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ABSTRACT

Background: Top surgery masculinizes the chest appearance for transgender men (TM); however, some individuals may expe-
rience hypertrophic scars (HTS) or keloids following the surgery.

Objectives: This study aimed to evaluate the efficacy of combined 595-nm pulsed dye laser (PDL) and intralesional triamci-
nolone acetonide injection (IL TAC) compared to IL TAC monotherapy for treating HTS and keloids.

Methods: Twenty-five TM with 35 pairs of bilateral symmetric postmastectomy HTS or keloids were randomly allocated to re-
ceive the combined PDL and IL TAC on the scar(s) on one side of the chest and IL TAC monotherapy on the contralateral scar(s)
in four monthly treatment sessions. Clinical improvement was evaluated using the Vancouver Scar Scale (VSS). Melanin index,
hemoglobin index, and scar roughness were determined before each treatment session and at 1, 3, and 6 months after the last
treatment. Participant-rated satisfaction and adverse events were documented.

Results: After two treatment sessions, scars treated with combined PDL and IL TAC demonstrated significantly greater im-
provements in the VSS (p=0.012) and melanin index (p=0.004) compared to those treated with IL TAC alone. The superior
outcomes of the combined therapy persisted for 3 and 6 months after the end of treatment sessions for the VSS (p=0.001) and
melanin index (p=0.048), respectively. Participants reported higher satisfaction for combined PDL and IL TAC than IL TAC
monotherapy (p=0.005). No serious or permanent adverse event was reported.

Conclusion: The addition of 595-nm PDL to IL TAC may provide more favorable outcomes for treating postmastectomy HTS
and keloids among TM.

1 | Introduction reports have revealed that a great number of TM have experi-

enced chest dysphoria (i.e., feeling distressed from unwanted
Transgender men (TM) are individuals who have a gender breast development), which affected their emotional and psy-
identity as male but were assigned female at birth [1]. Several chological well-being [2, 3]. Top surgery is a crucial gender
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affirmation surgery (GAS) for TM, aiming to masculinize
breast appearance, alleviate chest dysphoria, and enhance
patients’ quality of life. The process involves bilateral subcu-
taneous mastectomy, nipple-areola complex reduction, and/or
chest contouring surgery [4, 5]. While this procedure is pivotal
in aligning one's physical characteristics with their gender
identity, the occurrence of post-surgical hypertrophic scars
(HTS) and keloids remains a substantial concern. Particularly,
the scars are located on the anterior chest, which is a region
prone to stretch and at increased risk for pathological scar for-
mation [6].

HTS and keloids are the results of an abnormal wound healing
process [7]. Clinically, HTS is confined to the primary wound
margin and usually regresses within a year. Keloid, on the other
hand, grows beyond lateral wound boundaries and remains
years after initial cutaneous trauma with a high recurrence rate
[8, 9]. From our previous study, HTS and keloids were observed
in 24% and 4% of TM underwent GAS, respectively [10]. These
complications negatively impact the aesthetic outcomes, lead-
ing to a decrease in patient satisfaction and quality of life [11].
Several therapies have been introduced, including topical sili-
cone gel sheets, pressure therapy, intralesional injectables such
as corticosteroids and 5-fluorouracil, surgical excision, and laser
devices. However, HTS and keloids still pose a significant chal-
lenge for physicians since no therapy has proven fully effective
and suitable for all lesions [12].

Intralesional corticosteroid injection has been the main treat-
ment for HTS and keloids, with response rates ranging from
50% to 100% and recurrence rates of approximately 9%-50% [12].
Despite its potential, steroids are associated with adverse effects,
both local (e.g., skin atrophy, telangiectasia, and dyspigmenta-
tion) and systemic effects (e.g., Cushing's syndrome and adre-
nal insufficiency) [13]. Pulsed dye laser (PDL), a non-ablative
laser device, has emerged as an effective energy-based device for
scar management. The treatment modality works by destroying
microvasculature, modulating neocollagenesis, as well as de-
creasing fibroblast proliferation and growth factors' functions
[14]. Studies have found that laser therapy alone has a high re-
currence rate at 6-24months [13]; however, the role of PDL as
an adjunctive treatment modality to intralesional medication is
promising and remains to be explored [15, 16]. To date, there
have been no randomized controlled trials that have evaluated
the effectiveness and safety of the adjuvant PDL treatment in ad-
dition to IL TAC, with IL TAC serving as a control group, in the
treatment of HTS or keloids. Hereby, we aimed to evaluate the
efficacy and safety of a combined 595-nm PDL and intralesional
triamcinolone acetonide injection (IL TAC) in comparison to IL
TAC monotherapy for treating postmastectomy HTS and keloids
in TM.

