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The authors performed a meta-analysis and found that epi-
dural analgesia overall provided superior postoperative analge-
sia compared with intravenous patient-controlled analgesia.
For all types of surgery and pain assessments, all forms of
epidural analgesia (both continuous epidural infusion and pa-
tient-controlled epidural analgesia) provided significantly supe-
rior postoperative analgesia compared with intravenous pa-
tient-controlled analgesia, with the exception of hydrophilic
opioid–only epidural regimens. Continuous epidural infusion
provided statistically significantly superior analgesia versus pa-
tient-controlled epidural analgesia for overall pain, pain at rest,
and pain with activity; however, patients receiving continuous
epidural infusion had a significantly higher incidence of nau-
sea–vomiting and motor block but lower incidence of pruritus.
In summary, almost without exception, epidural analgesia, re-
gardless of analgesic agent, epidural regimen, and type and time
of pain assessment, provided superior postoperative analgesia
compared to intravenous patient-controlled analgesia.

DESPITE the availability of postoperative pain guidelines,1

postoperative pain continues to be undertreated2,3 and
may result in a variety of unfavorable short- and long-term
outcomes.4–6 Of the two major analgesic options (epidural
analgesia vs. systemic opioids) after inpatient surgery, the
overall benefits of postoperative epidural analgesia on mor-
tality and major morbidity are controversial with available
larger observational, randomized controlled trials and meta-
analyses equivocal for the efficacy of epidural analgesia in
improving perioperative outcomes.7–14 However, system-
atic analysis of available nonrandomized and randomized
trials15,16 seem to indicate that postoperative epidural an-

algesia will provide superior analgesia when compared
with that from systemic opioids.

Even though epidural analgesia seems to provide bet-
ter postoperative pain control than systemic opioids, this
comparison in some sense may not be meaningful be-
cause categorizing systemic opioids (which includes in-
tramuscular, subcutaneous, intravenous, and intrave-
nous patient-controlled analgesia [PCA]) into a single
generic entity may not reflect the actual clinical use of
postoperative opioids, which may be primarily delivered
via intravenous PCA.1,17,18 To truly determine the anal-
gesic value of epidural analgesia for postoperative pain
management, it would be appropriate to compare pa-
tient-controlled epidural analgesia (PCEA) with intrave-
nous PCA, which many believe is the accepted standard
for delivery of opioid analgesia postoperatively. We per-
formed a meta-analysis of the analgesic efficacy of post-
operative PCEA and continuous epidural infusion (CEI)
analgesia to intravenous PCA with opioid. To minimize
duplication of data and results from our previous publi-
cation,15 we used a different literature search strategy
and attempted to acquire additional unpublished data
from studies that had not been available for our previous
meta-analysis.

Materials and Methods

The National Library of Medicine’s PubMed database
was searched for the time period 1966 to August 4,
2004. PubMed was searched for all articles containing
text words PCA or patient-controlled analgesia (9,122
articles), which was combined with the text word epi-
dural (25,480 articles) using the usual Boolean meanings
of AND. The result was 757 articles. This search was
limited to the English language (650 articles) and then
the Randomized Controlled Trials function, which re-
sulted in 299 abstracts. The full article of each of the 299
abstracts was then reviewed by one of the authors for
inclusion into the meta-analysis. No minimum sample
sizes were invoked for inclusion of studies in the analy-
sis. Any disputes were resolved by agreement of at least
two reviewers. After selecting the initial articles, the
authors’ personal files were checked for any additional
studies.

For the purposes of this meta-analysis, postoperative
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epidural analgesia was defined as a primarily local anes-
thetic or opioid-based analgesic regimen delivered into
the epidural space by CEI or PCEA over at least a 24-h
period after a surgical procedure. Patient-controlled an-
algesia was defined as delivery of analgesic medication
either through the epidural or intravenous catheter via a
mechanical PCA device. Only studies that compared
postoperative epidural versus intravenous PCA with opi-
oids using visual analog scale (VAS) measurements of
pain or a similar substitute (e.g., numerical rating scale)
in a randomized fashion were included. Only studies
including primarily only adult patients (aged � 18 yr)
were allowed. To be included in this meta-analysis, stud-
ies had to have a clear comparison between epidural
analgesia to intravenous PCA without any crossover or
concurrent use of the alternate regimen (e.g., concurrent
use of intravenous PCA during a dose-finding study of
postoperative epidural analgesia, which might include a
normal saline epidural control group). Exclusion criteria
included articles where VAS pain scores could not be
recorded or extrapolated from the data provided in the
article. Studies of epidural analgesia that only gave a
single epidural dose at the time of surgery (single shot)
or by repeated healthcare provider epidural bolus dosing
were not included.

