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1.18–8.50, P¼ 0.02) and the rate of nausea or vomiting (RR 0.60, 95%

CI 0.37–0.96, P¼ 0.03). There were no significant differences in the

length of hospital stay (MD �0.34, 95% CI �1.09 to 0.42, P¼ 0.38),
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Abstract: A total knee arthroplasty (TKA) has always been associated

with moderate to severe pain. As more research is conducted on the use

of continuous local infiltration analgesia (CLIA) to manage pain after a

TKA, it is necessary to reassess the efficacy and safety of the TKA

method. The purpose of this systematic review and meta-analysis of

randomized controlled trials was to evaluate the efficacy and safety of

pain control of CLIA versus placebo after a TKA.

In January 2015, a systematic computer-based search was conducted

in the Medline, Embase, PubMed, CENTRAL (Cochrane Controlled

Trials Register), Web of Science, Google database, and Chinese Wan-

fang databases. This systematic review and meta-analysis were per-

formed according to the Preferred Reporting Items for Systematic

Reviews and Meta-analyses statement criteria. The primary endpoint

was the visual analog scale score after a TKA with rest or mobilization

at 24, 48, and 72 hours, which represents the effect of pain control after

TKA. The complications of infection, nausea, and whether it prolonged

wound drainage were also compiled to assess the safety of CLIA.

RevMan 5.30 software was used for the meta-analysis. After testing

for publication bias and heterogeneity across studies, data were aggre-

gated for random-effects modeling when necessary.

Ten studies involving 735 patients met the inclusion criteria. The

meta-analysis revealed that continuous infusion analgesia provided

better pain control with rest at 24 hours (mean difference [MD]

�12.54, 95% confidence interval [CI] �16.63 to 8.45), and with

mobilization at 24 hours (MD �18.27, 95% CI �27.52 to 9.02) and

48 hours (MD �14.19, 95% CI �21.46 to 6.93). There was no signifi-

cant difference with respect to the visual analog scale score at 48 hours

(MD �6.15, 95% CI �13.51 to 1.22, P¼ 0.10) and 72 hours (MD

�3.63, 95% CI �10.43 to 3.16, P¼ 0.29) with rest and at 72 hours with

mobilization (MD �4.25, 95% CI �16.27 to 7.77, P¼ 0.49). However,

CLIA increased the rate of infection (relative risk [RR] 3.16, 95% CI
Ma, PhD, Feng-B -Jun Li, MD,
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deep venous thrombosis (RR 1.02, 95% CI 0.30 to 1.41, P¼ 0.99), or

duration of surgery (MD 1.20, 95% CI �4.59 to 6.98, P¼ 0.69).

On the basis of the current meta-analysis, CLIA was more effica-

cious for reducing postoperative pain than the placebo at 24 hours with

rest and at 24 and 48 hours with mobilization, but it increased the risk of

infection. However, CLIA did not prolong the length of hospital stay or

the duration of surgery. There was also a higher heterogeneity of

different analgesic drugs mixed and a high risk of selection bias in

this analysis; therefore, more high-quality randomized controlled trials

with standardized CLIA are necessary for proper comparisons of this

technique with other methods.

(Medicine 94(45):e2005)

Abbreviations: CI = confidence interval, CLIA = continuous local

infiltration analgesia, DVT = deep venous thrombosis, LIA = local

infiltration analgesia, LOS = length of hospital stay, PE =

pulmonary embolism, PRISMA = Preferred Reporting Items for

Systematic Reviews and Meta-analyses, RA = rheumatic arthritis,

RCTs = randomized controlled trials, RR = relative risk, SLIA =

single-injection local infiltration analgesia, SMD = standardized

mean difference, TKA = total knee arthroplasty, VAS = visual

analog scale.

INTRODUCTION

T otal knee arthroplasty (TKA) is one of the most effective
surgeries for improving the quality of life of end-stage

patients with osteoarthritis or rheumatic arthritis (RA) of the
knee; however, TKA has always been associated with a rela-
tively intense amount of pain that is difficult to manage.1 It has
been reported that approximately 60% of patients have severe
pain and 30% of patients have moderate pain after TKA.2 In
addition, the pain after TKA is more intense during mobiliz-
ation; consequently, patients tend to prefer the comfort of a
hospital bed, which prolongs the length of hospital stay (LOS),
increases medical expenses, and increases the risk of a deep
venous thrombosis (DVT) or a pulmonary embolism (PE).3,4

