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The purpose of this study was to compare the efficacy
and safety of extended-release epidural morphine
(EREM) and perineural infusion (PNI) to control pain
after total knee arthroplasty. A convenience sample of
200 patients was obtained using a retrospective chart
review of patients who underwent a total knee arthro-
plasty. Institutional review board approval was
obtained, and 100 charts of patients who received
EREM and 100 patient charts for PNI were reviewed. 

The main end points were pain scores up to 48
hours postoperatively, and the ancillary end points
were supplemental opioid requirements and adverse
effects. Data were analyzed using the Pearson χ2 where
appropriate or the Fisher exact test, and all continuous

variables were examined using a Wilcoxon rank test. 
The results of the study showed no significant dif-

ferences between the 2 groups for the levels of pain
preoperatively, immediately postoperatively, and at 48
hours postoperatively. However, at both 12 hours and
24 hours postoperatively, the PNI group had a signifi-
cantly higher pain score than the EREM group. The
EREM group had better pain scores; however, one
must look at a number of different variables when
deciding if EREM is the correct choice for postopera-
tive pain management.
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P
ain associated with total knee arthroplasty is
severe and requires hospital admission for sev-
eral days postoperatively.1,2 Traditionally, the
gold standard of management has been general
or regional anesthesia intraoperatively coupled

with a short-acting opioid via patient-controlled analgesia
(PCA) or epidural catheter postoperatively.1 Two newer
techniques for pain management include continuous 
perineural infusion (PNI) catheters and extended-release
epidural morphine (EREM) injection combined with a
spinal anesthetic intraoperatively.2

Extended-release epidural morphine was created to
relieve pain up to 48 hours postoperatively with a single
injection of morphine while eliminating the need for in-
dwelling epidural catheters and reducing excessive
opioid supplementation.3 Also known by the trade name
of DepoDur, EREM is a novel opioid agonist that was per-
mitted for clinical use by the US Food and Drug
Administration in May 2004.3 Indications for the use of
EREM are major orthopedic surgery of a lower extremity,
abdominal surgery, and cesarean delivery. Recommended
dosing for opioid therapy alone is 15 mg for major or-

thopedic surgery of a lower extremity, 10 to 15 mg for
lower abdominal or pelvic surgery, and 10 mg for cesare-
an delivery. A multimodal approach is often employed for
pain relief in real-world practice and may reduce the ef-
fective dose of EREM.3 The drug should be administered
as a single dose at the lumbar epidural space in the oper-
ating room before surgery and usually is administered
with a combined spinal epidural technique. 

Contraindications of using EREM include allergies to
morphine, underlying respiratory compromise, asthma,
upper airway obstruction, paralytic ileus, head injury, in-
creased intracranial pressure, hypotension, concurrent
use of monoamine oxidase inhibitors, and any other con-
ditions that preclude the use of a lumbar epidural
catheter.3 A low-end dosing range should be used when
there is an increased risk of respiratory depression, such
as obesity, age greater than 65 years, obstructive sleep
apnea, and compromised respiratory function.3 Adverse
reactions to this technique, as with all opioids, include
respiratory depression, nausea, vomiting, and pruritis.3

Patients should be monitored for at least 48 hours after
surgery.



Introduction of the continuous perineural catheter for
infusions of local anesthetic has been an important ad-
vancement in controlling postoperative pain while reduc-
ing the amount of supplemental opioids and side
effects.1,4 However, limitations of this technique include
the predictability of catheter placement, complete motor
blockade, and pump malfunction.1

The primary objective of this study was to compare
the efficacy and safety of EREM and PNI to control pain
after total knee arthroplasty. The main end point of the
study was pain scores up to 48 hours postoperatively, and
the ancillary end points were supplemental opioid re-
quirements and adverse effects. 

Background 
Before commencing the study, the authors conducted a
review of the literature and found no articles comparing
the efficacy of EREM and PNI for postoperative analgesia
after total knee arthroplasty surgery. The research on
EREM is limited since the drug has been in clinical use
only since 2004.3 The studies that were conducted
focused on EREM and PNI individually for postoperative
pain control.