Data (e.g., VAS pain scores, number of subjects, type of
epidural regimen, study characteristics) were abstracted
from each article, and the results were recorded. Data
were extrapolated from figures as needed; however, an
attempt was made to contact the original authors before
extrapolation. Definition of complications was recorded
as originally defined by the study. We then recorded the
incidence of that complication as reported by the study.
For nausea and vomiting, we recorded the higher num-
ber if both were reported. In some cases, we could not
translate a study’s data into an incidence rate. In those
studies, we did not enter that data into the database;
however, we did incorporate the remainder of that
study’s data as feasible. For incomplete or uninterpret-
able data, we made an attempt to contact the corre-
sponding author of the study in question.

All reported data were included as unique observations
and subgrouped as described below. VAS or numeric
pain scores were converted to a 0–10 scale. VAS data
were weighted by sample size and, if a given article
measured pain at multiple time points, all measurements
were included in the analysis. Therefore, the n reported
is the total number of patient observations (i.e., one
study of 10 patients that measured pain at 3 different
time points would contribute an n of 30 to the overall
sample size). The global mean VAS (weighted for patient
observations) and for each postoperative day up to 3
days after surgery between epidural analgesia and intra-
venous PCA were compared. The data for epidural anal-
gesia were subdivided by type of delivery (CEI vs. PCEA),
analgesic regimen, and location/type of surgery, with a

subsequent comparison of the epidural analgesia to in-
travenous PCA performed. All epidural infusions contain-
ing local anesthetic were considered equivalent, includ-
ing those with and without opioid. Both rest and
incident (activity) pain were included in the global anal-
ysis; however, rest and incident pain were also analyzed
separately and again divided into subgroups depending
on various epidural characteristics as described above.
Finally, the presence of minor complications (i.e., nausea
or vomiting [whichever was more frequent], sedation,
pruritus, urinary retention, and motor block/weakness)
were recorded.

A fixed effect model was used. The level of signifi-
cance for all tests was set at an � of 0.05. A Kolmogorov
test showed that the data were not normally distributed;
instead, both epidural and intravenous PCA opioid data
were positively skewed. Analysis of variance was used to
compare VAS pain scores between treatment groups.
The Bonferroni correction was used for multiple com-
parisons of postoperative day VAS data. For complication
data, comparisons were made between two groups at a
time with the chi-square test. All statistical analyses were
performed with SPSS 11.5.1 (SPSS Inc., Chicago, IL).
After the data compilation was complete, we performed
further analyses to assess the validity of our conclusions.
We performed an analysis of the file drawer problem
(i.e., how many unpublished studies or subjects showing
no difference between treatment regimens would be
needed to be “discovered” in someone’s file drawer to
invalidate our results) as described by Rosenthal.19

Results

The search resulted in 299 abstracts of which a total of
48 articles met all inclusion criteria. An additional 2
references from previous systematic reviews and other
sources were also included, for a total of 50 articles
(appendix). There were a total of 1,625 patients ran-
domly assigned to epidural analgesia and 1,583 patients
to intravenous PCA. A total of 251 articles were rejected
for the following reasons: 235 were not comparisons of
postoperative epidural analgesia versus intravenous PCA
as defined in the Materials and Methods, 2 were not
randomized, 4 did not report usable VAS or numeric pain
scores, and 10 included pediatric subjects. The charac-
teristics of included studies are shown in table 1. Articles
measured pain after a wide variety of operations and
came from medical centers all over the world. Pain was
measured after abdominal surgery in 19 studies (38%),
with thoracic (n � 10, or 20%) and lower extremity (n �
7, or 14%) surgery being the next most common types of
surgery studied. Only 4% of the epidural patients re-
ceived local anesthetic alone, whereas 28% (n � 14)
received opioids alone and 68% (n � 34) received local
anesthetic and opioid, with the choice of epidural opioid
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being predominantly fentanyl (38%), followed by mor-
phine (24%) and sufentanil (16%). The most commonly
used epidural local anesthetic was bupivacaine (48%),
followed by ropivacaine (18%). For intravenous PCA,
morphine (76%) was most commonly used, followed by
fentanyl (6%).

