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Although most randomized clinical trials conclude that
the addition of continuous peripheral nerve blockade
(CPNB) decreases postoperative pain and opioid-
related side effects when compared with opioids, stud-
ies have included relatively small numbers of patients
and the majority failed to show statistical significance
during all time periods for reduced pain or side effects.
We identified studies primarily by searching Ovid
Medline (1966 – May 21, 2004) for terms related to post-
operative analgesia with CPNB and opioids. Each arti-
cle from the final search was reviewed and data were
extracted from tables, text, or extrapolated from figures
as needed. Nineteen articles, enrolling 603 patients, met
all inclusion criteria. Inclusion criteria were a clearly
defined anesthetic technique (combined general/
regional anesthesia, general anesthesia alone, periph-
eral nerve block), randomized trial, adult patient popu-
lation (�18 yr old), CPNB (or analgesia) used
postoperatively (intrapleural catheters were deemed

not to be classified as a peripheral nerve catheter), and
opioids administered for postoperative analgesia in
groups not receiving peripheral nerve block. Perineural
analgesia provided better postoperative analgesia com-
pared with opioids (P � 0.001). This effect was seen for
all time periods measured for both mean visual analog
scale and maximum visual analog scale at 24 h (P �
0.001), 48 h (P � 0.001), and 72 h (mean visual analog
scale only) (P � 0.001) postoperatively. Perineural cath-
eters provided superior analgesia to opioids for all cath-
eter locations and time periods (P � 0.05). Nausea/
vomiting, sedation, and pruritus all occurred more
commonly with opioid analgesia (P � 0.001). A reduc-
tion in opioid use was noted with perineural analgesia
(P � 0.001). CPNB analgesia, regardless of catheter lo-
cation, provided superior postoperative analgesia and
fewer opioid-related side effects when compared with
opioid analgesia.

(Anesth Analg 2006;102:248–57)

S ingle injection peripheral nerve blocks are ef-
fective for postoperative pain after both upper
and lower extremity surgery but are limited by

the duration of action of local anesthetics. Continu-
ous peripheral nerve blockade (CPNB) provides the
potential benefits of single injection techniques (e.g.,
decreased pain, respiratory depression, and nausea/
vomiting) well into the postoperative period (1,2).
Furthermore, the introduction of mechanical and

electronic pumps for the continuous infusion of lo-
cal anesthetic has allowed patients to receive the
benefits of continuous catheters after leaving the
hospital (4 –7).

Numerous clinical trials have been published ex-
amining the efficacy of CPNB for the treatment of
postoperative pain after both upper and lower ex-
tremity surgery compared with systemic opioids.
Although most randomized clinical trials conclude
that CPNB decreases postoperative pain and opioid-
related side effects when compared with opioids,
studies have included a relatively small number of
patients and the majority failed to show statistical
significance during all time periods for reduced
pain or side effects. The objectives of this meta-
analysis were to evaluate data from randomized
clinical trials (RCTs) to determine 1) efficacy of per-



side effects (nausea/vomiting, sedation, pruritus,
motor/sensory block), 3) opioid use, 4) and patient
satisfaction compared with opioid analgesia.

Methods
A search of Ovid Medline to identify RCTs comparing
CPNB with opioids for the management of postoper-
ative pain from 1966 to the third week of May 2004
with the terms “Pain, postoperative” (13,752 articles)
combined with “nerve block” (7399 articles) yielded
788 articles. Limiting this to RCTs, human and all
adults (�19 yr) yielded 236 articles. We reviewed each
of the abstracts of these articles to determine if there
was a description of the use of continuous peripheral



given, was computed using the given standard devi-
ation and sample size. If a median and interquartile
range were reported, these were converted to a mean
and standard deviation based on the assumption of a
lognormal distribution of the original measure.

Overall, pooled means for each of the measures
were computed by taking a sample size-weighted av-
erage of the reported (or estimated) means from each
study as follows:



Results
A total of 19 articles, enrolling 603 patients, were
ultimately included in the meta-analysis (Appen-
dix). The characteristics of included studies, which
also contain additional data (demographics and



postoperative period in both the ambulatory and in-
patient settings. We performed a meta-analysis of
RCTs and found that, when compared with opioid
(parenteral and oral), perineural analgesia with local
anesthetic provided significantly better analgesia for
postoperative pain. Improvements in analgesia were
noted through postoperative day 3. When analyzed
according to catheter location, (e.g., interscalene, fem-
oral, popliteal) and type of pain assessment (rest ver-
sus maximal pain), CPNB provided superior postop-
erative analgesia compared with opioids. Perineural
analgesia also resulted in fewer minor complications,

including nausea/vomiting, pruritus, and sedation,
and improved patient satisfaction.

