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Efficacy of Continuous Wound Catheters Delivering
Local Anesthetic for Postoperative Analgesia:

A Quantitative and Qualitative Systematic Review
of Randomized Controlled Trials

Spencer S Liu, MD, Jeffrey M Richman, MD, Richard C Thirlby, MD, FaCS, Christopher L Wu, MD

Effective postoperative analgesia is important from the
patient’s perspective and can also improve clinical out-
comes." Recent surveys report only modest success in
providing suitable analgesia, as 30% to 86% of surgical
patients report moderate to severe pain after a surgical
procedure.”” Although “advanced” analgesic techniques,
such as epidural analgesia or perineural catheters, can
provide superior analgesia, many of these analgesic mo-
dalities are labor-intensive and expensive.** A promising
modality that might help improve postoperative analge-
sia is the relatively simple technique in which the sur-
geon directly places a catheter to infuse local anesthetic
into wounds at the end of the procedure. This modality
can be widely used, is technically efficient, offers the
potential to provide complete analgesia or to substan-
tially reduce the need for opioids and their related side
effects, can be used for several days, and can now, with
the introduction of new portable pumps, be used on an
ambulatory basis.® Although there are multiple reports
and small randomized controlled trials (RCTs) examin-
ing use of continuous wound catheters in multiple sur-
gical procedures, there have been conflicting reports of
the overall efficacy, and no single, large RCT has defin-
itively assessed the risk benefit of this modality. We con-
ducted this systematic review of randomized trials to
determine the efficacy of this modality.
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METHODS

Literature review

The National Library of Medicine’s Medline database
and the Cochrane Central Register of Controlled Trials
were searched for the time period January 1, 1966 to
February 19, 2006. Two authors (SSL and JMR) per-
formed independent searches. Search strategies included
combining “postoperative pain,” “postoperative analge-
sia,” or “postoperative period” and “local Anesthetics.”
This combined search was then refined by combining
“and” with “continuous,” “infusion,” “perfusion,” “irri-
gation,” “instillation,” or “patient controlled.” Another
search was performed by combining “local anesthetics”
and “wounds,” “intraarticular,” or “subcutaneous.” A
third search was performed by combining “catheters”
and “local anesthetics,” “wound,” “continuous,” “infil-
tration,” “regional anesthesia,” or “pain.” Searches were
restricted to “adults” (older than 18 years of age) and
“clinical trials” or “randomized controlled trial.” No lan-
guage restriction was used. This final search identified
594 potential RCTs for systematic review.

Inclusion criteria

All abstracts were reviewed for potential inclusion in the
systematic review. Only prospective RCTs that assessed
either visual analogue pain scores or opioid consump-
tion were included. Only RCTs that used continuous
wound catheters placed by the surgeon into the opera-
tive field were included. RCTs that reported data as only
mean or median values could be included in the quali-
tative review but not in the quantitative review (meta-
analysis) because of unusable data.

Exclusion criteria

All RCTs that used continuous peripheral nerve block
and central neuraxial (epidural or spinal) catheter tech-
niques were excluded. Recent metaanalyses have already
analyzed these techniques, and we did not consider them
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to qualify as wound catheters per inclusion criteria.*> All
RCTs that did not specify a placebo solution (saline or
water) delivered through the wound catheter, placebo
nonfunctional pump, or a no-catheter control group
were excluded. RCTs with a study infusion period of less
than 24 hours postoperatively were excluded. RCTs with
unusual study designs were excluded (eg, local anesthetic
injected through wound drain and then drained out of
wound).

Data extraction and analysis

Each study’s methodology and results were recorded.
Quality of individual RCTs was quantified by the Jadad
scale.” Data were extrapolated from figures as needed.
Definition of outcomes and criteria for opioid rescue
and hospital discharge were recorded as originally de-
fined by the study. Specific outcomes that were extracted
included pain scores at rest and with activity. Pain scores
were averaged to create a single mean visual analogue
score (VAS) for each RCT for the duration of local an-
esthetic infusion. This was separately performed for
scores at rest and with activity. We extracted incidence of
need for opioid rescue during the study and calculated
the amount of opioid spared as equivalents of IV mor-
phine (mg) per day. The only opioid-related side effect
(eg, nausea and vomiting, sedation, or pruritus) that was
reported with any frequency was nausea and vomiting.
Incidences of postoperative nausea and vomiting
(PONV) were extracted. Patient satisfaction was quan-
tified with a variety of measures, and we extracted the
most prevalent (incidence of patients rating their satis-
faction as “excellent”). Duration of hospital stay was
extracted. Incidences of catheter-related complications
(wound infections and clinical systemic toxicity from
local anesthetics) were extracted. Incidences of catheter
or pump failure were extracted. Two authors (SSL and
JMR) independently performed data extraction and re-
solved any discrepancies together. RCTs were subdivided
into the following clinical surgical groups for subanalysis:
cardiothoracic surgery, general surgery, gynecology-urology
surgery, and orthopaedic surgery.

Statistical analysis

Quantitative systematic review was done with meta-
analysis. The level of significance for all tests was set at a
p = 0.05 and variances were not assumed to be equal.
For dichotomous outcomes, study results were pooled
and odds ratios calculated with the Mantel-Haenszel

method. Odds ratios with 95% confidence intervals are
displayed for the effect statistic. For continuous out-
comes, study results were pooled and means and stan-
dard deviations calculated with the inverse variance
method. Weighted mean differences and 95% confi-
dence intervals are displayed for the effect statistic. Het-
erogeneity was analyzed using the I* and Q statistics. If
heterogeneity was significant (p < 0.05), then a random
effects model was used. Otherwise, a fixed effect model
was used. All statistical analyses were performed with
Review Manager 4.2 (The Cochrane Collaboration’s In-
formation Management System; Nordic Cochrane Cen-
tre Rigshospitalet). A funnel plot of the primary out-
comes (VAS at rest) was examined for potential bias. A
qualitative systematic review was also planned on all in-
cluded RCTs. This consisted of noting study character-

istics and outcomes in a table format.

RESULTS

Quantitative systematic review (metaanalysis)
Forty-four RCTs enrolling a total of 2,141 patients were
included for final quantitative analysis. Reasons for ex-
clusion are indicated in Figure 1.*' Seven RCTs that
reported data only as mean or median values were ex-
cluded from metaanalysis, but included in the following
qualitative review. The included RCTs were published
between 1983 and 2006, with most in the past decade
(n = 34), were small in size (number of enrolled subjects
ranged from 16 to 100), and primarily used bupivacaine
(n = 34) or ropivacaine (n = 9) ranging from 0.2% to
0.5% for the local anesthetic. Wound catheters were
placed in a variety of locations (subcutaneous, suprafas-
cial, subfascial, intraarticular, peripleural, and perios-
teal), and all but two RCTs specifically stated that cath-
eters were not placed or activated until surgical closure,
so no preemptive analgesia was attempted. Local anes-
thetic was infused for a median and mode of 2 days. The
cardiothoracic subgroup had the most RCTs (n = 14),
followed by orthopaedics (n = 12), general surgery (n =
11), and gynecology-urology (n = 7). Median Jadad
score was 4 and mode was 4.

