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Background: Treatment for pain due to shoulder impingement syndrome (SIS) typically begins
conservatively with nonsteroidal anti-inflammatory drugs and physical therapy and can include
subacromial injection of corticosteroids, particularly in patients unresponsive to conservative
measures. The heated lidocaine/tetracaine (HLT) patch has been reported to reduce SIS pain
in a small case series.

Methods: This was a prospective, randomized, open-label clinical trial in which adult patients
with SIS pain lasting at least 14 days, with an average intensity of =4 on a 0—10 scale (0= no
pain, 10=worst pain) were randomized to treatment with the HLT patch or a single subacromial
injection of triamcinolone acetonide (10 mg). Patients in the HLT patch group applied a single
HLT patch to the shoulder for 4 hours twice daily, with a 12-hour interval between treatments
during the first 14 days, and could continue to use the patch on an as-needed basis (up to twice
daily) during the second 14-day period. No treatment was allowed in the final 14-day period. At
baseline and at days 14, 28, and 42, patients rated their pain and pain interference with specific
activities (0—10 scale).

Results: Sixty patients enrolled in the study (average age =51 years, range 18-75, n=21 female).
Average pain scores declined from 6.0+1.6 at baseline to 3.512.4 at day 42 in the HLT patch
group (n=29, P<<0.001) and from 5.6+1.2 to 3.242.6 in the injection group (n=31, P<<0.001).
Similar improvements were seen in each group for worst pain; pain interference with general
activity, work, or sleep; and range of motion. No significant between-group differences were
seen for any pain or pain interference scores at any time point.

Conclusion: These results suggest that short-term, noninvasive treatment with the HLT patch
has similar efficacy to subacromial corticosteroid injections for the treatment of pain associ-
ated with SIS.
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patch, pain

Introduction

Shoulder impingement syndrome (SIS), which is also referred to as subacromial
impingement syndrome' and rotator cuff disease,” is a common cause of shoulder
pain and dysfunction.'?® The symptoms of SIS primarily include pain and limitation
in the range of motion. These symptoms are thought to be caused by an impinge-
ment of the rotator cuff tendon under the acromion,* although other mechanisms may
contribute, eg, bursitis,’ tendinitis,® rotator cuff tear,® and rotator cuff tendinopathy.’
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The biological basis of the pain of SIS is not well understood,
but the histopathological changes in the rotator cuff of
patients with SIS are similar to the changes seen in other
overuse tendinopathies.® Therefore the pathophysiological
basis of pain in SIS might be similar to those pain mecha-
nisms (ie, ion channel and glutamate signaling) reported for
other conditions.

Treatment of SIS typically begins with conservative
therapy, including oral nonsteroidal anti-inflammatory drugs
(NSAIDs)*'" and supervised physical therapy,'' with the
goal of reducing pain and improving strength and function.!?
About two-thirds of patients respond favorably to NSAIDs
and physical therapy,'? and a recent meta-analysis of exer-
cise programs concluded that this strategy reduced pain
and increased function in the short-term."* In patients with
persistent symptoms, subacromial injections of lidocaine and
a corticosteroid may be indicated to reduce pain and thus
allow physical therapy to continue,'* although meta-analyses
of the use of corticosteroids in SIS have failed to reveal clear
evidence of benefit.>!*

The results of a recent pilot study'® and case reports'®
suggest that the heated lidocaine/tetracaine (HLT) patch
may represent an alternative conservative treatment for pain
associated with SIS. The HLT patch (Synera®; Galen US Inc.,
Souderton, PA, USA) contains a eutectic mixture of lidocaine
(70 mg) and tetracaine (70 mg) with an integrated oxygen-
activated heating component.'” These two local anesthetics
may exert their effect by targeting local ion and glutamate
channels, thereby reducing peripheral pain signaling. The
heating component, which is activated during administra-
tion by exposure of the HLT patch to air, has been shown to
enhance the rate of delivery of lidocaine in a pharmacokinetic
study.'® The depth and duration of dermal anesthesia reported
in a controlled study of the HLT patch suggests that it may
be effective in controlling pain in superficial musculoskeletal
structures.'® In this report, we describe a randomized clinical
study comparing the HLT patch with subacromial cortico-
steroid injections for treatment of SIS.

