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REVIEW

Efficacy of Postoperative Epidural Analgesia
A Meta-analysis
Brian M. Block, MD, PhD
Spencer S. Liu, MD
Andrew J. Rowlingson, BA
Anne R. Cowan, MD
John A. Cowan, Jr, MD
Christopher L. Wu, MD

AWARENESS OF THE UNDER-
treatment of acute pain,1 in-
troduction of new pain man-
agement standards by the Joint

Commission on Accreditation of Health-
care Organizations (JCAHO),2 and rec-
ognition of the untoward conse-
quences of uncontrolled postoperative
pain3 have led to a greater appreciation
for the importance of acute postopera-
tive pain control. Inadequate control of
postoperative pain may result in a higher
incidence of chronic postsurgical pain,3

increased postoperative morbidities,4,5

and worsened patient-oriented out-
comes such as quality of life.6

More than 40 million inpatient sur-
gical procedures were performed in the
United States in 2000,7 with systemic
opioids (frequently administered par-
enterally) and epidural analgesia used
probably as the 2 most common forms
of postoperative analgesia. However, de-
livery of medications, especially local
anesthetic drugs, directly into the epi-
dural space (epidural analgesia) may
provide better pain control and im-
prove perioperative pathophysiology,
resulting in decreased postoperative
morbidity.4,5

The question of whether epidural an-
algesia provides better pain control than
parenteral opioid analgesia has not been
examined in a systematic fashion, de-
spite the analgesic benefits demon-
strated in some individual randomized

controlled trials (RCTs).8-11 Most stud-
ies have focused on whether epidural
therapy improves traditional anesthetic
outcomes, such as myocardial ische-
mia, myocardial infarction, or death, and
not on analgesia. It is not clearly estab-
lishedwhetherpostoperativeepidural an-
algesia is better than systemic opioids or
if the adverse effect profiles differ. In ad-
dition, epidural analgesia should not be
considered as a single generic entity be-
cause many factors (eg, the congruency
of catheter insertion location to site of

surgical incision [catheter-incision con-
gruency], type of analgesic regimen [lo-
cal anesthetic vs opioid], and type of pain
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Context Whether epidural analgesia is a better method than parenteral opioids for
postoperative pain control remains controversial.

Objective To systematically review the efficacy of postoperative epidural analgesia
vs parenteral opioids, the primary alternative technique.

Data Sources Studies were identified primarily by searching the National Library of
Medicine’s PubMed database (1966 to April 25, 2002) and other sources for studies
related to postoperative epidural analgesia.

Study Selection Inclusion criteria were a comparison of epidural therapy vs paren-
teral opioids for postoperative analgesia, measurement of pain using a visual analog
scale (VAS) or numeric rating scale, randomization of patients to either therapy, and
adult patients (�18 years). A total of 1404 abstracts were identified, 100 of which
met all inclusion criteria.

Data Extraction Each article was reviewed and data extracted from tables, text, or
extrapolated from figures as needed. Weighted mean pain scores, weighted mean dif-
ferences in pain score, and weighted incidences of complications were determined by
using a fixed-effect model.

Data Synthesis Epidural analgesia provided better postoperative analgesia com-
pared with parenteral opioids (mean [SE], 19.40 mm [0.17] vs 29.40 mm [0.20] on
the VAS; P�.001). When analyzed by postoperative day, epidural analgesia was bet-
ter than parenteral opioids on each postoperative day (P�.001 for each day after surgery).
For all types of surgery and pain assessments, all forms of epidural analgesia provided
significantly better postoperative analgesia compared with parenteral opioid analge-
sia (P�.001 for all), with the exception of thoracic epidural analgesia vs opioids for
rest pain after thoracic surgery (weighted mean difference, 0.6 mm; 95% confidence
interval, –0.3 to 1.5 mm; P=.12). The complication rates were lower than expected
for nausea or vomiting and pruritus but comparable with existing data for lower ex-
tremity motor block.

Conclusion Epidural analgesia, regardless of analgesic agent, location of catheter
placement, and type and time of pain assessment, provided better postoperative an-
algesia compared with parenteral opioids.
JAMA. 2003;290:2455-2463 www.jama.com
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assessment [rest vs dynamic])4,10 may in-
fluence its efficacy.

We performed a meta-analysis of
available RCTs that randomized pa-
tients receiving postoperative analge-
sia to either epidural analgesia or par-
enteral opioids. The analgesic efficacy
of epidural analgesia was analyzed ac-
cording to catheter-incision congru-
ency, type of analgesic regimen, post-
operative day, and type of pain assessed.

METHODS
Literature Review

The National Library of Medicine’s
PubMed database was searched from

1966 to April 25, 2002, for all abstracts
containing words related to epidural
therapy (epidural, peridural, or extradu-
ral) combined with analgesia (pain or an-
algesia) and surgical procedures (opera-
tive, operation, surgery, or surgical), using
the usual Boolean meanings of “or” and
“and.” A total of 5595 articles were
found. A second search was made by us-
ing the corresponding Medical Subject
Headings (MeSH) terms ([anesthesia,
epidural, analgesia, epidural, or injec-
tions, epidural] and pain, postoperative
and surgical procedures, operative), which
resulted in finding 849 abstracts. The 2
searches were combined by using the or

term and limited to clinical trials and the
English language, resulting in a total of
1404 articles.