Metaanalysis associated multiple potential benefits
with use of continuous wound catheters (Table 1). For
all groups combined, mean VAS pain scores decreased
considerably at rest (—10 mm weighted mean differ-
ence; 95% CI, —13 to —7 mm) and with activity (—22
mm weighted mean difference; 95% CI, —32 to —13
mm). Subgroup analysis confirmed decreased pain
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Figure 1. Flow diagram of exclusion of clinical trials for metaanalysis and for qualitative review.
LA, local anesthetic group; RCT, randomized controlled trial; VAS, visual analogue scale.

scores. Figure 2 displays metaanalysis of VAS scores at
rest for combined and subgroup data. For all groups
combined, both need for opioid rescue (41% versus
66%; odds ratio, 0.15; 95% CI) and daily consumption
of opioids (—11 mg per day weighted mean difference;
95% CI, —14 to —7 mg) were substantially reduced in
the continuous wound catheter group. Subgroup analy-
ses indicated considerably less rescue in all surgery
groups and less need for opioid in all groups except
orthopaedics. Figure 3 displays metaanalysis for opioid
use for combined and subgroup data. For all groups
combined, incidence of PONV was reduced in the con-
tinuous wound catheter group (24% versus 40%; odds
ratio, 0.45; 95% CI, 0.08 to 0.3). Although all sub-
groups had lower incidences of PONV for the continuous
wound catheter groups, only general and gynecology-

urology groups reached individual statistical significance.
For all groups combined, percent of patients rating their
analgesia as “excellent” was low overall, but greater in the
continuous wound catheter group (43% versus 13%;
odds ratio, 7.7; 95% CI, 1.8 to 34). Orthopaedic sur-
gery was the subgroup with the most “excellent” patient
satisfaction with continuous wound catheters (92%)
versus control group (27%). For all groups combined,
length of hospital stay was reduced by a day in the con-
tinuous wound catheter group (7 versus 8 days), which
was also significant (p<<0.05) in the cardiothoracic
and orthopaedic surgery subgroups. For all groups
combined, reported wound infection rates were sim-
ilar between catheter with local anesthetic (0.7%) and
catheter with placebo or no-catheter control groups
(1.2%). No cases of systemic toxicity from local an-
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Table 1. Effects of Continuous Wound Catheters on Postoperative Outcomes

Wound catheter
No. of with local

Outcomes n trials anesthetic* Control* WMDT (95% ClI) OR™ (95% CI) p Value
VAS pain score at rest (mm)
All groups combined 1,814 39 26 38 —10 (=13 to —7) < 0.001
Cardiothoracic 521 12 29 35 —11(=15to —6) < 0.001
General 573 10 31 39 =9 (=17t —1) 0.02
Gynecology-urology 262 5 25 29 =7 (=10 to0 —5) < 0.001
Orthopaedics 458 12 23 40 —14 (=21 to0 —38) < 0.001
VAS pain score with activity (mm)
All groups combined 794 16 36 50 =15 (=22 w0 —9) < 0.001
Cardiothoracic 83 1 33 39 —6(—13t0 1) 0.1
General 164 3 34 39 —7 (=24 t0 10) 0.42
Gynecology-urology 226 4 39 49 —13 (=22 w0 —4) 0.006
Orthopaedics 321 8 36 58 —22 (=32 w0 —13) < 0.001

Opioid rescue during infusion

period (%)

All groups combined 411 9 41 66 0.15 (0.08—0.29) < 0.001

Cardiothoracic 0 0

General 237 5 47 63 0.17 (0.07—0.47) < 0.001

Gynecology-urology 86 2 44 95 0.06 (0.01—0.24) < 0.001

Orthopaedics 88 2 22 42 0.2 (0.05—0.82) 0.02
Opioid use per day as mg IV

morphine equivalents (mg)

All groups combined 1,637 37 17 28 —11(—14to0 —7) < 0.001

Cardiothoracic 518 13 23 34 —12 (=19 to —6) < 0.001

General 369 7 19 32 —12 (=19 to —6) < 0.001

Gynecology-urology 342 6 26 36 —9 (=14 to —4) 0.001

Orthopaedics 408 11 8 18 —8(—19t02) 0.12
PONV (%)

All groups combined 614 13 24 40 0.45 (0.3—0.68) < 0.001

Cardiothoracic 56 2 24 27 0.71 (0.2—2.6) 0.6

General 211 3 32 46 0.47 (0.24—0.89) 0.02

Gynecology-urology 146 3 19 53 0.15 (0.06—0.4) 0.01

Orthopaedics 201 5 21 27 0.68 (0.34—1.37) 0.28
Patients rating satisfaction as

excellent (%)

All groups combined 209 5 43 13 7.7 (1.8—34) 0.007

Cardiothoracic 0 0

General 50 1 4 4 1(0.1-17) 1

Gynecology-urology 86 2 26 7 4.1 (0.5—34) 0.19

Orthopaedics 73 2 92 27 26 (6—109) < 0.001
Length of stay in hospital (d)

All groups combined 753 15 7 8 —1 (=2t —0.3) 0.04

Cardiothoracic 263 6 9 10 —1(=19t0 —0.1) 0.04

General 190 3 8 8 —0.04 (—1.5to0 —1.4) 0.05

Gynecology-urology 226 4 4 4 —0.3(—0.8t00.3) 0.3

Orthopaedics 74 2 6 8 —2.5(—2.8t0 —2.1) < 0.001

A total of 44 randomized controlled trials with 2,141 patients were included for metaanalysis.

*Weighted by subject number.

"Weighted by inverse variance.