2 | Materials and Methods
2.1 | Study Design

This study was a prospective, evaluator-blinded, intraindi-
vidual split-sided, randomized controlled trial conducted at a

university-based hospital from November 2021 to December
2022. The protocol conformed to the guidelines of the
Declaration of Helsinki. Written informed consent was obtained
from all participants prior to enrollment.

2.2 | Participants

Twenty-five TM with 35 pairs of symmetric postmastectomy
HTS or keloids at the inframammary areas or nipples were en-
rolled in the study. All participants had received testosterone as
their gender-affirming hormone therapy. Exclusion criteria in-
cluded a history of previous topical agents, injectables, or laser
treatments within 3 months before the study, active skin infec-
tion at the area planned for treatment, immunocompromised
status, pregnancy, and lactation.

2.3 | Treatment

A computer-generated, simple random sequence of the side
to receive combined treatment (i.e., PDL and IL TAC) was
concealed in sequentially numbered, opaque, sealed enve-
lopes. According to this random sequence, each participant's
scar(s) on one side of the chest was/were assigned by an in-
vestigator (NS) to receive TAC (Triamcinolone acetonide,
TAC; Kenacort, Bristol Myers Squibb, Midtown Manhattan,
NYC) combined with 595-nm PDL (Vbeam Prima, Candela,
Marlborough, MA), whereas the contralateral scar(s) was/
were treated with IL TAC monotherapy and labeled as con-
trol. PDL was performed with a 7-mm spot size, 5-7J/cm?
fluence, 0.45ms pulse width, single pass, and 10% overlap.
The clinical endpoint of laser therapy was mild to moderate
erythema. Following laser irradiation, TAC at 10 mg/mL con-
centration was injected into the scar using a 30-gauge needle.
The amount of TAC used ranged from 0.3 to 1 mL depending
on individual scar sizes, until a slight blanching endpoint was
achieved. All patients attended four treatment sessions at 1-
month intervals. Ice pack compression was applied to the area
treated with laser to minimize post-treatment discomfort and
burning sensation. The follow-up time points were 1, 3, and
6months after the end of the treatment sessions. The study
flow is illustrated in Figure 1.

2.4 | Outcome Evaluation

The primary outcome was the clinical improvement of scars,
using the Vancouver Scar Scale (VSS). The VSS is an assessment
tool utilized for rating scar appearance based on pigmentation,
vascularity, pliability, and height (Table S1). One board-certified
dermatologist, who was blinded to treatment allocation, evalu-
ated the VSS on-site at every visit.

Secondary outcomes were the improvements in melanin
index, hemoglobin index, and scar roughness, measured with
a three-dimensional imaging device (Antera 3D, Miravex
Limited, Dublin, Ireland). At the end of the study, partici-
pants rated their satisfaction with their scar appearance using
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25 transmen (35 symmetrical scar pairs / 70 scars)

I

Randomization

A

Baseline evaluations
- Digital photography
- Antera 3D®

!

35 scars
PDL +IL TAC
(Day 0, and 1, 2, 3 month)

l

35 scars
ILTAC
(Day 0, and 1, 2, 3 month)

!

Evaluations
- Digital photography (Day 0, and 1, 2, 3, 4, 6 and 9 months)
- Vancouver Scar Scale assessment (Day 0, and 1, 2, 3, 4, 6 and 9 months)
- Melanin index (Day 0, and 1, 2, 3, 4, 6 and 9 months)
- Hemoglobin index (Day 0, and 1, 2, 3, 4, 6 and 9 months)
- Scar roughness (Day 0, and 1, 2, 3, 4, 6 and 9 months)
- Histopathological assessment (1 participant, Day 0 and 9 months)
- Participant-rated scar satisfaction assessment (9 month)
- Adverse events (Day 0, and 1, 2, 3, 4, 6 and 9 months)

FIGURE1 | Study flow chart.

a 10-cm visual analog scale that ranged from not satisfied to
extremely satisfied. Adverse events were also documented at
every visit.

