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ABSTRACT

Background: Adequate pain management after knee arthroscopy (KA) under general anesthe-
sia (GA) is often problematic. Therefore, we evaluated the efficacy and safety of lidocaine patch
5% (LP5) supplementation to intra-articular (IA) bupivacaine and dexmedetomidine after KA
under GA.

Methods: This randomized controlled study was conducted on 40 adult patients undergoing
KA under GA. Patients were randomized into two groups (20 patients in each). At the end of the
surgery, group A received an IA injection of 10 ml bupivacaine 0.5% and 1 pg/kg dexmedeto-
midine diluted in 10 ml saline. Group B received as group A, and one LP5 (700 mg) applied at
the portal site for 12 h postoperatively. Intravenous pethidine 20 mg was administered if the
postoperative visual analogue scale (VAS) was >4.

Results: The postoperative pethidine consumption in the first 24 h was significantly lower in
group B. The time of the first request of analgesia and number of patients discharged at 24 h
were significantly higher in group B. Heart rate, mean arterial pressure, and VAS were sig-
nificantly higher in group A at 6, 8, and 12 h postoperatively. In group B, serum lidocaine levels
reached its peak (31.4 + 3.01 ng/mL) at 12 h and were negatively and strongly correlated with
VAS at 12, 18, and 24 hours (r = —0.736 and P < 0.001). All postoperative adverse effects were
minimal and mild.

Conclusion: After KA, LP5 supplementation to IA bupivacaine and dexmedetomidine
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decreased the postoperative pain and narcotic requirements safely.

1. Introduction

Knee arthroscopy (KA) is a useful surgical procedure to
manage and treat many common knee conditions [1].
The advantage of KA is being a minimally invasive
technique allowing an earlier return to daily activ-
ities [2].

Most patients have moderate to severe pain in the
first 24 hours after KA. Unrelieved pain may delay
discharge and prolong hospital stay [3].

Different drugs (such as opioids, non-steroidal anti-
inflammatory drugs (NSAIDs), and clonidine) and regi-
mens (such as regional blocks, intra-articular (IA)
administration of local anesthetics) were used to pro-
vide an effective, safe, and long-lasting analgesia after
KA [4-6]. Intra-articular (IA) administration of bupiva-
caine only showed effectiveness for short periods, and
efforts to enhance the quality and duration of analge-
sia included the use of different adjuvant drugs, like
opioids, NSAIDs, magnesium sulphate, dexmedetomi-
dine, ketamine, and neostigmine [7-11].

One of the most commonly prescribed topical
analgesics to date is the lidocaine patch 5% (LP5)

[12]. LP5 shows short- and long-term tolerability with
minimal absorption in the systemic circulation
(3 £ 2%), reducing the risk of drug-drug interac-
tions [13].

Although there is a lack of consensus among
experts regarding the role of LP5 in the treatment of
pain, its use has been reported in a variety of condi-
tions such as osteoarthritis of the knee [14]. Several
studies showed the efficacy of LP5 in reducing post-
operative pain after knee surgeries [15,16],

However, there is no published study about the use
of both LP5 with IA administration of local anesthetics
simultaneously. Therefore, this work aimed to evaluate
the efficacy and safety of LP5 supplementation to IA
bupivacaine and dexmedetomidine after KA under
general anesthesia (GA).

2. Materials and methods

This prospective randomized controlled open-label
clinical study was conducted on 40 adult patients
from both sexes, aged between 18 and 60 years, ASA
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physical status I-l, undergoing elective KA with
a duration of surgery less than 90 minutes. We
obtained the approval of the Ethics Committee from
the Faculty of Medicine, Tanta University and a written
informed consent from all participants in this research.
The registry number on clinicaltrial.gov s
NCT04322760.

Exclusion criteria were patient refusal, pregnancy,
lactation, cardiac, renal, or hepatic diseases, hyperten-
sion treated with a methyldopa or beta-adrenergic
blockers, opioid use within the previous 24 h, receiving
class | antiarrhythmic drugs (such as tocainide and
mexiletine), and known history of sensitivity to amide
local anesthetics or to any other component of the LP5.

