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ABSTRACT
Background: Because newer anticoagulation strategies for total
knee replacement present potentially increased risk of neuraxial
analgesia, there is movement away from using patient-
controlled epidural analgesia (PCEA) for pain control. This
concern opens the door for other regional modalities in
postoperative analgesia, including the use of extended-release
epidural morphine (EREM) combined with a femoral nerve block
(FNB).

Methods: This study was a prospective observational chart
review with the use of recent historical controls in patients
undergoing unilateral total knee replacement. Outcomes of
interest were 0-, 24-, and 48-hour postoperative pain scores
using the visual analog scale (VAS); incidence of side effects;
and time spent in the postanesthesia care unit (PACU).
Results: Postoperative pain scores at 24 and 48 hours in the
EREM and FNB group (n 5 14; 2.6 6 0.6 and 5.0 6 0.9,
respectively) were comparable to the PCEA group (n 5 14;
3.8 6 0.6 and 4.2 6 0.9). The PACU time was shorter in the
EREM and FNB group (2.4 6 0.3 hours) compared with PCEA

(3.6 6 0.3 hours, P 5 .02). No statistically significant difference
was found in the incidence of side effects between the 2 groups.

Conclusions: The VAS scores at 24 and 48 hours indicate that
EREM and FNB provide comparable analgesia to PCEA. The trend
toward shorter PACU times represents an opportunity for cost-
identification analysis. The study data are limited by their
observational nature and the small number of patients involved;
nevertheless, this study demonstrates a therapeutic equivalence
to PCEA that may be more cost effective.

INTRODUCTION
Arthroplasty of the knee has been evolving as a

surgical treatment for arthritis for almost 150 years.1-6

Total knee replacements now account for 1% to 2%
of all inpatient surgical procedures performed7 and
almost 5% of procedures for the population aged 65
to 74 in short-stay hospitals.8 The postoperative pain
from this procedure is substantial,9,10 with the
possibility of prolonged hospitalization,11 impairment
of the rehabilitation process,11 and worse functional
outcome.12 The traditional method of perioperative
care for this orthopedic procedure consisted of a
general anesthetic followed by postoperative paren-
teral opioids.13,14 However, during the past 20 years,
clinical studies have supported a transition to spinal
conduction blockade for intraoperative anesthetic
management and patient-controlled epidural analge-
sia (PCEA) for postoperative analgesia.9 This regimen
has several benefits, including reduced blood loss,15

decreased incidence of deep venous thrombosis
(DVT),16 better postoperative pain control,17 improved
range of motion,17 and fewer opioid-related side
effects.9,11,14,18 These reported benefits have resulted
in some authors considering PCEA the current gold
standard for pain control with this procedure.18

Despite the reported decrease in the incidence of
postoperative DVT afforded by epidural analgesia,16

this complication remains a significant source of
morbidity and mortality during the postoperative
course, leading to development of various perioper-
ative anticoagulation regimens.19,20 Initially, anticoag-
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ulation for this surgical procedure was managed with
anticoagulants such as warfarin, beginning on the
night after the procedure with the removal of the
epidural catheter up to 36 hours after the first warfarin
dose.21 However, to further decrease the incidence of
DVT, some orthopedic services now prescribe the first
dose of warfarin on the night prior to surgery22 or start
treatment with low-molecular-weight heparin (LMWH)
on postoperative day 1.19,20 The addition of LMWH
has further reduced the incidence of DVT to 25%20 to
33%19 compared with an incidence of 45%20 with the
use of warfarin alone. This change in anticoagulation
practice necessitates the removal of the epidural
catheter on the first postoperative day,21 which may
result in ineffective management of postoperative
pain.

The evolving approach to perioperative anticoag-
ulation for orthopedic surgery requires changes in our
anesthetic practice and in our approach to the
management of postoperative pain. Although single-
shot femoral nerve block (FNB),23,24 continuous
femoral nerve blockade (CFNB),25-27 and extended-
release epidural morphine (EREM)28 have been
studied for postoperative pain in total knee arthro-
plasty, the results have been mixed.23-28 Single-shot
FNB, when used alone, does not provide satisfactory
pain relief in the sciatic distribution, and the resultant
analgesia does not extend beyond 24 to 36 hours.23,24

CFNB has been shown in multiple studies to provide
adequate postoperative analgesia after unilateral total
knee arthroplasty (uTKA), but it is a resource-
expensive technique that requires additional training
and equipment and may not be practical for all
anesthesia providers.25-27 Doses of EREM necessary
to provide adequate analgesia for uTKA are higher
than those recommended by the Food and Drug
Administration (FDA).28 Experience at our institution
revealed that EREM alone at FDA-recommended
doses did not reliably control postoperative pain for
our knee arthroplasty patients. PCEA in combination
with single-shot FNB might be a suitable alternative
because this strategy provides better pain relief with
movement than PCEA alone, but newer anticoagula-
tion regimens are incompatible with an epidural
catheter remaining in place for 48 hours.21,29 At our
institution, we have examined a hybrid of these
techniques, using 7.5- to 15-mg doses of EREM in
conjunction with an FNB using 30 mL of 0.375%
bupivacaine to provide adequate postoperative anal-
gesia with minimal side effects in a manner that allows
the institution of early anticoagulation therapy.