A variety of modalities have been applied to control the
postoperative pain after a TKA; these methods include single-
injection local infiltration analgesia (SLIA), oral opiates, and
epidural infusions.5–7 SLIA has been identified to provide good
pain control in comparison with systemic opioids, and it reduces
opioid consumption after TKA.8–10 However, the duration of
the analgesic effect of SLIA is 8 to 12 hours and potentially as
long as 48 hours. Systemic analgesics, such as opioids, might
increase the analgesic-related complications and the duration of
a postoperative ileus.11 Attaining postoperative pain relief after
morphine consumption are crucial to
f life of TKA patients and to shorten
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Continuous local infiltration analgesia (CLIA) has been
shown to have the same effect as SLIA on pain management
after TKA while also prolonging the effect of pain control via
reliable elastomeric pumps and multihole catheters. The best
advantage of CLIA is that it allows early physiotherapy because
it has no motor blockade impacting the strength of the muscles.
Several randomized controlled trials (RCTs) have estimated the
efficacy of utilizing a local anesthetic infusion pump in patients
undergoing CLIA; however, the effects and the wound infection
complications have been inconclusive. To our surprise, Ali
et al12 reported that CLIA has no effect on the visual analog
scale (VAS) score, but increases the risk of infection. Therefore,
the purpose of this meta-analysis is to assess the efficacy and
safety of CLIA in the management of pain after a TKA by
examining the VAS score with rest or mobilization at 24, 48,
and 72 hours after surgery, and the impact of CLIA on surgery
time and the risk of infection.

MATERIALS AND METHODS

Search Strategy
The following electronic databases were searched for

relevant academic trials comparing CLIA to placebo for the
management of pain after a TKA from inception to January
2015: Medline, Embase, PubMed, CENTRAL (Cochrane Con-
trolled Trials Register), Web of Science, Chinese Wanfang, and
Google. The key words and medical subject heading (MESH)
terms included the following: continuous local infiltration analge-
sia, local anesthesia, local anesthetic, continuous infusion, pump,
pain control, total knee arthroplasty, total knee replacement,
TKA, and TKR. Because a specific definition of CLIA has not
reached a consensus, we defined CLIA as continuously applied
analgesia drugs via a catheter, with a pump or bolus injection after
a TKA. These key words and the corresponding MESH terms
were combined with the Boolean operators ‘‘AND’’ and ‘‘OR.’’
Furthermore, the reference lists of all of the full-text literature
were reviewed to identify any initially omitted studies, and no
restriction was made on the language of the publication. Two
reviewers (Z-HZ and X-LS) independently searched the data-
bases and filtered the relevant literature. Conflicts were resolved
by the third reviewer (X-LM). Next, the full articles were down-
loaded to screen whether articles fit the inclusion and exclusion
criteria. Because this is a meta-analysis, so there was no ethics
committee or institutional review board to approve the study.

Inclusion Criteria and Study Selection
Inclusion criteria were as follows: RCTs; patients who

underwent a primary TKA; interventions, including CLIA with
a control (placebo or nothing); and reported outcomes, including
postoperative VAS pain with rest or mobilization at 24 and
48 hours, the incidence of infection, surgery time, and the LOS.
The article should include at least one of the outcomes mentioned
above. We excluded studies on cadaver or artificial models. We
also excluded non-RCTs, letters, comments, editorials, practice
guidelines, and other studies with insufficient data.

Data Abstraction and Quality Assessment
After duplicates were excluded, 2 reviewers independently

read the titles and abstracts of the searched literature. Most of
the articles were excluded based on the topic of the article

Sun et al
provided in the respective title or abstract, and disagreements
about whether or not an article was included were resolved by
discussion or by a senior reviewer. Postoperative pain intensity
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was measured by a 100-point VAS. The 10-point VAS score was
converted to a 100-point VAS score. Data in other forms (ie,
median, interquartile range, and mean� 95% confidence inter-
val [CI]) were converted to mean� SD according to the
Cochrane Handbook.13 If the data were not reported numeri-
cally, we extracted them using the ‘‘GetData Graph Digitizer’’
software from the published figures.

The following data were extracted and recorded in a sheet:
demographic data about the patients in the literature, the
author’s name, the publication date, the sample size, the location
of the study, and the ratio of males to females; the method of
surgery and anesthesia; the technique of infusion, the injection
location, and the dose of injection drugs; and the VAS score with
rest or mobilization at 24 and 48 hours, the rates of infection,
and the LOS. Two reviewers (Z-HZ and X-LS) scanned the
quality of the eligible studies independently. The quality of the
RCT studies was judged using the Jadad 5-point scale. Dis-
crepancies were resolved by consensus after discussion, and a
third reviewer participated in the debate to determine the final
outcome if necessary. The risk of bias for each RCT was
evaluated using the Cochrane Collaboration Risk of Bias Tool.

