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Efficacy of epinephrine in local infiltration analgesia on
pain relief and opioid consumption following total knee
arthroplasty: a randomized controlled trial
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Background and purpose — Local infiltration analgesia
(LIA) is one of the effective regimens to reduce pain after
total knee arthroplasty (TKA). Epinephrine is a commonly
used sympathetic adjunct in LIA. It is expected to enhance
the intensity and extend the duration of LIA. The primary
aim of the study was to evaluate the efficacy of epinephrine
on postoperative pain control after primary TKA.

Patients and methods — A total of 80 patients who
underwent primary TKA were randomized into an epineph-
rine (EN) and a control (C) group. Postoperative visual ana-
logue pain score (VAPS) and morphine consumption were
recorded every 6 hours until 48 hours after operation. The
VAPS 6-48 hours were compared using repeated measure
statistics. The range of motion (ROM) on discharge and
complications were also compared between these 2 groups.

Results — The study showed that although VAPS dif-
fered statistically between the 2 groups at 12 hours (C
higher) and 48 hours (C lower) postoperatively (p = 0.04 and
0.02, respectively), repeated measures analysis revealed that
there were no significant differences in 648 hours VAPS (p
= 0.6). Total morphine consumption in the EN and C groups
was 3.4 (SD 3.7) and 4.2 (SD 4.4) mg, respectively (p =0.4).
ROM on discharge was also similar between the groups. No
complications were detected in this study.

Conclusion — Our study showed that additional epi-
nephrine in LIA had a statistically significant reduction in
VAPS at 12 hours and morphine usage during 6—12 hours
when compared with the control group. However, the mag-
nitude of difference did not reach minimal clinically impor-
tance difference (MCID) value for TKA.

Total knee arthroplasty (TKA) is a successful orthopedic pro-
cedure that can improve quality of life for patients with end-
stage knee osteoarthritis. Postoperative pain may affect patient
satisfaction and delays recovery and is controlled by a multi-
modal pain control regimen (1). Local infiltration analgesia
(LIA) or periarticular analgesic injection are useful adjuncts
to this regimen. This technique is effective up to 24 hours after
the operation (2). Incorporating a variety of ingredients in the
periarticular cocktail is still debated.

Fundamentally, the ingredients of LIA include anesthetic
base medication and added medications such as a nonsteroi-
dal anti-inflammatory drug, corticosteroid, and sympathetic
nervous system modulator (3). Epinephrine is the most com-
monly used sympathetic adjunct in LIA. The mechanism of
epinephrine is a non-specific alpha- and beta-adrenergic ago-
nist, which results in peripheral vasoconstriction. Therefore,
it may help to decrease the absorption of other medications,
enhance the intensity, and prolong the duration of LIA (4).
Nevertheless, caution should be taken when utilizing periph-
eral epinephrine administration due to concern over skin
necrosis and wound complication (3).

Because there is little data concerning the efficacy of epi-
nephrine in LIA, we conducted a randomized controlled trial
(RCT) to establish its efficacy in terms of pain reduction after
primary TKA. The primary aim was to evaluate whether or not
the presence of epinephrine in LIA could reduce early postop-
erative pain during the first 48 hours, and secondary aims were
to evaluate the impact of epinephrine on morphine consump-
tion and knee range of motion.

We hypothesized that adding epinephrine to the LIA regi-
men could further reduce postoperative pain and lower the
morphine consumption after TKA.
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Patients and methods

The study was reported according to CONSORT statement.
Eligibility criteria for this study were patients aged between
40 and 80 years who were diagnosed with primary osteoar-
thritis of the knee scheduled to undergo unilateral TKA. The
exclusion criteria were (i) severe deformity that required stem
or metal augmentation, (ii) previous knee surgery, (iii) allergy
to the drug used in the study, (iv) chronic kidney disease (esti-
mated glomerular filtration rate < 60 mL/min), (v) liver cirrho-
sis, and (vi) refusal to participate. The patients were blinded
to the intervention and randomly assigned into 2 groups: epi-
nephrine (EN) and control (C) groups. A block-of-4 random-
ized sequence was generated using www.randomization.com
and concealed by opaque envelopes. The process was done by
a research coordinator who was not involved in the study. The
flow of patients in this study is summarized in Figure 1.

