cosmetics

Systematic Review

Laser-Assisted Drug Delivery on the Face: A Systematic Review
of Indications and Outcomes

Konstantinos Seretis *

check for
updates

Citation: Seretis, K.; Papaioannou, K.
Laser-Assisted Drug Delivery on the
Face: A Systematic Review of
Indications and Outcomes. Cosmetics
2023, 10, 122. https://doi.org/
10.3390/ cosmetics10050122

Academic Editor: Antonio Vassallo

Received: 7 August 2023
Revised: 26 August 2023
Accepted: 29 August 2023
Published: 31 August 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

and Konstantina Papaioannou

Department of Plastic Surgery, Medical School, University of loannina, 45110 Ioannina, Greece
* Correspondence: drseretis@uoi.gr; Tel.: +0030-2651099077

Abstract: Laser-assisted drug delivery (LADD) has gained prominence as a promising technique with
the potential to enhance topical drug skin penetration and absorption. However, the effectiveness of
various laser-assisted facial procedures remains unclear. This systematic review aimed to explore
and summarize the evidence regarding the indications, clinical outcomes, and adverse effects of
LADD performed on the face. Based on a predetermined protocol, an electronic search in MEDLINE,
Scopus, the Cochrane Library, and CENTRAL electronic databases was conducted. Eligible stud-
ies comprised prospective controlled trials that explored the utility of laser-assisted techniques for
topical medication facial application and reported on efficacy and/or safety. Secondary outcomes
encompassed patient satisfaction. This review included 12 prospective controlled studies involving a
total of 271 participants. LADD, through various laser types, topical medications, clinical protocols,
and follow-up assessments, showed enhanced melasma, facial rejuvenation, scar, and periprocedural
laser outcomes without increased risk of adverse effects. This review provides evidence that LADD
is an effective and safe adjunct for various facial procedures. It also highlights the necessity for
further high-quality studies with larger sample sizes, standardized treatment protocols, and evalua-
tion of long-term outcomes and adverse effects in order to elucidate the potential of laser-assisted
drug delivery.
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1. Introduction

Laser-assisted drug delivery (LADD), the topical delivery of medications by means of
a laser, is a cutting-edge technique that holds great promise in enhancing the effectiveness
of drug delivery. Its application in medical and aesthetic fields is steadily increasing, owing
to the advancement in laser technology, medical knowledge in terms of pathophysiology,
and its reported clinical outcomes, which show a potential for improved therapeutic
outcomes [1].

It is well known that the ability of a drug to penetrate the different layers of the skin
can be enormously challenging. The skin layers, particularly the stratum corneum, act
as a sturdy physical barrier to the environment, and its threatening factors, including
topical medications, only barely penetrate the skin. Indeed, the stratum corneum is the
major rate-limiting layer for drug absorption, with topical drugs having a bioavailability
of only 1% to 5% [2]. As a result, various methods have been fabricated over the years to
facilitate the absorption of medications applied to the skin by overcoming the skin barrier
obstacle. Chemical manipulation and physical energy-based methods have been utilized
to enhance drug absorption [3]. More recently, there has been a shift towards physical
modulation techniques, such as electroporation, iontophoresis, lasers, microdermabrasion,
microneedling, pressure, radiofrequency, and sonophoresis [4,5]. Of these methods, laser-
assisted drug permeation has gained significant attention and is the focus of ongoing
research and development efforts.

The importance of further investigating LADD lies in its potential to revolutionize
drug delivery systems, making treatments more efficient and patient-friendly. Despite the
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potential benefits, the procedure is not without its challenges, and the risk of complications
remains a concern. Thus, the aim of this paper was to conduct a comprehensive systematic
review in order to summarize and critically evaluate the available evidence, identify current
trends, and elucidate the efficacy and safety of laser-assisted drug delivery.

2. Materials and Methods

A systematic review was conducted using a predetermined protocol established
according to the Cochrane Handbook’s recommendations [6]. The review adhered to the
updated PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (Supplementary Material, Table S1) [7]. The review protocol was registered at
PROSPERO (registration no. CRD42023441751).