When all studies and observations were combined

(table 2), epidural analgesia overall provided superior
postoperative analgesia compared with intravenous PCA
with opioids (P � 0.001). Epidural analgesia provided
significantly superior analgesia overall, for pain at rest,
and for pain with activity (P � 0.001). The quality of
analgesia may be different at different points in the
postoperative recovery period, so pain scores were also
assessed at different postoperative times. Epidural anal-
gesia overall was superior to intravenous PCA opioid
analgesia at all time points (P � 0.001 for each day up to
3 days after surgery) even when analyzed separately by
pain at rest or pain with activity (table 2).

Table 3 shows the VAS pain scores for CEI (n � 1,272
subjects) versus PCEA (n � 353 subjects) versus intra-
venous PCA (n � 1,583 subjects). For all epidural (CEI or
PCEA) comparisons versus intravenous PCA overall and
for pain at rest and with activity, epidural analgesia
provided significantly superior analgesia versus intrave-
nous PCA with opioids (P � 0.001). When CEI was
compared with PCEA, CEI provided significantly supe-
rior analgesia (P � 0.001) versus PCEA for overall pain,
pain at rest, and pain with activity (table 3).

When comparing the different types of epidural regi-
mens (opioid alone [hydrophilic vs. lipophilic] vs. local
anesthetic � opioid vs. local anesthetic alone), all epi-
dural regimens provided significantly superior analgesia
versus intravenous PCA for overall pain, pain at rest, and
pain with activity (table 4), with the exception of hydro-
philic opioid–only regimens, which were primarily de-
livered via a PCA device. Compared with local anes-
thetic alone or local anesthetic plus opioid, epidural
hydrophilic opioid alone provided significantly inferior
analgesia (P � 0.001), but epidural lipophilic opioid
alone provided comparable VAS scores overall and for
pain with activity. Epidural local anesthetic plus opioid
provided statistically equivalent analgesia (vs. epidural
local anesthetic alone) for overall pain and pain with
activity but inferior analgesia for pain at rest as com-
pared with local anesthetic alone (table 4).

Finally, epidural analgesia overall provided signifi-
cantly superior analgesia (P � 0.001) compared with
intravenous PCA with opioids for all regions of surgery
examined (thoracic, pelvic, abdominal, cesarean deliv-
ery, lower extremity, and multiple locations) (table 5).
Studies where location of surgery was defined as “other”
or “not specified” (n � 110 weighted observations for
each group) were not included in these analyses. Rates
for complications are shown in table 6. Compared with
intravenous PCA, the epidural group had a lower inci-
dence of nausea–vomiting and sedation but a higher
incidence of pruritus, urinary retention, and motor
block. When comparing CEI with PCEA, CEI provided
statistically significantly superior analgesia (P � 0.001)
versus PCEA for overall pain, pain at rest, and pain with
activity; however, patients receiving CEI had a signifi-
cantly higher incidence of nausea–vomiting and motor

Table 1. Characteristics of Included Studies

Surgical site
Abdominal 19 (38)
Thoracic 10 (20)
Lower extremity 7 (14)
Cesarean delivery 2 (4)
Pelvic 6 (12)
Other 2 (4)
Multiple 3 (6)
Unspecified 1 (2)

Sex
Women 7 (14)
Men 2 (4)
Both 39 (78)
Unspecified 2 (4)

Epidural site
Lumbar 17 (34)
Thoracic 26 (52)
Mixed 2 (4)
Unspecified 5 (10)

Study location
Europe 24 (48)
United States 14 (28)
Canada 7 (14)
Australia 3 (6)
Asia 2 (4)

Epidural type
Continuous 34 (68)
PCEA 16 (32)

Epidural infusion
Opioid alone 14 (28)
Local anesthetic � opioid 34 (68)
Local anesthetic alone 2 (4)

Epidural opioid
Morphine 12 (24)
Fentanyl 19 (38)
Sufentanil 8 (16)
Hydromorphone 2 (4)
Mixed 1 (2)
Unspecified 6 (12)
None 2 (4)

Epidural local anesthetic
Bupivacaine 24 (48)
Ropivacaine 9 (18)
Lidocaine 1 (2)
Unspecified 1 (2)
Other 1 (2)
None 14 (28)

Intravenous PCA with opioid
Morphine 38 (76)
Fentanyl 3 (6)
Sufentanil 2 (4)
Hydromorphone 2 (4)
Meperidine 1 (2)
Other 4 (8)

Data are presented as number (%).