Hartrick et al5 conducted a multicenter, randomized,
double-blind, and parallel-group study evaluating the ef-
ficacy of single-dose epidural morphine to control post-
operative pain after knee arthroplasty. The study enrolled
168 patients who randomly received EREM doses of 20
or 30 mg or a placebo epidural. The primary end points
for efficacy evaluation were pain scores at specific time
intervals after the study drug was administered up to 48
hours at rest and with activity. Patients treated with
EREM revealed significantly improved pain scores at all
time intervals compared with patients treated with intra-
venous patient-controlled analgesia (PCA). The first
request for postoperative pain medication was twice as
long for the patients in the EREM group.

Ganapathy et al6 conducted a prospective study
looking at the use of femoral 3-in-1 blocks for postoper-
ative pain relief. The study included 62 adults aged 18 to
80 years, American Society of Anesthesiologists (ASA)
physical status I through III, and who were scheduled for
unilateral knee arthroplasty. Subjects were randomly as-
signed to 1 of 3 groups: placebo, femoral catheter with
0.1% bupivacaine, and femoral catheter with 0.2% bupi-
vacaine. Patients also had access to PCA with morphine
for postoperative pain. The results of the study showed
that the 0.2% bupivacaine group showed a higher success
rate of block compared with the 0.1% bupivacaine group.
Patients with successful block used significantly less
morphine (P = 0.004) than those whose block failed.
Total morphine consumption and hourly use were similar
among all groups, with a slight trend toward less use in
the 0.2% bupivacaine group. Adverse reactions were
similar among all groups. The 0.2% group had a statisti-

cally significant increased range of motion in the first day
postoperatively, but similar scores thereafter. The authors
concluded that continuous fascia iliaca block with 0.2%
bupivacaine reduces opioid requirements and improves
range of motion in the immediate postoperative period.

Both studies reviewed concluded that PNI and EREM
reduce pain scores and the need for supplemental opioids
compared with control groups. However, the literature
review found no studies that compared PNI and EREM
according to these variables. Even though both studies
suggested positive outcomes compared with traditional
methods of pain control, the safest and most effective
method needs to be determined. This is especially impor-
tant for chronically ill patients with a plethora of comor-
bidities. 

Methods
After the authors received institutional review board ap-
proval, a retrospective study of patients undergoing knee
arthroplasty at Troy Beaumont Hospital in Troy,
Michigan, was conducted. All ASA physical status I, II,
and III patients who underwent knee arthroplasty from
January 2006 to December 2007 and received either
EREM or PNI for postoperative analgesia were consid-
ered for inclusion. A convenience sampling of 200 charts
were selected for review: 100 in group EREM and 100 in
group PNI. The data extrapolated from the charts includ-
ed patient’s age, sex, ASA score, height, and weight, as
well as the type of anesthetic for surgery (spinal vs
general), postoperative analgesia method (EREM vs
PNI), dose of EREM, supplemental narcotics received
(intravenous and oral) and total dose of narcotics as con-
verted to equipotent analgesic doses of morphine,7 and
adverse reactions to medications received. Also obtained
were pain scores (using the 0-10 numeric pain scale) at
the following intervals: preoperatively, immediately post-
operatively, 12 hours postoperatively, 24 hours postoper-
atively, and 48 hours postoperatively.

The institution where this study was conducted placed
the peripheral nerve catheters preoperatively using ultra-
sound-guided technique. The EREM was administered in
the operating room via a combined spinal epidural tech-
nique at the lumbar interspaces. Before EREM is injected,
improper placement of a needle or catheter in the epidur-
al space should be ruled out. Techniques to detect im-
proper placement of a needle or catheter include aspira-
tion to check for the presence of blood or cerebrospinal
fluid and administration of a 3-mL test dose of 1.5% pre-
servative-free lidocaine and epinephrine (1:200,000). If
given a test dose, the patient should be observed for
tachycardia or sudden onset of segmental anesthesia, in-
dicating that intrathecal injection has occurred.3

Statistical Analysis 
A P value of < .05 was considered to be statistically sig-
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nificant. All analyses used SAS software (version 9.1.3,
SAS, Cary, North Carolina). Categorical variables are
shown as counts and percent frequencies. They were ex-
amined using Pearson χ2 where appropriate (expected
frequency > 5); otherwise, a Fisher exact test was used.
Continuous variables were tested for normality, and only
1 was normally distributed. Therefore, all continuous
variables were examined using a Wilcoxon rank test. This
is a nonparametric approximation of the t test based on
ranks. All continuous variables are shown as the mean ±
SD, followed by the median and then the range
(minimum-maximum). Pain scores were compared
between the groups at each interval separately, and then
they were examined altogether using repeated-measures
analysis. Repeated-measures analysis of variance
(ANOVA) was completed to examine level of pain by
treatment group across time.