Single injection peripheral nerve blocks have been
demonstrated to provide superior pain control and
decreased side effects compared with the use of
opioids (14,15). These techniques are limited by the
relatively short (12–24 hours) duration of analgesia
provided by a single injection nerve block. Al-
though epidural patient-controlled analgesia (PCA)
and IV PCA provide adequate analgesia for inpa-
tients with postoperative pain, these techniques are
unsuitable for postoperative pain management after

Table 3. Included Prospective Randomized Controlled Trials Comparing Upper Extremity Continuous Peripheral Nerve
Block to Opioid Analgesia

Study
Type of
Surgery

Catheter
location N

Infusion in
catheter Opioid used

Both groups
received

single shot
blocks?

Was
placebo
catheter
used? Summary

Borgeat et al.
1998

Major
shoulder
surgery

Interscalene 30 C
30 O

0.2% ropivacaine* Nicomorphine
IV PCA (O)
No opioid
for catheter
group

Y N SS higher patient
satisfaction,
decrease in nausea,
pruritus, and mean
VAS pain with
CPNB

Borgeat et al.
1997

Major
shoulder
surgery

Interscalene 20 C
20 O

0.15% bupivacaine* Nicomorphine
IV PCA (O)
No opioid
for catheter
group

Y N SS decrease in
vomiting and
pruritus and SS
decrease mean VAS
pain at 12 and 18 h
only with CPNB

Borgeat et al.
2000

Major
shoulder
surgery

Interscalene 18 C
15 O

0.2% ropivacaine* Nicomorphine
IV PCA (O)
No opioid
for catheter
group

Y N SS higher patient
satisfaction,
decreased nausea/
vomiting and
median VAS pain at
12 and 24 h with
CPNB. No SS
change in
diaphragm
excursion

Klein et al.
2000

Open rotator
cuff repair

Interscalene 22 C
18 O

0.2% ropivacaine† Morphine IV
PCA (O)
(C)

Y Y SS decreased mean
VAS pain 12–24 h,
reduction in
morphine
consumption with
CPNB

Ilfeld et al.
2003

Outpatient
shoulder
surgery

Interscalene 10 C
10 O

0.2% ropivacaine* Oxycodone
PO (O) (C)

Y Y SS decrease in nausea,
sedation, pruritus,
opioid consumption
and average and
max. VAS pain with
CPNB (24 and 48 h)

Lehtipalo et al.
1999

Acromioplasty Interscalene 10 C
10
O‡

0.25% bupivacaine† Morphine IV
PCA (O)
Morphine
IV (C)

N N SS decrease in mean
VAS pain at 12 and
24 h with CPNB.
No difference in
side effects or
opioid consumption

Ilfeld et al.
2002

Outpatient
upper
extremity
surgery at
or below
elbow

Infraclavicular 15 C
15 O

0.2% ropivacaine* Oxycodone
PO (O) (C)

Y Y SS decrease in nausea,
sedation, difficulty
sleeping (24 h) and
SS decrease average
and max. VAS pain
and opioid
consumption (24
and 48 h) with
CPNB

C � catheter group; O � opioid group; PCA � patient-controlled analgesia; SS � statistically significant; VAS � visual analog scale score; CPNB � continuous
peripheral nerve block.

* Continuous infusion with bolus available; †Continuous infusion with no bolus; ‡Third group with IM/IV morphine not included in analysis.
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Table 4. Included Prospective Randomized Controlled Trials Comparing Lower Extremity Continuous Peripheral Nerve
Block to Opioid Analgesia

Study
Type of
surgery

Catheter
location N Infusion in catheter Opioid used

Both groups
received

single shot
blocks?

Placebo
catheter
used? Summary

Hirst et al. 1996 Total knee
arthroplasty

Femoral 3-in-1 11 C
11 O
11 O*

0.125% bupivacaine‡ Morphine IV PCA
(O) (C)

Y Y SS reduction in nausea
with CPNB. No SS
decrease in VAS
pain or opioid
consumption

Ganapathy et
al. 1999

Total knee
arthorplasty

Femoral 3-in-1 22 C
20 O
20 C†

0.2% bupivacaine‡ Morphine IV PCA
(O) (C)

N Y No SS decrease in
VAS pain or opioid
consumption

Serpell et al.
1991

Total knee
replacement

Femoral 3-in-1 13 C
16 O

0.5% bupivacaine§ Morphine IV
PCA. Morphine
IM PRN (O)
(C)