Materials and methods
Study ethics

The protocol was reviewed and approved by a local institu-
tional review board. All study participants provided written
informed consent prior to enrolling in the study and engaging
in any study activities. The study was conducted in accor-
dance with the World Medical Association, Declaration
of Helsinki, Ethical Principles for Medical Research
Involving Human Subjects, the International Conference on

Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use, and Title 21 of the Code
of Federal Regulations Parts 50, 54, 56, and 312.

Patient population

Patients =18 years old with unilateral pain associated with
SIS of at least 2 weeks’ duration were eligible to enroll in
the study. Other inclusion criteria were having tenderness at
the site of the rotator cuff tendons, having positive Hawkins’
and Neer’s signs,?’ and reporting an average pain intensity
of 4 on an 11-point numerical pain intensity scale (NPIS)
(0= no pain, 10= worst pain imaginable) over the previous
24 hours. Reasons for exclusion included the use of any topi-
cally applied medication on the target treatment area within
the 14 days preceding day 1 (prohibited medications included
NSAIDs, menthol, methyl salicylate, local anesthetics
[including Lidoderm®; Endo Pharmaceuticals Inc., Malvern,
PA, USA], and steroids), use of any injected medication
(eg, local anesthetics or steroids) within 60 days preceding
day 1, filing of a disability claim or currently receiving dis-
ability payments for SIS, use of any Class I antiarrhythmic
drugs, or participation in a clinical trial of an investigational
drug within 30 days before screening.

Study design

This was a randomized, open-label study (Clinicaltrials.
gov: NCT01544283). On day 1, patients were screened for
eligibility. In addition to recording baseline average pain
intensity over the previous 24 hours, patients rated their worst
pain over the previous 24 hours using the 11-point NPIS.
Baseline pain interference scores were recorded for general
activity, normal work, and sleep, using an 11-point scale
(0= no interference, 10= complete interference). Baseline
shoulder ranges of motion (internal rotation and abduction)
were measured with a goniometer.

Enrolled patients were randomized into two groups. In
the HLT patch group, patients applied a single HLT patch to
the affected shoulder twice daily for a 14-day period. Each
patch was removed 4 hours after application, and applications
were separated by about 12 hours. During the second 14-day
period, patients in the HLT patch group were allowed to use
the patch as needed up to twice daily as described above.
This pragmatic dosing was chosen because most patients
who treat acute musculoskeletal pain do so for a limited time
until pain subsides and function improves. No use of the HLT
patch was allowed during the final 14-day period to deter-
mine the durability of effect. In the injection group, patients
received a single injection of 1 mL of'a 10 mg/mL suspension
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of triamcinolone acetonide (Kenalog®-10; Bristol-Myers
Squibb, New York, NY, USA) into the subacromial space
of the affected shoulder. The injection was performed using
a lateral approach with palpitation of bony landmarks guiding
needle placement.

All patients were given a study diary and recorded their
average pain intensity over the previous 24 hours each eve-
ning, using the 11-point NPIS. In addition, patients recorded
their use of rescue medication for pain of SIS each evening.
Acetaminophen supplied by the study investigators could be
used as rescue medication for pain associated with SIS dur-
ing the study. However, any patient who used acetaminophen
for shoulder pain on two consecutive days was considered
a treatment failure.

On days 14, 28, and 42, patients were asked to complete
the Patient Global Assessment of Satisfaction (PGAS) and the
Patient Global Impression of Change (PGIC) scales. The
PGAS is a 5-point scale ranging from 0 (very dissatisfied) to
4 (very satisfied). The PGIC is a 7-point scale ranging from
1 (very much worse) to 7 (very much improved). Shoulder
range of motion was measured at these study visits, and pain
intensity and pain interference scores were also recorded.