Therefore, we examined a hybrid of these tech-
niques, using a larger dose of EREM in conjunction
with FNB with respect to the hybrid’s ability to provide
adequate post–knee arthroplasty analgesia. The goal

of our study was to prospectively compare EREM with
FNB to PCEA on pain, postanesthesia care unit
(PACU) stay, hospital length of stay, and side effects.
No funding for this study was provided from outside
our institution.

MATERIALS AND METHODS
The study design was a case-controlled observa-

tional study compared with recent institutional
historical controls. This study was approved by the
institutional review board (IRB) of Ochsner Clinic
Foundation prior to inception. The IRB granted
approval to waive the need for informed consent.
The study’s a priori hypothesis involved examination
of the analgesic effectiveness of EREM in combina-
tion with a single-injection FNB compared with PCEA
following total knee arthroplasty. Patients were
enrolled between January 1, 2006, and March 31,
2008, and observed throughout their hospital stay.
Data collected from these patients included age;
gender; body mass index (BMI); 0-, 24-, and 48-hour
postoperative pain scores measured by the visual
analog scale (VAS) of 0 to 10; postoperative range of
motion at 24, 48, and 72 hours; side effects; adverse
events; use of additional opioid analgesics; time spent
in the PACU; and days spent in the hospital. All cases
were drawn from the population of patients undergo-
ing uTKA at a referral care institution. Exclusion
criteria included the presence of metastatic bone
cancer, Paget disease, narcolepsy, excessive day-
time sleepiness, pregnancy, lactation, chronic opioid
use, or idiosyncratic/hypersensitive reaction to
opioids as documented in the preoperative evalua-
tion.30 Cases were preoperatively selected by review-
ing the elective operating room (OR) schedule. The
control group was defined as patients who underwent
uTKA with spinal anesthesia and received PCEA
during the 2006 calendar year. These historical
controls were chosen just prior to the change in the
orthopedic anticoagulation regimen for this surgical
procedure and implementation of EREM and FNB in
2007. Control patients were matched to the study
group by age and gender. Sample size was 14 for
each group and was determined by the number of
patients receiving EREM and FNB during the study
period.

Two assessors were assigned the task of screen-
ing the OR schedule, anesthesiology billing records,
and hospital charts to ensure completeness and
accuracy of data collection and management. The
primary statistic analyzed was the postoperative VAS
score. Secondary data observed were demographic
data, PACU times and costs, hospital discharge
times, and side effects as specified previously. PACU
costs were calculated from fixed and variable hourly
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rates for routine acuity recovery and displayed as an
aggregate sum. Numeric data were analyzed for
normalcy of distribution, equal variance, and statisti-
cal difference between the 2 groups using analysis of
variance (ANOVA) t test and Wilcoxon and Kruskal-
Wallis tests as indicated by data distribution. Cate-
gorical data were analyzed for independence using
Pearson chi square analysis and Fisher exact test.
Continuous data are displayed as quantile box plots.
Subgroup analysis of the study group was performed
regarding doses of EREM and FNB used. Alpha level
was set at 0.05 for 2-tailed analysis of data. Statistical
analysis was performed with JMP 6.0.0 (SAS Institute
Inc, Cary, NC).

RESULTS
During the study period, 14 patients met criteria for

the EREM and FNB (study) group, while 14 patients
similarly matched in age and gender from the PCEA
sample (control) were identified and paired. No statis-
tical differences were found in the demographic
characteristics, such as age, gender, or BMI (Table 1).

The study group had a higher mean VAS pain score
on admission to the PACU (Table 2) and similar VAS
pain scores at 24 and 48 hours (Figures 1 and 2). The

mean time spent in the PACU was statistically shorter
in the study group (Figure 3); however, days spent in
the hospital postoperatively were not significantly
different between the 2 groups (Table 2). No statisti-
cally significant difference was found in the incidence
of any reported side effects (Table 3). Range of motion
was not analyzed because of insufficient data recorded
in the patients’ hospital charts.

DISCUSSION
Our data allow a comparison of PCEA and

combination epidural morphine and FNB analgesia
after knee replacement surgery. They indicate a shorter

Table 1. Patient Demographics

Control (n = 14),
Mean ± SEM

EREM and FNB
(n = 14),

Mean ± SEM P Value

Age, y 67 6 3 63 6 3 .27
Gender, M/F 3/11 3/11 1.0
BMI, kg/m2 32 6 2 33 6 2 .75

Abbreviations: BMI, body mass index; EREM, extended-release epidural morphine;

FNB, femoral nerve block; SEM, standard error of the mean.