PCA � patient-controlled analgesia; PCEA � patient-controlled epidural an-
algesia.
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block but lower incidence of pruritus. Within the epi-
dural group, the majority of the subjects with motor
block received CEI. Finally, we calculated the number of
file drawer subjects needed to invalidate our results to be
2,567 subjects.

Discussion

Although epidural analgesia has been shown to pro-
vide superior analgesia compared with systemic opioids
in systematic reviews,15,16 the analgesic efficacy of PCEA
or CEI compared with the accepted standard, intrave-
nous PCA, has not been separately assessed. We per-

formed a meta-analysis of randomized controlled trials
and found that when compared with intravenous PCA,
PCEA and CEI overall provided significantly superior
postoperative analgesia at all time intervals up to 3 days
after surgery. Epidural analgesia in every combination,
with the exception of hydrophilic opioid–alone regi-
mens, provided superior postoperative analgesia com-
pared with intravenous PCA with opioids. It also seemed
that CEI provided superior analgesia compared with
PCEA and that epidural local anesthetics with or without
opioid provided superior analgesia versus epidural opi-
oid alone.

Although our current study is similar to our previous

Table 3. PCEA VAS Pain Data

Parameter CEI (N � 1272) PCEA (N � 353)
Intravenous PCA

(N � 1583)

All data 2.0 � 1.2 (n � 5,908) 2.3 � 1.4 (n � 1,836) 3.2 � 1.6 (n � 7,766)
P � 0.001 P � 0.001

P � 0.001

Pain at rest—all data 1.5 � 1.0 (n � 3,323) 1.8 � 1.2 (n � 1,159) 2.5 � 1.2 (n � 4,507)
P � 0.001 P � 0.001

P � 0.001

Pain with activity—all data 2.7 � 1.3 (n � 2,585) 3.2 � 1.4 (n � 677) 4.1 � 1.7 (n � 3,159)
P � 0.001 P � 0.001

P � 0.001

Data are visual analog scale (VAS) pain scores presented as mean � SD.

P value represents comparison of intravenous patient-controlled analgesia with opioid (PCA) vs. patient-controlled epidural analgesia (PCEA) and intravenous
PCA vs. continuous epidural infusion (CEI) separately (all P � 0.001). Individual P values for comparison of CEI with PCEA are shown.

n � weighted number of observations for each parameter; N � actual number of patients per group.

Table 2. Aggregate VAS Pain Data

Parameter Epidural Analgesia (N � 1,625) Intravenous PCA (N � 1,583) P Value

Overall data
All data 2.1 � 1.3 (n � 7,744) 3.2 � 1.6 (n � 7,666) � 0.001
Pain at rest—all data 1.6 � 1.0 (4,482) 2.5 � 1.2 (4,507) � 0.001
Pain with activity—all data 2.8 � 1.3 (3,262) 4.1 � 1.7 (3,159) � 0.001

Postoperative day 0
All data 2.2 � 1.6 (n � 1,416) 4.1 � 1.6 (n � 1,469) � 0.001
Pain at rest 1.9 � 1.5 (941) 3.6 � 1.4 (964) � 0.001
Pain with activity 2.9 � 1.6 (475) 5.0 � 1.6 (505) � 0.001

Postoperative day 1
All data 2.4 � 1.3 (n � 2625) 3.6 � 1.5 (n � 2,612) � 0.001
Pain at rest 1.6 � 0.9 (1,510) 2.6 � 0.9 (1,522) � 0.001
Pain with activity 3.4 � 1.0 (1,115) 4.9 � 1.1 (1,090) � 0.001

Postoperative day 2
All data 2.3 � 1.2 (n � 2,022) 3.0 � 1.4 (n � 1,971) � 0.001
Pain at rest 1.6 � 0.9 (1,125) 2.1 � 0.8 (1,121) � 0.001
Pain with activity 3.2 � 1.0 (897) 4.3 � 1.0 (850) � 0.001

Postoperative day 3
All data 1.4 � 0.9 (n � 1,628) 1.8 � 1.2 (n � 1,581) � 0.001
Pain at rest 1.2 � 0.8 (874) 1.7 � 1.1 (868) � 0.001
Pain with activity 1.5 � 1.0 (754) 2.0 � 1.4 (693) � 0.001