3 experienced arthroplasty surgeons (RN, KC, and CP) per-
formed all the procedures with the same surgical techniques.
All operations were carried out under spinal anesthesia and
adductor canal block. A tourniquet pressure of 300 mmHg
was inflated before skin incision and deflated after skin clo-
sure. A mini-medial parapatellar approach was used (5). The
neutral mechanical axis of the lower limb was restored. After
trial components removal, a scrub nurse, who did not take
part in the study, opened the concealed envelope and assigned
the patients to the allocated treatment.

LIA, including 20 mL 0.5% bupivacaine, 30 mg ketorolac,
and 0.6 mg epinephrine (1:1000) was used in the EN group
while in the C group similar ingredients without epineph-
rine were used. LIA in each group was diluted with normal
saline until the total volume was 100 mL. The surgeon was
blinded to the intervention and injected LIA into 4 areas (25
mL per area); (i) posterior, posteromedial and posterolateral
capsules, (ii) medial gutter, (iii) lateral gutter, and (iv) quadri-
ceps muscles, retinacular tissue, pes anserinus, suprapatellar
and infrapatellar fat pads (6). Cemented Nexgen LPS-Flex
fixed bearing prostheses (Zimmer, Warsaw, IN, USA) were
implanted without patellar resurfacing. A vacuum drain was
placed intra-articularly and retained for 48 hours after sur-
gery. The same rehabilitative program was started on the
Ist postoperative day. For postoperative pain management
until 48 hours after surgery, all patients received intravenous
parecoxib (40 mg) every 12 hours and oral acetaminophen
with codeine (300/15 mg) every 6 hours. Intravenous mor-
phine (2 mg) every 2 hours was given as a rescue drug. All
patients and outcome assessors were blinded to the interven-
tion. Postoperative visual analog pain score (VAPS, ranging
from O [no pain] to 10 [extreme pain]) and morphine con-
sumption were recorded every 6 hours until 48 hours after
TKA. Before discharge, postoperative range of motion
(ROM) and complications including infection, skin necrosis,
and wound complication were also recorded.

Assessed for eligibility
n =90

Excluded (n = 10):

- severe deformity, 2

[~ | - chronic renal disease, 4
—drug allergy, 4

Randomized
n =80

l_

Allocated to epinephrine group Allocated to control group
n =40 n =40
| |
Analyzed in epinephrine group Analyzed in control group
n=40 n=40

Figure 1. Patient flowchart.

Sample size calculation

The primary outcome was VAPS during the first 48 hours.
Based on our pilot study of 10 patients, the EN group had a
mean difference of 1.5 points less in VAPS at 48 hours post-
operatively than the C group with a standard deviation of 2.0
points; a sample size of 38 knees per group was calculated to
have a power of 90% to detect a significant difference (alpha
=0.05). For anticipating possible losses of 5%, 40 knees were
enrolled in each intervention.

Statistics

Our data was analyzed using SPSS program version 18.0
(SPSS Inc., Chicago, Illinois). Continuous data was presented
as mean (standard deviation [SD]). Categorical data was pre-
sented as numbers and percentages. VAPS every 6 hours until
48 hours was compared using repeated measures statistics.
VAPS at each time point, morphine consumption, and ROM
before discharge were also compared using the independent
t-test. Statistical significance was set as a p-value < 0.05.

Ethics, registration, funding, data sharing, and disclosures

This study was approved by our institutional review board
(study identification number 696/2560) and registered with
ClinicalTrials.gov (NCT03549221). Every process of the
study was performed in agreement with the principles of the
Helsinki Declaration. Written informed consent was obtained
from all participants. This was an unfunded study. The data
that supports the results of this study is available from the
corresponding author upon reasonable request. All authors
declare no personal or professional conflicts of interest, and
no financial support from the companies that produce and/
or distribute the drugs, devices, or materials described in this
report. Completed disclosure forms for this article following
the ICMIJE template are available on the article page, doi:
10.2340/17453674.2023.8482

Results
40 patients in each group completed the study (Figure 1).
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Table 1. Patients’ characteristics. Values are mean (standard devia-
tion) or count

Control group Epinephrine group

Characteristics (n =40) (n = 40)
Age 70 (5.9) 69 (7.4)
Female sex 37 32

Right side 18 20

Weight (kg) 63 (11) 70 (13)
Height (cm) 153 (6.2) 154 (6.9)
BMI 26.8 (4.0) 29.4 (5.0)
Preoperative ROM (°) 110 (20) 104 (17)
Preoperative hematocrit (%) 38 (3.5) 40 (4.0)
Oxford knee score 30 (7.8) 27 (9.5)
Operative time (min) 76 (20) 77 (17)

BMI = body mass index; ROM = range of motion.