N N SS decrease in
morphine use with
catheter. No SS
decrease in VAS
pain, nausea, or
vomiting

Griffith et al.
1996

Femoropopliteal
bypass

Femoral 10 C
10 O

0.5% bupivacaine‡ Morphine IV PCA
Dihydrocodeine
PO �48 h (O)
(C)

N N SS decrease in VAS
pain and opioid
requirements at 24,
48 and 72 h within
CPNB

Cuignet et al.
2004

Skin graft on
burn
patients

Femoral 10 C
10 O

0.2% ropivacaine‡ Morphine IV PCA
(O) (C)

N N SS decrease in opioid
requirements and
VAS pain at donor
site (24 and 48 h)
with CPNB. No SS
difference in nausea/
vomiting or pruritus

Edwards et al.
1992

Total knee
replacement

Femoral 3-in-1 19 C
18 O

0.125% bupivacaine‡ Papaveretum IM
(O) (C)

N N SS decrease in VAS
pain at 24 h and
opioid requirements
with CPNB

Singelyn et al.
1998

Total knee
arthroplasty

Femoral 3-in-1 15 C
15 O

0.125% bupivacaine
0.1 �g/ml
sufentanil 1 �g/
mL clonidine‡

Morphine IV PCA
(O) IM
Piritramide (C)

N N SS decrease in VAS
pain rest (24 and 48
h) and max (24 h)
and improvement in
knee flexion (up to
6 wk) with CPNB.
No SS difference in
nausea

Chudinov et al.
1999

Hip fractures Psoas
compartment
3-in-1

20 C
20 O

0.25% bupivacaine§ Meperidine IM N N SS decrease in VAS
pain (24, 32, and 64
h) and higher
satisfaction with
CPNB

Capdevila et al.
1999

Major knee
surgery

Femoral 20 C
19 O

1% Lidocaine 2 �g/
ml clonidine 0.03
mg/ml
morphine‡

Morphine IV PCA
(O) Morphine
SC (C)

N N SS decrease VAS pain
(24 and 48 h),
improved knee
flexion (day 5 and
discharge) with
CPNB

Spansberg et al.
1996

Femoral neck
fracture

Femoral 3-in-1 10 C
13 O

0.25% bupivacaine‡ Morphine IV/IM
(O) (C)

N N No SS difference VAS
pain or side effects

Ilfeld et al. 2002 Ambulatory
orthopedic
surgery
below knee
in sciatic
distribution

Sciatic popliteal
fossa

15 C
15 O

0.2% ropivacaine� Oxycodone PO
(O) (C)

Y Y SS decreased max. and
average VAS pain
(24, 48 h), decreased
awakenings, opioid
ingestion, sedation,
nausea, pruritus,
insomnia (24 and 48
h) with CPNB

White et al.
2003

Ambulatory
orthopedic
surgery
below knee

Sciatic politeal
fossa

10 C
10 O

0.25% bupivacaine‡ Morphine IV PCA
IV PRN and
hydrocodone
PO (O) (C)

Y Y SS decreased VAS
pain (24, 48, 72 h),
opioid requirements
and improved
satisfaction with
CPNB. Fewer
admission with
CPNB

* Third group in trial receiving placebo block also included in analysis; † third group receiving catheter with 0.1% bupivacaine not included in the analysis;
‡ continuous infusion used with no bolus; § bupivacaine administered in intermittent bolus by physician as needed but did not have continuous infusion;
� contnuous infusion used with bolus available.

N � number of patients in each group; C � catheter group; O � opioid group; IV � intravenous; SS � statistically significant; VAS � visual analog scale;
CPNB � continuous peripheral nerve block; PCA � patient-controlled analgesia; IM � intramuscular; SC � subcutaneous.
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the results would only strengthen the overall con-
clusion that analgesia is improved with perineural
catheters.

We limited our meta-analysis to English language
articles. This may introduce publication bias if only
positive findings are published primarily in English
language journals (25). The effect of excluding non-
English language trials on the results of a meta-
analysis is equivocal; however, some data suggest
that omission of trials published in non-English
journals may have little effect on the summary treat-
ment effects and may result in a more conservative
estimate of treatment effect (26). Our funnel plot
showed little publication bias or other biases be-
cause almost all data points were plotted around a
relative VAS of �1.0.