OR, odds ratio; PONV, postoperative nausea and vomiting; VAS, visual analogue score; WMD), weighted mean difference.
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Study Trestment Control WMD (random) WYWMD (random)
or sub-category Mean (SD) N Mean (SD) 95% Cl 95% Cl
01 Cardio-thoracic
Barron 1999 43 42.00{4.00) z0 55.00(5.00} L] -13.00 [-15.50, -10.50]
Chan 1991 10 18.30(3.00) 10 38.60(3.00) - -20.30 [-22.93, -17.67]
Deneuville 1993 26 32.00(8.00} 60 38.00(9.00) - -6.00 [-9.83, -2.17]
Dowling 2003 16 16.00{3.00) 19 26.00{10.00) - -10.00 [-16.30, -3.70]
Dryden 1933 10 27.00{21.00) 10 38.50(24.00) — -11.50 [-31.27, 8.27]
Francois 1995 z0 37.50(z0.00) 10 50.00(25.00) — =12.50 [-30.30, 5.30]
Karakaya 2004 1s 38.00{15.00) 30 50.00{22.00) —— -12.00 [-24.43, 0.43]
Raffin 1994 g 35.00({25.00) 8 30.00(16.00) —t— §5.00 [-15.57, 25.57]
Silomon 2004 40 11.00({%.00}) 43 12.00(11.00)  d =1.00 [-5.31, 3.31]
White 2003 z4 18.00{5.00) 1z 36.00(5.00) - -18.00 [-21.46, -14.54]
Tetik 2004 z0 14.00{9.00) z0 29.00(23.00) — -15.00 [-25.82, -4.18]
Mangano 2005 23 35.00(z7.00) 24 38.00(27.00) —a— =3.00 [-18.44, 12Z.44]
Subtotal (35% CI) 258 266 L 3 -10.84 [-15.41, -6.28]
Test for heterogeneity: Chi* = 85.57, df = 11 (P < 0.00001),P =87 1%
Test for overall effect: Z = 4 66 (P < 0.00001)
02 General
Cheong 2001 35 12.50(17.00}) 35 2.50{zz.00) = 10.00 [0.79, 19.Z1]
Chester 1983 1s 38.00{22.00) 15 80.00{20.00) — -42.00 [-57.05, -26.95]
Fredman 2001 zs 35.00(5.00) 25 36.00(5.00) L -1.00 [-3.77, 1.77)
Lau 2003 z0 10.00¢{z0.00}) 24 29.00(16.00) —-— =19.00 [-29.85, -8.15]
Levack 1986 25 28.00{40.00}) 28 30.00(35.00) —_— -2.00 [-22.83, 18.883)
Oakley 1938 zs 28.00{13.00) 47 44.00(14.00) - -16.00 [-22.48, -9.52]
Pfeiffer 1991 37 30.30(20.70) 33 30.30(22.40) —— 0.00 [-10.14, 10.14]
Sanchez 2004 23 34.80{24.00) 22 48.00(21.20) —a— -13.20 [-26.42, 0.02]
Schurr 2004 38 50.00{22.60) 37 67.40(22.30) —— -17.40 [-27.78, -7.02)
Baig 2006 3s 40.10{24.60) 38 34.80(23.40) e §.30 [-5.95, 16.55]
Subtotal (95% CI) 278 z29g . -9.04 [-16.76, -1.32)
Test for heterogeneity: Chi* = 69.78, df = 9 (P <0.00001), 1 = 87 1%
Test for overall effect: Z=230(P=002)
03 Gynecology-Urology
Fredman 2000 zs z8.00({5.00) zs 36.50(8.00) - -8.50 [-12.20, -4.80]
Givens 2002 20 30.50(23.00) 16 34.60(28.00) —— =-4.10 [=-21.12, 12.92]
Gupta 2004 z0 30.00{20.00) 20 30.00(20.00) —— 0.00 [-1Z.40, 12.40]
Zohar 2001 18 26.00({5.00) 18 35.00(10.00) - -9.00 [-14.16, -3.84]
Wi 2005 50 16.60(15.60) S0 20.50(17.30) -= =-3.90 [-10.36, Z.56]
Subtotal (35% Cl) 133 123 ¢ -7.38 [-10.01, -4.75]
Test for heterogenetty: Chi® = 3.35, df = 4 (P = 0.50), F = 0%
Test for overall effect: Z = 5.50 (P < 0.00001)
04 Orthopedics
Alford 2003 16 42.00(17.00) 26 60.00(16.00) —- -18.00 [-28.35, -7.65]
Axelsson 2003 z0 18.00{17.00} 10 22.00{21.00) —e— -4.00 [-19.00, 11.00]
Bianconi 2003 18 25.00{14.00) 19 48.00(35.00) —_— -23.00 [-40.01, -5.99]
Bianconi 2004 18 25.00(zz.00) 19 5$4.00(35.00) — =-29.00 [-47.73, -10.27)
Blumenthal 2005 ls 6.00({6.00}) 18 23.00(13.00) - -17.00 [-23.61, -10.39]
Goftschalk 2003 z7 zz.00{18.00) 14 50.00(12.00) —- -z8.00 [-37.25, -18.75)
Harvey 2004 10 30.00(14.00) 9 48.00(21.00) —— =-18.00 [-34.23, -1.77]
Honnecke 2002 1z 26.90{14.70)} 14 39.50(10.20) —— -13.00 [-22.89, -3.11]
Klein 2001 z0 z1.00{21.00) z0 44.00(29.00) — -23.00 [-38.69, -7.31]
Park 2002 30 13.00(18.00) z8 28.00(20.00) —-— -15.00 [-24.82, -5.18]
Quick 2003 zs 34.30{24.00) 25 26.00(15.30) T 8.30 [-3.77,. 20.37]
Boss 2004 z0 32.00{14.00) zz 31.00(15.00) - 1.00 [-7.77, 9.77]
Subtotal (95% CI) 234 224 L 2 =-14.33 [-20.693, -7.96]
Test for heterogeneity: Chi* = 41 .32, df = 11 (P < 0.0001), I* = 73.4%
Test for overall effect: Z = 4.41 (P < 0.0001)
Total (5% CI) 897 917 ¢ -10.45 [-13.44, -7.47]
Test for heterogenety: Chi® = 258.20, df = 38 (P < 0.00001), = 85.3%
Test for overall effect: Z = 6.86 (P < 0,00001)

-100 -50 0 50 100

Favourstreatment ~ Favours control

Figure 2. Summary visual analogue scale (VAS) score for pain intensity at rest (O to 100) for subgroups and for all groups combined. A
weighted mean difference (WMD) < O indicates less pain with treatment (wound catheter with local anesthetic) compared with control. When
the 95% CI does not include O, the difference is considered statistically significant.

esthetics were reported. Incidence of reported cathe-
ter or pump failure was 1.1%. Because of the low
incidences of these complications, no subgroup anal-
yses were performed. Examination of the funnel plot
of primary outcomes of VAS score at rest (Fig. 4) did
not indicate publication or other types of bias, as the
plotis symmetrical at the base and tapers with increas-
ing precision and sample size at the top.

Qualitative systematic review

All RCTs from the metaanalysis were included in
the qualitative review. In addition, seven RCTs ex-
cluded from metaanalysis because of presentation
of only mean or median values were included in
the qualitative review (Fig. 1) and are specifically
noted in Tables 2 to 5.72°* A total of 51 RCTs with
2,407 subjects are included for qualitative review.
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Study Treatment Control WMD (random) WMD (rancom)
or sub-category N Mean (SD) N Mean (SD) 95% Cl 95% Cl

01 Cardio-thoracic

Barron 1999 43 20.90(12.20) 20 29.00(9.30) - -8.10 [-13.57, -2.63]
Carabine 1995 10 39.00({15.00) 10 69.00({26.00) —_— -30.00 [-48.60, -11.40]
Chan 1991 10 16.60¢(14.50) 10 35.80(24.60) - -19.20 [-36.90, -1.50)
Deneuville 1993 26 13.00(0.20) 60 22.20(0.02) " -9.20 [-9.28, -9.12]
Dowling 2003 16 15.80¢(11.90) 19 27.00({28.50) —_— -11.20 [-25.28, 2.88]
Dryden 1993 10 29.00¢8.00) 10 44.00(12.50) — -15.00 [-24.20, -5.80]
Francois 1995 20 29.00(10.00) 10 33.00(10.50) — -4.00 [-11.85, 3.85)
Inderbitzi 1992 1z 17.00¢10.00) 1z 47.30(20.70) —_ -30.30 [-43.31, -17.29)
Karakaya 2004 15 32.00¢7.00) 30 41.80(8.00) - -9.80 [-14.35, -5.25)
Raffin 1994 8 35.00{20.00) 8 42.00(29.00) B —— -7.00 [-31.41, 17.41]
Silomon 2004 40 43.00(12.40) 42 46.00{11.00) - -3.00 [-8.06, 2.06]
White 2003 24 6.20¢1.00) 1z 9.30(1.33) L -3.10 [-3.95, -2.25)
Tetik 2004 20 0.10({0.10) 20 28.80(1.60) u -28.70 [-29.40, -28.00]
Subtotal (95% CI) 254 264 % -13.06 [-19.57, -6.55)