Each of the 1404 abstracts after re-
viewing the full articles was then re-
viewed by 1 of the authors (B.M.B.,
A.R.C., C.L.W.) for inclusion in the
meta-analysis. Only studies that com-
pared postoperative epidural therapy vs
parenteral opioid analgesia using vi-
sual analog scale (VAS) measurements
of pain or a similar substitute (numeri-
cal rating scale) in a randomized fash-
ion were included. Epidural analgesia
was defined as medicine delivered into
the epidural space by infusion, patient-
controlled analgesic device, or by re-
peated bolus dosing. Studies in which
a single epidural dose was given at the
time of surgery were not included. Par-
enteral analgesia was defined as opioid
drugs given by bolus dosing, infusion,
or patient-controlled analgesic device via
the intravenous, subcutaneous, or in-
tramuscular routes.

No minimum sample sizes were re-
quired for inclusion of studies in the
analysis. Only randomized studies with
adults aged 18 years or older were in-
cluded. Any disputes were resolved by
agreement of at least 2 reviewers (B.M.B.,
C.L.W.). A total of 1304 articles were re-
jected for the following reasons: 738 were
not comparisons of postoperative par-
enteral and epidural analgesia, 367 ar-
ticles did not report measures of post-
operative pain, 81 did not report VAS
pain scores, and 118 involved patients
younger than 18 years. After selecting the
initial articles, the reference list of each
analyzed article was checked for any ad-
ditional studies, as were the author’s per-
sonal files, and no additional references
that met all inclusion criteria were found.

Data Extraction and Analysis
The BOX includes all analyzed items.
Each study’s methodology and results
were recorded, with data extrapolated
from graphs as needed. Definition of
complications was recorded as origi-
nally defined by the study and the in-
cidence of that complication as re-
ported by the study was recorded. For
nausea and vomiting, the higher num-

Box. Categories of Data Analyzed From Each Study

Methodology
Blinding: yes, no
Region of surgery: thoracic, abdominal, pelvic, lower extremity, cesarean deliv-

ery, multiple

Epidural Data
Epidural location: thoracic, lumbar
Type of epidural infusion: opioid, local anesthetic, combination of local anes-

thetic and opioid

Parenteral Opioid Data
Parenteral route: intravenous, including intravenous PCA*; subcutaneous; intra-

muscular

Pain Scores on Postoperative Days 1-5, Converted to 0-100 Scale
Pain score: rest
Pain score: incident (eg, coughing with activity)

Major Complications (Incidence Rates)
Death
Stroke
Cardiovascular complications: hypotension, myocardial infarction, myocardial is-

chemia, arrhythmia
Pulmonary complication: respiratory depression, incidence of desaturation events,

pneumonia, other/atelactasis
Renal complications
Deep venous thrombosis, pulmonary embolism

Minor Complications (Incidence Rates)
Nausea or vomiting (whichever was more frequent)
Confusion or delirium
Sedation
Pruritus
Constipation
Urinary retention
Headache
Backache
Motor block/weakness

*PCA indicates patient-controlled analgesia.
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ber was recorded if both were re-
ported. In some studies, data could not
be translated into an incidence rate (a
histogram of pulse oximetry values over
time) and those data were not entered
into the database. However, we did in-
corporate the remainder of that study’s
data as feasible.

All reported data were included as
unique observations and subgrouped as
described. The VAS or numerical rat-
ing scale pain scores were converted to
a 0 to 100 scale. The VAS data were
weighted by sample size, and if a given
article measured pain at multiple time
points, all measurements were in-
cluded in the analysis. The number re-
ported is the total number of patient ob-
servations (1 study of 10 patients that
measured pain at 3 different time points
would contribute the number 30 to the
overall sample size). The global mean
VAS (weighted for patient observa-
tions) and for each postoperative day up
to 4 days after surgery between epidu-
ral analgesia and systemic opioids were
compared. Epidural analgesia is not a ge-
neric entity because many factors (an-
algesic regimen [local anesthetics vs opi-
oids] and catheter-incision congruency)
may influence the quality of postopera-
tive analgesia. We subdivided the data
by analgesic regimen and location/type
of surgery and compared epidural to par-
enteral techniques.

All epidural infusions containing lo-
cal anesthetic were considered equiva-
lent, including those with and without
opioid. Similarly, all parenteral opioids
were bundled (data from all the differ-
ent parenteral opioids were combined).
Both rest and incident pain were in-
cluded in the analysis, analyzed sepa-
rately, and again divided into sub-
groups depending on epidural location
and infusion type. If an included study
did not specify the neuraxial location of
the epidural catheter, had a mix of epi-
dural placements, or had multiple sur-
gical sites, the article was not included
in the subgroup analysis.

