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Abstract: Subungual wart with nail defects presents a therapeutic challenge in dermatology. Conventional treatments such as topical
medications, cryotherapy, and laser therapy often yield suboptimal outcomes and are associated with high recurrence rates. This report
describes the successful management of a refractory case of subungual wart with nail defects using electrocautery-assisted photo-
dynamic therapy (PDT).
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Introduction

Subungual wart, a particular localization of verruca vulgaris, is a human papillomavirus (HPV) infection' that poses
significant clinical difficulties. These lesions, located beneath the nail plate, can destroy the nail bed, leading to functional
and cosmetic impairment, and considerable inconvenience to patients. Current standard therapies, including topical
agents, liquid nitrogen cryotherapy, and CO, laser, are widely used but have notable limitations. The overlying nail plate
often impedes the penetration of topical medications, limiting their efficacy.” Cryotherapy is exceedingly painful in this
location and requires a prolonged course with high recurrence rates.> Destructive CO, lasers may cause delayed wound
healing, secondary infections, and permanent nail matrix defects or scarring.’ Given the limitations of traditional
destructive physical and chemical therapies, recent dermatological literature has increasingly highlighted alternative non-
destructive interventions, such as hypertonic salt solution and saturated saline immersion therapies.* These emerging
strategies aim to alter the local osmotic microenvironment, inducing dehydration and natural shedding of virus-infected
tissues. In this paper, we report a refractory case of subungual wart successfully treated with electrocautery-assisted PDT.

Case Report

A healthy 19-year-old male presented with a dark brown, verrucous growth under and around the right thumbnail for two
years, accompanied by mild pain, but no itching or bleeding. He was diagnosed with a subungual wart via histopatho-
logical biopsy at another hospital. He had received multiple sessions of cryotherapy (every two weeks for 10 sessions)
and CO, laser (2W, once a week for 3 weeks), as well as various topical medications, but the lesion progressively
enlarged, causing severe nail destruction and deformity (Figure 1).

We initiated an electrocautery-assisted PDT approach. The procedure was as follows: after routine disinfection with
povidone-iodine and surface anesthesia with lidocaine cream, an electrocautery unit operating in the radiofrequency spectrum
was used in a blended mode (100VA) to treat the lesion. The operation extended 1 mm beyond the visible border of the wart as
a safety margin, vaporizing the tissue down to the superficial dermis. The primary goal was to significantly debulk the
hyperkeratotic tissue to clear the physical barrier for the subsequent penetration of the photosensitizer (Figure 2). Immediately
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Figure | Clinical presentation of the refractory subungual wart prior to treatment, showing severe hyperkeratosis and concomitant nail plate destruction.

Figure 2 The state of the nail bed immediately following electrocautery debulking.

after the electrocautery debulking, PDT was performed. A 20% 5-aminolevulinic acid (ALA) solution (354 mg) was applied
locally to the exposed lesion and incubated under occlusion for 1 hour. Subsequently, the area was irradiated with a red light
source (635 nm, 80 mW/cm?) for 20 minutes. The treatment was administered once a week for a total of 6 sessions. During the
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Figure 3 Following four sessions of the combined intervention, the volume of the verrucous growth is drastically reduced.

first session, electrocautery was employed for deep debulking of the hyperkeratotic verrucous tissue. In subsequent sessions,
the electrocautery device was solely utilized for superficial debridement to clear necrotic tissue, debris, and crusts. A cold air
device was used concurrently to relieve the burning sensation; the patient’s visual analog scale (VAS) score was 3—4, and no
oral analgesics were required. After 4 sessions, significant epithelialization of the nail bed was observed (Figure 3). By the end
of 6 sessions, the wart achieved 100% clinical clearance. During the 6-month follow-up, the nail morphology returned to near-
normal, with no signs of recurrence (Figure 4).

