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Abstract

Background: Patients with hypertrophic scars (HTS) risk reduced quality of life
due to itching, pain, poor cosmesis, and restriction of movement. Despite good
clinical efficacy, patients are often reluctant to undergo repeated needle injections
due to pain or needle phobia.

Objectives: To evaluate the applicability of needle-free pneumatic jet injection
(PJI) and assess changes in hypertrophic scars following a single PJI treatment
with 5-fluorouracil (5-FU) and triamcinolone acetonide (TAC).

Methods: Twenty patients completed this blinded, randomized, controlled, split-
scar trial. The intervention side of the HTS received a one-time treatment with
PJIs containing a mixture of TAC + 5-FU injected at S mm intervals (mean 7 PJI
per HTS); the control side received no treatment. Assessments were made at
baseline and 4 weeks posttreatment. Outcome measures included change in
(1) Vancouver Scar Scale (VSS) total score and subscores, (2) scar volume and
surface area assessed by three-dimensional imaging, (3) skin microarchitecture
measured by optical-coherence tomography (OCT), (4) photo-assessed scar
cosmesis (0-100), (5) patient-reported pain and satisfaction (0-10), and (6) de-
piction of drug biodistribution after PJI.

Results: PJI with TAC + 5-FU significantly decreased both HTS height (—1 VSS;
p=0.01) and pliability (=1 VSS; p <0.01) with a nonstatistically significant re-
duction of —1 in total VSS score (0 in control; p =0.09). On 3D imaging, a 33%
decrease in scar volume (p = 0.016) and a 37% decrease in surface area (p = 0.008)
was observed. OCT indicated trends towards smoother scar surface
(Ra 11.1-10.3; p=0.61). normalized dermal microarchitecture (attenuation
coefficient: 1.52-1.68; p=0.44), and a reduction in blood flow between 9% and
17% (p = 0.50-0.79). Despite advances in VSS subscores and OCT, no improved
photo-assessed cosmesis was found (—3.2 treatment vs. —1.4 control; p =0.265).
Patient-reported pain was low (2/10) and 90% of the patients that had previously
received needle injections preferred PJI to needle injection. Depositions of
TAC + FU were imaged reaching deep into the scar at levels corresponding to the
reticular dermis.
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JET-INJECTION FOR HYPERTROPHIC SCARS

with needle phobia.
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INTRODUCTION

The incidence of hypertrophic scars (HTS) following
surgery is estimated to be around 40%-70% and up to
90% after burn injuries.” HTS are caused by abnormal
proliferation and maturation of fibroblasts resulting in a
hypermetabolic state with excessive collagen produc-
tion.” * HTS can impact the quality of life due to itching,
pain, poor cosmesis, and restriction of movement.” ’
First-line treatment includes intralesional corticosteroid
injections aimed at decreasing fibroblast proliferation.” '
Recently the combination of corticosteroids and the
antiproliferative agent 5-fluorouracil (5-FU) demonstrated
better efficacy and safety profile compared to corticoster-
oids alone." " Despite good clinical efficacy, patients
are often reluctant to repeated needle injections due to
associated pain. needle fatigue, and needle phobia."
Additionally, the treatment is hard to standardize, and
outcomes heavily rely on the practitioner's experience.

Pneumatic jet-injections (PJI) have historically
been used to conduct needle free-injections, including
vaccinations, but widespread use has been limited due
to the mechanical design and safety concerns, includ-
ing infections, bruising, and operator accidents.'™'°
Newer electronically controlled PJI systems have by-
passed previous impediments and can potentially offer
a more standardized needle-free method for treating
scars and other dermatological conditions. The current
data on PJI is mostly derived from preclinical studies
in healthy skin, but initial reports administering
intralesional corticosteroids by PJI in keloids have
shown promising results with improved appearance,
texture, and rigidity."’

In this study, we aim to evaluate the applicability of
PJI and assess changes in HTS following a single PJI
treatment with 5-FU and triamcinolone acetonide (TAC).

MATERIALS AND METHODS
Study design
This randomized, controlled, split-scar trial, compares a

single PJI treatment with a mixture of TAC and 5-FU to
untreated control. Assessments were made at baseline

Conclusion: A single PJI injection containing 5-FU and TAC can significantly
improve the height and pliability of HTS. PJI is favored by the patients and may
serve as a complement to conventional needle injections, especially for patients

3D imaging, D-OCT: MALDI, MALDI-MSI, needle-free, needle-ree injection, needle-free
transdermal jet injection, OCT, OCTA, optical attenuation, optical attenuation coefficient, patient
satisfaction, pliability, pressure-controlled jet injection, PROM, Ra, scar, texture, vascularity, volume

and 4 weeks posttreatment (1 week). The study was
approved by the Ethics Committee (H-19024719), Dan-
ish Medicines Agency, Danish Data Protection Agency,
and registered at www.clinicaltrialsregister.eu (2019-
001066-15). Written- and oral consent was obtained from
all participants before inclusion. The study was con-
ducted between November 2019 and March 2020 at the
Department of Dermatology, Copenhagen University
Hospital, Bispebjerg, and Frederiksberg.

Patients

Twenty patients with HTS were recruited. Inclusion cri-
teria included (1) >18-years of age, (2) HTS of minimum
3cm or two HTS of minimum 1 cm in the same anato-
mical area. Exclusion criteria included (1) pregnancy,
(2) intended pregnancy within 12 months of inclusion,
(3) lactation. (4) smoking, (5) anticoagulative therapy,
(6) previous use of scar relief products (silicone creams
and/or pressure/silicone bandages), (7) previous medical
treatments in the scar area (laser- and/or injection-
therapy), (8) known allergies to administered medica-
tions, and (9) a history of keloid scarring.

Pharmaceuticals

A combination of nine parts 5-FU 50 mg/ml (Fluorour-
acil “Accord,” Accord Healthcare Limited) and 1 part
TAC 10 mg/ml or 40 mg/ml (Kenalog®, Bristol-Myers)
was prepared. The TAC concentration (10 or 40 mg/ml)
was determined by the treating dermatologists (M.H.;
K.K.) based on the anatomical location of the scar and
the risk for atrophy. For safety reasons, a maximum
dose of 80 mg TAC and 100 mg 5-FU was set, equal to
25 injections per treatment area.

Randomization

At baseline, the scar was split in two and allocated to
either intervention or untreated control. The allocation
was randomized by a computer-generated sequence in
blocks of 4 (MatLab; Mathworks). The sequence was



