Safety

Adverse events (AEs) were recorded at each study visit and
during a telephone call on day 7. The skin at the HLT patch
application site was assessed at study visits on days 14, 28,
and 42, using a 5-point scale (0=no erythema, 1= very slight
erythema, 2= well-defined erythema, 3= moderate to severe
erythema, 4= severe erythema [beet redness] to slight eschar
formation [injuries in depth]).

Data analysis

All patients who enrolled in the study and received a subac-
romial injection of corticosteroid or at least one HLT patch
were included in the intent-to-treat and safety populations.
In the intent-to-treat population, all post-baseline pain or
pain interference scores for patients who were withdrawn
from the study, violated the protocol, or were deemed treat-
ment failures were imputed as baseline observations carried
forward. The primary efficacy analysis (change in average pain
score) was conducted on the intent-to-treat population. All
statistical comparisons were conducted with a Student’s #-test.
A Bonferroni correction was employed to adjust for multiple
comparisons. P<<0.05 was considered statistically significant.
Based on an anticipated standard deviation for change in aver-
age pain scores of about 2.5, a total of 30 patients per group
should result in an estimated 90% power to detect a difference
of 2.0 in change of average pain score between groups. All
data are expressed as mean =+ standard deviation.

Results

A total of 60 patients enrolled in the study (Figure 1).
Twenty-nine patients were randomized to the HLT patch
group, and 31 patients were randomized to the injection
group. The baseline characteristics of the patients are
presented in Table 1. Twenty-three patients in each group
completed the study without a protocol violation or use of
acetaminophen for shoulder pain on two consecutive days.
In the HLT patch group, two patients (7%) were deemed
treatment failures due to excessive acetaminophen use, three
patients (10%) were withdrawn due to protocol violation
(improper patch use), and one patient (3%) withdrew due to

| Screened for eligibility (n=65) |

Screen failures (n=5)

« Exclusion/inclusion criteria (n=5)

| Randomized (n=60) |

L

HLT patch (n=29)

« Received 21 HLT patch (n=29; intent-to-treat
population and safety population)

|

L

Corticosteroid injection (n=31)

» Received injection (n=31; intent-to-treat
population and safety population)

L

Completed study (n=23; per-protocol population)
Withdrawn from study (n=6)
» Protocol violation (n=3)
— Patch compliance <80% (n=3)
+ Excess rescue pain medication use (n=2)
+ Adverse event (increased shoulder pain, n=1)

Figure | CONSORT flow diagram.

Completed study (n=23; per-protocol population)
Withdrawn from study (n=8)

» Excess rescue pain medication use (n=6)

* Lost to follow-up (n=2)

Abbreviations: HLT, heated lidocaine/tetracaine; CONSORT, Consolidated Standards of Reporting Trials.
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Table | Baseline patient characteristics A Average pain
Treatment group P-value 10
HLT patch Injection 9 —Jl- HLT patch (n=29)
Number of patients 29 31 __ 8- —{[I- Injection (n=31)
Age (years) 9,
Mean + SD 50.5+12.1 51.4+10.2 0.765 H
Range 28-72 18-75 g
Male:female 17:12 22:9 >
Baseline pain scores (mean * SD) 2
Average pain 6.01.6 5.6+1.2 0329 e
Worst pain 7.4+15 7.4%1.1 0.782 a
Baseline interference scores (mean + SD) 24
General activity 5.8+2.3 5.4+1.7 0517 1 L L |
Normal work 5.312.2 5.4+1.9 0.937
Sleep 64124 6.523 0.906 0= T T T l T T
) 0 7 14 21 28 35 42
Shoulder range of motion (mean £ SD) Days
Internal rotation (°) 36.4+27.0 28.9+24.0 0.259
Abduction (°) 90.9+29.8 94.7+32.6 0.639 AT oach B0 T AT paten PRN
Abbreviations: HLT, heated lidocaine/tetracaine; SD, standard deviation.
an AE (increased shoulder pain). In the injection group, two B Worst pain
patients (6%) were lost to follow-up, and six patients (19%) 10
were deemed treatment failures due to use of acetaminophen o B HLT patch (n=29)
for shoulder pain on two consecutive days. During days 14 . [ Injection (n=31)
to 28, the patients in the HLT patch group used an average 5 T
of approximately one patch per day. @
g
Q
E
Efficacy 9
. < oy « ., .. o
Baseline “average pain” and “worst pain” scores were similar 9
. 3
in each group (Table 1). Both treatment groups demonstrated E
.. . . . . 2 4 L
similar decreases in pain scores during the study (Figure 2). L
On day 42, 66% of patients in the HLT patch group demon- '
strated a clinically meaningful reduction (=30% reduction 0= I I I I I I
] ) i ) ) 0 7 14 21 28 35 42
in average pain score) compared with 55% of patients in Days