Results
The PNI group was slightly younger, with a median age
of 67 years vs a median age of 69 years for the EREM
group (P = .042). The PNI group was composed of 66
women and 34 men, whereas the EREM group was made
up of 65 women and 35 men. Both groups were of similar
height and weight. There was more PCA use in the PNI
group than in the EREM group (80% vs 1%, respectively;
P < .0001). The PNI group had higher ASA scores. The
PNI group had 39% of its patients classified as an ASA
status 3, compared with only 19% of the EREM group (P
= .0018). Most anesthetics in both groups were spinal

anesthetics. The incidence of general anesthesia was 16%
in the PNI group compared with 1% in the EREM group
(P < .0001). As a whole, the PNI group had fewer adverse
reactions, at 37%, compared with 79% in the EREM
group (P < .0001). The demographic data are presented
in Table 1. 

There were no significant differences between the 2
groups for the levels of pain preoperatively, immediately
postoperatively, and at 48 hours postoperatively.
However, at both 12 hours and 24 hours postoperatively,
the PNI group had a significantly higher pain score than
the EREM group (3.4 ± 2.3 vs 0.8 ± 1.6 at 12 hours, then
3.1 ± 2.1 vs 2.0 ± 2.5 at 24 hours; P < .0001). Both groups
had a slight drop in pain from preoperatively to immedi-
ately postoperatively. Results are presented in Table 2. 

In the repeated-measures ANOVA, the full model con-
taining an interaction term between treatment group and
time was statistically significant. Time, treatment group,
and the interaction variable were all significant (P <
.0001), so separate models were run for each treatment
group. Pain scores are summarized in Table 2. In the PNI
group, pain scores differed significantly across time com-
pared with the preoperative pain score. All pain scores
were significantly higher from the preoperative pain score
except at 48 hours postoperatively. In the EREM group,
pain scores also differed significantly across time com-
pared with the preoperative pain score. Pain scores were
significantly lower from the preoperative pain score
except at 24 and 48 hours postoperatively. 

Patients in the PNI group consumed more intravenous

www.aana.com/aanajournal.aspx AANA Journal ß October 2009 ß Vol. 77, No. 5 351

Table 1. Patient Demographics
EREM indicates extended-release epidural morphine; PNI, perineural infusion; PCA, patient-controlled anesthesia; ASA, American
Society of Anesthesiologists.

EREM (n = 100) PNI (n = 100) P value

Age, y
Mean ± SD (median) 69 ± 9 (69) 67 ± 10 (65) .042
Range 50 -85 48-87

Height, cm
Mean ± SD (median) 167 ± 11 (167) 168 ± 10 (168) .83
Range 142-191 145-188

Weight, kg
Mean ± SD (median) 87 ± 17 (88) 93 ± 20 (91) .08
Range 52-156 53 -159

Male 35 (35%) 34 (34%) .88
Female 65 (65%) 66 (66%)

PCA 1 (1%) 79/99 (80%) < .0001

ASA score
2 81 (81%) 61 (61%) .0018
3 19 (19%) 39 (39%)

Anesthetic
Spinal 99 (99%) 82 (82%) < .0001
General 1 (1%) 16 (16%)
Both 0 2 (2%)



opioids, with a median dose of 64 mg compared with the
EREM group, which had a median dose of 8.3 mg (P <
.0001). None of the patients in the PNI group com-
plained of itching, but 47% of EREM did complain of
itching (P < .0001). Thirty-one percent of patients in PNI
group experienced nausea and/or vomiting, while 52%
experienced nausea and/or vomiting in the EREM group
(P = .003). The overall incidence of adverse reactions was
higher in the EREM group (73%) than the PNI group
(37%) (P < .0001). Results are displayed in Table 3. 