Test for heterogeneity: Chi* = 3159.86, df = 12 (P < 0.00001), ¥ = 99.6%
Test for overall effect: Z =3.93 (P <0.0001)

02 General

Cheong 2001 35 1.00¢{z.70} 38 15.20(19.40) - -14.20 [-20.693, -7.71]
Chester 1989 15 21.00(6.70}) 1s 49.00(15.20) - -28.00 [-36.41, -19.59]
Fredman 2001 43 30.00{12.00}) 25 33.00{12.00) - -3.00 [-9.65, 3.65]
Levack 1986 25 20.30{25.00}) 28 28.00(50.00) —— -7.70 [-29.61, 14.21]
Pfeiffer 1991 37 15.50(30.00) 33 19.50(23.80) — -4.00 [-l6.62, 8.62)
Thomas 1983 10 6.67{4.70) 139 15.40(4.20) - -8.73 [-12.20, -5.26]
Baig 2006 35 33.70({32.00) 38 60.10(62.00) —_— -26.40 [-49.51, -3.29]
Subtotal (35% CI) 182 187 L 3 -1z.32 [-19.10, -5.54)
Test for heterogeneity: Chi® = 26 68, df = 6 (P = 0.0002), I = 77 5%

Test for overall effect: Z = 3.56 (P = 0.0004)

03 Gynecology-Urology

Fredman 2000 25 3.00{z.00) 28 11.00(3.00) L -2.00 [-9.41, -6.59]
Givens 2002 z0 36.40(z1.90) 16 64.20(27.80) — -27.80 [-44.46, -11.14]
Gupta 2004 z0 40.70{20.50) z0 59.00(21.40) — -18.30 [-31.29, -5.31]
Zohar 2001 18 9.00{4.00} 12 22.00(5.00) - -13.00 [-15.96, -10.04]
Kushner 2005 40 36.00(33.00) 40 27.00(32.00) T 9.00 [-5.25, 23.25)
Wu 2005 50 38.30{26.70) 50 37.30(24.70) —— 1.00 [-9.08, 11.08]
Subtotal (35% CI) 173 163 & -9.08 [-14.36, -3.80]
Test for heterogeneity: Chi* = 2565, df = 5 (P = 0.0001), I* = 80.5%

Test for overall effect: Z = 3.37 (P = 0.0007)

04 Orthopedics

Alford 2003 16 17.60({6.40} 26 17.00(10.70) -+ 0.60 [-4.57, §.77]
Axelsson 2003 zo 1.00({3.40} 10 6.50(9.00) - -5.80 [-1ll1.27, 0.27)
Bianconi 2003 18 8.00(0.30) 19 37.00(3.00) = =-29.00 [-30.36, -27.64]
Bianconi 2004 18 5.50({4.00} 13 23.00(32.00) s -17.50 [-32.01, -2.99]
Blumenthal 2005 12 10.00{Z0.00} 12 24.00(18.00) — -14.00 [-Z6.43, -1.57]
Gottschalk 2003 z7 14.00¢15.00}) 14 33.00(16.00) - =-19.00 [-29.11, -8.89)
Harvey 2004 10 11.50(3.80) 9 1z2.00{6.50) - -0.50 [-5.36, 4.36]
Honnecke 2002 1z 15.00(10.00} 14 23.00{17.00) —— -8.00 [-18.55, Z.55)
Klein 2001 z0 8.50{10.50)} 20 10.50(15.00) b =2.00 [-10.0Z, 6.02)
Park 2002 30 0.30{1.30} 28 2.50(3.60) L -2.20 [-3.61, -0.79]
Boss 2004 z0 36.50(Z1.50}) z0 30.50(18.00) &— 6.00 [-6.29, 18.29]
Subtotal (95% CI) 209 197 -8.23 [-18.52, 2.07]

Test for heterogeneity: Chi® = 827 02, df = 10 (P < 0.00001), I = 98.8%
Test for overall effect: Z=157 (P=012)

Total (95% CI) 818 817 ’ -10.77 [-14.35, -7.18]
Test for heterogenetty: Chi* = 4159.77, df = 36 (P < 0.00001), F=99.1%
Test for overall effect: Z =589 (P < 0.00001)
-100 -50 1] 50 100
Favours treatment ~ Favours control

Figure 3. Opioid use (milligrams of morphine per day) for subgroups and all groups combined. A weighted mean difference (WMD) < O
indicates less pain with treatment (wound catheter with local anesthetic) compared with control. When the 95% CI does not include O, the

difference is considered statistically significant.

Thirteen of these RCTs acknowledged sponsorship

from industry.

Cardiothoracic surgery

Most trials (n = 11) examined thoracotomy for lung
resection, with the exception of 1 examining thoracot-
omy for esophagectomy and 3 examining median ster-
notomy for cardiac surgery (Table 2). Only continuous

infusion or intermittent bolus delivery was studied.
Thoracotomy wound catheters were placed in a variety
of described peripleural locations (two extrapleural, two
interpleural, three intercostal, and four intrapleural).
Two cardiac studies placed catheters adjacent to the ster-
num and the other placed subfascial and subcutaneous
(SC) catheters. Nearly all RCTs (12 of 14) reported sig-
nificant (p<<0.05) analgesic efficacy for either pain
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Figure 4. Funnel plot of pooled effect of reduction in pain scores (X axis) versus estimate of
precision (standard error of weighted mean difference) on Y axis. Each dot represents an
individual randomized controlled trial. The dots are centered on the weighted mean difference of
a reduction in pain scores of 12 (O to 100) with continuous wound catheters. The plot is
symmetrical at the base and tapers at the top as precision increases. This symmetrical shape

suggests a lack of bias in the data.

scores or opioid use. Pain scores in the immediate post-
operative period were considerably reduced in 11 of 13
RCTs, and 5 RCTs reported reduction through postop-
erative day 2. Few trials reported opioid-related side ef-
fects (3 of 14) or patient satisfaction (1 of 14). Six trials
reported length of stay, with four of six noting some
reduction in the wound catheter group.

General surgery

A variety of surgical procedures, including upper ab-
dominal and vascular surgery, were used (Table 3). A
variety of continuous delivery methods were used, in-
cluding patient-controlled analgesia, continuous infu-
sion, and intermittent bolus. Wound catheters were
placed SC, subfascial, or between peritoneum and mus-
cle. Most RCTs (10 of 12) reported significant (p<<0.05)
analgesic efficacy as either reduced opioid use or reduced
pain scores. Pain scores in the immediate postoperative
period were substantially reduced in 8 of 11 RCTs, but
only 3 RCTs reported reduction through postoperative
day 2. Few trials reported opioid side effects (4 of 12),
patient satisfaction (2 of 12), or length of hospital stay
(3 of 12).

Gynecology-urology surgery

Most RCTs examined either cesarean section or abdom-
inal hysterectomy (Table 4). A variety of continuous
delivery methods were used, including patient-

controlled analgesia, continuous infusion, and intermit-
tent bolus. The majority of wound catheters were placed
between muscle fascia and SC tissue (six of nine). The
slight majority (five of nine) of RCTs reported substan-
tial analgesic efficacy, either as reduced pain scores or
reduced opioid use. Pain scores in the immediate post-
operative period were substantially reduced in four of
nine RCTs, with no RCTs reporting reduction past post-
operative day 1. All RCTs that reported side effects® and
patient satisfaction® found improvement with wound
catheters. Only five RCTs reported length of stay with-
out any differences.