the injection group (Figure 3). The number of patients who
were designated as treatment failures due to two consecutive
days of acetaminophen rescue use (an indirect measure of
efficacy) was three times higher in the injection group than
in the HLT patch group (six patients in the injection group
versus two patients in the HLT patch group). Patients in both
groups demonstrated similar reductions in pain interference
scores during the study (Table 2).

Patient assessments of treatment

PGAS

On day 42, 26 of the 29 (90%) patients in the HLT patch group
reported being “satisfied” (n=11) or “very satisfied” (n=15)
with the treatment. Three patients expressed “no preference”.
In the injection group, 26 of 31 patients (84%) reported being
“satisfied” (n=5) or “very satisfied” (n=21). Two patients

[ HLT patch BID | HLT patch PRN

Figure 2 The effect of the HLT patch or subacromial corticosteroid injection
on (A) “average pain”, and (B) “worst pain” scores in patients with SIS.

Notes: Patients in the injection group were treated with a single subacromial
corticosteroid injection on day 0. Starting on day 0 and through day 4, patients in
the HLT patch group were treated with a single patch applied to the painful area
of the shoulder for a period of 3 to 4 hours twice daily. During the second [4-day
period, patients in the HLT patch group were allowed to use the patch as needed
up to twice daily as described for the initial 14-day study period. No treatment was
applied during the final 14-day period. *P<<0.00| compared with baseline.
Abbreviations: BID, twice daily; HLT, heated lidocaine/tetracaine; PRN, as needed;
SD, standard deviation; SIS, shoulder impingement syndrome.

expressed “no preference”, and one patient each reported
being “dissatisfied” or “very dissatisfied”. One patient in the
injection group did not provide a response. The distribution
of responses on days 14 and 28 in both groups was similar
to that observed on day 42.
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Percentage of patients

—Jl- HLT patch (n=29)
—{ 1 Injection (n=31)

0 T * T
0 20 40
Percent reduction in average pain score

T
60 80 100

Figure 3 Cumulative response curves for the percentage reduction in average pain score from baseline to day 42. The dotted lines represent the 30% and 50% thresholds

for reduction in pain scores.
Abbreviation: HLT, heated lidocaine/tetracaine.

PGIC

In the HLT patch group, 16 of 29 (55%) patients reported
being “very much improved” (n=5) or “much improved”
(n=11) on day 42. In the injection group, 20 of 31 patients
(65%) reported being “very much improved” (n=11) or
“much improved” (n=9). The distribution of responses for
the PGAS and PGIC on days 14 and 28 in both groups were
similar to those observed on day 42.

