or worsens) subsequent pain,
stiffness, or physical function after TKA in patients of multiple centers
convalescing on general orthopedic wards.

(Reg Anesth Pain Med 2011;36: 116Y120)

T otal knee arthroplasty (TKA) often results not only in severe
perioperative pain and debilitation, but also chronic pain,

joint stiffness, and functional disability for many months or
even years after the procedure.1 Persistent postoperative pain is
strongly associated with preoperative pain, poorly controlled
postoperative pain, and the type of surgery.2 Providing potent
perioperative analgesia accelerates passive knee flexion in the
first 2 months after TKA,3 but whether persistent pain and
functional disability are decreased remains undetermined.

We previously reported, for example, that extending a con-
tinuous femoral nerve block (cFNB) from overnight to 4 days
after TKA improves analgesia during the infusion.4 However, a
study of health-related quality of life during the first year for
subjects of our original study failed to detect any long-term
benefits from extending the cFNB to 4 days.5 Unfortunately, there
were limitations in generalizing the results of that investigation,
and we therefore subsequently performed a very similar study in
a multicenter format, with many health care providers, in patients
on general orthopedic wards.6
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We now present a prospective follow-up study of the pre-
viously published, multicenter, randomized controlled clinical
trial to investigate the possibility that an extended ambulatory
cFNB decreases long-term pain, stiffness, and functional dis-
ability after TKA,6 which greatly improves inference of the
results to the general population. We hypothesized that an im-
provement in pain, stiffness, and functional ability would be
greater not only at 1 week, but also at 1, 2, 3, 6, and 12 months
after TKA in patients who received a 4-day cFNB compared with
an overnight cFNB in the immediate postoperative period.

MATERIALS AND METHODS
The institutional review board at each participating clinical

center approved all study procedures, and the trial was pro-
spectively registered at clinicaltrials.gov (NCT00419276). All
subjects provided written, informed consent, and because this
was a multicenter trial, a Data Safety Monitoring Board (Uni-
versity of California San Diego, San Diego, Calif ) reviewed data
and adverse events every 6 months. Details of the study methods
have been published previously.6 In brief, patients offered en-
rollment included adults (18Y75 years old) with osteoarthritis
scheduled for primary, unilateral, tricompartment, cemented
TKA via a 12- to 18-cm midline skin incision and parapatellar
approach who desired a cFNB for postoperative analgesia.

Study Intervention
Subjects received a femoral nerve block and perineural

catheter (StimuCath; Arrow International, Reading, Pa) followed
by a perineural ropivacaine 0.2% infusion (6 mL/hr basal; 4-mL
patient-controlled bolus; 30-min lockout) from surgery until the
following morning, at which time patients were randomized to
either continue perineural ropivacaine (Bextended infusion,[
n = 39) or switched to normal saline (Bovernight infusion,[
n = 38). Randomization was performed in a triple-masked
fashion (patients, investigators, statisticians) with stratification
according to clinical site.

At 1800 on postoperative day (POD) 2 (36 hrs after ran-
domization), a portable infusion pump (Pain Pump 2 Blockaid;
Stryker Instruments, Kalamazoo, Mich) containing 400 mL of
the same study solution (basal 5 mL/hr; bolus 4 mL; 60-min
lockout) replaced the previous infusion pump. Patients were
discharged with their pump and perineural catheter in situ as
early as 1000 on POD 3. In the evening of POD 4, patients’
caretakers removed the femoral catheters with physician instruc-
tions provided by telephone.

Outcome Measurements
The current study was a planned secondary analysis of

prospectively collected data involving pain, joint stiffness, and
physical functional disability. Various instruments are avail-
able that convert health status into quantifiable values. The West-
ern Ontario and McMaster Universities Osteoarthritis Index
(WOMAC) is an instrument specifically designed to evaluate
clinically important, patient-relevant changes in health-related
quality of life after treatment interventions in patients with oste-
oarthritis of the knee.7 The WOMAC evaluates 3 dimensions of
health-related quality of life: pain, stiffness, and physical func-
tional disability with 5, 2, and 17 questions, respectively. An or-
dinal Likert scale from 0 to 4 is used for each question, with lower
scores indicating lower levels of symptoms or physical disability.7

Each subscale is summated to a maximum score of 20, 8, and
68, respectively. The individual dimensions are always analyzed
separately, and investigators have often added a Bglobal[ score,
which is calculated by summating the scores for the 3 subscales.8

The questionnaire may be self-administered or administered via

a telephone call and takes 5 to 10 mins to complete.9 Because it
is a proprietary instrument, the questionnaire itself may not be
published and is therefore not included in an appendix.