Orthopaedic surgery

A variety of surgical procedures were studied, including
open and arthroscopic procedures on upper and lower
extremities and spine surgery (Table 5). A variety of
continuous delivery methods were used, including
patient-controlled analgesia, continuous infusion, and
intermittent bolus. A variety of locations were used for
the wound catheters, including intraarticular, SC, and
periosteal. Almost all RCTs (13 of 16) reported signifi-
cant (p<<0.05) analgesic efficacy either as reduced pain
scores or opioid use. Pain scores in the immediate post-
operative period were significantly (p<<0.05) reduced in
12 of 16 RCTs, and 11 RCTs reported reduction
through postoperative days 2 to 5. Relatively few trials



Table 2. Randomized Controlled Trials in Cardiothoracic Surgery

Patient Length of
Pain scores Opioid use PONV satisfaction stay
First author, Type of LA versus LA versus LA versus LA versus LA versus Other outcomes/
year operation Analgesic regimen control control control control control comments
Barron,™ Thoracotomy  Extraplural catheter with 0.25% Decreased Decreased by NA NA 8.3 versus  Jadad score = 2
1999 bupiv 0.1 mL/kg/h for 72 h, n = 22 through 80 h, 27%, p < 0.05 9.6d
1% lidocaine via catheter, n = 21 p <0.01
Saline via catheter, n = 20
Rescue: morphine IV PRN
Carabine,"” Thoracotomy  Extrapleural catheter with 0.25% Decreased at ~ Decreased by 10% versus 20% NA NA Pain scores excluded
1995 bupiv 5 mL/h for 24 h, n = 10 rest and 43%, p < 0.006 from metaanalysis as
No catheter, IV PCA morphine, activity only median values
n=10 through 24 h, were presented
Rescue: morphine IV PCA p <0.03 Jadad score = 2
Chan,'* 1991 Thoracotomy 2 intercostal catheters with 0.5% Decreased Decreased by NA NA NA Jadad score = 3
bupiv + 1:200,000 epinephrine through 24 h, 53%, p < 0.05
q6hfor24h,n=10 p <0.05
Saline via catheter, n = 10
Deneuville,'””  Thoracotomy  Intercostal catheter with 0.5% Decreased for  Decreased by NA NA NA Jadad score = 3
1993 bupiv 3 mL/h for 5 d, n = 26 POD 0, 41%, p < 0.001
Saline via catheter, n = 26 p <0.02
No catheter, buprenorphine
IM PRN, n = 34
Rescue: buprenorphine IM PRN
Dowling,'® Coronary artery 2 catheters anterior to sternum Decreased Decreased by NA NA 5.2 versus  Jadad score = 5
2003 bypass with 0.2% ropiv 4 mL/h for 48 h, through 72 h, 46%, p < 0.04 8.2d,
n=16 p < 0.02 p = 0.001
Saline via catheter, n = 19
Rescue: morphine IV PCA
Dryden," Thoracotomy 2 intercostal catheters with 0.25% Decreased Decreased by Equivalent NA NA Crossover design
1993 bupiv 5 mL/h for 24 h, n = 10 through 48 h, 34%, p = 0.04  nausea scores Jadad score = 5
Saline via catheters, n = 10 p = 0.03
Rescue: morphine IV PCA
Francois,* Esophagectomy 2 interpleural catheters with 1 mg/kg ~ Decreased Decreased by NA NA NA Jadad score = 4
1995 0.5% bupiv + 1:200,000 epinephrine through 32 h, 12%, p < 0.02
q4hfor2d,n=10 p <0.05
2% lidocaine with epinephrine via
catheters, n = 10
Saline via catheters, n = 10
Rescue: morphine IV PCA
Inderbitzi,”!  Thoracotomy  Intrapleural catheter with 0.5% bupiv.  NA Decreased by NA NA NA Jadad score = 2

1992

10 mL/h for 48 h,n = 12
Saline via catheter, n = 12

Rescue: nicomorphine IV PRN

64%, p < 0.01

(continued)
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Table 2. Continued

Patient Length of
Pain scores Opioid use PONV satisfaction stay
First author, Type of LA versus LA versus LA versus LA versus LA versus Other outcomes/
year operation Analgesic regimen control control control control control comments
Karakaya,> Thoracotomy Interpleural catheter with 0.25% bupiv  Decreased Equivalent NA NA 8 versus 9 15 patients randomized
2004 + epinephrine 1:200,000 20 mL q 6 h  through 12 h, days to interpleural analgesia
for48 h,n = 15 p <0.05 with bupivacaine/
Saline via catheter, n = 15 fentanyl/epinephrine
Noncatheter, fentanyl IV PCA, n =15 via catheter excluded
Rescue: fentanyl IV PCA from metaanalysis
because of mixed
mechanisms of
analgesia
Jadad score = 1
Magnano,®  Cardiac Catheter anterior to sternum with Equivalent Equivalent NA NA NA Opioid use not used in
2005 surgery via 0.5% bupiv 5 mL/h for 36 h, n = 23 metaanalysis as only
median Saline via catheter, n = 24 means were displayed.
sternotomy  Rescue: morphine IV PRN Jadad score = 1
Raffin,® 1994 Thoracotomy Interpleural catheter with 2% Decreased for Decreased by NA NA 18.4 Jadad score =5
lidocaine + epinephrine 1:200,000 1° hour 17%, p < 0.05 versus
0.05 mL/kg/h for 48 h,n = 8 otherwise 17.5d
Saline via catheter, n = 8 equivalent,
Rescue: morphine IV PCA p <0.05
Silomon,* Thoracotomy Interpleural catheter with 0.5% bupiv ~ Equivalent Equivalent NA NA 12 versus  Jadad score = 4
2000 20 mL q4 h for 36 h, n = 40 12d
Saline via catheter, n = 43
Rescue: piritramide IV PCA
Tetik,”® 2004 Thoracotomy Intrapleural catheter with 0.25% bupiv Decreased for Deceased by NA NA Equivalent Length of stay excluded
40mLqG6hfor24h,n=20 first 6 h, 99%, Not without from metaanalysis as no
Saline via catheter, n = 20 p < 0.001 analyzed specifics numeric values were
Rescue: diclofenac IM provided  presented
Jadad score = 1
White,>* 2003 Cardiac 1 subfascial catheter and 1 Decreased Decreased by 29% versus 36% Increased, 4.6 versus Patient satisfaction
surgery via subcutaneous catheter with 0.25% through 72 h, 33%, p < 0.05 p<0.05 5.7d excluded from
median bupivat 2 mL/h for 48 h, n = 12 p <0.05 metaanalysis due to
sternotomy  0.5% bupiv via catheters, n = 12 type of data
Saline via catheters, n = 12 presentation

Rescue: morphine IV PCA

Jadad score = 4

All 14 trials and 565 patients were included in qualitative review and metaanalysis.
Bupiv, bupivacaine; LA, local anesthetic group; NA, not available; PCA, patient-controlled analgesia; POD, postoperative day; PONYV, postoperative nausea and vomiting; PRN, pro re nata; Ropiv,

ropivacaine.
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Table 3. Randomized Controlled Trials in General Surgery