Shoulder range of motion

The effect of the treatment on shoulder range of motion is
shown in Figure 4. In the HLT patch group, internal rotation
increased from 36°127° at baseline to 56°+23° after 14 days

Table 2 Effect of treatment on pain interference scores

Day | Day 14 Day 28 Day 42
HLT patch (n=29)
General activity 5.8+2.3 3.522.4 3.0£2.5° 2.8+2.6*
Normal work 5.3+2.2 324024 2.8+2.6° 2.6+2.7°
Sleep 6.4+2.4 3.6£3.0° 3.443.0° 3.1£3.17
Injection (n=31)
General activity 5.4+1.7 3.41£2.7° 34128 3.1£2.9*
Normal work 5.4+1.9 3.312.6° 32428 29827
Sleep 6.5+2.3 3.243.0° 344320 2.943.2¢

Notes: Values expressed as mean * standard deviation. *P<<0.001 compared with
baseline (day 1); ®P<<0.01 compared with baseline (day I). No statistically significant
between-group changes were found.

Abbreviation: HLT, heated lidocaine/tetracaine.

of treatment. Abduction increased from 91°£30° at baseline
to 124°£23° after 14 days of treatment. These improvements
were sustained through day 42 and were comparable in magni-
tude to those observed in the injection group. Figure 5 shows
the cumulative response of shoulder range of motion from
baseline to day 42. In the HLT patch group, 38% of patients
achieved =80° internal rotation, and 14% achieved =170°
abduction at day 42. In the injection group, the proportions
of patients who achieved =80° internal rotation and =170°
abduction were 23% and 23%, respectively.

Safety

Twenty-seven treatment-emergent AEs were reported by
23 patients in the HLT patch group. Erythema was the most
common treatment-emergent AE (n=22). All cases of ery-
thema were considered probably or definitely related to treat-
ment and were mild to moderate in severity. A mild bullous
reaction at the application site was observed in one patient. In
the injection group, ten treatment-emergent AEs were reported
in five patients. All were mild or moderate in severity, and
none were deemed to be related to study treatment.

Discussion

This randomized study comparing a pragmatic dosing regi-
men using the HLT patch with a single subacromial injection
of corticosteroid for the treatment of SIS resulted in a similar
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Internal rotation Abduction
90 180
. * T . . + [ HLT patch (n=29)
80 * * 7 * *
x 150 - * [ Injection (n=31)

70 i
o
® 60 120 1
+l
% 50 7
£ 90 -
o 40+ |
Q
e
o 30+ 60
[4]
0 —

20

30 T
10 H i
0 - T T T — 0 T T T —
0 14 28 42 0 14 28 42
Study day Study day

Figure 4 Effect of treatment on shoulder range of motion.
Note: *P<<0.001 compared with baseline.
Abbreviations: HLT, heated lidocaine/tetracaine; SD, standard deviation.

Injections HLT patch
g 100 : 100 :
g -0 Baseline| > -0~ Baseline |
8 4y 80- -m- Day 42 £ 801 -e- Day 42
P [
gs o2
o & 604 Q3 60
28 0 ®
®'s >a
= 40 A S o 40
© o
E E
3 £
(&) 20 A 5 20 A
(&S]
0"|"|"|"|"|"| 0"1"1"1""""'
20 215 230 245 260 275 290 >0 215 230 =245 260 =75 290
Degrees internal rotation Degrees internal rotation
Injections HLT patch
o 100 . 100
(=)} . ) .
8 - Baseline o —O- Baseline
c 80 -m- Day 42 ] 80 - - Day 42
3o 5
= = E o 1
8.9 60- 5 E 60
0o® 0.2
-2 o ® ]
&6 40 2 2 40
] Z o
£ g 20
=1 4 4
g =
o .
230 =260 290 2120 =150 2180 >30 =60 =90 >120 =150 =180
Degrees abduction Degrees abduction
Figure 5 Cumulative shoulder range of motion at baseline and day 42.
Note: Vertical dotted lines represent the normal shoulder range of motion.
Abbreviation: HLT, heated lidocaine/tetracaine.
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reduction in pain scores (Figure 2) and pain interference
scores (Table 2), and improvement in shoulder range of
motion (Figure 4), in both treatment groups. Improvement in
these parameters was seen as soon as 14 days after initiating
treatment and persisted through day 42. The magnitude of
pain relief was clearly within the range that is considered to
be clinically important. At day 42, for example, 66% of the
patients in the HLT patch group and 55% of the patients in
the injection group experienced =30% reduction in average
pain score (Figure 3).