Discussion 
There is a lack of research comparing the efficacy of
EREM to PNI for postoperative pain management after
knee arthroplasty. The research that currently exists on
postoperative pain management after knee arthroplasty
confirms that EREM and PNI are superior treatment
options compared with traditional methods.5,6 Due to the

lack of research, this study was conducted to determine
which method—PNI or EREM—provided the best pain
control for patients undergoing total knee arthroplasty as
measured by the numerical pain scale and postoperative
opioid requirements. The authors chose to conduct a ret-
rospective study comparing these 2 treatment modalities
against each other. The results of this study found im-
proved pain scores for the EREM group at 12 and 24
hours postoperatively compared with the PNI group and
less total opioid use in the EREM group.

Postoperative pain after total knee arthroplasty is a
main concern for healthcare providers and patients. A re-
duction in pain allows for early ambulation and participa-
tion in physical therapy, improving postoperative rehabil-
itation and reducing the incidence of major adverse
events. Among the vast number of techniques used to
control orthopedic pain, EREM and PNI are among the
newest methods. In the present study, pain control was
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Table 2. Pain Scoresa
EREM indicates extended-release epidural morphine; PNI, perineural infusion; postop, postoperatively.
a Data are shown as mean ± SD (median), followed by the range (minimum-maximum).

Pain scores EREM (n = 100) PNI (n = 100) P value

Preoperative 1.3 ± 2.3 (0) 2.1 ± 3.0 (0) .054
0 -10 0 -10

Immediately postop 0.4 ± 1.8 (0) 1.1 ± 2.9 (0) .11
0 -10 0 -10

12 h postop 0.8 ± 1.6 (0) 3.4 ± 2.3 (3.0) < .0001
0 -8 0 -10

24 h postop 2.0 ± 2.5 (1.0) 3.1 ± 2.1 (3.0) < .0001
0 -10 0 - 9

48 h postop 2.7 ± 2.4 (2.0) 2.6 ± 2.1 (2.0) .95
0 -10 0 - 9

Table 3. Adverse Reactions to Study Drugs
EREM indicates extended-release epidural morphine; PNI, perineural infusion; IV, intravenous; N/V, nausea and/or vomiting; NA, not
applicable; postop, postoperative.

Pain scores EREM (n = 100) PNI (n = 100) P value

Needed IV opioid at 48 h 

Mean ± SD (median) 12 ± 12 (8.3) 73 ± 60 (64) < .0001

Range 0 -70 7- 455

Any adverse reactions, % 73 37 < .0001

Itching, % 47 0 < .0001

N/V, % 52 31 .003

Respiratory depression, % 5 1 .21

Postop sedation, % 2 0 .50

Hypotension, % 2 0 .50

Pump catheter malfunction, % NA 5 NA
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significantly improved with the administration of EREM
at 12 and 24 hours postoperatively, when pain tends to be
the most severe, when compared with PNI. No statistical-
ly significant difference was found in pain scores at 48
hours postoperatively between the EREM and PNI group.
This could be attributed to the dose-dependent half-life of
EREM.8 Higher doses of EREM provide an increased du-
ration of action. The average dose of EREM administered
to the patients in the study was 7.7 mg. This dose is below
the standard recommended dose of 10 to 15 mg for lower-
extremity surgery. The requirements for supplemental
analgesics were also significantly lower in the EREM
group, suggesting a lower and steadier level of pain
control. Lower pain scores and need for analgesic supple-
mentation reduce overall hospital costs and nursing work-
load. However, the administration of EREM requires the
patient to receive continuous monitoring of respiratory
status and function for 48 hours postoperatively.3

The downfall of opioid analgesia is the side effects that
are associated with administration of the drugs. The
EREM group had 73 patients who experienced side
effects vs 37 patients in the PNI group. The patients in
the PNI group did have a PCA for pain control, which
may have contributed to most of the side effects experi-
enced in the PNI group. At the institution at which the
study was conducted, standardized medication orders
were in place to treat the side effects associated with the
administration of EREM, including antiemetics, antipru-
ritics, and opioid antagonist. In this study, follow-up was
not conducted regarding the efficacy of the treatment of
side effects. The researchers recorded any documented
side effect regardless of the severity and longevity. 