After evaluating the medical and surgical history of
every patient, we conducted their clinical examina-
tions and performed routine laboratory investigations.
Patients were trained on the use of visual analogue
scale (VAS) to determine the intensity of the pain on
a scale from (0-100) where 0 = no pain and 10 = the
worst pain.

Patients were randomly allocated into two equal
groups; 20 patients in each group. Group A (Control
group): received IA 10 ml bupivacaine 0.5% and 1 ug/
kg dexmedetomidine diluted in 10 ml saline 0.9%
(without LP5) and group B (intervention group): as
group A plus application of one LP5 for 12 hours.

Randomization was performed by computer-
generated random numbers and inserting them into
opaque concealed envelopes. It was not applicable to
make blind allocations.

2.1. General anesthesia

We administered crystalloid fluids to each patient after
establishing an intravenous line (18 G cannula).
Monitoring was done by five leads ECG, non-invasive
arterial blood pressure system, pulse oximetry, capno-
graphy, and temperature probe.

GA was performed by the same anesthesiologist.
After pre-oxygenation with 100% O, for 3-5 minutes,
GA was induced by 1 pg/kg fentanyl, 2 mg/kg propo-
fol, and 0.5 mg/kg atracurium, then the trachea was
intubated. Anesthesia was maintained by 60% O,, iso-
flurane at 1 MAC, and boluses of atracurium of 0.1 mg/
kg and fentanyl 0.5 pg/kg were given when needed.

2.2. Surgical procedure

Before the surgical incision, a thigh pneumatic tourni-
quet was applied to all patients on the same side of the
surgery, at a pressure of 150 mm Hg above systolic
blood pressure. The same surgeon performed all the
procedures using a standard surgical technique.

After the end of the surgery, the tourniquet was
released then under a complete aseptic technique,
patients in group A were administered a 10 ml IA

injection consisting of 0.5% bupivacaine and 1 ug/kg
dexmedetomidine diluted in 10 ml saline through one
of the arthroscopic ports (Total volume 20 ml). Patients
in group B (Lidocaine group) received the same IA
injection as the previous group, in addition to an LP5
(Lidodermy, Hind Health Care, San Jose, CA) for the first
24 hours postoperative. LP5 contains an adhesive with
lidocaine 5% base (700 mg/patch), water, glycerin,
d-sorbitol, sodium polyacrylate, sodium carboxy-
methylcellulose, propylene glycol, and other ingredi-
ents on a non-woven polyester backing. The size of
a single patch is 10 * 14 cm applied to the skin
between the arthroscopic ports. After that, the knee
joint area was wrapped with dressings and bandages.

After extubation, patients were transferred to the
post-anesthesia care unit (PACU). Patients were not
discharged before 24 h for research purposes.

Paracetamol 1 gm intravenous infusion was given
every 8 hours as routine analgesia. Intravenous pethi-
dine 20 mg was administered as rescue analgesia if
VAS was >4.

2.3. Measurements

Heart rate (HR), mean arterial pressure (MAP), respira-
tory rate (RR), peripheral oxygen saturation (SpO,), and
VAS were recorded at PACU, 1, 2, 4, 6, 8, 12, 18, and
24 h postoperatively. In group B, blood samples were
withdrawn for determination of lidocaine concentra-
tion at the same time of VAS measurement. Besides,
we recorded the time of the first postoperative analge-
sic (pethidine) request and pethidine consumption in
the first 24 h. Postoperative adverse effects probably
due to lidocaine or other drugs were evaluated: nau-
sea, vomiting, erythema, edema, rash, sedation, or
local anesthetic toxicity. The primary endpoint was
postoperative pethidine consumption in the first
24 h, and the secondary endpoints were the time of
first analgesic request, percent of patients discharged
at 24 h, safety of lidocaine, and dexmedetomidine, and
correlation between VAS and lidocaine level in
group B.

2.4. Sample size calculation and statistical
analysis

The sample size was calculated according to a pilot
study done before the start of the study (five patients
in each group). The mean (xSD) total dose of post-
operative pethidine consumption (the primary out-
come) was 480 * 1095 mg in group A and
36.0 + 8.94 mg in group B. With a 95% confidence
limit, 90% power, 1.2 effect size, and 4 cases added to
overcome dropout, 20 cases were recruited in each
group.