Subacromial injections of corticosteroids are com-
monly used as an initial conservative treatment of SIS.!2!
Systematic reviews and meta-analyses have generally con-
cluded that injections are effective, at least in the short term,?!
although controversy regarding the quality of the evidence
exists.”!* Presumably, corticosteroid injections exert their
benefit in the treatment of SIS by their anti-inflammatory
properties, although the evidence of an inflammatory com-
ponent to the pain of SIS is conflicting.>*>* Further use of
injectable corticosteroids is not without risk, as previous
reports of tendon rupture, subcutaneous atrophy, and articular
cartilage changes have been documented.

In this study, the HLT patch provided a noninvasive,
targeted treatment that resulted in substantial reduction in
pain, as well as an improvement in function, compared with
baseline. Although the exact mechanism of the HLT patch
for alleviating pain in SIS patients remains to be determined,
there are biochemical phenomena described in common
with other tendinopathies that may offer clues into potential
mechanisms. These include collagen loss and disorganization
and mucoid degeneration,”** but the biological mechanisms
that contribute to pain in these conditions remain to be fully
elucidated. Elevations of prostaglandin E2 were not found
in microdialysis samples taken from the patellar tendon of
patients with painful jumper’s knee compared with samples
from unaffected subjects, an observation that calls into ques-
tion the role of inflammation as a major cause of pain.?® Other
biochemical mediators, like neurotransmitter glutamate, may
influence nociceptors, and high levels of glutamate have
been identified by microdialysis in patellar and Achilles
tendinopathies.?® In addition, increased expression of the
glutamate receptor, N-methyl-D-aspartate (NMDA) recep-
tor type 1, has been found in biopsy samples from patients
with patellar tendinopathy but not from control subjects.?’?
Both lidocaine and tetracaine inhibit the NMDA receptor,
with tetracaine being the most potent of the local anesthet-
ics at inhibiting NMDA receptors;? thus, it is possible that

beneficial effects of the HLT patch in painful SIS is mediated
in part by blockade of this receptor.

The HLT patch is approved in the US and Europe with
an indication for providing dermal anesthesia for superficial
venous access and minor dermatologic procedures.'” Wallace
et al found that following a 30-minute application of the HLT
patch, pain sensation in response to a needle stick was elimi-
nated to a mean depth of 8.22 mm, with the largest anesthetic
effect occurring 60 minutes after removal of the HLT patch.*
The longer application times employed in the present study
might be expected to result in deeper penetration of lidocaine
and tetracaine. Although no direct evidence of the transdermal
transit of lidocaine and tetracaine to underlying subcutaneous
structures during in vivo application of the HLT patch has
been reported, Sekiya et al reported that the topical applica-
tion of the ketoprofen patch resulted in rapid and sustained
delivery to underlying tendon and muscle without substantial
increases in plasma concentrations.* Similar local delivery of
lidocaine and tetracaine to rotator cuff tendons would in part
explain the results observed in the present study.

Study limitations

Although the study randomized patients to the two different
treatment groups, it remained open-label. No placebo-treated
control group was included, and therefore the contribution
of a placebo response cannot be quantified in either treat-
ment group.

Conclusion

The HLT patch was utilized with a short-term pragmatic
dosing schedule, which was intended to reflect real-world
use of analgesics by patients with acute musculoskeletal pain
(fixed dosing for 2 weeks followed by as-needed dosing for
the subsequent 2 weeks), and resulted in a sustained benefit
lasting at least 6 weeks. This beneficial response was achieved
by a noninvasive approach and was similar to that observed
in the group of patients who were treated with a single sub-
acromial corticosteroid injection. Based on these results, the
HLT patch may represent an alternative initial conservative
treatment for SIS that targets different mechanisms than the
commonly used agents (ie, NSAIDs and corticosteroids),
and further study is warranted.
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