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Local infiltration anesthesia (LIA) with anesthetics, steroids, NSAIDS, and epinephrine has
been shown to be effective in reducing total knee arthroplasty (TKA) postoperative pain.
This systematic review explores the functional outcomes of randomized control trials that
have compared the use of LIA with and without steroids during TKA. Five studies with 412
patients met the inclusion criteria, 228 received local infiltration anesthesia with steroids
(LIAS) and 184 received local infiltration anesthesia without steroids (LIAWS). The use of
LIAS in management of postoperative TKA pain has been shown to decrease the length of
hospital stay, time required to achieve straight leg raise, and pro-inflammatory signals in
patients. Although there is no overwhelming data to suggest LIAS improves postoperative
TKA pain, current literature does support its effectiveness in producing other favorable

surgical outcomes.
Copyright © 2015, Professor P K Surendran Memorial Education Foundation. Publishing
Services by Reed Elsevier India Pvt. Ltd. All rights reserved.

1. Introduction

urinary retention, constipation, drowsiness, and urinary
catheter problems often associated with opioid use.*”
Studies and systematic reviews of LIA to relieve post-

Total knee arthroplasty (TKA) is a beneficial procedure to treat
patients presenting with knee joint degeneration, but can be
associated with postoperative pain hindering patient reha-
bilitation."” Recent studies demonstrate the number of knee
revision procedures is expected to increase from 37,544 in
2005 to 56,918 in 2030, a 51% total increase in volume.® Local
infiltration anesthesia (LIA) is widely accepted as a means to
manage pain during the post-operative period after TKA and
provides relief with a decrease incidence of nausea, vomiting,

operative TKA pain have found it to be effective in reducing
pain, increasing range of motion, and lessening opioid con-
sumption post surgery.® ' Although LIA for TKA has
demonstrated positive results in reducing patient pain post-
operatively, there is still very high variability in what medi-
cations are included in an LIA and in what dosages.’
Steroids are inconsistently included in LIA formulas.”°
Corticosteroids have been shown to decrease post-surgical
pain by reducing production of prostaglandins and
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increasing vasodilation when injected directly into the surgi-
cal wound.’*? Although there are numerous studies that
claim local infiltration anesthesia with steroids (LIAS) is
effective in reducing post-surgical pain, there are few studies
comparing LIAS and local infiltration anesthesia without ste-
roids (LIAWS). In addition, no studies were found comparing
the effect of different types of steroids in LIAS on patient pain
relief. This systematic review provides a collective summary
of existing TKA LIA studies that evaluate whether or not LIAS
decreases pain and increases functional outcomes for pa-
tients versus LIAWS. To our knowledge, there are currently no
published reviews examining LIAS and its role exclusively in
TKA recovery.

2. Methods
2.1. Search methods

Relevant articles were found via the search methodology
outlined in Fig. 1. A comprehensive search was conducted

Initial search terms: intra-articular injection, local
infiltration, knee arthroplasty, joint replacement,
joint prosthesis, joint arthroplasty, RCT, periarticular
injection, periarticular infiltration, TKA

l

1206 results

l

Duplicates removed

l

642 results

v

Exclusion based on title and abstract

v
94 results

l

Exclusion based on evaluation of manuscript

l

5 studies for use in the systematic review

Fig. 1 — Flow diagram showing details of literature search.

using PubMed, EMBASE, and the Cochrane Library for any
study thatinvolved the use of LIAS to relieve pain after TKA up
until May 1, 2014. The initial search utilized the following key
terms: intra-articular injection, local infiltration, knee
arthroplasty, joint replacement, joint prosthesis, joint
arthroplasty, RCT, periarticular injection, periarticular infil-
tration, and TKA. Using various combinations of these key
terms, 1206 studies were determined relevant for further
analysis. Removal of duplicates then yielded 642 results.
Exclusion based on title and abstract reduced the studies for
analysis to 94. After full evaluation of the 94 manuscripts, 5
studies were deemed appropriate for inclusion in this sys-
tematic review and detailed analysis (Fig. 1).”>"*” Any studies
that utilized LIAS during unicondylar knee arthroplasty were
not included. Evaluation and inclusion of selected studies was
performed in accordance with the Cochrane Handbook for
Systematic Reviews.

2.2. Data extraction

Data from the following fields were extracted from each study
for further analysis: contents of LIA, pain visual analog scores
(VAS), daily consumption of morphine post surgery, days to
achieve straight leg raise (SLR), knee society score, range of
motion (ROM), length of stay (LOS), C-reactive protein (CRP),
and IL-6. In order to properly compare between studies, all
steroids included in LIAS were converted into equivalents of
dexamethasone (Table 1).