Statistical analysis was done by SPSS v25 (IBM©,
Chicago, IL, USA). Shapiro-Wilks test was used to



evaluate the normality of the distribution of data.
Quantitative parametric data were presented as mean
and standard deviation (SD) and were compared by
Student t-test. Quantitative non-parametric data were
presented as median and range and were compared
by Mann Whitney-test. Qualitative data were pre-
sented as number and percent and were compared
by chi-square (X?) or Fisher's Exact test when appro-
priate. Pearson correlation between serum lidocaine
level and VAS score was done. P-value <0.05 was con-
sidered statistically significant.

3. Results

The flowchart of studied patients of both groups is
shown in Figure 1. There was no significant difference
in age, sex, weight, ASA physical status, or the type and
the duration of the operations between both groups
(Table 1).

The median (IQR) postoperative pethidine con-
sumption in the first 24 hours in group B was signifi-
cantly lower than group A (40 (15-40) vs. 60
(40-60) mg, P < 0.001). There was a significant increase
in the time of the first request of analgesia in group
B compared to group A (10640 + 76.19 vs.
397.0 + 35.63 minutes; P < 0.001). Number of patients
discharged at 24 h were higher in group B than group
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A (17 (85%) vs 9 (45%), P = 0.019). There were insignif-
icant differences in postoperative adverse effects
between both groups. (Table 2)

HR (Figure 2), MAP (Figure 3), and VAS (Table 3)
showed significant increases in group A compared to
group B at 6, 8, and 12 h postoperatively and insignif-
icant differences throughout other times of recordings
between both groups. Regarding the RR and SpO,,
there were insignificant differences between both
groups at all times of recording.

Serum lidocaine levels increased gradually till
reached their peak (31.4 £ 3.01 ng/mL) at 12 h then
decreased gradually (Figure 4) and were negatively
and strongly correlated with VAS at 12, 18, and
24 hours [r = —0.736 (95% confidence interval: —0.837
to —0.588) and P < 0.001]. (Figure 5)

4. Discussion

Current evidence demonstrates that the administra-
tion of a single injection of IA bupivacaine effectively
reduces postoperative pain after KA with satisfactory
short-term safety. This effect may be due to the inhibi-
tion of nerve conduction through C and AS fibers, in
addition to stimulating the release of peripheral enke-
phalin-like transmitters [17,18]. IA dexmedetomidine
seems to exert its analgesia primarily through direct

Enrollment Assessed for eligibility (n = 52)
Excluded (n = 12)
+ Not meeting criteria (n = 7)
+ Declined to participate (n = 5)
Randomized (n= 40)
v
l Allocation l
Group A (n =20) Group B (n = 20)
received intra-articular 10 ml bupivacaine received intra-articular 10 ml bupivacaine
0.5% and 1ug/kg dexmedetomidine diluted in 0.5% and 1pg/kg dexmedetomidine diluted in
10 mi 10 ml with a lidocaine patch 5%
l Follow-Up l
20 patients were included in the follow-up 20 patients were included in the follow-up
(No drop out) (No drop out)
l Analysis l
20 patients were included in the analysis 20 patients were included in the analysis
(No excluded cases) (No excluded cases)

Figure 1. CONSORT flow diagram of both groups.
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Table 1. Patient characteristics of both groups.

Group A(n = 20) Group B(n = 20) P value
Age (years) 40.6 £+ 9.06 36.5+ 793 0.141
Sex Male 17 (85%) 13 (65%) 0.273
Female 3 (15%) 7 (35%)
Weight (kg) 787 £9.2 81.3 £8.25 0.353
ASA physical status | 16 (80%) 13 (65%) 0.480
Il 4 (20%) 7 (35%)
Type of the operation Cruciate ligament 10 (50%) 12 (60%) 0.525
reconstruction
Meniscal repair 10 (50%) 8 (40%)
Duration of operation (min) 69.5 + 7.13 71.25 + 8.23 0.477

Data are presented as mean = SD or number (percentage). ASA: American Society of Anesthesiologists

Table 2. Comparison of outcomes in both groups.