Statistical Analysis
Continuous outcomes, such as the VAS score with rest or

mobilization at 24, 48, and 72 hours; the LOS; and the duration
of surgery were expressed as the mean difference (MD) with the
respective 95% CIs. Discontinuous outcomes (the rate of infec-
tion, DVT, prolonged wound drainage, and nausea/vomiting)
were expressed as the relative risk (RR) with 95% CIs. Stat-
istical significance was set at P< 0.05 to summarize findings
across the trials. RevMan 5.30 software (The Cochrane Col-
laboration, Oxford, UK) was used for the meta-analysis. Stat-
istical heterogeneity was tested using the chi-square test and I2

statistic. A chi-square test I2 >50% was considered suggestive
of statistical heterogeneity. When there was no statistical evi-
dence of heterogeneity, a fixed-effect model was adopted;
otherwise, a random-effect model was chosen.

RESULTS

Search Results
In the initial search, we identified 682 potentially relevant

studies, of which 176 duplicates were removed by Endnote
Software. According to the inclusion criteria, 235 studies were
excluded after reading the titles and abstracts. Finally, we
included 10 clinical trials with 735 patients in the meta-
analysis.14–23 The characteristics of the included studies are
shown in Table 1. In the included studies, a total of 587 TKAs
were performed, and the numbers of studies using continuous
infusion analgesia and saline were 295 and 292, respectively.
Only 1 article was published in 2005; the remaining articles were
published in 2009. All of the participants in the 5 studies were
older, ranging in age from 65 to 72 years. There were 273 male
patients and 314 female patients. The methods that maintained
continuous infusion included a pain pump and an elastomeric
balloon at speeds ranging from 2 to 5 mL/h. The risk of bias for the
included studies and GRADE of evidence are shown in Table 2.

Result of Meta-analysis

Medicine � Volume 94, Number 45, November 2015
VAS Score With Rest
Only 8 studies with 703 patients showed the VAS score at

24 hours postoperatively with rest. Because 1 study reported the

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Characteristics of Included Studies

Study (Year
and Settings)

No.
Patients

(T:C)

Gender
(Male/

Female)
Age

(Mean) Anesthesia
Surgery
Method Technique

The drug and doses
of treatment group

The Drug and
Doses of Control

Group
Concomitant Pain

Management

Nechleba et al14

(2005, US)
14/16 11/19 65 (43–83) NS Midline incision

parapatellar
arthrotomy, with
wound drain

Catheter with a pump
at 4.16 cc/h

200cc 0.25%
bupivacaine

200 cc Sterile
saline

Morphine or
hydromorphone-
based PCA pain
control

Reeves and
Skinner15

(2009,
Australia)

31/30 25/36 T:72 C:67 General anesthesia Medial parapatellar,
intra-articular
drain

Catheter with
elastometric
ballon at 5cc/h

240cc 0.2%
ropivacaine or
0.375%
ropivacaine

240 cc Normal
saline

Intermittent
subcutaneous
morphine pro re nata,
and opioid and
oxycodone

Gomez-Cardero
et al16 (2010,
Spain)

25/25 19/31 71.3(55–84) spinal anesthesia standard drainage
device

catheter with
elastometric
infusion pump at a
speed of 5cc/h

300cc 0.2%
ropivacaine

300cc Saline Oral paracetamol 1 g
every 6 h, intravenous
ketorolac 10 mg every
8 h

Zhang et al17

(2011, China)
27/26 25/28 T:68 C:68 general anesthesia medial parapatellar,

with tourniquet
Connected to an

infusion pump at a
speed of 4cc/h

190cc 2 mg/mL
ropivacaine plus 2
ml 2 mg/mL
ketorolac at 1.25
mg/h

0.9% Saline 150 mL ropivacaine and
1 mL ketorolac was
mixed

Williams et al18

(2013,
Canada)

26/25 21/30 T:68 C:67 standard spinal
anesthesia

medial parapatellar Catheter was
connected to
infusion pump at a
speed of 2 cc/h

0.5% Bupivacaine Saline K 7.5 mg i.v. plus 15 mg
postoperatively for
48 h, switching to
ketorolac tablets,
10 mg.G 600 mg plus
OCR and A

Goyal et al19

(2013, USA)
75/75 65/85 T:64.80

C:63.09
uniform spinal

anesthesia with
bupivacaine and
Duramorph

no drain inserted but
with tourniquet

Catheter was
connected to The
On-Q PainBuster
at a speed of 5 cc/h

0.5% Bupivacaine 300cc 0.9%
saline

Oral acetaminophen
975 mg,75 mg
pregabalin, and
400 mg celecoxib

Ali20 (2014,
Sweden)