2.1. Search Strategy

An electronic literature search in MEDLINE (PubMed), Scopus, the Cochrane Library,
and CENTRAL electronic databases was conducted from inception to June 2023. The string
search “laser-assisted” and “face” was applied. No time and language restrictions were
applied. This search was supplemented by a review of reference lists of potentially eligible
studies and a manual search of key journals in the field of facial surgery.

2.2. Eligibility of Relevant Studies

The population of interest was adult patients undergoing laser-assisted drug deliv-
ery for non-oncological facial procedures. Studies met the following inclusion criteria:
(1) prospective controlled studies of a laser-assisted drug delivery group, as part of a facial
procedure, compared to a control group (either laser or topical medication application);
(2) reported data on clinical outcomes and/or complications; and (3) publication in a peer-
reviewed journal. We excluded studies reporting on LADD application in areas other than
the face, oncological application of LADD, studies reporting on non-concomitant use of a
laser with a topical agent, review articles, duplicate reports, editorials, and correspondences.

2.3. Study Selection

Two reviewers (K.S. and K.P.) independently screened retrieved database files and
the full text of potentially eligible studies for relevance. Disagreement was resolved
by consensus.

2.4. Data Collection and Risk of Bias Assessment

Data extraction was conducted independently by the 2 reviewers using a standardized
form. Discrepancies were resolved by consensus. We extracted data, including the gen-
eral study characteristics, patient demographics, LADD modalities and facial procedures
applied, and outcomes of interest. The primary outcome was the efficacy of LADD in
terms of measured clinical outcomes of the facial procedure performed and safety in terms
of complications related to the LADD and the facial procedure performed. Secondary
outcomes included patient satisfaction rates.

The quality of studies was assessed using the Cochrane risk of bias tool [6].

2.5. Data Synthesis and Analysis

We provide a narrative summary of the included studies based on the indication
and the publication date. The clinical outcomes presented were further categorized, ac-
cording to the follow-up time, to direct (post-treatment), early (1-4 weeks), intermediate
(1-3 months), and long-term outcomes (>6 months).

3. Results

The study selection process is summarized in Figure 1. From a total of 399 records,
12 studies were eligible and included in the data analysis [8-19].
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Figure 1. PRISMA Flow Chart.

3.1. General Study Characteristics

The 12 studies included were conducted in the USA (4), Egypt (2), Indonesia (1),
Thailand (1), France (1), China (1), Iraq (1), and South Korea (1). All studies but one were
published after 2014. Study characteristics are summarized in Table 1. Among the twelve
studies, ten were classified as randomized controlled trials (RCTs), while the remaining
two were prospective studies (PSs). All studies but one were designed as intraindividual
split-face trials, assessing the efficacy and safety of LADD in different time frames, ranging
from one week to six months.

The indications for laser-assisted drug delivery were diverse, with five studies inves-
tigating the efficacy of LADD for melasma treatment, five exploring its impact on facial
rejuvenation and wrinkle reduction by different applied modalities, while the remaining
three studies assessing its effectiveness in post-acne scar treatment, post-laser recovery, and
pre-laser local anesthesia.

The risk of bias was considered low, based on the quality of the studies (Supplementary
Material, Tables S2 and S3).
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Table 1. Study characteristics.

Author, Year ]S)t:scil;n Evaluation Patients Skin Type, %  Topical Agent Laser Type Laser Mode Indication
2 .

Tranexamic acid 2.5 mL Pi nd fluence O-t]I{ICfn ! iPO(’;SlZfif mm, Melasma. facial

Li, Y. etal (2022)[9]  RCT Split-face 37 I147% 1V 53%  10% post-laser, and at 12 h, cosecon requency 9 Bz, puise curation clasma, facia
Alexandrite 755 nm 750 x 10 s, 2000 pulses, rejuvenation
24h,48h
10-15% overlap

Benzaquen M. et al T10% Spot size 300 pm, power 10 W, Facial

q ’ ' RCT Split-face 20 115% Hyaluronic Acid 20 mg/mL ~ Fr CO, POt o K, powel ! . .