A fixed-effect model was used and the
level of significance for all tests was set
at an � level of .05 and variances were
not assumed to be equal. A Kolmogorov-

Smirnov test showed that the data were
not normally distributed; instead, both
epidural and parenteral opioid data were
positively skewed. Because the data were
not normally distributed, Mann-
Whitney test was used to compare VAS
pain scores between treatment groups.
For complication data, an independent
samples t test, weighted by sample size,
was performed. Bonferroni correction
was used for multiple comparisons of
postoperative day VAS data. All other
data analyzed were single comparisons
between epidural and parenteral anal-
gesia groups. All statistical analyses were
performed with SPSS version 10.0.7
(SPSS Inc, Chicago, Ill). P�.05 was con-
sidered statistically significant.

After the data compilation was com-
plete, further analyses were per-
formed to assess the validity of the con-
clusions. We performed an analysis of
the file drawer problem (how many un-
published studies or subjects showing
no difference between treatment regi-
mens would be needed to be discov-
ered in someone’s file drawer to invali-
date our results). By using techniques
described by Rosenthal,12 we calcu-
lated the number of file drawer sub-
jects needed to invalidate our results to
be 94273 subjects, an extremely high
number of subjects for this type of trial.

A funnel plot (FIGURE 1) was also
created to determine the presence of
publication and other biases (English
language, citation, and multiple pub-
lication)13 in the meta-analysis. The fun-
nel plot of the natural logarithm rela-
tive VAS (VAS in patients with epidural
analgesia/VAS with parenteral opi-
oids) vs trial precision (inverse of SD)
was symmetric and centered around a
relative VAS of less than 1.0, suggest-
ing that there is no publication bias or
other biases.13 Relative VAS was calcu-
lated for each trial by dividing the mean
VAS from patients with epidural anal-
gesia by the mean VAS from patients
with parenteral analgesia.

RESULTS
Included Studies

A total of 100 articles met all inclusion
criteria. Some of these articles used 2 or

more treatment regimens, giving a total
of 124 comparisons of epidural vs par-
enteral analgesic regimens. The charac-
teristics of included studies, which also
contain additional data (demographics
and study location) recorded but not nec-
essarily quantified for analysis, are shown
in TABLE 1. A detailed table of included
studies is available from the authors. Ar-
ticles measured pain after a wide vari-
ety of operations and emanated from
medical centers all over the world. Pain
was measured after abdominal surgery
in 45 studies (36%); thoracic (24%,
n=30) and lower extremity (12%, n=15)
surgery were the next most common
types of surgery studied. Only 32% of the
epidural patients (n=39 studies) re-
ceived local anesthetic and opioid, al-
though 53% received opioid alone with
the choice of epidural opioid being pre-
dominantly morphine (40%) followed by
fentanyl (21%). For parenteral opioids,
morphine (40%) was most commonly
used, followed by fentanyl (21%) and
sufentanil (11%).

Forty-eight percent of studies used in-
travenous patient-controlled analgesia
(PCA) as the delivery modality for par-

Figure 1. Funnel Plot of Natural Logarithm
of Relative VAS Score vs Precision Among All
Studies

2.5

0.5

0

1.0

1.5

2.0

–0.5
–1.5 –1.0 0.50 1.0–0.5

Natural Logarithm of Relative VAS Score
(Epidural Analgesia/Parenteral Opioids)

P
re

ci
si

on
 (1

/S
D

)

Data are relative visual analog scale (VAS) plotted
against precision (inverse of SD) for each trial in-
cluded in the meta-analysis. Relative VAS was calcu-
lated for each trial by dividing the mean VAS from pa-
tients with epidural analgesia by the mean VAS from
patients with parenteral opioid analgesia. A relative
VAS of less than 1 signifies better analgesia with epi-
dural techniques. The overall SD of the trial’s VAS data
was calculated and the inverse was used to define the
precision of the trial.

POSTOPERATIVE EPIDURAL ANALGESIA

©2003 American Medical Association. All rights reserved. (Reprinted) JAMA, November 12, 2003—Vol 290, No. 18 2457

 at University of Washington - Seattle on June 28, 2010 www.jama.comDownloaded from 

http://jama.ama-assn.org


enteral opioid. When weighted by each
study’s sample size, parenteral mor-
phine was most commonly used (41.4%
of patient-observations), followed by fen-
tanyl (31.0%), sufentanil (7.5%), hy-
dromorphone (1.7%), meperidine
(1.5%), alfentanil (0.5%), and buprenor-
phine (0.5%), although 15.7% of patient-
observations did not specify the opioid
used or used a different opioid. Some ar-
ticles were not included in the sub-
group analysis because they did not

specify the neuraxial location of the epi-
dural catheter (16 articles), had a mix
of epidural placements (8 articles), or
had multiple surgical sites (6 articles).