97/95 73/127 T:69 C:69 87% spinal
anesthesia and the
remaining are
receive general
anesthesia

standard straight
central skin
incision, medial
parapatellar
arthrotomy

Catheter was
connected to The
Homepump at a
speed of 2 cc/h

Ropivacaine (7.5
mg/mL)

100cc 9mg/mL
saline

Additional oxycodone

Essving et al23

(2010)
24/24 24/26 T:72 C:70 general anesthesia standard medial

parapatellar
approach

bolus injection
Through catheter
after surgery

400 mg ropivacaine,
30 mg ketorolac,
and 0.5 mg
epinephrine

Saline were given (PCA) pump with
morphine (1-mg bolus
and 6-min lockout
time) was connected
intravenously
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Study (Year
and Settings)

No.
Patients

(T:C)

Gender
(Male/

Female)
Age

(Mean) Anesthesia
Surgery
Method Technique

The drug and doses
of treatment group

The Drug and
Doses of Control

Group
Concomitant Pain

Management

Ikeuchi et al21

(2013)
20/20 14/26 T:75 C:76 general anesthesia A medial

parapatellar
arthrotomy
approcah

Syringe was
connected to the
smaller tube of the
double lumen
catheter

5 mL bolus every 12
h (until 48 h)
ropivacaine,
dexamethasone,
isepamicin

Saline injection Inject 20 mg fentanyl. In
addition, loxoprophen
tablets (180 mg)

Kazak Bengisun
et al22 (2010)

40/20 11/49 T:67 C:71 Spinal anesthesia Medial peripatellar
approach

Catheter was placed
entering the joint

20 mL bolus after 10
and 22 h
bupivacaine and
epinephrine

saline injection (PCA) with tramadol
after the operation as
50-mg boluses with
15-min lockout
period, 4-h limit of
200 mg, for 48 h

C¼ control group, CR¼A acetaminophen, G¼ gabapentin, i.v.¼ intravenous, K¼ ketorolac, NS¼ not stated, OCR¼ oxycodone, PCA¼ patient-controlled analgesia, T¼ treatment group.

TABLE 2. The Risk Bias of the Included Studies

Study Random Sequence Generation
Allocation

Concealment Blinding
Incomplete

Outcome Data
Selective

Reporting
Other Sources

of Bias
Jadad
Score

Nechleba et al14 Unclear Unclear Yes Yes Unclear Unclear 3
Reeves and Skinner15 Permuted block randomisation Randomization occurs in pharmacy

department
Yes Yes Unclear Unclear 5

Gomez-Cardero et al16 Sequentially numbered Opaque, sealed envelopes Yes Yes Unclear Unclear 5
Zhang et al17 Computer-generated random

sequence
Opaque, sealed envelopes Yes Yes Unclear Unclear 5

Williams et al18 Computer-generated random
sequence

Unclear Yes Yes Unclear Unclear 5

Goyal et al19 Random number generator Drugs were prepared in
Investigational Drug Service

Yes Yes Unclear Unclear 5

Ali et al20 Computer-generated list Homepump containers were
prefilled in the hospital pharmacy

Yes Yes Unclear Unclear 5

Essving et al23 Computer investigator NS Yes Yes Unclear Unclear 3
Ikeuchi et al21 Not specified NS Yes Yes Unclear Unclear 3
Kazak Bengisun et al22 Using a sealed envelope technique Envelopes Yes Yes Unclear Unclear 3

NS¼ not significant.
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VAS score at 24 hours at different points, we also included the
data in the meta-analysis; therefore, a total of 511 patients were
included for the meta-analysis. The meta-analysis revealed that
CLIA patients had a better outcome compared to the saline
group with rest at 24 h in terms of their VAS score with rest at
24 h. (Figure 1) (MD �12.54, 95% CI �16.63 to �8.45,
P< 0.000001).

A total of 8 component studies (903 patients) provided
VAS scores at 48 hours postoperatively. There was no statisti-
cally significant difference between the groups with respect to
the VAS score at 48 hours postoperatively (Figure 1) (MD
�6.15, 95% CI �13.51 to 1.22, P¼ 0.10). There was statistical
heterogeneity (x2¼ 46.39, df¼ 4, I2¼ 88%, P< 0.00001), so a
random-effects model was performed.

Four studies reported the VAS score with rest at 72 hours
after surgery. There was no significant difference between the
CLIA and saline group at 72 hours with rest (MD �3.63, 95%
CI �10.43 to 3.16, P¼ 0.29) (Figure 1).