Since its inception 2 decades ago, the WOMAC has been
translated into 60 languages and used in several hundred
published clinical trials.10 It has been rigorously examined, dem-
onstrating excellent construct validity, responsiveness, and test-
retest reliability in patients after total knee replacement7,11Y13

and is therefore recommended in the Osteoarthritis International
Research Society’s guidelines for clinical trials.10,14

Therefore, to investigate the relationship between post-
operative analgesic technique and subsequent pain, stiffness, and
functional disability, a baseline WOMAC was administered be-
fore surgery (POD 0) and again at 7 days as well as 1, 2, 3, 6, and
12 months after surgery. The baseline measurement was a self-
administered written questionnaire, whereas subsequent mea-
surements were administered via the telephone. Scores from
self-administered and telephone-administered WOMAC instru-
ments have a demonstrated error rate of 0.9% to 2.6%.9

Statistical Analysis
The study was powered for the previously published pri-

mary end point: time to attain 3 discharge criteria (adequate
analgesia, independence from intravenous analgesics, and am-
bulation of at least 30 m).6 To analyze the WOMAC responses,
the WOMAC scores were joined by straight lines between time
points (t) from POD 7 (t = 0.25 months) to t = 12 months. The
personal progress estimated mean area under the curve (AUC)
was defined as the integral of this curve from 0.25 to 12, divided
by 11.75 months. The WOMAC hypotheses asked the question
ofwhether overall personal means over a continuum for 12months
of the WOMAC scores (mean area under the curve) differ be-
tween treatment groups.

The mean AUC measurements were compared by a 2-sided
t test with a pooled variance estimate, as the primary question of
the null hypothesis was that the 2 groups have the same
WOMAC profile over time. For inclusion in this specific anal-
ysis, we required a minimum of 4 of the 6 time points, includ-
ing day 7 and at least 2 of months 3, 6, and 12. For missing
time points, we applied a slightly modified trapezoidal rule,
commonly used in pharmacokinetic studies, which effectively
imputes missing values by linear interpolation between the
values on either side of the one missing or, in the case of month
12, linear extrapolation from the values of months 3 and 6. The
only modification occurs if the extrapolated value falls below
zero, in which case a value of zero was used as month 12. These
rules were set up before the study was conducted. Additional
secondary analyses involved time point by time-point compari-
son of the changes from baseline in AUC for total scores, plus
the same for pain, stiffness, and functional subscales.

RESULTS
Subjects were enrolled during a 29-month period between

April 2007 and August 2009. Details of the study results for
the immediate postoperative period have been published pre-
viously.6 Data acquisition for the current study involving
WOMAC scores occurred 7 days to 12 months after enrollment
of each subject. No patient was lost to follow-up. However, for
the mean AUC calculations, follow-up WOMAC data meeting
our stringent inclusion criteria (a minimum of 4 of the 6 time
points, including day 7 and at least 2 of months 3, 6, and 12)
were available from 28 subjects (72%) from the extended infu-
sion and 26 subjects (68%) from the overnight infusion groups.

The 2 treatment groups had similar WOMAC scores for the
mean AUC calculations (point estimate for the difference in
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mean area under the curve for the 2 groups [overnight infusion
group j extended infusion group] = 3.8; 95% confidence in-
terval, j3.8 to +11.3; P = 0.32). In addition, the 2 treatment
groups had similar total WOMAC scores at all individual time
points in terms of both raw scores and changes from baseline
(P 9 0.05; Figs. 1 and 2, and Table 1). Although there appeared
to be a trend toward improved WOMAC scores in the extended
infusion group at month 2 (P = 0.09), this difference disappeared
after adjusting for baseline values (P = 0.62).

A retrospective power calculation indicates that a study of
54 subjects (26 in one group and 28 in the other) has 80% power
at P = 0.05 (2-sided) to detect a difference of 0.78 SDs in mean
AUC. This would translate to a sensitivity of about a 10-unit
difference between the groups.