For histopathological analysis, a punch biopsy was performed
on the keloid treated with combined therapy from one volun-
teer participant at baseline and 6 months after the last treatment.
Obtained tissues were stained with hematoxylin and eosin,
Verhoeff-Van Gieson (VVG), and Alcian blue pH2.5 to assess
the changes in collagen bundles, elastic fibers, and mucin depo-
sition, respectively. A blinded dermatopathologist evaluated and
reported the histology.

2.5 | Statistical Analysis

Categorial data were expressed as numbers and percentages,
and continuous data were presented as mean and standard de-
viation (SD) or median and interquartile range (IQR). Mixed-
effects linear regression was used to analyze the VSS, melanin
index, hemoglobin index, and scar roughness between the two
treatment groups. Participant-rated satisfaction was compared
using a paired t-test. Two-sided p values < 0.05 were considered
statistically significant. All data were analyzed using Stata/SE
version 16 (StataCorp LLC. College Station, TX).

3 | Results
3.1 | Characteristics of Participants

Twenty-five TM with 35 symmetric pairs of postmastectomy
HTS or keloids (15 nipple HTS, 12 inframammary HTS, 2 nip-
ple keloid, and 6 inframammary keloid pairs) were enrolled and
completed the study. The mean =+ SD age was 32.8 +£6.91years.
Seven participants had Fitzpatrick skin type III (28%) and 18
had skin type IV (72%). Baseline scar characteristics as mea-
sured with VSS and Antera 3D were not significantly different
between scars that received combined treatment and controls.
The median scar duration was 20 (IQR 11, 57) months. Table 1
displays the characteristics of the patients.

3.2 | Vancouver Scar Scale

Scars treated with combined PDL and IL TAC showed signifi-
cantly greater reductions in VSS compared to controls after two
treatment sessions (p=0.012) and persisted to 1 and 3months
after the last treatment (p =0.002 and p=0.001 at 1 and 3 months
after the final treatment, respectively). The comparison of mean
VSS between the two treatment groups is shown in Figure 2;
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TABLE1 | Characteristics of participants.

Characteristic Value
Age, mean = SD, years 32.8+£6.91
Number of scar's pair per patient, n? (%)
One pair 15 (60%)
Two pairs 10 (40%)
Fitzpatrick skin type, n* (%)
11 7 (28%)
v 18 (72%)
Testosterone replacement therapy, n? (%) 25 (100%)

Scar location and type, n® (%)

Nipple hypertrophic scars 15 (42.86%)

Inframammary hypertrophic scars 12 (34.29%)

Nipple keloids 2 (5.71%)

Inframammary keloids 6 (17.14%)
Scar duration, median (IQR), months 20 (11, 57)
Previous treatment, n? (%)

ILTAC 11 (44%)

IL TAC and silicone gel sheet 1 (4%)

Silicone gel sheet 2 (8%)

Topical silicone gel 4 (16%)
Baseline characteristics of scars, mean +SD
VSS

PDL+IL TAC 7.457+2.29

IL TAC 7.314+2.36
Melanin index

PDL+IL TAC 0.678+0.08

IL TAC 0.675+£0.08
Hemoglobin index

PDL+IL TAC 1.683+0.33

IL TAC 1.635+0.25

Scar roughness
PDL+IL TAC
IL TAC

46.256 +17.84
48.909 +£19.28

Abbreviations: IL TAC, intralesional triamcinolone acetonide injection; IQR,
interquartile range; PDL, 595-nm pulsed dye laser; SD, standard deviation; VSS,
Vancouver scar scale.

aIndicated the number of participants.

Indicated the number of pairs of symmetrical mastectomy scars.

Table S2. Clinical improvement of the mastectomy HTS at base-
line and at 3months after the end of treatment is exemplified in
Figure 3.

3.3 | Melanin Index, Hemoglobin Index, and Scar
Roughness

After two treatment sessions, combined PDL and IL TAC-
treated scars revealed a statistically significantly lower mel-
anin index than controls (p=0.004). This observation was
consistent throughout all follow-up visits (p=0.001 at after
three treatment sessions, and p=0.000, 0.000, 0.048 at 1, 3,
and 6 months after the last treatment). Table S3 and Figure 4
show the comparison of the mean melanin index between the
combined therapy and monotherapy at each visit. In terms of
hemoglobin index and scar roughness, there was no statisti-
cally significant difference between the two treatment groups
at any visit (Tables S4 and S5).