VAS Score with Mobilization
A total of 5 component studies (350 patients) provided VAS

scores at 24 hours with mobilization postoperatively. There was a
statistically significant difference between the groups with
respect to the VAS score at 24 hours postoperatively
(Figure 2) (MD �18.27, 95% CI �18.27 to �9.02,
P¼ 0.0001). Only 5 studies with 340 TKAs reported the VAS

Medicine � Volume 94, Number 45, November 2015
score at 48 hours postoperatively; meta-analysis found a signifi-
cant difference between 2 groups (MD�14.19, 95% CI�21.46 to
�6.93, P¼ 0.0001) (Figure 2). Three studies provided the VAS

FIGURE 1. The meta-analysis of 8 trials included showed that CLIA sh
hours after TKA; however, there is no statistical significance between C
after TKA. The alphabet ‘‘a’’ represents that the VAS score was measured
CLIA¼ continuous local infiltration analgesia, TKA¼ total knee arthro

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
score with mobilization at 72 hours. The meta-analysis result
showed that there was no significant difference between the CLIA
and the placebo (MD �0.92, 95% CI �4.54 to 2.71, P¼ 0.62)
(Figure 2).

Duration of Surgery
A total of 5 studies addressed the duration of surgery

between CLIA and placebo. There was no significant difference
between the 2 groups (MD 1.20, 95% CI �4.59 to 6.98,
P¼ 0.69) (Figure 3).

Length of Hospital Stay
Five studies involving 398 patients reported the LOS

between the 2 methods; the meta-analysis did not find a
significant difference between the 2 methods (MD �0.34,
95% CI �1.09 to 0.42) (Figure 4).

Complications
Seven studies paid close attention to postoperative infec-

tions. The meta-analysis reported a significant difference
between the 2 methods in terms of postoperative infections
(RR 3.61, 95% CI 1.18–8.50, P¼ 0.02) with no heterogeneity
(Figure 5). Five studies investigated the occurrence of DVTs in
both methods and found no significant difference between the 2
methods, suggesting that pain control after a TKA does not

CLIA for TKA
affect the incidence of DVT (RR 1.01, 95% CI 0.30–3.41,
P¼ 0.99) (Figure 5). In addition to the above complications,
2 articles investigated whether CLIA can prolong wound

ow superiority than placebo in terms of VAS score with rest at 24
LIA and placebo in terms of VAS score with rest at 48 and 72 hours
at noon, and ‘‘b’’ means the VAS score was measured at 24 at pm.

plasty, VAS¼ visual analog scale.
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drainage; there was no significant difference between CLIA and
the control (RR 1.67, 95% CI 0.23–12.33, P¼ 0.62) (Figure 5).
CLIA significantly reduced the incidences of nausea and vomit-
ing after TKA (RR 0.60, 95% CI 0.37–0.96, P¼ 0.03)
(Figure 5).

DISCUSSION
To our knowledge, this is the first meta-analysis of RCTs

comparing the efficacy and safety of CLIA with placebo in the
management of pain after a TKA. The present meta-analysis was
conducted on the basis of 10 randomized studies that found better
pain control with rest at 24 hours and with mobilization at 24 and
48 hours postoperatively with CLIA compared with controls.
There was no significant difference between the 2 groups with
rest at 48 hours or with rest or mobilization at 72 hours. To our
knowledge, pain control with mobilization is more important than
pain control with rest, because good pain control with mobiliz-
ation can facilitate early ambulation. The most important finding
of this meta-analysis indicated that CLIA can increase the risk of
infection, which is a concern of surgeons and will prolong the
hospitalization time. In addition to the above-mentioned post-
operative outcomes, other items were also analyzed, including the

FIGURE 2. The meta-analysis of 5 trials included showed that CLIA
at 24 and 48 hours after TKA; however, there is no significant differ
score with mobilization at 72 hours after TKA. CLIA¼ continuous
analog scale.
duration of surgery, the length of hospital stay and the incidence
rates of nausea and vomiting, CLIA can decrease the occurrence
rate of nausea of vomiting. One study was from 2005, and the rest

FIGURE 3. The meta-analysis of 5 trials included showed that CLIA sho
CLIA¼ continuous local infiltration analgesia, TKA¼ total knee arthro

6 | www.md-journal.com
of the studies were from 2009. All of the included studies were of
high quality; only 2 studies did not use RCT methods, and 4
studies did not report their methodology. The double-blind
method was used in all of the RCTs, and in only 1 study was
the surgeon unaware of the pump’s contents, which may impact
the results of the present meta-analysis. All included studies
showed comparable baseline data and provided the intention-to-
treat analysis.