Discussion

Due to its special anatomical location, the subungual wart has always represented a major therapeutic dilemma. The
dense hyperkeratosis and the overlying nail plate form a formidable barrier that limits the penetration of topical agents.
Even potent keratolytic agents like salicylic acid plasters are often ineffective for deep-seated subungual lesions without
aggressive physical debulking, as their purely chemical exfoliation cannot penetrate the dense nail barrier to reach the
viral host cells in the basal layer.” Cryotherapy often provides incomplete clearance for deep lesions and is associated
with unbearable pain and high recurrence.’ Destructive CO, lasers, if not used carefully, can cause irreversible thermal
coagulation damage to the fragile nail matrix.’

Intralesional therapies such as bleomycin have shown high clearance rates but are limited by extreme pain and risks
of tissue necrosis.*’ Cidofovir and Vitamin D3 injections have also been reported with varying success.® '® Antigen-
based immunotherapies (eg, Candida antigen or MMR vaccine) aim to stimulate cellular immunity but can cause
systemic adverse effects.’

In this context, the role of PDT is increasingly prominent. The core photochemical cascade begins with the highly
selective absorption of the prodrug (5-ALA) by hypermetabolic, HPV-infected epidermal cells. When irradiated with red
light, the accumulated protoporphyrin IX transfers energy to oxygen, producing highly toxic reactive oxygen species
(ROS). These ROS induce cytotoxic necrosis and apoptosis of the targeted HPV-infected basal keratinocytes, rather than
directly killing the non-enveloped virus itself. The ultimate clearance of the virus is a secondary process mediated by the
host immune system recognizing and phagocytosing the released viral antigens.''
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Figure 4 Long-term follow-up image at 6 months post-treatment.

Although the mechanism of PDT is ideal, the thick keratinized tissue still acts as a physical insulator. The key to the
success of this case lies in the seamless combination of electrocautery and PDT. While the concept of debulking or lesion
preparation using scalpel paring, curettage, or laser ablation is not entirely new, the novelty of our strategy relies largely
on the microscopic histological precision of the electrocautery device. The high-frequency alternating current induces
explosive intracellular vaporization, allowing for precise and controlled ablation of the hyperkeratotic barrier. This not
only mechanically removes the superficial viral load but, crucially, creates numerous microchannels within the dense
matrix. These microchannels completely eliminate the physical barrier to the downward penetration of ALA molecules.

Furthermore, recent advances highlight the importance of modifying the local microenvironment for HPV eradication. As
discussed by Heymann,'? emerging approaches such as salt-based therapy for recalcitrant warts reflect ongoing innovation in
non-destructive and adjunctive treatments. Recent clinical work by Xu et al* on saturated saline immersion therapy for
refractory plantar warts also highlights alternative mechanisms aimed at improving outcomes in difficult cases through cellular

dehydration and keratolysis. Additionally, Kumawat and Mukhtar et al'®

proposed a simple thermo-sclero-keratolytic therapy
for recalcitrant periungual warts, emphasizing the modification of the lesional environment to enhance therapeutic efficacy.
Integrating these principles of environmental modification and non-destructive clearance with our physical microchannel-
facilitated PDT provides a multifaceted and highly effective perspective against refractory HPV infections.

This clinical case strongly demonstrates that the strategy of electrocautery-assisted PDT is an excellent breakthrough for
refractory subungual warts. This clinical victory is not solely due to the electrocautery itself, but stems from the deep
synergistic effect: precise debulking and microchannel construction optimize the drug delivery microenvironment, while the
subsequent PDT serves as the core of eradication, utilizing targeted photochemical cytotoxicity to destroy the viral safe haven.

However, this report has certain limitations. The 6-month follow-up period is relatively short, considering that the
incubation period of common viral warts can range from a few months to up to 1.5 years. Furthermore, molecular pathology
has shown that subclinical HPV DNA can be found up to 15 mm around the visible border of the wart. Therefore, future
research should focus on long-term cohort studies with extended follow-up periods (eg, over 24 months) and molecular
evaluations to further confirm the definitive eradication rate of the virus at the DNA level.

4 https: Clinical, Cosmetic and Investigational Dermatology 2026:19



Zhao et al

Ethical Approval and Consent to Publish
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University. Written informed consent was obtained from the patient for the publication of this case report and any

accompanying images.
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