2.3. Statistical analysis

Review Manager 5.3 was used to analyze extracted data and
produce meta-analyses when possible. The overall effect for
continuous data was evaluated using mean difference with a
95% confidence interval (CI). The I? statistic was used to
evaluate heterogeneity. If the I? statistic was less than 50%,
heterogeneity was considered to be insignificant and a
random effect model was used. If the I statistic was greater
than 50% a fixed-effect model was applied for the meta-
analysis.'®*

2.4. Functional outcome

The results produced by the 5 chosen studies in the following
categories were used to evaluate the efficacy of LIAS: VAS
scores, daily consumption of morphine post surgery, days to
achieve straight leg raise, knee society score (KSS), range of
motion score, length of hospital stay, and CRP.**"/

Of all of the evaluated categories, 4 were significant and not
conflicting with the data of other studies: LOS, CRP, IL-6, and
SLR. LOS represents hospital length of stay after surgery. CRP
is an acute-phase protein synthesized by the liver in response
to inflammation.”® IL-6 is a pro-inflammatory cytokine
released into the bloodstream by neutrophil granulocytes and
macrophages during inflammation and trauma.”’ SLR is a
test-conducted post TKA to gauge how high a patientis able to
elevate his/her leg off of an exam table and it reflects pain
control as well as muscle strength recovery.
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Table 1 — Steroids administered in each study and dexamethasone equivalents.

Author Steroid administered (m Equivalents in dexamethasone of administered steroid (m
g q g
Christensen* Methylprednisolone acetate (40) 7.5
Sean™® Betamethasone (6) 7.5
Ikeuchi'” Dexamethasone (6.6) 6.6
Chia"/ Triamcinolone acetate (40) 7.5
and
Triamcinolone acetate (80) 15
Yue'® Triamcinolone (40) 7.5

3. Results
3.1. Population characteristics

Five papers met the inclusion criteria for this study and data
on the cohort ages of all studies was recorded (Table 2). 412
patients were analyzed in total with an overall average age of
69.0 years (range of averages: 65.5—76.5 years)."* '/ 228 pa-
tients received LIAS while 184 patients received LIAWS during
TKA."* ' The average age of patients receiving LIAS was 69.7
(range of study averages 65.8—77) and the average age of pa-
tients receiving an LIAWS was 68.1 (range of study averages:
65.09—76)."*"'” Due to variable age reporting, certain studies
did not provide exact age ranges of patients selected for trials.

3.2. Outcome overview

Patients undergoing LIAS were able to achieve SLR earlier and
had shorter LOS.”> ** CRP and IL-6 levels were found to be
lower in LIAS receiving patients compared to LIAWS pa-
tients.’ In addition, there are no studies with conflicting data
claiming SLR, LOS, and CRP-IL6 did not improve with
LIAS.”>*/ Although VAS, morphine consumption, KSS, and
ROM all had 1 or 2 studies claiming significant improvement
for the LIAS cohort, there was at least 1 study included in this
analysis that presented significant conflicting data.’* "’

3.3. Length of hospital stay

Of the 5 chosen studies 2 found significant differences in LOS
between LIAS and LIAWS groups. Sean et al report the mean
LOS of the steroid group to be 5.2 days while the mean LOS of
the non-steroid group to be 6.8 days (p = 0.022)."* Christensen
et al also found a decrease in LOS between LIAS and LIAWS
groups: 2.6 days for the steroid group as compared to 3.5 days

for the non-steroid group (p = 0.01)."* All other studies
included in this systematic review did not utilized LOS as an
evaluation of LIAS versus LIAWS (Table 3)."> '/ Sean et al did
not provide standard deviations for reported values to com-
plete the attempted meta-analysis.”

3.4. C-reactive protein and IL-6

Of all the studies chosen, only one measured the levels of
serum CRP and IL6 postoperatively. On post-operative day 3
(POD3), LIAS treated patients had a serum CRP level of 3.9 mg/
dl and LIAWS patients had 10.4 mg/dl (p < 0.0001)." Fluid
drained from the post-surgical knee of LIAS patients con-
tained an IL-6 concentration of 26.7 ng/ml. The fluid from
LIAWS patients contained an IL-6 concentration of 87.1 ng/ml,
greater than that of the LIAS patients (p = 0.0005)."> All other
studies included in this systematic review did not record
serum CRP concentration and IL-6 concentration in fluid
drained from the post-surgical wound (Table 3).'%%16:17