Local infiltration analgesia (LIA), as an effective method
to reduce pain after TKA, has been used during TKA to reduce
morphine consumption.23,24 The duration of LIA is only
24 hours; therefore, patients treated with LIA may experience
more intense pain on the second day compared to the first
postoperative day.25 To prolong the analgesic effect, continuous
peripheral nerve block and continuous intra-articular analgesia
have been attempted to control pain after TKA.17,26 The effect
of continuous intra-articular infusion analgesia is still disputed
because some articles have testified that it is an effective
method to reduce pain intensity without increasing the chance
of infection,16,17,19 whereas other studies have not drawn the
same conclusion and have found a higher infection rate.18,20 As
a result, a systematic review and meta-analysis are essential to

w superiority than placebo in terms of VAS score with mobilization
e between the CLIA group and the placebo group in terms of VAS
l infiltration analgesia, TKA¼ total knee arthroplasty, VAS¼ visual
identify the effect of CLIA in pain management after TKA.
Good pain management is especially important for TKA

patients, as better pain control can lead to early mobilization,

ws no superiority than placebo in terms of surgery time after TKA.
plasty.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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physiotherapy, and, most importantly, patient satisfaction.5,27

The results of our meta-analysis showed that CLIA led to better

FIGURE 4. The meta-analysis of 3 trials included showed that CLIA
after TKA. CLIA¼ continuous local infiltration analgesia, TKA¼ tot
pain relief than the placebo with rest at 24 hours postoperative
and with mobilization at 24 and 48 hours. However, there is no
significant difference between rest at 48 or 72 hours and

FIGURE 5. The meta-analysis of 6 trials included showed that there w
the rates of infection complication after TKA. CLIA¼ continuous loca

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
mobilization at 72 hours in terms of the VAS score. The reason
for this can be easily interpreted because the short half-lives of

ows no superiority than placebo in terms of length of hospital stay
nee arthroplasty.
bupivacaine (3.5 h) and ropivacaine (2–6 h) cannot provide
sustained pain relief.28 As for the lack of efficacy at 48 hours
with rest, this finding is supported by other studies examining

as no statistical significance between CLIA and placebo in terms of
l infiltration analgesia, TKA¼ total knee arthroplasty.

www.md-journal.com | 7



postoperative knee replacement, anterior cruciate with rest at
48 hours, postop ligament reconstruction, and arthroscopic
rotator cuff repair.14,29–31 From an overall perspective, CLIA
may lead to better pain control after TKA and may thus increase
patient satisfaction. Therefore, attempting to reduce the post-
operative pain after TKA by using a continuous infusion of
local anesthetic within 48 hours seems reasonable.

One of the greatest concerns of surgeons is the risk of
infection postoperatively. Infection after a TKA is disastrous in
terms of morbidity and cost because it will prolong the LOS.
Our meta-analysis revealed that CLIA will increase the inci-
dence of infection compared with the placebo group. Theor-
etically, the inflammatory mediators will be inhibited with
CLIA,16 and local anesthetics have an antiseptic and fungistatic
effect32–34; however, the reason behind this may be complex.
On one hand, the pump preparation will increase the risk of
infection because the analgesia group requires five 20-mL
ampoules. On the other hand, the pump and catheter used for
the CLIA will increase the risk of infection. Because the sample
is not large enough, this outcome should treated cautiously. In
our meta-analysis, the results show that CLIA will not prolong
the LOS and thus will not have the potential to meaningfully
increase the cost savings. As for the nausea and vomiting
complications, the CLIA group had fewer incidences compared
with the control group. Other complications, such as prolonged
wound drainage, myocardial infarction, and DVT, showed no
significant differences between the 2 groups.

The heterogeneity between the cited studies is primarily
due to the mixture of different analgesics and different dosages,
which may impact our findings regarding the CLIA method.
There are 2 primary methods of performing CLIA: one involves
a pump, and the other involves an intra-articular bolus injection.
We could not determine the optimal concentration and methods
to obtain the best analgesic effect; however, CLIA can offer
pain relief at 24 and 48 hours with mobilization. As for the
complication of infection, 4 studies reported that an infection
occurred after TKA. However, only 1 study12 reported a
significant difference between the 2 groups, and that study
did not provide any rationale as to why there was a difference.

There were several limitations in this meta-analysis: only
10 RCTs were included, and the sample sizes in each trial were
small, which would affect the final results; the duration of
follow-up in some studies was unclear, and long-term follow-up
was needed for this analysis; the publication bias that existed in
the meta-analysis also influenced the results; and the CLIA
method and the pump transfusion rate and volume were all
different, which also likely had an effect on the final results.