3.4 | Participant-Rated Scar Satisfaction

Atthe end of the study, participants expressed higher satisfaction
with scars that received combined PDL and IL TAC than scars
treated with IL TAC alone (p =0.005). The mean = SD score was
7.448 +£2.01 for the combined treatment and 6.460 +1.80 for the
controls.

3.5 | Adverse Events

No serious or permanent adverse event was reported in our
study. Post-laser purpura was noted in 3.6% of all treatment ses-
sions (5/140), reported by five individuals on the scars treated
with the PDL and IL TAC combination. The purpura completely
subsided in 7-10days without dyspigmentation. The occurrence
of telangiectasia and skin atrophy was not significantly different
between the two groups. Telangiectasia was found in 13 (37.1%)
and 12 (34.3%) scars, while skin atrophy in 21 (60%) and 23
(65.7%) scars from the combined therapy and IL TAC monother-
apy groups, respectively. No infection was observed during the
entire study period.

3.6 | Histopathological Assessment

Before receiving combined PDL and IL TAC therapy, the thick
and dense keloidal collagens in a haphazard arrangement were
observed in the reticular dermis. Six months after four treatment
sessions, a reduction in keloidal collagens, and more fine wavy
interwoven collagen bundles parallel to the epidermis, represent-
ing neocollagenesis, were detected. The VVG stain revealed an
increased density of elastic fibers, arranged in a random array, in-
dicating new elastic fiber formation. While the Alcian blue pH2.5
stain showed a slight increase in mucin deposition (Figure 5).

4 | Discussion
In the present study, we conducted an evaluator-blinded, intra-

individual split-sided, randomized, controlled trial to assess the
efficacy of combined PDL and IL TAC in comparison to IL TAC
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Treatment

Vancouver Scar Scale

4

month (s)

—PDL+ILTAC —ILTAC

FIGURE2 |

Comparison in mean Vancouver Scar Scale between 595-nm pulsed dye laser combined with intralesional triamcinolone acetonide-

treated and intralesional triamcinolone acetonide-treated scars at each visit.

FIGURE 3 | A 24-year-old transgender man with symmetric, infra-
mammary, hypertrophic scars aged 10 months at (A) baseline and at (B)
3months after being treated with four monthly 595-nm pulsed dye laser
combined with intralesional triamcinolone acetonide on the right scar,
and four monthly intralesional triamcinolone acetonide on the left scar.

monotherapy for treating postmastectomy HTS and keloids in
TM. After two treatment sessions, scars receiving combined
therapy showed significantly greater VSS improvement than
those treated solely with IL TAC (p=0.012), which continued
up to 3months after the final treatment. Moreover, there was
a trend toward a significant difference between the two groups
at 6 months post-treatment (p =0.052). In line with the VSS re-
sults, better improvement in melanin index from combined ther-
apy was observed after two treatment sessions (p=0.004) and

persisted until the end of the study. Our study highlighted the
further advantages of integrating PDL with IL TAC in the treat-
ment of HTS and keloids, particularly in terms of the VSS and
melanin index.

There have been a few previous reports that explored the utiliza-
tion of PDL in conjunction with IL steroids. Liu et al. conducted
a retrospective study on 29 patients with 39 keloids and found
that the group that received both PDL and IL TAC was found to
be more efficacious and could reduce the number of IL TAC in-
jection compared with IL TAC alone [17]. Goppold et al. treated
two cases of breast reduction HTS with four sessions of 595-nm
PDL and IL TAC at 6-week intervals, resulting in a significant
reduction of scar erythema and height, which remained stable
for 2years without recurrence [18]. Connell et al. observed 10%-
95% improvement in scar height and 20%-60% improvement in
scar erythema in 10 patients with keloid after performing 2-10
sessions of combined therapy [19]. According to an 18-week trial
by Alster, the use of IL TAC in addition to two sessions of 585-
nm PDL every 6 weeks did not provide any extra advantages rel-
ative to PDL alone with regard to clinical improvement or scar
pliability in 22 female with bilateral inframammary HTS [20].
However, these existing studies were limited by either their ret-
rospective nature, small sample sizes, or the absence of IL TAC
as a control, which yielded inconclusive results in determining
the additional benefits of combined PDL and IL TAC versus IL
TAC monotherapy.

