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Introduction: Keloid is an abnormal fibroproliferative healing response characterized by excessive and invasive tissue growth
beyond the wound boundaries. The conventional treatment involves injecting drugs such as triamcinolone acetonide (TA), 5-fluor-
ouracil (5-FU), or their combination intralesionally. However, the pain associated with injections often leads to low patient compliance
and treatment failure. The spring-powered needle-free injector (NFI) provides an affordable alternative option for drug delivery with
reduced pain.

Case: This case report presents a 69-year-old female patient with a keloid treated using a spring-powered needle-free injector (NFI)
for drug delivery. The keloid was assessed using the Vancouver Scar Scale (VSS) and the Patient and Observer Scar Assessment Scale
(POSAS). The patient’s pain level was measured using the Numeric Pain Rating Scale (NPRS). TA and 5-FU mixed with lidocaine
were loaded into the NFI and injected at a dose of 0.1 mL/cm? The treatment was repeated twice a week. After four sessions, the
keloid flattened by 0.5 cm, VSS score decreased from 11 to 10, and POSAS scores decreased from 49 to 43 (observer) and from 50 to
37 (patient). The NPRS during each procedure was 1, indicating minimal pain.

Discussion: The spring-powered NFI is a simple and cost-effective device that operates based on Hooke’s law, producing a high-
pressure fluid jet for effective skin penetration. The NFI demonstrated effectiveness in treating keloid lesions, resulting in visible
improvement after four treatments.

Conclusion: The spring-powered NFI offers an affordable and painless alternative to keloid treatment.
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Introduction

Keloid is an abnormal fibroproliferative healing response that causes excessive and invasive tissue growth beyond the
original boundaries of the wound.' This condition affects patient’s quality of life, physical status, and psychological
wellness.” Despite the numerous treatment options available, keloid treatment remains a challenge for healthcare
professionals due to the high recurrence rates.* Intralesional drug injection, either with 5-fluorouracyl (5-FU), triamci-
nolone acetonide (TA), or combination of both, are the commonly used treatment for keloid.” However, this procedure
can be excruciating and may negatively affect patient compliance leading to the failure of treatment.® As such, there is
a need for the development of more effective, tolerable, and patient-friendly treatment options for keloid.

Needle-free injector (NFI) is a drug delivery device that uses one of several forces such as Lorentz force, shock wave,
gas pressure, electrophoresis, or through mechanical spring compression to push the drug into the skin without the use of
a needle.”® Among these methods, the spring-powered NFI stands out as the simplest and most cost-effective option, as it
operates according to Hooke’s law, which governs the relationship between the applied force and the resulting displace-
ment of the spring.” From an engineering standpoint, this method is relatively affordable as it does not require any
electrical power or electronic components.”
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Several studies have shown that steroid injections administered with NFI for hypertrophic wounds and keloids can
reduce the thickness of the scars with less pain.>'*!! To date, there have been few case reports on keloid treatment using
the NFI method. However, no keloids specifically treated by spring-powered NFI with a combination of TA and 5-FU
have been reported. In this report, we present a successful case of keloid treatment using the spring-powered NFI with
a combination of 5-FU and TA. This approach offers improved patient compliance and success rates due to its minimal
discomfort during the procedure.

Case Report

A 69-year-old female presented to our Dermatology and Venereology Clinic with a significant complaint of extensive
scar tissue on her back. According to the patient, the scar tissue was first noticed 18 years ago when it was the size of
a peanut. After a year of injection therapy with a local physician, there was some improvement in the thickness of the
lesion. However, the patient noticed that the scar tissue regrew and increased in size. Despite further injection therapies,
the lesion continued to grow over time. Two weeks before her consultation, the patient reported the itch worsened,
prompting her to seek medical care at our clinic.

During the physical examination, we observed several keloidal lesions on both the left and right scapula, with the
largest lesion measured 8.5 x 5.5 x 1 cm (Figure 1). To assess the patient’s scarring we used the Vancouver scar scale
(VSS) and the patient and observer scar assessment scale (POSAS). The initial VSS score was 11 and POSAS for
observer component score was 49, with patient component score was 50. During procedure, patient is required to scale
the pain of injection with numeric pain rating scale (NPRS).

We treated the lesions with a combination of TA (40 mg/mL) and 5-FU (50 mg/mL) intralesional injection using NFI
(Thesera®) at a dose of 0.1 mL/cm? (Figure 2). The injection site was marked with 1 cm? squares. The NFI injector body
was set at 10, and a mixture of 0.5 mL TA (40 mg/mL), 4 mL 5-FU (50 mg/mL), and 0.5 mL 2% lidocaine was inserted
into the head ampule for approximately 0.1 mL. The nozzle was pressed against the lesion, and the tip of the NFI was
pressed until the mixture solution was discharged. This process was repeated until all the marked areas were covered.
This procedure was repeated twice a week. Patient scaled NPRS as 1 for every procedure.

Over a period of 68 days, the procedure was repeated four times. Throughout this time, there was a noticeable
improvement in the lesion, as it began to flatten for 0.5 cm (Figure 3). In addition, VSS score decreased to 10, while the
POSAS score decreased to 43 for the observer component and 37 for the patient component. The patient was also
reported that the current procedure was less painful compared to the prior technique with conventional intralesional
injection.

Discussion

Keloids are a skin condition where scar tissue develops and extends beyond the boundaries of the original wound in
a finger-like projection. In contrast to hypertrophic scars, which are confined to the area of the injury, keloids can grow
uncontrollably.'? The incidence of keloids varies, ranging from 0.09% to 16%. The development of keloids can be
influenced by both genetic and environmental factors.'> A recent study in 2021 by Oei et al'* reported 44 cases of
keloids, with a higher prevalence among women (58.8%). Notably, the majority of patients (63.6%) did not have a family
history of keloids. Patients with Fitzpatrick skin types III to IV are more prone to developing keloids.'?