Patient Length of
First Pain scores Opioid use PONV satisfaction stay
author, Type of LA versus LA versus LA versus LA versus LA versus Other outcomes/
year operation Analgesic regimen control control control control control comments
Baig,* Colectomy 2 subcutaneous catheters with 0.5%  Decreased on Decreased by 63% versus 71% NA 10 versus  Jadad score = 4
2006 bupiv 4 mL/h for 72 h, n = 35 POD 2, otherwise 43%, p < 0.04 10d
Saline via catheter, n = 35 equivalent
Rescue: morphine IV PCA
Cheong,®  Colorectal Subcutaneous catheter with 0.5% Decreased on Decreased by 6% versus 17% NA 5versus 6d Jadad score = 1
2001 bupiv 2 mL/h for 60 h, n = 35 POD 1, otherwise 93%, p < 0.001
No catheter, IV PCA morphine, equivalent
n =35
Rescue: morphine subcutaneous for
catheter
Chester,”  Cholecystectomy Catheter between peritoneum and Decreased Decreased by NA NA NA Crossover design
1989 rectus with 0.5% bupiv4 mL/h for  through 24 h, 57%, p = 0.01 Jadad score = 4
24h,n=15 p < 0.001
Saline via catheter, n = 15
Rescue: meperidine IV PCA
Fredman,'® Major 2 subcutaneous catheters with 0.25% Equivalent Equivalent Equivalent Equivalent 9 versus 9d Jadad score = 4
2001 abdominal bupiv PCA for 24 h,n = 25 nausea
Water via catheter, n = 25 scores
Rescue: meperidine IV/IM PRN for
both
Lau,” Inguinal hernia  Subfascial catheter with 0.5% bupiv  Decreased with ~ Equivalent NA NA Ambulatory Jadad score = 1
2003 2 mL/h for 48 h, n = 20 rest and activity surgery
No catheter, n = 24 through POD 1,
Rescue: diclofenac/propoxyphene/ p <0.01
paracetamol po PRN
LeBlanc,”® Inguinal hernia  Subfascial catheter with 0.5% bupiv  Equivalent Decreased by NA NA Ambulatory Excluded from
2005 2 mL/h for 48 h, n = 29 70%, p < 0.05 surgery metaanalysis as only
Saline via catheter, n = 23 mean values were
Rescue: hydrocodone po PRN presented
Jadad score = 4
Levack,"”  Cholecystectomy Catheter between peritoneum and Decreased Decreased by NA NA NA Jadad score = 1
1986  splenectomy muscle with 0.5% bupiv 10 mL bid  through 80 h, 29%, p < 0.05
for3d,n =25 p <0.05
Saline via catheter, n = 25
Rescue: methadone
Oakley,” Inguinal hernia  Subfascial catheter with 0.5% bupiv  Decreased Equivalent NA NA Ambulatory Opioid use excluded
1998 2 mL/h for 50 h, n = 25 through POD 2, surgery from metaanalysis as
Saline via catheter, n = 24 p <0.04 only median values

No catheter, n = 23
Rescue: aspirin/paveretum po PRN

were presented
Jadad score = 1
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Table 3. Continued

Patient Length of
First Pain scores Opioid use PONV satisfaction stay
author, Type of LA versus LA versus LA versus LA versus LA versus Other outcomes/
year operation Analgesic regimen control control control control control comments
Pfeiffer,”  Abdominal 2 catheters subcutaneous or Equivalent Equivalent NA NA NA Jadad score = 2
1991 aortic aneurysm  submuscular 0.5% bupiv 40 mL
qid for 48 h, n = 37
Saline via catheter, n = 33
Rescue: morphine IM PRN
Sanchez,* Inguinal hernia  Subcutaneous catheter with 0.25%  Decreased on  Equivalent NA NA Ambulatory  Opioid use was excluded
2004 bupiv 2 mL/h for 48 h, n = 23 POD 2-5, surgery from metaanalysis as no
Saline via catheter, n = 22 p <0.05 mg dose of hydrocodone
Rescue: hydrocodone was presented
Jadad score = 4
Schurr,”  Inguinal hernia  Subfascial catheter with 0.5% bupiv.  Decreased Equivalent 26% versus 49% Equivalent  Ambulatory Opioid use excluded
2004 2 mL/h for 60 h, n = 35 through nausea surgery from metaanalysis as
Saline via catheter, n = 37 POD 1, scores only mean values were
Rescue: hydrocodone/acetaminophen p < 0.05 presented
po PRN Jadad score = 5
Thomas,” Cholecystectomy Catheter between peritoneum and NA Decreased by NA NA NA Jadad score = 3
1983 muscle with 0.5% bupiv 10 mL q 57%, p < 0.01

4hfor48h,n=10
Saline via catheter, n = 9
No catheter, n = 10
Rescue: papaveretum PRN

Twelve trials with 654 patients were included in qualitative review and 11 trials with 602 patients were included in metaanalysis.
Bupiv, bupivacaine; LA, local anesthetic group; NA, not available; PCA, patient-controlled analgesia; PONV, postoperative nausea and vomiting; PRN, pro re nata; Ropiv, ropivacaine.
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Table 4. Randomized Controlled Trials in Gynecologic and Urologic Surgery

Length of
Patient stay
Pain scores Opioid use PONV satisfaction LA
First author, LA versus LA versus LA versus LA versus versus Other outcomes/
year Type of operation Analgesic regimen control control control control control comments
Fredman,” Cesarean section Catheter above fascia with Decreased only ~ Decreased by NA Increased, 5versus  Jadad score = 4
2000 0.2% ropiv PCA for 24 h, with activity 73%, p < 0.01 p = 0.001 5d
n =25 for first 6 h,
Saline via catheter, n = 25 otherwise
Rescue: morphine IV/dipyrone  equivalent,
po PRN p <0.04
Givens,” Cesarean section 2 catheters above fascia with Equivalent Decreased by NA NA NA Jadad score = 4
2002 0.25% bupiv 4 mL/h for 48 h, 43%, p < 0.01
n =20
Saline via catheters, n = 16
Rescue: morphine IV PCA
Gupta,” Abdominal Intraperitoneal catheter with Decreased for ~ Decreased by 15% versus NA 4versus  Jadad score = 4
2004 hysterectomy 0.25% levobupivacaine 5 mL/h  first 2 h, 31%, p < 0.03  50%, 4d
for24 h,n =20 otherwise p <0.03
Saline via catheter, n = 20 equivalent,
Rescue: ketobemidone IVPCA  p < 0.05
Kristensen,”®>  Abdominal 2 supraperitoneal catheters Equivalent Equivalent NA NA NA Excluded from
1999 hysterectomy with 0.25% bupiv 15 mLq4h metaanalysis as only
for48 h,n = 22 mean values were
Saline via catheter, n = 19 presented
Rescue: morphine IV PRN Jadad score = 4
Kushner,* Mixed Catheter in subcutaneous layer ~ Equivalent Equivalent NA NA 4.4 versus  Pain scores excluded
2005 gynecologic with 0.5% bupiv 2 mL/h for 5.3d from metaanalysis as
oncology 72 h,n = 40 only mean values
Saline via catheter, n = 40 were presented
Rescue: morphine or Jadad score = 5
hydromorphone IV PCA
Leong,™ Abdominal Catheter between muscle fascia ~ Equivalent Equivalent NA NA NA Excluded from
2002 hysterectomy and subcutaneous with 0.5% metaanalysis as no
bupiv 2 mL/h for 48 h, n = 26 numeric values for
Saline via catheter, n = 26 VAS and only mean
Rescue: morphine IV PCA values for opioid use
were presented
Jadad score = 1
Mecklem,* Cesarean section Catheter between muscle fascia  Decreased for Decreased by 9% versus 31% NA NA Pain scores and
1995 and subcutaneous with 0.25%  POD 1, 25%, p < 0.05 opioid use excluded
bupiv 20 mL q 6 h for 44 h, otherwise from metaanalysis as
n =35 equivalent, only mean values
Saline via catheter, n = 35 p <0.05 were presented

Rescue: morphine IV PCA

Jadad score = 4

(continued)
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Jadad score

6 versus
7d

Increased,

44% versus

Decreased by

Decreased only
for first 4 h

Catheter above fascia with

Abdominal

Zohar,?!