The precise mechanism through which PDL influences the
scars has yet to be elucidated. According to the mechanism
of PDL, it selectively targets and destroys microvasculature,
thereby inhibiting scar growth by disrupting the nutrient sup-
ply to the scars [14]. Some studies propose that PDL may stim-
ulate neocollagenesis, and also inhibit the expression of growth
factors that are essential for fibroblast proliferation and extra-
cellular matrix synthesis such as transforming growth factor
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FIGURE4 |
and intralesional triamcinolone acetonide-treated scars at each visit.

beta-1 and connective tissue growth factor, contributing to the
improvements of scars [21-24]. Similar to an earlier report [20],
our specimens displayed a decrease in keloidal collagens and an
increase in more loosely organized, interwoven collagens and
elastic fibers following the combined PDL and IL TAC treatment
(Figure 5). In addition, our findings corresponded to previous
studies that assessed the histologic improvements of scars fol-
lowing PDL irradiation [25, 26]. This observation aligns with the
notion that the scar improvement following PDL treatment may
be attributed to the process of collagen remodeling and the for-
mation of new collagen and elastic fibers.

Although 595-nm PDL was recognized for its primary target-
ing of hemoglobin, our study revealed a greater impact on the
melanin index. This deviation could be due to the fact that this
wavelength is also well-absorbed by melanin [27]. Furthermore,
the pulse width employed in the study (i.e., 0.45ms) was shorter
than the epidermal melanin's thermal relaxation time, inevita-
bly subjecting melanin chromophores to the influence of laser
energy. Our study was conducted in participants of Asian eth-
nicity, mainly with skin type IV and greater quantities of epi-
dermal melanin contents, which could therefore absorb light
energy competitively against hemoglobin. This finding was
consistent with previous studies conducted in the Asian popu-
lation that reported insignificant differences in scar erythema
between PDL-treated scars and untreated control [28, 29]. We
postulate that the combined 595-nm PDL and IL TAC treatment
may exert a more substantial effect on reducing the darkness of
scars rather than addressing the redness if performed in darker-
complexioned individuals.

Throughout the study period, the combination of PDL and
IL TAC displayed a favorable safety profile. No serious or

Comparison in mean melanin index between 595-nm pulsed dye laser combined with intralesional triamcinolone acetonide-treated

permanent adverse events were reported. Out of the 140 treat-
ment sessions, only 3.6% (5/140) experienced post-laser purpura,
which completely subsided within 7-10days without dyspig-
mentation. Incidences of telangiectasia and skin atrophy were
comparable between the combined therapy and control groups,
consistent with the recognized side effects of IL steroid injec-
tion. The low incidence of adverse events could be attributed to
the non-ablative nature of PDL. Previous studies using ablative
and fractional ablative and non-ablative lasers, such as carbon
dioxide laser, fractional carbon dioxide laser, and fractional
erbium-glass laser, reported various adverse events including
severe pain, post-inflammatory hyperpigmentation, hypopig-
mentation, and infection [30-33]. Regarding participant-rated
scar satisfaction in our study, patients were more pleased with
scars treated with combined PDL and IL TAC. This emphasizes
the effectiveness, safety, and tolerability of PDL as a laser device
suitable to be used in conjunction with standard treatment for
addressing HTS and keloids.

To the best of our knowledge, this study marks the first random-
ized controlled trial evaluating the efficacy of the combination
of 595-nm PDL and IL TAC compared to IL TAC monotherapy
for treating postmastectomy HTS and keloids among TM. There
were some limitations in our study. First, a small sample size
that lacked sufficient power to perform subgroup analyses for
each scar type. Second, all recruited scars were located on the
anterior chest, therefore limiting the generalizability of our find-
ings to the different locations. Third, the histological analysis
was conducted on only one participant with keloid, which may
not be sufficient evidence to reliably support the findings of this
study. Lastly, all included TM received testosterone as part of
their gender-affirming therapy, which could potentially influ-
ence the wound healing process and impair scar formation [34].

6 of 9

Journal of Cosmetic Dermatology, 2025



FIGURE 5 | Histopathological assessment obtained from inframammary keloid, at baseline (A-C) and 6 months (D-F) after receiving combined
595-nm pulsed dye laser and intralesional triamcinolone acetonide on hemotoxylin and eosin (A and D), Verhoeff-van Gieson (B and E), and Alcian

blue pH2.5 (C and F) staining. (X100 original magnification).

5 | Conclusion

The addition of 595-nm PDL to IL TAC may provide more fa-
vorable outcomes for treating postmastectomy HTS and keloids
among TM.
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