CONCLUSIONS
In conclusion, the results of our meta-analysis indicate that

CLIA may be more effective at 24 hours with rest and at 24 and
48 hours with mobilization compared with the placebo. The
most important finding of this study is that CLIA may also
increase the rate of infection. Moreover, there is no significant
difference in CLIA or placebo treatment for pain at 48 hours
with rest and at 72 hours with rest or mobilization. For future
research, optimal drugs and drug dosages should be rigorously
defined, and the method of CLIA should also be clarified. Even
more importantly, well designed trials with larger sample sizes
are needed to further provide reliable evidence on the safety of

Sun et al
CLIA for pain management after a TKA. This was the first
systematic review to evaluate the efficacy and safety of CLIA
compared with placebo on reducing pain after a TKA. High-

8 | www.md-journal.com
quality RCTs and well designed trials are still required to detect
differences in knee flexion and other outcomes after a TKA.

REFERENCES

1. Osawa A, Yoshida K, Kanazawa H, et al. Efficacy of periarticular

multimodal drug injection in total knee arthroplasty for pain

management and rehabilitation. Osteoarthr Cartilage. 2014;22:S415–

S416.

2. Singelyn FJ, Deyaert M, Joris D, et al. Effects of intravenous

patient-controlled analgesia with morphine, continuous epidural

analgesia, and continuous three-in-one block on postoperative pain

and knee rehabilitation after unilateral total knee arthroplasty. Anesth

Analg. 1998;87:88–92.

3. Januel JM, Chen G, Ruffieux C, et al. Symptomatic in-hospital deep

vein thrombosis and pulmonary embolism following hip and knee

arthroplasty among patients receiving recommended prophylaxis: a

systematic review. JAMA. 2012;307:294–303.

4. Vekeman F, LaMori JC, Laliberte F, et al. In-hospital risk of venous

thromboembolism and bleeding and associated costs for patients under-

going total hip or knee arthroplasty. J Med Econ. 2012;15:644–653.

5. Moghtadaei M, Farahini H, Faiz SH, et al. Pain management for

total knee arthroplasty: single-injection femoral nerve block versus

local infiltration analgesia. Iranian Red Crescent Med J.

2014;16:e13247.

6. Baratta JL, Gandhi K, Viscusi ER. Perioperative pain management

for total knee arthroplasty. J Surg Orthopaed Adv. 2014;23:22–36.

7. Choi PT, Bhandari M, Scott J, et al. Epidural analgesia for pain

relief following hip or knee replacement. Cochrane Database Syst

Rev. 2003;3:Cd003071.

8. Busch CA, Shore BJ, Bhandari R, et al. Efficacy of periarticular

multimodal drug injection in total knee arthroplasty. A randomized

trial. J Bone Joint Surg. 2006;88:959–963.

9. Lombardi AV Jr, Berend KR, Mallory TH, et al. Soft tissue and

intra-articular injection of bupivacaine, epinephrine, and morphine

has a beneficial effect after total knee arthroplasty. Clin Orthopaed

Related Res. 2004;428:125–130.

10. Kelley TC, Adams MJ, Mulliken BD, et al. Efficacy of multimodal

perioperative analgesia protocol with periarticular medication injec-

tion in total knee arthroplasty: a randomized, double-blinded study.

J Arthroplasty. 2013;28:1274–1277.

11. Pavlin DJ, Chen C, Penaloza DA, et al. Pain as a factor complicating

recovery and discharge after ambulatory surgery. Anesth Analg.

2002;95:627–634[table of contents].

12. Ali A, Sundberg M, Hansson U, et al. Doubtful effect of continuous

intraarticular analgesia after total knee arthroplasty. Acta Orthopaed.

2015;86:373–377.

13. Higgins JPT, Green S. Cochrane handbook for systematic reviews of

interventions version 5.1.0 [updated March 2011]. The Cochrane

collaboration; 2011 [http://www.cochrane-handbook.org/].

14. Nechleba J, Rogers V, Cortina G, et al. Continuous intra-articular

infusion of bupivacaine for postoperative pain following total knee

arthroplasty. J Knee Surg. 2005;18:197–202.

15. Reeves M, Skinner MW. Continuous intra-articular infusion of

ropivacaine after unilateral total knee arthroplasty. Anaesth Intensive

Care. 2009;37:918–922.

16. Gomez-Cardero P, Rodriguez-Merchan EC. Postoperative analgesia

in TKA: ropivacaine continuous intraarticular infusion. Clin Ortho-

paed Related Res. 2010;468:1242–1247.

Medicine � Volume 94, Number 45, November 2015
17. Zhang S, Wang F, Lu ZD, et al. Effect of single-injection versus

continuous local infiltration analgesia after total knee arthroplasty: a

randomized, double-blind, placebo-controlled study. J Int Med Res.