Pain
When all studies and observations were
combined, epidural analgesia pro-
vided better postoperative analgesia
compared with parenteral opioids
(P�.001). The weighted mean differ-
ence (SEM) in analgesia was 10.0 mm
better (29.40 mm [0.20 mm] for opi-
oid analgesia vs 19.40 mm [0.17 mm]
for epidural analgesia) on the VAS scale
for epidural analgesia (95% confi-
dence interval [CI], 9.5-10.5 mm). The
quality of analgesia may be different at
different points in the postoperative re-
covery period, so pain scores were also
assessed at different postoperative times
(FIGURE 2). All observations made dur-
ing a given postoperative day were in-
cluded as unique data points. Epidu-
ral analgesia was better than parenteral
opioid analgesia at all time points
(P�.001 for each day after surgery). An-
algesia may differ between parenteral
regimens; however, when all trials were
compiled, we found no difference in
mean VAS between intravenous PCA
and intramuscular or subcutaneous opi-
oid administration. Intravenous PCA is
commonly thought to be the standard
of care for parenteral opioid adminis-
tration. When compared with intrave-
nous PCA alone, epidural analgesia pro-
vided a significantly better analgesia
with lower overall mean VAS and mean
VAS on each postoperative day.

TABLE 2 compares the analgesia
achieved by epidural and parenteral
techniques subdivided by surgical site,
catheter placement, and infusion type.
For thoracic surgery, all forms of epi-
dural analgesia provided significantly
better postoperative analgesia com-
pared with parenteral opioid analge-
sia (P�.001 for thoracic epidural an-
algesia [TEA] with local anesthetic with
or without opioid; P=.002 for TEA with
opioid alone; P�.001 for lumbar epi-
dural analgesia [LEA] with opioid
alone). The largest improvement in an-
algesia was observed in those patients

receiving TEA with local anesthetic with
or without opioid. The weighted mean
difference in VAS (positive numbers fa-
vor epidural analgesia) with TEA with
local anesthetic with or without opi-
oid group was 11.2 mm (95% CI, 9.9-
12.5 mm), although the weighted mean
difference in VAS for LEA with opioid
and TEA with opioid groups were 4.2
mm (95% CI, 2.2-6.2 mm) and 2.9 mm
(95% CI, 0.4-5.3 mm), respectively.

For abdominal surgery, all epidural
regimens were better than parenteral
opioids (P�.001). The largest weighted
mean difference in VAS was with local
anesthetic with or without opioid ei-
ther through TEA (10.9 mm; 95% CI,
10.1-11.6 mm) or LEA (17.8 mm; 95%
CI, 15.8-19.9 mm). For pelvic sur-
gery, including cesarean deliveries, all
3 epidural regimens provided signifi-
cantly better analgesia compared with
parenteral opioids (LEA with local an-
esthetic with or without opioid:
weighted mean difference in VAS, 7.2
mm; 95% CI, 5.8-8.6 mm; LEA with
opioid: 8.6 mm; 95% CI, 7.2-10.1 mm;
TEA with local anesthetic with or with-
out opioid: 10.5 mm; 95% CI, 7.1-
14.0 mm; P�.001 for all). For lower ex-
tremity surgery, LEA with local
anesthetic with or without opioid and
LEA with opioid alone were both bet-
ter than parenteral opioid (12.6 mm;
95% CI, 10.1-15.0 mm and 9.4 mm;
95% CI, 6.8-11.9 mm, respectively;
P�.001 for both). No trials using TEA
for lower extremity surgery were un-
covered by this investigation.

Rest vs Incident Pain
Many patients can achieve analgesia at
rest, but not with movement, with par-
enteral opioids. Nearly all epidural regi-
mens provided better postoperative pain
control compared with parenteral opi-
oids for both rest and incident pain
(P�.001) (TABLE 3). A notable excep-
tion was with the use of TEA with opi-
oid for rest pain after thoracic surgery,
which produced an equivalent result
(weighted mean difference in VAS, 0.6
mm; 95% CI, –0.3 to 1.5 mm; P=.12).

For thoracic surgery, TEA with lo-
cal anesthetic with or without opioid

Table 1. Characteristics of Included Studies
(N = 124)*

No. (%) of
Studies

Study location
Europe 63 (51)
United States 25 (20)
Canada 20 (16)
Asia/Australia 14 (11)
Multiple 2 (2)

Study population, sex
Both 79 (64)
Women 26 (21)
Men 7 (6)
Unspecified 12 (9)

Surgical site
Abdominal 45 (36)
Thoracic 30 (24)
Lower extremity 15 (12)
Cesarean delivery 13 (11)
Pelvic 13 (11)
Spine 5 (4)
Multiple 3 (2)

Epidural analgesia
Site

Lumbar 58 (47)
Thoracic 42 (34)
Mixed 8 (7)
Unspecified 16 (13)

Infusion
Opioid alone 66 (53)
Local anesthetic with opioid 39 (32)
Local anesthetic 19 (15)

Opioid
Morphine 50 (40)
Fentanyl 26 (21)
Sufentanil 13 (11)
Other 16 (13)
None† 19 (15)

Parenteral opioids
Method of administration

Intravenous PCA 60 (48)
As needed 53 (43)
Bolus 7 (6)
Infusion 4 (3)