3.5. Straight leg raise

Of the 5 studies analyzed 2 reported significant decreases in
days required to achieve SLR for the LIAS group as compared
to the LIAWS group. Sean et al reported it took the LIAS cohort
an average of 2.3 days to achieve SLR as opposed to an average
of 2.8 days for the LIAWS cohort (p = 0.042)."* Similarly,
Ikeuchi et al reports 15/20 (75%) of LIAS patients as compared
to 5/20 (25%) of LIAWS patients were able to achieve SLR on
POD1 (p = 0.002)."* All other studies included in this system-
atic review did not utilized SLR as an evaluation of LIAS
effectiveness (Table 3).*'®?” Neither Sean et al or Ikeuchi et al
provided sufficient data to conduct a meta-analysis on
SLR.13'15

Table 2 — Age and cohort size of each study examined.

Author Steroid group Average age Non-steroid Average age Overall average Total
number steroid group group number non-steroid group age of study Patients
Christensen™* 38 65.8 37 65.2 65.5 76
Sean'? 50 67.9 50 65.4 66.65 100
Ikeuchi 20 77 20 76 76.5 40
Chia'/ 84 67.855 41 65.09 66.4725 125
Yue'® 36 70.2 36 69.3 69.75 72
Total: Average: Total: Average: Average: Total:
228 69.751 184 68.198 68.9745 413
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Table 3 — Summary of studies included
steroid group;

: Value is significantly higher for LIA steroid group compared to LIA without
: Value is significantly lower for LIA steroid group compared to LIA without steroid group; ND: No

significant differences detected between values of LIA steroid group compared to LIA without steroid group; NR: Value not
reported; *: Indicates a study in which all values are either significant or have not been reported.

Author Type of study LOS Serum CRP IL-6 drainage Days to KSS ROM VASscore Consumption

* * * achieve SLR score of morphine
*

Christensen™* RCT v NR NR NR ND ND NR ND

Sean'? RCT v NR NR N7 NR ) NR v

Ikeuchi® RCT NR v v N7 NR NR N7 NR

Chia'’ RCT NR NR NR NR ND ND ND ND

Yue'® RCT NR NR NR NR A NR ND ND

3.6. Conflicting outcomes between LIAS and LIASW patients at 1.5 months and 3

Pain VAS was only found to decrease in the study by Ikeuchi
et al at POD1 and POD3 (p < 0.0001, p = 0.0048)." Yue et al
found no statistical significant difference between the VAS
score of LIAS and LIAWS cohorts at POD1 and POD3.*® Three of
the remaining 5 studies did not record a specific value for pain
VAS at these time points.*****’

Demands for parenteral morphine at 18, 24, and 36 h and
cumulative morphine consumption for the first 42 h post-
operatively were significantly reduced in the LIAS group
versus the LIAW group in the Sean et al study (p = 0.007)."* Yue
et al found no significant morphine consumption difference at
24, 48, and 72 h postoperatively.'® Chia et al report no differ-
ence in total morphine equivalents of morphine consumed
over the first two weeks postoperatively and Christensen et al
found no significant difference in mean narcotic consumption
on any day postoperatively (p = 0.79)."*"’ Ikeuchi et al did not
utilize morphine consumption as a measure for postoperative
outcome.” No meta-analysis was conducted for morphine
consumption because Sean et al, Chia et al, and Yue et al did
not provide standard deviations.

Sean et al found a higher ROM score for LIAS versus LIAW
on each day between and including the 2nd and 5th days
postoperatively (p = 0.01).”> Christensen et al reported no
difference in ROM score between LIAS and LIAW groups.™*
Chia et al reported no difference in an average of the ROM
score for patients on any of the postoperative days in the first 2
weeks and no difference at 6 and 12 week time point mea-
surements postoperatively (p = 0.82, p = 0.71, p = 0.67)."
Tkeuchi et al and Yue et al did not record ROM values.'*°
Meta-analyses of ROM scores was conducted for measure-
ments at 6 and 12 weeks postoperatively and demonstrated no
significant difference between LIAS and LIAWS at either time
point (p = 0.25, p = 0.28) (Table 4a and b).'**’

Yue et al reported the postoperative KSS to be better in LIAS
patients versus LIASW patients at 1 month (p < 0.0045) and 3
months (p < 0.0027) — this reported difference, however, is not
present before 1 month and disappears 6 months post-
operatively.’® Christensen et al found no difference in KSS

months.” Chia et al found no difference in KSS between LIAS
and LIASW patients but no specific time points for KSS mea-
surement were reported.”’ Seat et al and Ikeuchi et al did not
measure KSS."**°