The primary goal of keloid therapy is to prevent functional and cosmetic impairment.'” Intralesional corticosteroid
injections are a common treatment for keloids. It can soften and flatten lesions by reducing fibroblast proliferation,
collagen synthesis, glycosaminoglycan synthesis, and suppressing proinflammatory mediators.'®'” Among the corticos-
teroids, TA is the most used corticosteroid for this purpose.'? However, in cases where patients do not respond to
corticosteroid treatment, 5-FU is preferred. 5-FU inhibits fibroblast proliferation, prevents DNA and RNA synthesis, and
suppresses type-1 collagen expression in fibroblasts stimulated by TGF-B.'®! In a 2014 study by Khan et al*® 150
keloid patients were treated with either TA monotherapy or a combination of TA and 5-FU. The combination group had
a higher success rate, with improvements observed in 84% of patients, compared to 68% of patients in the monotherapy
group. However, although the combination of TA and 5-FU for treating keloid is widely recognized, there is no
consensus on the appropriate ratio of the two compounds.”*?' In this study, we followed the mixture proposed by
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Figure | Lesion before treatment (A—C). Notice the thickness of the lesion is | cm (D).

Levenberg et al,” which involved the combination of 0.5 mL of TA (40 mg/mL) and 4 mL of 5-FU (50 mg/mL).
Additionally, 0.5% lidocaine 2% was added into the combination to achieve analgesia effect.’

Intralesional injection is typically performed manually using a syringe, but this method can cause discomfort and
requires an experienced person to apply sufficient pressure for the drug to effectively infiltrate the keloid. Non-uniform
distribution can result in uneven depth, surface atrophy, telangiectasia, and recurrence rates of up to 50%.%> Controlled
fluid pressure, however, enables deep and uniform penetration throughout the thickness of the wound.*® Another option is
pressure-controlled jet injection, which has been shown to be effective in a study by Levenberg et al’ on 21 keloid
patients, resulting in a 53% reduction in VSS score, a 79% reduction in itching, and a decrease in the color, stiffness,
thickness, and irregularity components of POSAS.
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Figure 2 Spring-powered NFI device. Injector body (A). Nozzle (B) drug delivery disposable sterile medication cartridge. Reset box (C) for charging the injector. Adapter
(D) for filling nozzle from vial.

Needle-free injector is a device that can deliver medication at high speeds without a needle.'' These devices use
a high-velocity jet to puncture the skin surface and deliver drugs to the required depth without using a needle.” NFIs are
classified based on their mode of operation (spring-powered, laser power, and energy-propelled systems), the type of
material to be injected (liquid, powder, or projectile), drug delivery mechanisms, and target location (intradermal,
intramuscular, or subcutaneous).® The high speed of the fluid stream significantly reduces skin propagation momentum
and ultimately decreases dermal pain receptor activation.” A conventional NFI comprises a dose chamber with three
major components: (a) an injection chamber having sufficient mechanical strength to hold the drug to be injected under
pressure, (b) a nozzle with an orifice diameter of 50-360 um (~150 pum) and (c) a pressure source for energizing the
injecting drug to form high-velocity microjets (typical velocity higher than 100 m/s).”

The spring-powered NFTI is the easiest and simplest device among the others. This device works according to Hooke’s
law, which states that the force is proportional to the spring displacement.”* In this system, the energy stored during the
mechanical compression of a spring is used to accelerate the driving piston (Figure 4). By adjusting the piston friction
and the spring compression, the velocity range of the propelled microjet can be controlled (usually in the range 80—
200 m/s).” Its simplicity in the engineering point of view leads to cheaper manufacturing cost, thus it is more affordable
compared to the other NFI. As for the clinical point of view, the spring-powered NFI is easy to handle and applicable
virtually to all liquid formulation.’ NFIs can be used in several skin disorders such as depressed scars, hypertrophic scars,
wrinkles, anesthesia, alopecia areata, condyloma acuminata, basal cell carcinoma, and keloids.!! However, clinicians
must also be aware of the potential adverse effects of NFI use, such as the formation of blebs or epidermoid cysts. As of
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Figure 3 Lesion after 4 sessions (A—C). The thickness had been decreased to 0.5 cm (D).

the writing of this case report, there are no guidelines available regarding the parameters used for various clinical
conditions.”

The use of NFI in treating keloid has been observed in a few studies. Saray et al*® reported that the use of bleomycin
with air-powered jet injector yielded 73.3% complete flattening of keloid lesions. Levenberg et al® reported the use of jet
volumetric remodeling technology to deliver TA and 5-FU for keloid in 39 keloid lesions. There was a significant
improvement in VSS (53%), pain (69%), and pruritus (79%). In this study, we used the spring-powered NFI for the
procedure. The pain experienced during the procedure was relatively tolerable, as indicated by NPRS score 1 for each
procedure. The effectiveness of the treatment was demonstrated by the VSS score decreasing from 11 to 10. Additionally,
the POSAS score for the observer component decreased from 49 to 43, and for the patient component, it decreased from
50 to 37. Notably, the itching, thickness, and irregularity components showed significant improvement.
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Figure 4 Schematic illustration of spring-powered needle-free injector.

Conclusion
The use of spring-powered NFI with a combination of TA and 5-FU is found to be effective to treat keloid. The spring-

powered NFI has the potential to become a viable and affordable alternative to traditional needle-based treatments for
keloids.
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