(2021) [10] density 5%, pulse duration 2.5ms  rejuvenation
II1 50% IV 25%
.. Fluence 0.3]/ cm?, spot size 9 mm,
AlDhalimi MAetal  pep gojipface 25 1120% IV 80%  Kojic Acid Fr Er:YAG frequency 4 Hz, pulse Melasma
(2021) [11] .
duration 0.3 ms.
. Tranexamic acid 3%, Kojic . . Fluence 1.1]/ cm?, spot size 8 mm,
Park et al. (2021) [12] PCS Split-face 25 II-1v acid 1%, Niacinamide 5% Q-switched Nd:YAG frequency 10 Hz Melasma
Wanitphakdeedecha I 15% Fluence 5 m], spot size 0.1 mm
R. et al. (2020) [13] RCT Split-face 46 5/3%/2 Yo Tranexamic acid 1 mL 1.2% Fr Thulium 1927 nm pulse duration 1.7 ms, power 3 W Melasma
Widianingsih NPS. Amniotic membrane stem cell Power 11]/ cm?, 2 multi shots Facial
RCT Split-face 9 NR . Fr Er:YAG : ’ ’ rejuvenation
et al. (2019) [14] metabolite product 0.5 sec interval
(cheek)

; . Facial
Ibrahim, O. et al. 2 o - Pulse energy 70 m], spot size . .
(2019) [15] PS Pre/post 10 I-1I1 Poly-1-Lactic acid Fr CO, 135 wm, density 10% re]uvena'ttlon

(upper lip)
Badawi AM. et al 11 37% Fluence 250-300 m], spot size
(2018) [1 6]' ' ’ RCT Split-face 32 IV 40% Hydroquinone 4% Fr Er:YAG 7 mm, frequency 4-5 Hz, 30-40 um  Melasma
V 23% ablation depth
Waibel J.S. et al. . Vit C 15%, Vit E 1%, ferulic Pulse energy 90-125 m]J, spot size Post-laser
(2016) [17] RCT Split-face 15 NR acid 0.5%, post-laser and 7 d Frco; 10 mm, density 68% recovery
Pulse energy 100 mJ, size 6 Facial
Mahmoud et al. RCT Split-face 10 II-11I Botulinum toxin A Fr CO, (10 mm?), density 4 rejuvenation

(2015) [18]

(100% coverage)

(crow’s feet)
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Table 1. Cont.

Author, Year ]S)t:s‘gn Evaluation Patients Skin Type, %  Topical Agent Laser Type Laser Mode Indication
Gawdat et al. . . Power 15 W, dwell time 600 s, Atrophic acne
(2014) [19] RCT Split-face 30 -v ID PRP and topical PRP2mL  Fr CO, spacing 700 um, smart stack level 2 scars

él(l)r(;zl; Iié]et al. RCT Split-face 12 I-1II Lidocaine 30 g 5% cream Er:YAG Fluence 1.3 J/cm? Pre-laser analgesia

RCT: randomized controlled trial; PCS: prospective controlled study; PS: prospective study; Vit: vitamin; ID: intradermal; PRP: platelet-rich plasma; Fr: fractional; NR: not reported.
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3.2. Patient Characteristics

The systematic review included 271 patients; more than 94% (n = 254) were females.
The age of the study samples varied, depending on the indication for the LADD application.
Most participants were between 35 and 55 years old and exhibited a range of Fitzpatrick
skin phototypes from I to V (mostly II to IV).