Data are visual analog scale (VAS; 0–10) pain scores presented as mean � SD.

n � weighted number of observations for each parameter; N � actual number of patients per group; PCA � patient-controlled analgesia with opioid.
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Table 4. Epidural Analgesic Data

Parameter
EA Opioid
(N � 287)

EA LA �
Opioid

(N � 1,262)
EA LA

(N � 76)

Intravenous
PCA

(N � 1,583)

P Values—Intravenous
PCA vs.:

EAO EAHY EALP EAL/O EAL

All data 2.5 � 1.3
(n � 1,024)

2.1 � 1.3
(n � 6,378)

1.9 � 0.9
(n � 342)

3.2 � 1.6
(n � 7,766)

� 0.001 1.0 � 0.001 � 0.001 � 0.001

P � 0.001 P � 0.21

EA Hydrophilic Opioid (N � 74)
3.0 � 0.9
(n � 258)

P � 0.001

P � 0.001

P � 0.001

EA Lipophilic Opioid (N � 171)
2.0 � 1.1
(n � 584)

P � 1.0

P � 1.0

Pain at rest 2.2 � 1.1
(n � 775)

1.5 � 1.0
(n � 3,517)

1.2 � 0.2
(n � 190)

2.5 � 1.2
(n � 4,507)

� 0.001 � 0.001 � 0.001 � 0.001 � 0.001

P � 0.001 P � 0.003

EA Hydrophilic Opioid (N � 74)
2.9 � 0.8
(n � 226)

P � 0.001

P � 0.001

P � 0.001

EA Lipophilic Opioid (N � 171)
1.7 � 0.9
(n � 418)

P � 0.07

P � 0.001

Pain with
activity

3.2 � 1.4
(n � 249)

2.8 � 1.3
(n � 2,861)

2.8 � 0.5
(n � 152)

4.1 � 1.7
(n � 3,159)

� 0.001 1.0 � 0.001 � 0.001 � 0.001

P � 0.001 P � 1.00

EA Hydrophilic Opioid (N � 74)
3.8 � 1.3
(n � 52)

P � 0.003

P � 0.004

P � 0.009

EA Lipophilic Opioid (N � 171)
2.7 � 1.1
(n � 166)

P � 1.00

P � 1.00

Data presented as mean � SD. Of the 287 epidural opioid–alone subjects, 171 were classified as lipophilic alone (EALP), 74 were classified as hydrophilic
alone (EAHY), and 42 were unspecified.

P value represents comparison of only two groups at one time. Individual P values for comparison between two epidural analgesic regimens are shown. Individual
P values for comparisons between intravenous patient-controlled analgesia with opioid (PCA) and one other epidural regimen are shown at right.

EA � epidural; EAL � epidural local anesthetic; EAL/O � epidural local anesthetic � opioid; EAO � epidural opioid (all data combined—includes hydrophilic- and
lipophilic-only data); LA � local anesthetic; n � weighted number of observations for each parameter; N � actual number of patients per group.
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publication,15 which did include a subgroup analysis
showing the superior analgesia of epidural analgesia over
intravenous PCA, this study is different because the pri-
mary focus was on a comparison of intravenous PCA to
PCEA and CEI. Despite the fact that there was overlap in
articles assessed between the two studies (35 of 50
articles from the current meta-analysis were used in our
previous meta-analysis), this new systematic review con-
tains more clinically relevant information for anesthesi-
ologists because it compares intravenous PCA with both
CEI and PCEA (i.e., the current study should not be
considered a duplicate publication). Many colleagues,
both informally and formally,18 mentioned that our ini-
tial analysis15 was not clinically meaningful for them
because the majority of postoperative systemic opioids
were delivered via intravenous PCA and because there
was no differentiation between CEI and PCEA. As such,
we decided to undertake a completely new meta-analysis
with different inclusion criteria to reflect typical clinical
practice.