Opioid
Morphine 50 (40)
Fentanyl 26 (21)
Sufentanil 13 (11)
Hydromorphone 2 (2)
Meperidine 2 (2)
Alfentanil 2 (2)
Buprenorphine 1 (�1)
Other/unspecified 28 (23)

Abbreviation: PCA, patient-controlled analgesia.
*Because of rounding, percentages may not all total 100.
†Refers to none specified in the article.
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yielded a similar improvement for both
rest and incident pain with a weighted
mean difference in VAS of 10.7 mm
(95% CI, 9.3-12.0 mm) and 11.5 mm
(95% CI, 9.4-13.6 mm), respectively,
although TEA with opioid signifi-
cantly improved incident pain by 5.9
mm (95% CI, 3.6-8.2 mm) but did not
improve control of rest pain (0.6 mm;
95% CI, –0.3 to 1.5 mm). Compared
with parenteral opioid for abdominal
surgery, local anesthetic with or with-
out opioid via TEA or LEA quantita-
tively appeared to provide larger im-
provements in VAS than epidural
opioids alone (weighted mean differ-
ence in VAS: TEA with local anes-
thetic with or without opioid at rest: 9.9
mm; 95% CI, 9.3-10.4 mm; TEA with
local anesthetic with or without opi-
oid at incident: 12.2 mm; 95% CI, 11.2-
13.2 mm; LEA with local anesthetic
with or without opioid at rest: 16.2 mm;
95% CI, 14.6-17.7 mm; LEA with lo-
cal anesthetic with or without opioid
at incident: 19.8 mm; 95% CI, 17.9-
21.7 mm; TEA with opioid at rest: 6.5
mm; 95% CI, 3.9-9.0 mm; TEA with
opioid at incident: 6.9 mm; 95% CI, 3.4-
10.6 mm; LEA with opioid at rest: 7.7
mm; 95% CI, 6.2-9.1 mm; TEA with
opioid at incident: 9.9 mm; 95% CI, 7.1-
12.7 mm).

For pelvic surgery, the greatest im-
provement was produced by LEA with
opioid for incident pain with a weighted
mean difference in VAS of 17.6 mm

(95% CI, 15.2-20.1 mm). Otherwise,
LEA with any regimen produced better
analgesia than parenteral opioid (LEA
with local anesthetic with or without
opioid at rest: 8.9 mm; 95% CI, 8.1-9.6
mm; LEA with local anesthetic with or
without opioid at incident: 6.3 mm; 95%
CI, 5.4-7.1 mm; LEA with opioid at rest:
5.8 mm; 95% CI, 4.4-7.1 mm). Only LEA
was used in lower extremity surgery. The
decrease in incident pain with local
anesthetic with or without opioid was
significant with a weighted mean differ-
ence in VAS of 34.6 mm (95% CI, 28.9-
40.3 mm). Otherwise, the decrease in

pain was similar across regimens (LEA
with local anesthetic with or without
opioid at rest: 4.8 mm; 95% CI, 2.7-6.9
mm; LEA with opioid at rest: 9.4 mm;
95% CI, 6.8-11.9 mm).

Effect of Nonblinded Trials
Of the 100 included trials, only 44 in-
corporating 55 comparisons were
blinded (data available from author).
Studies on pain may be influenced by the
placebo effect14; therefore, we con-
firmed the main results of the meta-
analysis by using only the blinded trials.
The overall VAS and improvement in

Figure 2. Mean VAS Pain Scores by Postoperative Day
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Table 2. Analgesia by Surgical Site, Epidural Location, and Infusion*

Surgical Site
Epidural
Location Epidural Infusion

No. of
Studies

No. of
Observations

Parenteral
Mean VAS
(SEM), mm

Epidural
Mean VAS
(SEM), mm

Weighted Mean
Difference

(95% CI), mm
P

Value

Thoracic Thoracic Local anesthetic with or without opioid
Opioid alone

11
7

1145
284

27.6 (0.5)
24.7 (0.9)

16.5 (0.4)
21.8 (0.9)

11.2 (9.9-12.5)
2.9 (0.4-5.3)

�.001
.002

Lumbar Opioid alone 9 327 16.2 (0.8) 12.0 (0.6) 4.2 (2.2-6.2) �.001

Abdominal Thoracic Local anesthetic with or without opioid
Opioid alone

16
5

2591
284

28.0 (0.3)
38.1 (1.1)

17.1 (0.2)
31.4 (0.9)

10.9 (10.1-11.6)
6.7 (3.4-9.6)

�.001
�.001

Lumbar Local anesthetic with or without opioid
Opioid alone

2
6

342
438

33.9 (0.8)
34.3 (0.8)

16.0 (0.6)
25.8 (0.8)

17.8 (15.8-19.9)
8.5 (6.2-10.8)

�.001
�.001

Pelvic and cesarean Thoracic Local anesthetic with or without opioid 2 167 42.5 (1.5) 32.0 (1.0) 10.5 (7.1-14.0) �.001
delivery Lumbar Local anesthetic with or without opioid