4, Discussion

Glucocorticoids are highly effective in reducing inflammation
and are often prescribed to treat chronic inflammatory dis-
eases such as rheumatoid arthritis and lupus.?” Glucocorti-
coids act in a variety of pathways to decrease inflammation
including: activation of glucocorticoid response elements on
glucocorticoid-responsive genes, up regulation of transcrip-
tion of anti-inflammatory gene proteins, inhibition of many
inflammatory genes, and alteration of chromatin structure.”?
Due to these anti-inflammatory effects of steroids, it is
postulated that LIAS should better prevent postoperative
inflammation in TKA patients and help facilitate a rapid re-
covery with less pain.

The efficacy of local infiltration anesthesia following TKA
has been confirmed by multiple studies but none of these
studies have included steroids in their LIA formulas.”® % Little
is known as to whether or not the inclusion of a steroid in the
LIA formula would be beneficial to patients, but past research
on steroid use seems to indicate a potential benefit.?

The key findings reported in the literature are that LIAS
decreases LOS, serum CRP concentration, surgical wound
drainage fluid IL-6 concentration, and days required for SLR in
postoperative TKA patients.”® *’ Trends in the data collected
in our study indicate that the benefits of LIAS are fully realized
in the early postoperative period despite inconsistencies in
LIAS formula and data collection time points by the included
studies. Overall, steroids likely play a positive role in facili-
tating patient recovery from TKA, but more comprehensive
randomized clinical studies focusing on TKA LIAS versus
LIAWS need to be completed to confirm this hypothesis.

Of the outcome categories containing significant results
and no conflicting data, 3 do not directly measure post-
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Table 4a — LIAS versus LIAWS Range of Motion at 6 Weeks Forest Plot. Control patients for Chia were split into 2 groups of

20 patients. One group was assigned to the high dose steroid study Chia performed and the other group to the low dose
steroid study Chia performed.

LIAS LIAWS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Christensen 108.5 125 37 107.7 153 38 38.7% 0.80[-5.52,7.12) E
Chia Low Dose 111.5 10.5 39 957 13.1 20 35.3% 15.80([9.18, 22.42] -
Chia High Dose 96.5 16.6 40 957 13.1 20 26.0% 0.80[-6.91, 851] -
Total (95% CI) 116 78 100.0% 6.09 [2.16, 10.02] &
Heterogeneity. Chi? = 12.77, df = 2 (P = 0.002); I = 84% [ = t d
Test for overall effect: Z = 2.04 (P = 0.002) 220 50 LIASULIAWS 20 100

operative pain: LOS, serum CRP, and synovial fluid IL-6. The
decrease in LOS for LIAS cohorts could be indicative of the
patient feeling overall less pain and ready to begin rehabili-
tation earlier or more aggressively. Such a conclusion would
be consistent with Sean et al findings of a decreased time to
achieve SLR and increased ROM score for patients in the early
postoperative period.”® Christenson et al measurements of
ROM in their study were taken during POD1, the day of
discharge, week 6, and week 12 and found no difference be-
tween ROM between LIAS and LIAWS.* Unlike Sean et al,
however, Christensen and colleagues did not continue to take
ROM measurements after POD1 for the early postoperative
period, a key period in which the administered steroids could
have allowed patients to perform better on physical activities
such as knee ROM.** A relationship between LOS and patient
functional ability post TKA could exist. Future studies need to
evaluate LOS and extensively measure patient reported and
objective outcomes on a daily schedule in order to better
evaluate the benefit of including steroids in the LIA formula.

Ikeuchi et al found significantly lower levels of CRP and IL6
at POD 1 and 3 but did not find significant differences at POD7
and POD14." These findings suggest the clinical benefit of
steroids is realized within the early postoperative period.
Lower levels of CRP and IL6 could indicate lower levels of
inflammation in the knee and that steroid inclusion is
providing the desired anti-inflammatory effects.

Sean et al and Ikeuchi et al found LIAS patients were able to
achieve complete SLR quicker in the first week postoperatively
as compared to LIAWS patients.”** This again suggests the
clinical benefits of steroids for patients are within the early
postoperative period.