2011;39:1369–1380.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.

http://www.cochrane-handbook.org/


18. Williams D, Petruccelli D, Paul J, et al. Continuous infusion of

bupivacaine following total knee arthroplasty: a randomized control

trial pilot study. J Arthroplasty. 2013;28:479–484.

19. Goyal N, McKenzie J, Sharkey PF, et al. The 2012 Chitranjan

Ranawat award: intraarticular analgesia after TKA reduces pain: a

randomized, double-blinded, placebo-controlled, prospective study.

Clin Orthopaed Related Res. 2013;471:64–75.

20. Ali A, Sundberg M, Hansson U, et al. Doubtful effect of continuous

intraarticular analgesia after total knee arthroplasty. Acta Orthopaed.

2014:1–5.

21. Ikeuchi M, Kamimoto Y, Izumi M, et al. Local infusion analgesia

using intra-articular double lumen catheter after total knee arthro-

plasty: a double blinded randomized control study. Knee Surg Sports

Traumatol Arthroscopy. 2013;21:2680–2684.

22. Kazak Bengisun Z, Aysu Salviz E, Darcin K, et al. Intraarticular

levobupivacaine or bupivacaine administration decreases pain scores

and provides a better recovery after total knee arthroplasty. J Anesth.

2010;24:694–699.

23. Essving P, Axelsson K, Kjellberg J, et al. Reduced morphine

consumption and pain intensity with local infiltration analgesia

(LIA) following total knee arthroplasty. Acta Orthopaed.

2010;81:354–360.

24. Andersen KV, Bak M, Christensen BV, et al. A randomized,

controlled trial comparing local infiltration analgesia with epidural

infusion for total knee arthroplasty. Acta Orthopaed. 2010;81:

606–610.

Medicine � Volume 94, Number 45, November 2015
after total knee arthroplasty. A randomized placebo-controlled trial

involving 56 patients. Acta Orthopaed. 2014;85:614–619.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
26. Fischer HB, Simanski CJ, Sharp C, et al. A procedure-specific

systematic review and consensus recommendations for postoperative

analgesia following total knee arthroplasty. Anaesthesia.

2008;63:1105–1123.

27. Panigrahi R, Roy R, Mahapatra AK, et al. Intra-articular adjuvant

analgesics following knee arthroscopy: comparison between single

and double dose dexmedetomidine and ropivacaine: a multicenter

prospective double-blind trial. Orthopaed Surg. 2015;7:250–255.

28. Ong JC, Chin PL, Fook-Chong SM, et al. Continuous infiltration of

local anaesthetic following total knee arthroplasty. J Orthopaed

Surg. 2010;18:203–207.

29. Parker RD, Streem K, Schmitz L, et al. Efficacy of continuous intra-

articular bupivacaine infusion for postoperative analgesia after

anterior cruciate ligament reconstruction: a double-blinded, placebo-

controlled, prospective, and randomized study. Am J Sports Med.

2007;35:531–536.

30. Alford JW, Fadale PD. Evaluation of postoperative bupivacaine

infusion for pain management after anterior cruciate ligament

reconstruction. Arthroscopy. 2003;19:855–861.

31. Banerjee SS, Pulido P, Adelson WS, et al. The efficacy of

continuous bupivacaine infiltration following arthroscopic rotator

cuff repair. Arthroscopy. 2008;24:397–402.

32. Batai I, Kerenyi M, Falvai J, et al. Bacterial growth in ropivacaine

hydrochloride. Anesth Analg. 2002;94:729–731[table of contents].

33. Kampe S, Poetter C, Buzello S, et al. Ropivacaine 0.1% with

sufentanil 1 microg/mL inhibits in vitro growth of Pseudomonas

aeruginosa and does not promote multiplication of Staphylococcus

CLIA for TKA
aureus. Anesth Analg. 2003;97:409–411[table of contents].
25. Niemelainen M, Kalliovalkama J, Aho AJ, et al. Single periarticular

local infiltration analgesia reduces opiate consumption until 48 hours
34. Johnson SM, Saint John BE, Dine AP. Local anesthetics as

antimicrobial agents: a review. Surg Infect. 2008;9:205–213.

www.md-journal.com | 9


	Continuous Local Infiltration Analgesia for Pain Control After Total Knee™Arthroplasty
	INTRODUCTION
	MATERIALS AND METHODS
	Search Strategy
	Inclusion Criteria and Study Selection
	Data Abstraction and Quality Assessment
	Statistical Analysis

	RESULTS
	Search Results
	Result of Meta-analysis
	VAS Score With Rest
	VAS Score with Mobilization
	Duration of Surgery
	Length of Hospital Stay
	Complications


	DISCUSSION
	CONCLUSIONS