Opioid alone
3

20
371
602

32.4 (0.5)
26.7 (0.6)

25.3 (0.5)
18.1 (0.4)

7.2 (5.8-8.6)
8.6 (7.2-10.1)

�.001
�.001

Lower extremity Lumbar Local anesthetic with or without opioid
Opioid alone

10
3

421
105

38.8 (1.0)
25.4 (1.0)

26.3 (0.7)
16.0 (0.8)

12.6 (10.1-15.0)
9.4 (6.8-11.9)

�.001
�.001

Abbreviations: CI, confidence interval; VAS, visual analog scale.
*Mean VAS and SEM include both rest and incident pain. Weighted mean differences between epidural analgesia and parenteral opioids (positive numbers favor epidural analgesia)

were rounded.
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weighted mean difference in VAS with
epidural analgesia were nearly identical
to that presented; however, certain dif-
ferences were noted. Epidural analgesia
was not better than parenteral analgesia
on postoperative day 4, and epidural opi-
oids did not provide an analgesic advan-
tage over parenteral opioids when given
by LEA for thoracic surgery, or LEA or
TEA for abdominal surgery.

Complications
Not every article reported all possible
complications. Sixty-nine articles (56%)
reported the incidence of least 1 major
complication and 86 (69%) reported the
incidence of at least 1 minor complica-
tion. A complication rate of 0% was not
assumed if studies failed to report a par-
ticular complication. Rates for all com-
plications were relatively low (TABLE 4).

Motor block was the adverse effect most
attributable to epidural analgesia. Lum-
bar epidural analgesia with opioid alone
also had a higher rate of numbness. This
was unexpected because epidural opi-
oid alone should not cause numbness;
however, this finding probably re-
flected the results of only 1 study in
which epidural morphine was deliv-
ered by bolus for analgesia after use of

Table 3. Analgesia by Surgical Site, Epidural Location, and Infusion Categorized by Rest and Incident Pain*

Surgical Site
Epidural
Location Epidural Infusion

No. of
Studies

No. of
Observations

Parenteral
Mean VAS
(SEM), mm

Epidural
Mean VAS
(SEM), mm

Weighted Mean
Difference

(95% CI), mm
P

Value

Thoracic Thoracic Local anesthetic with or
without opioid

10
6

694
443

Rest
Incident

21.9 (0.6)
36.2 (0.8)

11.3 (0.4)
24.7 (0.7)

10.7 (9.3-12.0)
11.5 (9.4-13.6)

�.001
�.001

Opioid alone 7
5

162
122

Rest
Incident

12.1 (0.3)
41.3 (0.5)

11.5 (0.4)
35.5 (1.0)

0.6 (−3 to 1.5)
5.9 (3.6-8.2)

.12
�.001

Lumbar Opioid alone 9 208 Rest
Incident

19.4 (0.9)
(1 Study)

13.7 (0.7) 5.7 (3.5-8.0) �.001

Abdominal Thoracic Local anesthetic with or
without opioid

14
12

1450
1141

Rest
Incident

18.9 (0.3)
39.6 (0.4)

9.0 (0.2)
27.4 (0.3)

9.9 (9.3-10.4)
12.2 (11.2-13.2)

�.001
�.001

Opioid alone 4
4

144
140

Rest
Incident

26.5 (1.0)
50.0 (1.5)

20.0 (0.9)
43.1 (0.9)

6.5 (3.9-9.0)
6.9 (3.4-10.6)

�.001
�.001

Lumbar Local anesthetic with or
without opioid

4
2

186
156

Rest
Incident

23.1 (0.7)
46.7 (0.7)

6.9 (0.3)
26.9 (0.6)

16.2 (14.6-17.7)
19.8 (17.9-21.7)

�.001
�.001

Opioid alone 5
3

267
177

Rest
Incident

23.2 (0.6)
51.8 (1.0)

15.5 (0.5)
41.9 (1.0)

7.7 (6.2-9.1)
9.9 (7.1-12.7)

�.001
�.001

Pelvic and cesarean
delivery

Thoracic Local anesthetic with or
without opioid 2 121

Rest
Incident

(1 Study)
53.4 (0.7) 37.3 (1.0) 16.1 (14.2-19.0) �.001

Lumbar Local anesthetic with or
without opioid

2
2

128
243

Rest
Incident

21.3 (0.3)
38.3 (0.3)

12.4 (0.3)
32.0 (0.3)

8.9 (8.1-9.6)
6.3 (5.4-7.1)

�.001
�.001

Opioid alone 14
5

412
115

Rest
Incident

21.8 (0.5)
49.1 (1.0)

16.0 (0.4)
31.5 (0.7)

5.8 (4.4-7.1)
17.6 (15.2-20.1)

�.001
�.001

Lower extremity Lumbar Local anesthetic with or
without opioid

9
4

311
110

Rest
Incident

31.3 (0.7)
60.2 (2.7)

26.5 (0.8)
25.6 (1.1)

4.8 (2.7-6.9)
34.6 (28.9-40.3)

�.001
�.001

Opioid alone 3 105 Rest 25.4 (1.0) 16.0 (0.8) 9.4 (6.8-11.9) �.001
Abbreviations: CI, confidence interval; VAS, visual analog scale.
*Mean VAS and SEM include both rest and incident pain. Weighted mean differences between epidural analgesia and parenteral opioids (positive numbers favor epidural analgesia)

were rounded.