Certain exclusion criteria were applied in the studies included in this review to ensure
that the study population met specific requirements. Individuals with active dermatolog-
ical diseases on the face, a history of poor wound healing, keloid formation, cutaneous
malignancy, autoimmune diseases, pregnancy, lactation, a baseline tan, or recent use of
retinoids were excluded. Patients who demonstrated photosensitivity had photosensitizing
medications or had previously undergone treatments such as oral tranexamic acid, topical
bleaching agents, laser, intense pulsed light, chemical peeling, botulinum toxin, or filler
treatments within the past 12 months were also excluded. Furthermore, the use of oral
contraceptive pills and hormone replacement therapy was prohibited for a specific dura-
tion. Other exclusion criteria encompassed factors such as skin type VI, chronic systemic
diseases, recent procedures or injections in the treatment areas, hypersensitivity to certain
components, and various contraindications related to pregnancy, medication use, infection,
and allergies.

3.3. LADD Characteristics

Tranexamic acid and kojic acid for melasma were the most frequently evaluated topical
agents (four trials), followed by hydroquinone (one trial), autologous platelet-rich plasma
(PRP) (one trial), hyaluronic acid (HA) (one trial), poly-L-lactic acid (PLLA) (one trial),
botulinum toxin A (BoNT A) (one trial), vitamins C and E (one trial), lidocaine (one trial),
and amniotic membrane stem cell (AMSC) metabolite product (one trial).

The lasers utilized were the fractional carbon dioxide (five studies); the Erbium-
doped Yttriu Aluminum Garnet (Er:YAG) (four studies); and the fractional Thulium, the
Q-Switched Neodymium-doped Yttrium Aluminum Garnet (Nd:YAG), and the picosecond
Alexandrite (one study each) lasers.

The fractional CO; laser was utilized mostly for facial rejuvenation, while the Er:YAG
was used for melasma treatment. However, the Er:YAG was also used for facial rejuvenation
and to enhance analgesia before a facial laser treatment. On the other hand, melasma was
also treated by means of a Q-Switched Nd:YAG, a Thulium 1927 nm, and a picosecond
Alexandrite 755 nm laser. The different laser setups are depicted in Table 1. Different laser
modes were used for different facial procedures, with this diversity also characterizing the
same indications and lasers between the studies.

3.4. Outcomes

The reported outcomes from the studies included in this review were analyzed and
thus are presented in Table 2.

3.4.1. Melasma

The effectiveness of laser-assisted drug delivery in treating melasma was evaluated
in five studies. Li et al. performed a hemi-face RCT of a novel picosecond alexandrite
755 nm laser for topical delivery of 2.5 mL tranexamic acid 10% (intervention) or saline
(control) [9]. Both approaches demonstrated a significant decrease in hemi-MASI (melasma
area and severity index) scores during follow-up periods of 1, 3, and 6 months. The MASI
score difference between the two sides was significant, though at 1- and 3- but not the
6-month follow-up.
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Table 2. Outcomes of the studies included in the systematic review.

Author, Year Indication Evaluation Method Duratlo.n g Outcomes Complications
Evaluation Time
Combi/monotherapy vs. baseline: MASI scores,
1. Melasma MASI score, 3 sessions at jl}llsfc/}:lro?la, skin texture. Significant decrease at Eﬁ?:;?ﬁaggz};ﬁ;ih?&igﬁgsf: NS
Lietal. (2022)[9] 2. Facial photographs, PROM  4-5w intervals Mono 55 combi therapy: SI at 1.3 m-NS at 6 m. sensitivity higher on da.ys 1-3 ,
rejuvenation (VAS, question.) 1, 3, 6 m follow-up

Mono/combi therapy vs. baseline: Laxity, rhytids NS.

Satisfaction higher in combi-half at 1 m.

for combi-half.

Benzaquen et al.

Facial rejuvenation

Clinical, photographs,

1 session

NS difference in skin texture, firmness, radiance, and

Erythema, edema, crusting NS.

(2021) [10] PROM (VAS) 3 m follow-up fine lines.
Al-Dhalimi et al. MASI score, 6 sessions at Comb.l /monotherapy vs. baseline: MASI scores S.I. o o .
Melasma 2 w intervals Combi vs. monotherapy: MASI NS, PGA, and patient  Erythema, tingling/stinging sensation NS.

(2021) [11] photographs, PROM . .

3 m follow-up satisfaction SI at 3 m.