Table 2. Comparison of postoperative visual analogue pain score
(VAPS) between the 2 groups. Values are mean score (standard
deviation)

Control  Epinephrine Mean
group group difference
Outcomes (n = 40) (n = 40) (95% Cl) p-value
VAPS
6 hours 24(24) 2.0(26) 0.4(-0.7t01.5) 0.5
12 hours 25@25) 1422 1.1(0.1t02.2) 0.04
18 hours 1.6(2.1) 25(2.7) —-0.9(-2.0t00.2) 0.1
24 hours 1.5(1.9) 15(23) 0.1(-0.9t01.0) 0.9
30 hours 1.7(22) 19(24) -0.2(-1.2t00.8) 0.7
36 hours 1.0(1.5) 09(1.7) 0.1(-0.61t00.8) 0.8
42 hours 08(1.7) 14(22) -0.6(-1.5t00.2) 0.2
48 hours 0.3(0.8) 1.3(23) -09(-1.7to-0.2) 0.02
Maximal VAPS
0-24 hours 4.0(23) 39(28) 0.2(-1.0t01.3) 0.8
0-48 hours 4.5(2.3) 4.6(25) -0.1(-1.2t01.0) 0.9

CI = confidence interval

There was no difference in baseline data, but the majority
of our patients were females (Table 1). There were no sig-
nificant differences in VAPS at any time points except VAPS
at 12 (Control higher) and 48 hours (Control lower) post-
operatively (Table 2). However, repeated measures statistics
revealed no significant difference in VAPS every 6 hours
until 48 hours between the 2 groups (p = 0.6) (Figure 2).
Maximal VAPS within 24 hours and within 48 hours in both
groups were also comparable. In terms of morphine con-
sumption, there were no significant differences at any time
points except at 612 hours postoperatively. Nevertheless,
total morphine consumption was similar for both groups
(Table 3). At discharge, there was no significant difference
in postoperative ROM between the 2 groups (Table 3). No
complication was observed in this study.

Mean visual analogue pain score

Epinephrine group
Control group

o
6 12 18 24 30 36 42 48

Hours after surgery

Figure 2. Mean of postoperative visual analogue pain
score (VAPS) during the first 48 hours in both groups

Table 3. Comparison of morphine consumption and ROM at dis-
charge between the 2 groups. Values are mean (standard deviation)

Control  Epinephrine Mean
group group difference
Qutcomes (n =40) (n =40) (95% Cl) p-value
Morphine consumption (mg)
0-6 hours 0.7(1.1) 0.7(1.2) 0.0(-0.5t00.5) 0.9
6-12hours 1.0(1.4) 0.4(0.9) 0.5(0.0to1.0) 0.05
12-18 hours 0.4 (0.7) 0.4(0.8) -0.1(-0.4100.3) 0.8
1824 hours 0.6 (1.1) 0.6(0.9) —0.0(-0.5t00.4) 0.9
24-30 hours 0.7 (0.9) 0.4(0.7) 0.3(-0.1t00.6) 0.2
30-36 hours 0.4 (0.8) 0.3(0.6) 0.1(-0.2t00.4) 0.5
36-42 hours 0.4 (0.8) 0.2(0.6) 0.2(-0.1t00.5) 0.3
42-48 hours 0.2 (0.4) 0.4 (0.6) —-0.2(-0.41t00.0) 0.1
0-24 hours 2.6(3.2) 21(27) 0.5(-0.81t01.8) 0.5
2448 hours 16(1.99 13(1.5) 0.3(-0.4to1.1) 0.4
0-48 hours 4.2(4.4) 3.4(37) 0.8(-1.0t02.6) 0.4
ROM at
discharge (°) 88 (15 89 (10) —1.0(-6.6t0 4.6) 0.7

Cl = confidence interval; ROM = range of motion.