100%, p = 0.003 p = 0.04

59%, p < 0.001

0.25% bupiv PCA for 24 h,

hysterectomy

2001

18
Saline via catheter, n

n=

with activity,
otherwise

18

equivalent,
= 0.006

P

Rescue: morphine IV/
meperidine IM PRN

Nine trials and 505 patients were included in qualitative review and 7 trials with 412 patients in metaanalysis.

Bupiv, bupivacaine; LA, local anesthetic group; NA, not available; PCA, patient-controlled analgesia; PONV, postoperative nausea and vomiting; PRN, pro re nata; Ropiv, ropivacaine; VAS, visual analogue

scale.

measured opioid-related side effects, but most reported a
reduction in PONV (four of six RCTs), although none
reached individual statistical significance. Patient satis-
faction was increased considerably in the three RCTs
that reported these outcomes. Length of stay was only
measured in 3 RCTs, and most of the procedures (9 of
16 RCTs) were ambulatory.

Overall summary of results from quantitative

and qualitative review

Continuous wound catheters consistently demonstrated
analgesic efficacy in terms of reduced pain scores or opi-
oid use for all surgical subgroups, despite heterogeneity
in type of surgical procedure, location of wound cathe-
ter, mode of delivery of local anesthetic, dose of local
anesthetic, and analgesic mixture. Opioid-related side
effects, patient satisfaction, and length of hospital stay
were infrequently assessed for each surgical group, but
there was a global reduction in PONYV, increased patient
satisfaction, and decreased length of stay.

DISCUSSION

Uncontrolled postoperative pain can result in a number
of longterm detrimental outcomes.”” Although modali-
ties such as epidural analgesia and continuous peripheral
nerve blockade® can provide superior postoperative an-
algesia, these techniques can be limited by their initial
expense (labor, equipment) and potential high failure
rate (approximately 5% to 25%).* An alternative tech-
nique that might have widespread applicability is the
insertion of catheters to allow for continuous infusions
of local anesthetics into the surgical wound at the end of
the procedure. We performed a quantitative and quali-
tative systematic review of RCTs and found that contin-
uous wound catheters can confer several benefits, in-
cluding improved analgesia, reduced opioid use and side
effects, increased patient satisfaction, and reduced hos-
pital stay.

Direct application of local anesthetic to wounds can
provide analgesia through several mechanisms. Local an-
esthetics would directly block transmission of pain from
nociceptive afferents from the wound surface. In addi-
tion, there is growing evidence that local anesthetic can
inhibit local inflammatory response to injury, which can
sensitize nociceptive receptors and contribute to pain
and hyperalgesia. For example, studies have observed
that local anesthetics reduce release of inflammatory me-
diators from neutrophils, reduce neutrophil adhesion to



Table 5. Randomized Controlled Trials in Orthopaedic Surgery

Patient Length of
Pain scores Opioid use satisfaction stay
First author, Type of LA versus LA versus PONV LA versus LA versus Other outcomes/
year operation Analgesic regimen control control LA versus control control control comments
Alford,*® 2003 Anterior cruciate  Intraarticular catheter with Decreased Equivalent NA NA Ambulatory  Jadad score = 4
ligament 0.25% bupiv 2 mL/h for through surgery
reconstruction 4 d + femoral nerve block, POD 4,
n=16 p <0.03
Saline via catheter, n = 12
No catheter, n = 14
Rescue: hydrocodone/
acetaminophen Ibuprofen po
PRN
Axelsson,” Arthroscopic Intraarticular catheter with Decreased with  Decreased ~ Equivalent without NA Ambulatory  Jadad score = 4
2003 subacromial 0.5% ropiv PCA for 24 h, rest and activity by 85%, specifics provided surgery
decompression n =20 for I°°30 min, p < 0.05
Saline via catheter, n = 10 otherwise
Rescue: morphine IV/ equivalent,
propoxyphene po PRN p <0.05
Barber,>® 2002 Shoulder Intraarticular catheter with Decreased Decreased NA NA Ambulatory  Excluded from
arthroscopy 0.5% bupiv 2 mL/h for 2 d, through by 33%, surgery metaanalysis as
n=25 POD 7, p <0.05 only mean values
Saline via catheter, n = 25 p <0.05 were presented
Rescue: hydrocodone/ Jadad score = 5
acetaminophen po PRN
Bianconi,® Total hip or Catheter between muscle fascia ~ Decreased at Decreased  44% versus 53% Increased, 6.3 versus Jadad score = 3
2003 knee and subcutaneous with 0.2% rest and activity by 78%, p <0.01 8.8d,
replacement ropiv 5 mL/h for 55h,n =18  through 72 h, p <0.05 p <0.05
Saline via catheter, n = 19 p <0.05
Rescue: tramadol IV/diclofenac
IM PRN
Bianconi,* Spine fusion Catheter between muscle fascia Decreased at Decreased  27% versus 37% Increased, 5.1 versus Jadad score = 3
2004 and subcutaneous with 0.2% rest and activity by 76%, p <0.01 7.6d,
ropiv 5 mL/h for 55h,n =18  through 72 h, p < 0.05 p <0.05
Saline via catheter, n = 19 p <0.01
Rescue: tramadol iv/diclofenac
IM PRN
Blumenthal,* Iliac crest bone Catheter next to foam over iliac  Decreased at Decreased  11% versus 17% Increased, Ambulatory  Patient satisfaction
2005 graft for crest harvest site with 0.2% rest and activity by 58%, p <0.05 surgery excluded from
shoulder surgery  ropiv 5 mL/h for 48 h,n = 18  through48h,  p < 0.05 metaanalysis due
Saline via catheter, n = 18 p <0.05 to type of data

Rescue: morphine IV/rofecoxib/

paracetamol po PRN

presentation

Jadad score = 3
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Table 5. Continued