5 sessions at . .
Park et al. MASI score, . Combi vs. monotherapy: hemi-MASI SI. -
(2021) [12] Melasma photographs, PROM 2 wintervals Patient satisfaction SI at 1 m. Self-limiting erythema NS.

1 m follow up
S S Vs, desiomsar o onae v bl AL, Ml cons

P Melasma photo-graphs, 1w intervals . P : Mild PIH NS (4 TXA, 3 control side).
et al. (2020) [13] PROM (VAS) 6 m follow- Combi vs. monotherapy: MI SI at 6 m, mMASI NS.
orlowip Patient satisfaction SI both sides at all time points.
. . . 3 sessions at Pores, wrinkles, pigmentation, skin tone. NS
Widianingsih . . Photographs, skin . . . . . . . .
et al. (2019) [14] Facial rejuvenation analyzer 4 w intervals improvement in Combi vs. monotherapy (slightly Erythema, mild pain, acne eruption NS.
' 3 m follow-up better on AMSC side).
Ibrahim et al. o . 3 sessions at SI clinically, post-treatment by both blinded raters 2 patients withdrew due to exuberant
Facial rejuvenation Photographs, PROM 2 m intervals . erythematous response, and prolonged

(2019) [15] and patients. .

3 m follow-up erythema after 1st session.
Badawi et al. MAS score, 6 sessions at Combi/monotherapy vs. baseline: SI at 2 w. Erythema, crus't mg on l.aser side.
(2018) [16] Melasma photographs, 2 w intervals Combi vs. monotherapy: MASI SI at 2 w Burning sensation, itching NS.

dermoscopy, PROM 2w, 14 w follow-up ' ’ ’ Recurrence 2 pts on both facial sides.

Waibel et al. Photographs, PROM 1 session Combi vs. monotherapy: NS clinical difference.

(2016) [17]

Post-laser recovery

(question.)

1w follow-up

bFGEF statistical difference on combi-side.

No side effects are mentioned.
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Table 2. Cont.

Author, Year Indication Evaluation Method Duratlo.n - Outcomes Complications
Evaluation Time
Mahmoud et al. Photographs, PROM 1 session Dynamic rhytids: ST only for combi-side Static Pain, erythema, swelling

(2015) [18]

Facial rejuvenation ;
(question.)

1 m follow-up

rhytids: NS for both sides.
Patient satisfaction SI combi-side at 1 m.

(NS between sides).

3 sessions at

Clinical improvement, OCT significant in

Erythema, edema, crusting, PIH, acneform

Gawdat et al. Atrophic Acne Scars Photographs, OCT, 1 m intervals combi vs. monotherapy. eruption SI on combi-side.
(2014) [19] p PROM (scale) 4 1m follow-u NS difference in the improvement grade, downtime  Pain significantly greater for Laser +ID
p between Intradermal and topical PRP. than +topical PRP or laser alone.
1 session . . . .
Yun et al. . Combi-treatment superior, especially during the .
(2002) [8] Pre-laser analgesia PROM (VAS) post each laser pass, second pass. NS pain difference at 3 h. No complications.

and at3 h

MASI: melasma area and severity index; PROM: patient-reported outcome measures; VAS: visual analog scale; MI: melasma index; question.: questionnaire; OCT: optical tomography;
w: week; m: month; h: hour; PGA: physician global assessment; PRP: platelet-rich plasma; NS: not significant; SI: statistical improvement; RLI: relative light index; FGF: fibroplast
growth factor; PIH: postinflammatory hyperpigmentation.
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Al-Dhalimi et al. evaluated the effect of Er:YAG laser-assisted delivery of kojic acid
(versus kojic acid cream alone) in melasma [11]. The study protocol involved six sessions at
two-week intervals, with clinical assessment at 3 months. Both sides showed significant
improvement compared to baseline in terms of MASI scores, but there was no significant
difference between the two groups at 3 months. However, the combined treatment exhibited
a significantly higher physician global assessment score, indicating better response rates.