Group A Group B
(n = 20) (n = 20) P value
Postoperative pethidine 60 (40-60) 40 (15-40) <0.001

consumption in the first
24 h (mg)

Time to first request of
analgesia (h)

397.0 £35.63 1064.0 +76.19 <0.001

Number of patients 9 (45%) 17 (85%) 0.019
discharged at 24 hours
Postoperative PONV 4 (20%) 3 (15%) 1
adverse effects Edema 2 (10%) 3 (15%) 1
Erythema 3 (15%) 4 (20%) 1
Sedation 5 (25%) 3 (15%) 0.695

Data are presented as mean + SD, median (IQR), or number (and percen-
tage). PONV: postoperative nausea and vomiting

local action. However, this does not exclude systemic
absorption and an accompanying central analgesic
effect [11].

The primary aim of this study was to estimate the
postoperative pethidine consumption in the first
24 hours after KA under GA, which was significantly
lower in group B than group A. There were no previous
studies to compare pethidine consumption.

The secondary outcomes were 1) the time of first
analgesic request, which was significantly increased in
group B compared to group A, 2) safety, which was
demonstrated by the minimal side effects, and 3) cor-
relation between VAS and lidocaine level in group
B which was negative and strong. All the previous

120 ,
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results ensured the efficacy and safety of LP5 applica-
tion to the intact skin between the portal site in
patients undergoing KA under GA.

The novelty in the present study was not only sup-
plementation of LP5 to IA bupivacaine and dexmede-
tomidine but also results obtained from blood samples
withdrawn for determination of serum lidocaine con-
centrations and correlation with the pain intensity.

Application to injured skin, although not tested, may
result in higher blood concentrations of lidocaine from
increased absorption. LP5 is only recommended for use
on intact skin [12]. Fortunately, the penetration of lido-
caine into intact skin after applying LP5 is sufficient to
produce an analgesic effect but less than the amount
necessary to produce a complete sensory block [19].

In the present study, the authors found that lido-
caine levels increased gradually till they reached their
peak (31.4 + 3.01 ng/mL) at 12 h then decreased
gradually. IA bupivacaine dexmedetomidine covered
the first 6-8 hours postoperative till lidocaine reaches
its peak. The peak level of lidocaine is much lower than
its dose as an antiarrhythmic drug.

LP5 has an analgesic effect by suppressing the activity
of peripheral sodium channels of sensory afferents,
thereby reducing ectopic paroxysmal discharge and
pain transmission as well as decreasing expression of
MRNA in the sodium channel [20]. Another explanation

40
20
0 >
PACU 1h 2h 4h 6h 8h 12h 18h 24h
Group A Group B

Figure 2. Postoperative heart rate changes in both groups.
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Figure 3. Postoperative mean arterial blood pressure changes in both groups.

Table 3. Postoperative visual analogue scale (VAS) in both
groups.

Group A Group B
Time (n =20) (n=20) P value
PACU 0 (0-1) 1(0-1) 0.140
1h 1(0.75-1) 1(0-2) 0.602
2h 1.5(1-2) 1(0-2) 0.176
4h 2(1-2) 1(0-2) 0.071
6h 3.5 (2-5) 1(0-2) <0.001
8h 3.5 (3-5) 1.5(1-2) <0.001
12h 3.5 (2.75-5) 1(0.75-2) <0.001
18h 3.5 (2-5) 4 (2.75-4) 0.889
24 h 4.5 (2.75-6) 4 (3-4) 0.204

Data are presented as median (IQR; interquartile range), PACU: Post-
anesthesia care unit

is the suppression of proteolytic release and inflammatory
mediators from the surgically damaged tissue, which
activates and maintains postoperative pain, thereby indu-
cing antinociception and alleviating the pain [21].

In 1999, LP5 was first approved by the FDA for the relief
of pain associated with postherpetic neuralgia (PHN) [22].