The results of our meta-analysis corroborate previous
systematic reviews of the analgesic efficacy of postoper-
ative epidural analgesia versus systemic opioids, which
include but are not limited to intravenous PCA with
opioids.15,16 It may not be surprising that postoperative
PCEA and CEI provide significantly superior postopera-
tive analgesia when compared with intravenous PCA
with opioids. Unlike that seen with systemic opioids,
epidural local anesthetics can block nociceptive input
into the central nervous system with the addition of an
epidural opioid providing an even greater analgesic ef-

fect.20,21 The superior analgesia and physiologic22–24

benefits from epidural analgesia may potentially result in
an improvement in perioperative outcomes.25–30 In ad-
dition, perioperative epidural analgesia may decrease
postoperative morbidity (e.g., pulmonary complications,
myocardial infarction, gastrointestinal motility) and mor-
tality in high-risk patients, although its effect may not be
as apparent for low-risk patients or those undergoing
lower-risk procedures.11,31–39

By allowing individualization of postoperative analge-
sic requirements, intravenous PCA is considered to be
the accepted standard by which opioids are delivered to
the hospitalized surgical patient. Intravenous PCA pro-
vides significantly superior analgesia compared with
conventional “as needed” (intravenous, intramuscular,
or subcutaneous) opioid administration.33,40 Similar to
that for intravenous PCA and systemic opioids, PCEA
may in one sense be considered the accepted standard
for delivery of epidural analgesia. In our analysis, PCEA
provided significantly superior analgesia compared with
intravenous PCA overall, for each postoperative day, and
for pain both at rest and with activity. It was interesting
to note that CEI provided superior analgesia versus
PCEA; however, this may be possibly related to an in-
crease in dose of local anesthetic administered in the CEI
group (i.e., subjects receiving PCEA generally use less
local anesthetic than those receiving CEI41), which may
be reflected in the higher incidence of motor block for
those receiving CEI.

Use of a local anesthetic–based epidural regimen
seems to provide the best postoperative pain control

Table 5. Analgesia by Region of Surgery

Location of Surgery Epidural Analgesia (N � 1,625) Intravenous PCA (N � 1,583) P Value

Thoracic 1.6 � 1.5 (n � 1,157) 2.7 � 1.8 (n � 1,139) � 0.001
Pelvic 2.5 � 1.2 (678) 3.5 � 1.5 (655) � 0.001
Abdominal 2.1 � 1.2 (4,414) 3.1 � 1.7 (4,274) � 0.001
Cesarean delivery 1.8 � 1.0 (220) 3.0 � 1.4 (248) � 0.001
Lower extremity 2.3 � 1.1 (622) 3.4 � 1.3 (665) � 0.001
Multiple 3.1 � 1.3 (452) 4.2 � 1.3 (484) � 0.001

Data are presented as mean � SD.

n � weighted number of observations for each parameter and includes both rest and incident pain; N � actual number of patients per group; PCA �
patient-controlled analgesia with opioid.

Table 6. Complication Rates

Epidural Analgesia

Parameter Total CEI PCEA P Value* Intravenous PCA P Value†

Nausea– vomiting 184/680 (27.6%) 127/419 (30.3%) 57/261 (21.8%) 0.02 211/632 (33.4%) 0.01
Sedation 71/247 (28.7%) 42/136 (30.9%) 29/111 (26.1%) 0.48 91/236 (38.6%) 0.03
Pruritus 190/579 (32.8%) 113/399 (28.3%) 77/180 (42.8%) 0.001 89/519 (17.1%) � 0.001
Urinary retention 22/203 (10.8%) 19/145 (13.1%) 3/58 (5.2%) 0.13 9/198 (4.5%) 0.02
Motor block 27/320 (8.4%) 19/67 (28.3%) 8/253 (3.2%) � 0.001 0/65 (0%) � 0.001

* Continuous epidural infusion (CEI) vs. patient-controlled epidural analgesia (PCEA). † Epidural/total vs. intravenous patient-controlled analgesia with opioid
(PCA).

n � actual number of subjects with symptoms; N � actual number of subjects studied for that symptom; Total � aggregate data of CEI � PCEA.
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(table 4). Overall, epidural opioid–only regimens seem
to provide superior analgesia compared with intrave-
nous PCA but inferior analgesia compared with local
anesthetic–based epidural regimens (i.e., VAS values for
epidural opioids are intermediate between that for intra-
venous PCA and local anesthetic–based epidural regi-
mens). However, when analyzed by hydrophilic versus
lipophilic opioids, the VAS pain scores for epidural hy-
drophilic opioid–only regimens (delivered primarily via
a PCA device) were significantly higher than those for
lipophilic opioids and local anesthetic regimens and
were for the most part equivalent to those for intrave-
nous PCA. As such, hydrophilic opioid–only epidural
solutions should not be routinely administered via a PCA
device for postoperative pain management. In addition,
our data also suggest that epidural analgesia would pro-
vide superior analgesia compared with intravenous PCA
for all types of surgery (table 5). This may be important
not only in allowing patients to actively participate in
physiotherapy but also in potentially decreasing the in-
cidence of chronic postoperative pain.4