Discussion

The present study aimed to evaluate the effect of epinephrine
as part of the LIA regimen on pain score and morphine con-
sumption after TKA. Our study showed that additional epi-
nephrine in LIA had a statistically significant effect on VAPS
at 12 and 48 hours and morphine usage during 6—12 hours
when compared with the control group. However, the magni-
tude of difference did not reach the minimal clinically impor-
tance difference (MCID) for TKA, which was 2.3 points and
not even minimal detectable change (MDC), which was 1.6
points (7).

After thorough review, we found only 2 studies focused on
this topic. Schotanus et al. (8) conducted an RCT to compare the
effectiveness of LIA between using ropivacaine with and with-
out epinephrine. The authors also summarized that VAPS during
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the first 48 hours, rescue medication, and functional outcomes
were not significantly different between the groups. In another
recent RCT, Kong et al. (9) also found that the use of epineph-
rine in LIA using ropivacaine after TKA did not have any effect
on postoperative pain control, cumulative fentanyl usage, and
ROM. Their results were in accordance with our study.

Considering the anesthetic base medication in LIA, both
above-mentioned studies used ropivacaine. In an animal study,
Kopacz et al. (10) found that cutaneous blood flow after injec-
tion of ropivacaine was significantly lower than after injection
of bupivacaine. This vasoconstrictive effect of ropivacaine
might explain why the combination of ropivacaine and epi-
nephrine did not affect the blood flow (9). To the best of our
knowledge, our study was the first that used bupivacaine and
compared its efficacy with and without epinephrine in TKA.
Although ropivacaine represented a useful alternative to bupi-
vacaine due to less cardiotoxicity and less central nervous
system toxicity, this drug was not available in every insti-
tute. In terms of the vascular effect, intradermal bupivacaine
injection caused vasodilatation in a human study (11). Thus,
the addition of epinephrine that decreases this vasodilatation
effect should increase the maximum dose and the duration
of bupivacaine by delayed systemic absorption (12,13). This
effect of epinephrine has also been demonstrated in intrathecal
and locoregional local anesthetics (14). However, the efficacy
of this combination could not be demonstrated in our study.

Some studies were concerned about the complications of
LIA with epinephrine, including wound leakage and skin
necrosis (3,8). These complications were not observed in our
study. Nevertheless, Yoo et al. (15) observed another com-
plication that should be considered when using epinephrine-
containing LIA. Hypertensive response after deflating of the
tourniquet during TKA was more commonly found in their
patients who received LIA with epinephrine. Thus, it should
be administered cautiously, especially in patients with cardio-
vascular comorbidities.

The concentration of epinephrine was another issue that
must be considered during the injection because it might affect
the clinical outcome regarding the vasoconstriction effect. In
our study, 0.6 mg epinephrine (1:1000) was diluted with other
ingredients up to a total volume of 100 mL. Therefore, the
final concentration of epinephrine in our study was 1:166,667,
which is well in the effective range according to the study by
Liu et al. (13).

There were several limitations to this study. First, we did
not measure the blood level of bupivacaine. Thus, it was not
proven that epinephrine could extend the local anesthetic effect
by maintaining it localized to the area of injection. Second, the
effect of epinephrine on pain alleviation might not be large
enough when compared with our pain management protocol.
Third, we included only TKA without patellar resurfacing.
Therefore, the pre-existing patellar pathology in some patients
might affect the evaluation of VAPS. Additionally, during the
periarticular analgesic injection, the unintended intra-articular

injection of bupivacaine could damage the patellar chondro-
cytes (16). This effect might influence our results.

The strength of the study was that this was the first study to
evaluate the efficacy of epinephrine regarding pain and opioid
consumption in which bupivacaine was part of an LIA regimen.

Conclusion

Our study showed that additional epinephrine in LIA had a
statistically significant reduction in VAPS at 12 hours and
morphine usage during 6—12 hours when compared with the
control group. However, the magnitude of difference did not
reach MCID value for TKA (7). Moreover, repeated mea-
sures analysis found no difference in pain score between the
2 groups. We also found no difference in total morphine con-
sumption. Therefore, we suggest that epinephrine might be
unnecessary for LIA during primary TKA.
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