DISCUSSION
This prospective, multicenter investigation found no evi-

dence that extending an overnight cFNB to 4 days decreases
subsequent postinfusion pain, stiffness, or functional disability
between 7 days and 12 months after TKA. In contrast, multiple

randomized controlled trials have demonstrated clear benefits
during the infusion.3,4,6,15,16

Preemptive Analgesia
There are both theoretical reasons and clinical data sug-

gesting that improving analgesia in the immediate postoperative
period may decrease long-term pain, reduce joint stiffness, and
improve functional status.17Y21 For example, there are analogous
data involving continuous epidural infusion effects on post-
thoracotomy pain in which patients randomized to receive a
thoracic bupivacaine/morphine epidural infusion from before
surgery through 48 postoperative hrs reported superior analgesia
during the infusion when compared with patients randomized to
receive intravenous patient-controlled morphine21 (similar to
cFNB and TKA as reported in other studies3,15). After the epi-
dural catheter was removed, patients who had received 2 days
of epidural infusion had a lower risk of thoracotomy-associated
pain at 2 (50% vs 87%, P G 0.05) and 6 months (45% vs 78%,
P G 0.05) after surgery, as compared with patients receiving
only intravenous opioids. Thus, the lack of long-term effect for
an extended-duration cFNB of the current study is disappoint-
ing. Although there may be short-term analgesic benefits after
cFNB discontinuationV2 randomized controlled studies removed

FIGURE 2. Effect of an extended femoral perineural ropivacaine
infusion on improvement from preoperative baseline of
health-related quality of life after tricompartment knee
arthroplasty, as measured with the WOMAC Index. Data are
expressed as mean for patients randomly assigned to an extended
cFNB (perineural ropivacaine from surgery through POD 4) or
overnight cFNB (perineural ropivacaine from surgery through
0600 on POD 1 followed by perineural normal saline through
POD 4). The 2 treatment groups had similar scores at all individual
time points (P 9 0.05).

FIGURE 1. Effect of an extended femoral perineural ropivacaine
infusion on health-related quality of life after tricompartment
knee arthroplasty, as measured with the WOMAC Index. Data
are expressed means for patients randomly assigned to an
extended cFNB (perineural ropivacaine from surgery through
POD 4) or overnight cFNB (perineural ropivacaine from surgery
through 0600 on POD 1 followed by perineural normal saline
through POD 4). The 2 treatment groups had similar WOMAC
scores for the mean AUC calculations (point estimate for the
difference in mean area under the curve for the 2 groups
[overnight infusion group j extended infusion group] = 3.8;
95% confidence interval, j3.8 to +11.3; P = 0.32).
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catheters on POD 2 and still found a small improvement in pain
scores 24 to 48 hrs later16,22Vthere are currently few data to
suggest that persistent chronic pain after catheter removal may
be reduced with cFNB after TKA.

Study Limitations
A limitation of our study is that the control 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. For
TKA patients who do not receive any single-injection and/or
continuous peripheral nerve block(s), the differences in post-
operative health-related quality of life compared with a 4-day
cFNB as provided in this study may be much greater in the
months after surgery. More importantly, WOMAC scores were
secondary outcomes for the original study and thus do not have
the statistical strength of primary outcomes. Nonetheless, our
results do not suggest that there was any large effect of extending
the cFNB from overnight to 4 PODs. In addition, the individual
means, variances, and covariances at and between specific time
points provided by this study may be used as planning para-
meters for future investigations. Lastly, the intervention protocol
used in this investigation reflected our clinical practice during the
study period. However, few data are available to define the op-
timal post-TKA infusion protocol. It is possible that an alter-
native infusion protocol would result in different findings than
our study.

It is noteworthy that, as previously reported, there were a
total of 4 falls during the cFNB in subjects receiving perineu-
ral ropivacaine, compared with none receiving perineural saline
(P = 0.24).6 Since that initial publication, a causal relationship has
been demonstrated between continuous peripheral nerve blocks
involving the femoral nerve and the risk of falling after knee
and hip arthroplasty.23 Combined with the negative WOMAC
results of the current and previous studies,5 the optimal duration
of cFNB after knee arthroplasty must be questionedVthe bene-
fits of an extended-duration infusion must be balanced against
the potential risks.
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