40 ,
35
30
25

20

Mean £ SD

15

1 %+

Serum lidocaine level (ng/mL)

Over the past years, the LP5 has emerged as a widely used
treatment modality in PHN and other conditions such as
lower back pain, carpal tunnel syndrome, diabetic periph-
eral neuropathy, and osteoarthritis joint pain.
A systematic review [23] showed that LP5 was effective
in multimodal systemic therapies for specific procedural
pain, but future studies are needed to examine its use.

Saber et al. [24] found that LP5 significantly reduced the
pain score in patients who underwent laparoscopic ventral
herniorrhaphy than the control group but had insignificant
lower analgesic use and duration of hospital stay.

Another study [25] showed that the lidocaine patch
group reported significantly less pain on coughing
over all periods after radical retro-pubic prostatect-
omy, but the postoperative morphine consumption
was not different between the groups.

Furthermore, Kim [26] found that the LP5 provided
better pain relief and higher patient and operator

PACU 1h 2h 4h

6h 8h 12h 18h 24h

Postoperative time

Figure 4. Postoperative serum lidocaine levels in group B.
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40
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25
20
15

10

Serum lidocaine level (ng/mL)

VAS

Figure 5. Correlation between postoperative serum lidocaine levels in group band visual analogue scale (VAS).

postoperative satisfaction after percutaneous endo-
scopic lumbar discectomy.

Also, Kwon et al. [27] found that placing the lido-
caine patch at the laparoscopic port sites reduced
postoperative pain, particularly postoperative wound
pain after gynecological laparoscopic procedures.

Moreover, Fiorelli et al. [28] showed a significant reduc-
tion in pain intensity, both at rest and after coughing, with
a decrease in the total morphine consumption in post-
thoracotomy pain in the lidocaine group placebo group.

The present study was in disagreement with Khanna
et al. [15]. They demonstrated that the LP5 group does
not provide significant additional pain relief compared
with the control group after total knee replacement.

Similarly, Ingalls et al. [29] concluded that the LP5
does not significantly improve pain control in poly-
trauma patients with traumatic rib fractures. Their
insignificant results may be explained by that the LP5
delivers lidocaine to the intact skin around the wound
instead of directly into the wound as lidocaine diffuses
from the epidermis to the deeper parts of skin instead
of spreading under the epidermis, or even under the
dermis like in wound infiltration [15,29]. Also, the dif-
ference in results may be the higher level of pain in
total knee replacement and traumatic rib fractures.

The conventional pain control methods used after
KA are systemic administration of analgesics, including
opioids, NSAIDs, and acetaminophen, which frequently
cause side effects [30]. Also, regional blocks (such as
sciatic, obturator, and femoral blocks) are reportedly
effective in reducing pain but carries the risk of per-
ipheral neuropathy (3 in 10,000) [31]. Hypotension,
headache, nausea/vomiting, and shivering are the
most common side effects of epidural or subarachnoid
block techniques [32].

In contrast, topical anesthetics act directly on the pain
area and minimize the incidence of side effects and drug-
drug interactions. This was confirmed by results obtained
from the present study that showed the hemodynamic
stability with no attacks of bradycardia or hypotension in
both groups and the low serum level in group B. PONV,
edema, erythema, and sedation occurred in a low percen-
tage of patients and were mild. No detected cases of local
anesthetic toxicity in patients of both groups.

Our results agree with Rowbotham and Fields
[33], who found that the LP5 leads to a better
hemodynamic profile and pain relief in postherpe-
tic neuralgia. A recent meta-analysis [34] demon-
strated that LP5 was similar to pregabalin in
reducing pain in peripheral neuropathic pain with
better adverse events profile.

One of the limitations of our study was the use of single
LP5, but this is attributed to the small surface area of skin
field between the KA portal openings. Another one was the
limited time of patch application (12 hours only), but this is
attributed to the type of KA as an ambulatory, day case
surgery. Therefore, further studies with more than one LP5,
for a prolonged time of follow up and without IA adminis-
tration of local anesthetics are recommended.

5. Conclusion

After KA, LP5 supplementation to IA bupivacaine and
dexmedetomidine decreased the postoperative pain
and narcotic requirements safely.
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