Figure 1. Quantile box plots of 24-hour visual analog scale
scores of control group (patient-controlled epidural anal-
gesia [PCEA]) versus study group (extended-release epidu-
ral morphine [EREM] and femoral nerve block [FNB]).

Figure 2. Quantile box plots of 48-hour visual analog scale
scores of control group (patient-controlled epidural anal-
gesia [PCEA]) versus study group (extended-release epidu-
ral morphine [EREM] and femoral nerve block [FNB]).

Table 2. Pain Scores and Discharge Times

Control,
Mean ± SEM

EREM and
FNB,

Mean ± SEM P Value

PACU admit pain
(VAS) 0.0 6 0.3 1.0 6 0.3 .04*

24-h pain (VAS) 3.8 6 0.6 2.6 6 0.6 .22
48-h pain (VAS) 4.2 6 0.9 5.0 6 0.9 .54
Time in PACU, h 3.6 6 0.3 2.4 6 0.3 .02*

Postoperative day
of discharge 5.0 6 0.4 4.4 6 0.4 .33

Abbreviations: EREM, extended-release epidural morphine; FNB, femoral nerve block;

PACU, postanesthesia care unit; SEM, standard error of the mean; VAS, visual analog

scale.

* indicates that the P value was statistically significant.
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PACU stay can be achieved with the latter while offering
comparable 24- to 48-hour analgesia. The lower VAS
score at 24 hours in the EREM and FNB group suggests
that this novel technique is effective in the control of
postoperative pain in patients who undergo uTKA. The
upward trend of the mean VAS score at 48 hours, which
was greater in the study group compared with the
control group, may be caused by several factors: (1)
there was no residual analgesia from FNB, (2) there
were diminishing benefits from EREM, and (3) most
important, in patients whose postoperative pain was
not well controlled at 24 hours, active adjustments were
required in their local anesthetic and opioid infusions to
improve postoperative analgesia.

The EREM and FNB patients had shorter stays in
the PACU, representing a significant opportunity for
cost savings. A more predictable PACU stay can
allow for more efficient and accurate scheduling of
PACU use (Figure 3). The shorter stay by EREM and
FNB patients might improve PACU throughput. This in
turn may reduce wait times for OR patients seeking
PACU admission during periods of high utilization.
The phenomenon of ORs waiting for PACU admission,
with attendant throughput slowdowns, has been a
problem for institutions across the country. The
shorter PACU stay itself represents an aggregate
cost savings of $991 in use of PACU nursing and other
resources (Figure 4). From this series of patients, we
project institutional savings of more than $14,000 per
year in direct PACU costs; however, the feasibility and
cost effectiveness of this new technique are depen-
dent on an individual institution’s acquisition costs,
labor costs, and scarcity of resources. Also, the
reduced utilization of PACU hospital resources may
be offset by the cost of EREM.

The clinical implications of these data are that
EREM and FNB may be a comparable method of
postoperative analgesia to PCEA.

The observational nature of this study precludes
controlling for all variables but does eliminate volun-
teer and practitioner bias and suggests broad accep-
tance of this technique. Although the use of historical
controls has the potential to introduce a multitude of

Figure 3. Quantile box plots of hours spent in the
postanesthesia care unit of control group (patient-controlled
epidural analgesia [PCEA]) versus study group (extended-
release epidural morphine [EREM] and femoral nerve block
[FNB]). n, number of patients in each group.

Table 3. Side Effect Frequency

Control, %
EREM and

FNB, % P Value

Respiratory depression 0 7.1 .23
Nausea and vomiting 29 57 .12
Hypotension 0 7.1 .23
Sedation 0 14 .08
Pruritus 36 36 1.0
Headache 7.1 14 .53
Back pain 0 7.1 .23
Block limiting function 0 7.1 .23
DVT 0 0 1.0
Use of opioid reversal 14 14 1.0

Abbreviations: DVT, deep venous thrombosis; EREM, extended-release epidural

morphine; FNB, femoral nerve block.

Figure 4. Bar graph comparing aggregate hospital postan-
esthesia care unit (PACU) cost based on time spent in PACU
of control group (patient-controlled epidural analgesia
[PCEA]) versus study group (extended-release epidural
morphine [EREM] and femoral nerve block [FNB]).
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confounding factors, our controls were from the same
institution within a short time frame and with many of
the same perioperative personnel. A larger sample size
would have provided more accurate confidence
intervals and may have allowed some trends in the
data to reach statistical significance. Therefore, our
study likely lacked the statistical power to detect all
but very large side effect or pain score differences.
Nevertheless, our data show that EREM and FNB
provide analgesia comparable to PCEA, with a
potential for institutional cost savings from shorter
PACU stays. Although our EREM and FNB patients
seemed to have less pain at 24 hours compared with
PCEA, further investigation is required to confirm this
finding.
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