Although Ikeuchi and colleagues were able to claim a sig-
nificant decrease in VAS scores in LIAS patients on post-
operative day 1 (p < 0.0001) and day 3 (p = 0.0048), both Yue

et al and Chia et al reported no significant difference in VAS
Score between LIAS and LIAWS cohorts at these time
points.” "7 Yue et al included 20 mg of ropivacaine and 7.5 mg
equivalents of dexamethasone in the LIAS given and Chia et al
included 22.5 mg of ropivacaine and 15 mg equivalents of
dexamethasone (high dosage group) (Table 1).*®*” Ikeuchi et al
only administered 15 mg of ropivacaine and 6.6 mg of dexa-
methasone equivalents in the LIAS (Table 1).'” In addition, the
average age of all patients in Ikeuchi et al's study was 76.5
compared to the 69.75 and 66.47 of Yue and Chia.”* " It is
unclear as to why Ikeuchi's younger patients experienced
decrease VAS on POD 1 and POD 3 when they received less
anesthetics as well as less steroid in the LIAS administered.””
This may be attributed partly to administration techniques of
the periarticular injections. These results suggest there is high
variability in results of RCTs studying LIAS. There could be a
role for LIAS following TKA if optimum formulas and tech-
niques for LIAS can be developed. Future LIA studies involving
steroids should investigate the effect of varying amounts of
anesthetic and steroid used whilst keeping other ingredients
in the LIA constant.

Although patterns can be drawn from the data presented
on TKA and LIAS, there still exists conflicting results between
the studies examined here. Analysis of morphine consump-
tion, KSS, and ROV, yielded conflicting results. Whereas Yue
et al showed that KSS is improved in LIAS patients at 1 and 3
months, Christensen et al showed there is no difference at 6
weeks and 12 weeks.'*'® The inconsistency in results high-
light the need for additional studies examining whether or not
LIAS is more beneficial than LIAWS. A meta-analysis was able
to be conducted comparing the ROM results from 6 to 12
weeks between Christensen et al and Chia et al, but the results
demonstrated no significant difference between LIAS and
LIAW at both time points’*' (Table 4a and b). The

Table 4b — LIAS versus LIAWS Range of Motion at 12 Weeks Forest Plot. Control patients for Chia were split into 2 groups of

20 patients. One group was assigned to the high dose steroid study Chia performed and the other group to the low dose
steroid study Chia performed.

LIAS LIAWS Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Chia Low Dose 117.2 9 39 1202 7.6 20 40.3% -3.00[-7.37, 1.37] -
Chia High Dose 1193 12 40 120.2 7.6 20 30.9% -0.90[-5.89, 4.09] -+
Christensen 112.4 12.4 37 1125 10.3 38 28.8% -0.10[-5.27,5.07] -+
Total (95% CI) 116 78 100.0% -1.52[-4.29, 1.26] ¢4
Heterogeneity. Tau? = 0.00; Chi? = 0.79, df = 2 (P = 0.67); I = 0% 5_100 _g'o 5‘0 100‘

Test for overall effect: Z = 1.07 (P = 0.28) LIAS LIAWS
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inconsistency in results highlight the need for additional
studies examining whether or not LIAS is more beneficial than
LIAWS.

This work had a few limitations; the first is the inherent
limitation in a systemic review work, although the search was
performed with use of all major databases (Fig. 1)."* "
Another limitation of this systematic review is the lack of a
meta-analysis of significant study outcome measures (LOS,
CRP, IL-6, and SLR) demonstrating increased patient benefit
from LIAS. A meta-analysis of the listed outcome measure-
ments was attempted, however, but due to lack of data pre-
sented by and inconsistent measurement methods of the
selected studies no results were generated. In addition, there
was a lack in uniformity of what drugs were and were not
included in LIAS given to patients across all studies examined.
Although a few studies used the same steroid and/or anes-
thetic making comparison possible, no two studies had the
exact same LIAS formula. Finally, no study reported on the
exact site of LIAS delivery during the TKA, a potential con-
founding factor to this systematic review.

In conclusion, LIAS could provide increased benefits to
patients in the early postoperative period when compared to
patients receiving LIAWS after TKA. 4 outcome criteria with
no conflicting data from the included 5 studies were found to
significantly be improved in LIAS patients as compared to
LIAWS patients: LOS, CRP, IL-6, and SLR. Significant data on
the aforementioned categories was recorded within the first
few hours and days following the TKA. Based on this sys-
tematic review, future RCTs studying the effect of steroids in
LIA following TKA should concentrate efforts on data collec-
tion and outcome analysis on the first hours and days
following the TKA and its effect on patient reported outcomes.
Although there seems to be data supporting the benefits of
LIAS, higher power studies need to be conducted before we
can definitively claim LIAS is beneficial for patients post TKA.
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