The overall complication rates reported are similar to
those seen in other sources, although the actual inci-
dence in clinical practice may vary depending on the
epidural agent used and how the specific complication is
defined. The cumulative incidence of nausea–vomiting
from epidural analgesia may be as high as 45–80%,42,43

and that for pruritus may be as high as 60%.44 However,
some large-scale observational PCEA studies note a lower
incidence of nausea–vomiting (3.8–14.8%), pruritus
(1.8–16.7%), and motor block (0.1–2%) compared with
our findings.45,46

There are several limitations to this study, some of
which pertain specifically with the issue examined,
whereas others relate to the general use of meta-analysis.
The clinical significance of our findings despite the pres-
ence of a statistical difference is unclear (i.e., is this a
clinically meaningful difference?). We were unable to
determine the percentage of patients with moderate–
severe pain, the percentage of maximum total pain re-
lief, the sum of the pain intensity difference, or the
percentage pain intensity difference47,48 because of the
limitations of available data. In addition, attempting to
achieve the lowest possible pain score, a worthy objec-
tive per se, may not always be the most desirable or only
goal of a postoperative analgesic regimen and must be
considered in the overall context of what may be sacri-
ficed (i.e., side effects) to achieve this objective. For
example, our data suggest that patients receiving CEI
have lower pain scores than those receiving PCEA (table
3); however, this superior analgesia may come at a cost
(i.e., increased nausea–vomiting and motor block; table
6). In addition, the generalizability of our results to the
typical clinical population is difficult to assess, in part
because of the protocolization present in randomized
trials and the rate of failure or dislodgement of postop-

erative epidural catheters (reported from 6 to 25%49–51),
which may limit the analgesic efficacy of epidural anal-
gesia. We also did not weight the quality scoring of the
randomized controlled trials used or assess the articles in
a blinded fashion because the role of quality assessments
in meta-analysis is unclear.52–55

In addition, that there may be discrepancies between
meta-analyses and subsequent large randomized con-
trolled trials.56 This may be related in part to the pres-
ence of publication bias where only positive findings are
published primarily in English-language journals.57,58 Al-
though we limited our analysis to the English language,
only 8 non-English PubMed articles would have qualified
for inclusion in our meta-analysis, and the inclusion of
these articles (5 studies [n � 395 out of 514 subjects
total] of which showed that epidural analgesia produced
superior analgesia vs. intravenous PCA) would not have
changed our results. The effect of excluding non-English
trials on the results of a meta-analysis is equivocal, with
some data suggesting that exclusion of trials published in
non-English may actually result in a more conservative
estimate of the treatment effect.59

In summary, we performed a meta-analysis of random-
ized controlled trials to determine the analgesic efficacy
of postoperative epidural analgesia compared with intra-
venous PCA with opioids. Epidural analgesia provided a
statistically and clinically significant improvement in
postoperative pain control compared with intravenous
PCA with opioids—regardless of analgesic regimen (lo-
cal anesthetic with or without opioid or opioid alone),
type of epidural analgesia (CEI vs. PCEA), site of surgical
incision, or measured pain outcomes (rest or incident
pain), with the exception of hydrophilic opioid–only
regimens. CEI provided statistically superior (although
not necessarily clinically superior) postoperative analge-
sia versus PCEA, but with a higher incidence of nausea–
vomiting and motor block. Our results suggest that post-
operative PCEA and CEI may provide significantly
superior analgesia when compared with intravenous
PCA, the accepted standard for delivery of postoperative
opioids. These analgesic benefits, along with other po-
tential benefits,60–65 should be weighed against the
risks66–71 of epidural analgesia when considering
the route of delivery for postoperative analgesia, and the
balance between these risks and benefits should be de-
termined for each surgical patient.72 When feasible,
clinicians may also consider using PCEA with a local
anesthetic–based solution over CEI to minimize analge-
sic-related side effects while providing superior postop-
erative analgesia compared with intravenous PCA with
opioids.
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