In examining the included studies for methodology,
there was no consistency in analgesic regimen for
either the opioid or peripheral nerve catheter group.
The opioid group included a variety of opioids, routes
of administration (oral, parenteral), and frequency of

administration, whereas the catheter group included
different local anesthetics (bupivacaine and ropiva-
caine), concentrations (ranging from 0.125% to 0.5%),
infusion rates, boluses, and catheter locations. Both
groups also commonly had supplemental analgesics
administered, including various nonsteroidal antiin-
flammatory drugs. This variability in protocol could
affect the results of the study, although a trend to-
wards a benefit with perineural analgesia appears to
occur regardless of the analgesic regimen. Further
studies to determine the ideal local anesthetic, concen-
tration, infusion rate, bolus dose, and additives for
each catheter site and surgical location are still needed
to determine the optimal use of CPNB.

In summary, we performed a meta-analysis of RCTs
to determine the analgesic efficacy of postoperative
perineural catheter analgesia compared with opioid.
Peripheral nerve catheter analgesia provided a statis-
tically and clinically significant improvement in post-
operative pain control compared with opioids and a
decrease in opioid-related side effects. This effect was

Table 5. Visual Analog Scale Pain Scores by Catheter Location

Location

Mean VAS Scores Maximum VAS Scores

24 h 48 h 72 h 24 h 48 h

Infraclavicular P � .001 P � .001 – P � .001 P � .001
Catheter 1.0 (0.3–1.7) 0.6 (0.0–1.3) – 2.5 (1.7–3.3) 1.5 (0.7–2.3)
Opioid 4.3 (3.1–5.5) 4.0 (2.9–5.1) – 6.1 (4.8–7.4) 5.1 (3.9–6.3)
Number of studies 1 1 – 1 1
Interscalene P � .001 P � .001 – P � .001 P � 0.05
Catheter 1.4 (1.1–1.7) 0.5 (0.3–0.7) – 3.8 (1.9–5.7) 3.9 (2.0–5.8)
Opioid 3.6 (2.0–4.2) 2.3 (1.9–2.7) – 8.0 (6.7–9.3) 6.5 (4.5–8.5)
Number of studies 6 6 – 1 1
Femoral/Lumbar
Plexus P � .001 P � .001 P � .001 P � .001 P � .001
Catheter 2.1 (1.5–2.7) 1.6 (1.2–2.0) 1.5 (1.3–1.7) 3.8 (3.2–4.4) 2.7 (2.3–3.1)
Opioid 4.0 (3.7–4.3) 3.2 (2.9–3.5) 2.7 (2.1–3.3) 5.4 (4.8–6.0) 4.6 (4.1–5.1)
Number of studies 8 8 – 3 3
Sciatic P � .001 P � .001 P � .001 P � .001 P � .01
Catheter 0.9 (0.6–1.2) 0.9 (0.6–1.2) 1.6 (1.4–1.8) 1.9 (0.2–3.6) 2.6 (0.9–4.3)
Opioid 4.6 (4.0–5.2) 3.5 (2.9–4.1) 3.2 (2.8–3.6) 7.2 (6.4–8.0) 5.6 (4.4–6.8)
Number of studies 2 2 1 1 1

Mean and maximum visual analog scale (VAS) shown for each treatment group broken down by catheter location site. Number in parenthesis represents 95%
confidence intervals.

Table 6. Side Effects

Side effects Catheter Opioid
P

value
Odds
ratio NNT

Nausea/vomiting 38/182 (20.9%) 95/195 (48.7%) �0.001 0.28 4
Sedation 12/45 (26.7%) 23/44 (52.3%) �0.012 0.33 4
Pruritus 11/113 (9.7%) 29/109 (26.6%) �0.001 0.30 6
Sensory/motor block 22/70 (31.4%) 9/60 (15.0%) �0.023 0.39

In results, numerator represents total number of patients noted to have side effect. Denominator represents total number of patients in group from studies
that listed complications in the given category. Results weighted by subject number; e.g. 38/182 indicates that studies documenting nausea and vomiting as a
side effect had 182 patients randomized to the catheter group and reported 38 of those patients having either nausea or vomiting. Number in parenthesis
represents percentage of patients reported to have side effects. NNT � number needed to treat. NNT was not calculated for motor block since it is not a treatable
event.

ANESTH ANALG REGIONAL ANESTHESIA RICHMAN ET AL. 255
2006;102:248–57 META-ANALYSIS OF PERIPHERAL NERVE CATHETERS VERSUS OPIOIDS



seen at all time periods studied after surgery, for mean
and maximal pain, and with all catheter locations.
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thoughts for this meta-analysis.
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