One of the major complications with EREM, as with all
opioid analgesics, is the incidence of respiratory depres-
sion, which is dose dependent. The ASA cited that the in-
cidence of respiratory depression is 0.01% to 7% with
single-dose intrathecal morphine injection and is 0.08%
to 3% with a single-injection epidural morphine injec-
tion.9 Clinical trials performed to study EREM found that
adverse reactions were consistent with epidurally admin-
istered morphine and in the surgical population in which
the studies were conducted.10 During the clinical trials,
10% of the study group experienced adverse reactions, in-
cluding but not limited to respiratory depression. Of those
experiencing respiratory depression, 90% occurred within
the first 24 hours after administration and 0.06% occurred
48 hours or longer after administration. Four percent of
patients experiencing respiratory depression needed treat-
ment with an opioid antagonist.10

Safety mechanisms need to be in place in the institu-
tion before EREM is going to be administered. Staff needs
to be trained before use of EREM in the side effects and
duration of action of EREM.11 Patients should be sent to
units in which all the staff has been specifically trained
on EREM. Resuscitative equipment and opioid antago-

nists, such as naloxone hydrochloride, have to be avail-
able on the unit in which the patients receiving EREM are
being monitored.11 At the institution at which the study
was conducted, protocols were established regarding
monitoring of patients receiving EREM. Continuous
pulse oximetry, which is connected to the nurse call
system, is required for the first 24 hours. Respiratory as-
sessment needs to be performed by a registered nurse
every hour for the first 24 hours. After the first 24 hours,
assessments are performed every 4 hours until 48 hours
after administration. Some authors have advocated the
use of an orange sticker on the patient’s chart and medical
bracelet to alert others that EREM has been adminis-
tered.11 Additional administration of opioids to those pa-
tients who received EREM is a concern. No epidural
catheter is present that could serve as a visual reminder
to the nurse that administration of additional narcotics is
contraindicated. Computerized medical administration
systems can be used to prevent unwarranted administra-
tion of additional narcotics. 

The healthcare provider must look at a number of dif-
ferent variables when deciding if EREM is the correct
choice for postoperative pain management for a particu-
lar patient. The patient’s age, height, weight, and existing
comorbidities must be taken into consideration. The cost
of improved pain control with EREM is a high incidence
of nausea, vomiting, and itching. According to a study
conducted by Zaric et al,12 the frequency of nausea and
vomiting was less prevalent when a continuous femoral
nerve catheter was used compared with PCA and contin-
uous epidural morphine after total knee arthroplasty.
More of these adverse reactions tend to occur with the
following characteristics: age greater than 65 years old,
obesity, and conditions that involve the respiratory
system.3 Patient satisfaction may be influenced by the
adverse reactions associated with EREM. According to
this study, the researchers found significantly improved
pain scores with less supplemental pain medication in the
EREM group; however, the side effects that are coupled
with this technique are limited to treatment modalities. 

Several limitations were identified during the course
of this study, such as the use of a convenience sample at
1 large suburban community hospital, which limits the
relevance of the findings to individuals of similar demo-
graphics. The subjective nature of pain scores, accuracy
of documentation, inability to control for the skill of the
anesthesia provider, review of 1 type of surgical proce-
dure, and PNI pump malfunction were also identified as
limitations. Resting pain vs pain with activity was not as-
sessed, as a retrospective review of charts does not always
yield such information. The retrospective design also has
inherent limitations due to the inability to randomize the
sample and manipulate the independent variable.

Since EREM is a relatively new drug technique, future
studies are indicated. During the course of the research,
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the authors identified several future studies that could be
conducted: other variables such as preoperative and in-
traoperative prophylactic pain control, dose of EREM as
it relates to efficacy, dose and type of local anesthetic in
PNI compared with EREM, and patient satisfaction.
Additionally, more studies need to be replicated to vali-
date the findings of the current study, including a large
multicenter prospective trial. 
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