Table 4. Complication Rates

Complication
Epidural

Site Epidural Infusion
No. of

Studies
Patients
at Risk

Incidence Rates
P

ValueEpidural Parenteral

Nausea or vomiting Thoracic Local anesthetic with or without opioid
Opioid alone

29
12

717
191

26
5

25
9

.61

.02

Lumbar Local anesthetic with or without opioid
Opioid alone

16
37

321
704

42
60

72
38

.002
�.001

Pruritus Thoracic Local anesthetic with or without opioid
Opioid alone

29
12

717
191

2
7

0
0

�.001
�.001

Lumbar Local anesthetic with or without opioid
Opioid alone

16
37

321
704

2
38

0
6

�.001
�.001

Motor block or numbness Thoracic Local anesthetic with or without opioid
Opioid alone

29
12

717
191

2
0

1
0

.98
�.99

Lumbar Local anesthetic with or without opioid
Opioid alone

16
37

321
704

1
7

0
0

�.001
�.001

Hypotension Thoracic Local anesthetic with or without opioid
Opioid alone

29
12

702
190

14
0

2
0

�.001
�.99

Lumbar Local anesthetic with or without opioid
Opioid alone

16
37

350
698

8
1

14
3

.03

.04
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epidural local anesthetic anesthesia for
cesarean delivery.15

Nausea or vomiting rates were sig-
nificantly lower with local anesthetic–
based LEA compared with parenteral
opioids but not for TEA with local an-
esthetic with or without opioid or LEA
with opioid alone. For pruritus, LEA
with opioid alone had a 6-fold in-
creased incidence from parenteral opi-
oid. Thoracic epidural analgesia with lo-
cal anesthetic with or without opioid had
increased rates of hypotension com-
pared with parenteral opioid but the
overall incidence of hypotension was
low. Insufficient data were available to
determine the effect of postoperative epi-
dural analgesia on return of function,
major complications, and some minor
complications (confusion-delirium, se-
dation, constipation, urinary reten-
tion, headache, and backache).

COMMENT
Compared with parenteral opioids, epi-
dural analgesia overall provided sig-
nificantly better postoperative analge-
sia. Epidural analgesia also provided
significantly better postoperative anal-
gesia at all intervals up to 4 days after
surgery. When analyzed according to
type of analgesic agent (local anes-
thetic with or without opioid vs opi-
oid alone), location of catheter inser-
tion and site of surgical incision
(thoracic vs lumbar), and type of pain
assessment (rest vs incident/dynamic
pain), epidural analgesia in every com-
bination, with the exception of TEA
with opioid for thoracic surgery, pro-
vided better postoperative analgesia
compared with parenteral opioids.
Greater improvements were found in
analgesia when local anesthetic was in-
cluded in the epidural regimen, imply-
ing that epidural opioid alone may not
be better than parenteral opioid and
general decreases in rates of complica-
tions with thoracic, instead of lumbar,
epidural placement.

There are several reasons that epi-
dural analgesia may confer better post-
operative analgesia compared with par-
enteral opioids. Epidural local
anesthetics may attenuate or block pain-

ful input into the central nervous sys-
tem and addition of an epidural opi-
oid may result in a synergistic analgesic
effect.16,17 Individual RCTs also have
demonstrated that epidural infusions of
local anesthetic-opioid combinations
provide better analgesia compared with
intravenous PCA with opioids.6,18-20

Other data suggest better outcomes with
catheter-incision congruent (thoracic-
epidural placement for thoracic sur-
gery) than catheter-incision incongru-
ent analgesia21,22; however, we did not
demonstrate this effect.

A recent systematic review of the ef-
fectiveness of acute postoperative pain
management using a numerical rating
scale to assess pain and pain relief also
found that when compared with intra-
venous PCA and intramuscular opi-
oids, the use of postoperative epidural
analgesia resulted in a significantly lower
incidence of moderate-severe pain
(20.9% vs 35.8% intravenous PCA and
67.2% intramuscular) and severe pain
(7.8% vs 10.4% intravenous PCA and
29.1% intramuscular).23 Our data indi-
cate that epidural analgesia provides sig-
nificantly better analgesia compared with
intravenous PCA, although we did not
note a difference in the overall mean VAS
between intravenous vs intramuscular
or subcutaneous administration or be-
tween intravenous PCA vs bolus or as-
needed dosing. The better analgesia pro-
vided by postoperative epidural analgesia
may result in several benefits, includ-
ing accelerated recovery, decreased com-
plications,9,24-27 and improved patient-
oriented outcomes such as quality of life
and satisfaction.6,28,29 Appropriately ad-
ministered perioperative epidural anal-
gesia can improve many clinically-
oriented outcomes, such as a reduction
in the incidence of pulmonary compli-
cations, myocardial infarction, deep ve-
nous thrombosis, and pulmonary em-
bolism.4,5,30-32