Patient Length of
Pain scores Opioid use satisfaction stay
First author, Type of LA versus LA versus PONV LA versus LA versus Other outcomes/
year operation Analgesic regimen control control LA versus control control control comments
Boss,*! 2004 Open rotator Subacromial catheter with Equivalent Equivalent  Equivalent without NA NA Jadad score = 3
cuff repair 0.25% bupiv 6 mL/h for specifics provided
48 h,n =20
Saline via catheter, n = 22
Rescue: IV PCA morphine
Gottschalk,*? Open shoulder Subcutaneous catheter with Decreased at Decreased  19% versus 29% NA NA Jadad score = 5
2003 surgery 0.375% ropiv 5 mL/h for rest and activity by 58%,
48 h,n =15 through 48 h, p <0.05
Catheter with 0.2% ropiv, p < 0.005
n=12
Saline via catheter, n = 14
Rescue: piritramide IV PCA
Harvey,” 2004  Arthroscopic Intraarticular catheter with Decreased Equivalent NA NA Ambulatory  Jadad score = 5
subacromial 0.2% ropiv PCA for 48 h, through surgery
decompression n=10 POD 2,
Saline via catheter, n = 9 p <0.05
Rescue: morphine IV/
hydrocodone/acetaminophen
po PRN
Hoenecke,* Anterior cruciate  Intraarticular catheter with Decreased Equivalent NA NA Ambulatory  Jadad score = 3
2002 ligament 0.25% bupiv 2 mL/h for through 48 h, surgery
reconstruction 48h,n=12 p =0.02
Saline via catheter, n = 14
Rescue: unspecified opioids
Klein,* 2001 Shoulder Intraarticular catheter with Decreased at Decreased NA NA Ambulatory  Jadad score = 4
arthroscopy 0.5% ropiv2 mL/h for 48 h,  rest and activity =~ by 19%, surgery
n =20 for POD 1and p < 0.05
Saline via catheter, n = 20 2, p = 0.006
Rescue: oxycodone/
acetaminophen po PRN
Park,% 2002 Shoulder Intraarticular catheter with Decreased at Decreased NA NA NA Jadad score = 3
arthroscopy 0.5% bupiv + morphine 0.2 rest through by 88%,
mg/mL 0.5 mL/h for 3 d, POD 3, p <0.05
n =30 p <0.05
Saline via catheter, n = 28
Rescue: tramadol IM PRN
Puri,>* 2000 Iliac crest bone Catheter at the iliac crest Equivalent Equivalent NA NA NA Excluded from

graft for anterior
cervical
diskectomy or
foot arthrodesis

harvest site with 0.5% bupiv
10mLq8hfor24h,n=13
Saline via catheter, n = 13
Rescue: unspecified

metaanalysis as no
data were presented
Crossover design

Jadad score = 4
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Table 5. Continued

Patient Length of
Pain scores Opioid use satisfaction stay
First author, Type of LA versus LA versus PONV LA versus LA versus Other outcomes/
year operation Analgesic regimen control control LA versus control control control comments
Quick,”” 2003 Shoulder Intraarticular catheter with ~ Equivalent Equivalent 8% versus 8% NA Ambulatory  Opioid use
arthroscopy 0.5% bupiv + 1:200,000 surgery excluded from
epinephrine 2 mL/h for metaanalysis as no
50 h,n =50 doses were
Catheter placed but inactive reported
pump, n = 50 Jadad score = 4
Rescue: unspecified
Savoie,”” 2000  Shoulder Intraarticular catheter with ~ Decreased Decreased by NA NA Ambulatory  Excluded from
arthroscopy 0.25% bupiv 2 mL/h for through 35%, p < 0.05 surgery metaanalysis as
48 h,n = 31 POD 5, only mean values
Saline via catheter, n = 31 p <0.05 were presented
Rescue: oxycodone/ Jadad score = 2
acetaminophen po PRN
Singh,*®* 2005 Iliac crest bone Catheter at the iliac crest Equivalent Decreased by NA NA 4.3 versus Pain scores and
graft for spinal harvest site with 0.5% 53%, 3.9d opioid use
arthrodesis bupiv 2 mL/h for 48 h, p = 0.025 excluded from

n=15

Saline via catheter, n = 22
Rescue: hydromorphone IV
PCA

metaanalysis as
only mean values
were presented

Jadad score = 5

Sixteen trials with 683 patients were included in qualitative review and 12 trials with 562 patients in metaanalysis.
Bupiv, bupivacaine; LA, local anesthetic group; NA, not available; PCA, patient-controlled analgesia; PONV, postoperative nausea and vomiting; PRN, pro re nata; Ropiv, ropivacaine.
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the endothelium, reduce formation of free oxygen radi-
cals, and decrease edema formation.®**' Regardless of
mechanisms, the ability to provide prolonged applica-
tion of local anesthetic to wounds through a catheter was
probably important, as previous systematic reviews have
been unable to detect appreciable benefit from single
injection of local anesthetic in abdominal operation or
laparoscopy.*>*

Use of continuous wound catheters consistently re-
duced need for opioids, both as rescue and total dose.
Opioid-sparing provided objective evidence for efficacy
of continuous wound catheters and likely contributed to
decreased incidence of PONV. With incidence ranging
from 30% to 80%,* PONV has been consistently rated
by patients as a primary concern after operation that is
more important than postoperative pain.®** PONV can
result in major patient discomfort, poor satisfaction, and
increased economic burden, as it has been identified as a
major cause of increased nursing care and delayed dis-
charge or unplanned hospital admission after ambula-
tory surgery.*

Reduction of risk of PONV with continuous wound
catheters might have contributed to increased patient
satisfaction, although this was an infrequently measured
result in RCTs. Reduced length of hospital stay was as-
sociated with continuous wound catheters, especially in
the cardiothoracic and orthopaedic surgery subgroups.
Metaanalysis suggested potential saving of 1 day of hos-
pital stay. If verified, this would represent a substantial
cost savings, as typical wound catheter equipment costs
range from $200 to $280 per patient.*’® Reasons for
reduced hospital stay are unclear, as few RCTs strictly
defined discharge criteria or applied clinical pathways to
standardize postoperative recovery. A large number of
RCTs were performed in ambulatory surgery patients,
and it would be interesting to examine if continuous
wound catheters could accelerate patient discharge or
reduce hospital admission in this environment.

Incidences of technical failure (1%) or local anes-
thetic toxicity (0%) from wound catheters were low.
Several reports have raised potential concern about
wound infections from the presence of the catheter.®®
Reported wound infection rates were similar between ac-
tive (0.7%) and control groups (1.2%). Nearly all patients
in this review had an active or control catheter placed, so no
comparisons with a noncatheter group can be made.

There are several limitations to our review. Although a
random-effects model was used for metaanalysis because

of statistical heterogeneity, the summary estimates of
effect (odds ratio and weighted mean difference) should
be interpreted with caution. The relative merits and
agreement between metaanalyses and large RCTs are
controversial. Several studies have reported varying
amounts of agreement in magnitude of difference or
statistical significance (65% to 90%) between meta-
analyses and large RCTs, although still concluding that
metaanalyses and large RCTs usually point in the same
direction.”” Future large homogenous RCTs would be
valuable to verify the findings in this review and provide
better quantitative data. In addition, we were not able to
determine formal cost-effectiveness, optimal site for
catheter placement, or optimal dosage from our system-
atic review because of variability in the surgical proce-
dures for each surgery subgroup and variable placement
of the catheters.

In conclusion, both quantitative and qualitative sys-
tematic review identified the efficacy of continuous
wound catheters with improved analgesia, reduced opi-
oid use and side effects, increased patient satisfaction,
and, perhaps, reduced hospital stay. The most notable
feature was the consistent evidence of these benefits
across a wide range of surgical procedures, location of
wound catheters, and dosing regimens accompanied
with low incidences of catheter-related complications.
Both the efficacy and technical simplicity of this tech-
nique encourage its widespread clinical use. Additional
study is needed to identify ways to optimize outcomes,
such as increased patient satisfaction and conversion of
inpatient procedures to ambulatory procedures, with use
of wound catheters.
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