The overall complication rates re-
ported for some events were lower than
those observed in large-scale observa-
tional trials. Discrepancies in study re-
sults may occur between randomized
and nonrandomized trials33; although in
this instance, the differences may also

be related to the variability in the defi-
nition of these events with RCTs possi-
bly having a lower incidence because of
the presence of more stringent event
definitions. The incidence of nausea or
vomiting (5%-60%) and pruritus (7%-
38%) for patients receiving epidural opi-
oid regimens in our trials were lower
than that reported in other studies. The
cumulative incidence of nausea and
vomiting in patients receiving continu-
ous infusions of opioids may be as high
as 45% to 80%.34-36 Pruritus is one of the
most common adverse effects from epi-
dural administration of opioids with an
incidence of approximately 60% com-
pared with an incidence of approxi-
mately 15% for those patients receiv-
ing systemic opioids.37-39

The incidence of hypotension with a
local anesthetic-based epidural regi-
men in our study (8%-14%) is higher
than that reported in large-scale obser-
vational studies of postoperative epidu-
ral analgesia (0.7%-3.0%),40,41 al-
though the incidence of clinically
relevant hypotension may be quite dif-
ferent (higher) in actual clinical prac-
tice.17 In addition, our incidence of lower
extremity motor block (1%-2%) was
comparable with large observational data
of postoperative epidural analgesia us-
ing a local anesthetic-based solution (ap-
proximately 2%-3%).40,42 Physicians car-
ing for postoperative patients should be
aware that lower extremity motor block
may be an early indicator of epidural he-
matoma development in patients receiv-
ing both epidural analgesia and antico-
agulants.43,44

Limitations
There are several limitations to this
study. Despite the relatively large num-
ber of patients studied, a reduction in
mean VAS ranging from 2.2 mm to 19.9
mm may be clinically meaningful. Al-
though we were unable to compare
other important pain outcome mea-
sures, such as percentage of maxi-
mum total pain relief, sum of the pain
intensity difference, or percentage pain
intensity difference45 because of the
limitations of the available data, we did
note an approximate 30% to 33% re-
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duction in pain ratings (a value sug-
gested to be a clinically relevant reduc-
tion in pain scores45,46) for epidural
analgesia vs systemic opioids.

Although the data were weighted by
trial size, they were not weighted by the
quality of the RCTs used nor were they
assessed in a blinded fashion. Some au-
thors47 suggest that assessing the qual-
ity of RCTs used in a meta-analysis or re-
ports of RCTs in a blinded fashion48 will
influence the estimate of intervention ef-
ficacy reported in a meta-analysis. How-
ever, others indicate that individual qual-
ity measures are not reliably associated
with the strength of treatment effect in
a meta-analysis of RCTs.49 We believe
that the quality of the included RCT is
generally similar, as all the trialswere ran-
domized and controlled but not consis-
tently double-blinded, a widely recog-
nized limitation of RCTs examining
perioperative epidural analgesia to sys-
temic opioids.5

We limited our meta-analysis to En-
glish-language articles. Although the
effect of excluding non-English trials
on the results of a meta-analysis is un-
clear, in some cases excluding trials
published in other languages may have
little effect on summary treatment ef-
fects and may actually result in a more
conservative estimate of treatment
effect.50 For our meta-analysis, only 9
non-English articles would have quali-
fied for inclusion, and the introduc-
tion of these articles (7 of which showed
that epidural analgesia produced bet-
ter analgesia) would not have changed
our results. Assessing the generalizabil-
ity of the results is difficult because the
protocolization of postoperative anal-
gesic care in randomized trials tends to
skew delivery of typical patient care and
our results may not be applicable to the
general clinical population. Specifi-
cally, epidural analgesia can fail be-
cause of technical reasons in as often
as 6% to 25% of cases, with many cen-
ters reporting failure rates between 10%
to 20%.36,37,51-53

Conclusion
In conclusion, epidural analgesia (other
than TEA with opioids for thoracic sur-

gery) provided a statistically and clini-
cally significant improvement in post-
operative pain control compared with
parenteral opioids, regardless of anal-
gesic regimen (local anesthetic with or
without opioid or opioid alone), site of
epidural catheter placement in rela-
tion to the surgical incision, or mea-
sured pain outcomes (rest or incident
pain). With approximately 40 million
inpatient surgical procedures per-
formed in the United States annually7

and the recent emphasis on pain con-
trol with the introduction of JCAHO2

guidelines for the assessment and man-
agement of pain, physicians should be
aware of the analgesic benefits and po-
tential risks of epidural analgesia when
discussing options for postoperative
pain management with their patients.
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Be it grand or slender, burrowing, blasting, or refus-
ing to sanctify; whether it laughs out loud or is a cry
without an alphabet, the choice word or the chosen
silence, unmolested language surges toward knowl-
edge, not its destruction.

—Toni Morrison (1931- )
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