In another prospective study, Park et al. assessed the efficacy of Q-switched Nd-YAG
laser-assisted drug delivery compared to laser treatment alone [12]. One month after the last
session (five in total, at 2-week intervals), the test side, treated with a combination of topical
mixture of tranexamic acid (TXA) 3%, Kojic acid 1%, and Niacinamide 5%, demonstrated
a significantly greater improvement in the hemi-MASI score than the control side treated
with laser alone.

Similarly, Wanitphakdeedecha et al. evaluated the thylium 1927 nm fractional laser-
assisted topical tranexamic acid 1.2% (compared to normal saline solution) delivery [13].
Both sides showed significant improvement in modified MASI and melanin index (MI)
scores compared to baseline at all time points from the first week to six months. However,
a statistically significant difference between sides, favoring LADD, was seen only for MI at
the 6-month assessment.

Finally, Badawi et al. compared the effectiveness of Er:YAG laser-assisted hydro-
quinone (HQ) delivery to hydroquinone alone in 30 female melasma patients [16]. Six
sessions at 2-week intervals were performed, with outcome evaluation at 2 weeks and
recurrence rates at 14 weeks after the end of treatment. Both modalities yielded a significant
improvement in MASI scores compared to baseline at 2 weeks. The intervention side
showed significantly better MASI scores and results in decreasing the degree of pigmen-
tation compared to the HQ-only treated side. In fact, a rate of >50% improvement was
achieved in 73.4% and 40% of Er:YAG + HQ and HQ sides, respectively.

Patient self-evaluation of LADD efficacy for melasma treatment, as assessed in the
reviewed clinical studies, provided valuable insights into treatment satisfaction and per-
ceived outcomes. Daily diaries, visual analog scale (VAS) scores, and questionnaires were
employed in these studies. Overall, satisfaction rates followed similar patterns to the
investigator-evaluated outcomes and clinical measurements, mainly by MASI scores. In-
deed, statistically significant satisfaction rates favoring the LADD hemi-face were reported
in all studies. These satisfaction rates typically exceeded the relevant clinical outcomes and
were maintained at all time points assessed.

3.4.2. Facial Rejuvenation and Rhytides

Five clinical studies evaluated the efficacy of LADD for facial rejuvenation. The RCT
of Li et al.,, apart from melasma, photographically assessed four clinical indications of
photoaging by a quartile scale [9]. Following the three treatment sessions, dyschromia
and skin texture improvements were observed for both modalities at all time points, com-
pared to the baseline, while no concomitant significant improvement in laxity and rhytids
was noted.

Benzaquen et al. conducted an RCT by performing one session of fractional CO,
laser-assisted hyaluronic acid (HA) (compared to normal saline) delivery to evaluate
facial skin remodeling at three months follow-up [10]. The study showed a greater but
not significant improvement of facial skin rejuvenation parameters, namely skin texture,
firmness, radiance, and fine lines, at the LADD side.

The RCT of Widianingsih et al. evaluated the outcomes of Er:YAG laser-assisted
amniotic membrane stem cell (AMSC) metabolite product delivery following three sessions
at 4-week intervals [14]. At 3 months follow-up, a slightly better but not significant
result in the AMSC compared to the saline side was observed in terms of pores, wrinkles,
pigmentation, and skin tone.

The RCT of Mahmoud et al. evaluated 10 patients following one session of frac-
tional CO, laser-assisted botulinum toxin A (or normal saline) delivery for periorbital
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wrinkles [18]. Superior clinical efficacy for dynamic rhytids was reported at 1 month after
treatment on the LADD side. However, no statistical difference on either side compared to
the baseline was revealed for static rhytids. This clinical trial was the first to support the
delivery of macromolecules through fractionated channels.

Finally, the single-arm study of Ibrahim et al. assessed upper lip rejuvenation following
three sessions at 2-month intervals with the fractional CO, laser-assisted PLLA delivery [15].
A significant reduction in wrinkle severity was observed, with a progressive decrease of
26.4% after the first, 42.8% after the second, and 47.0% after the third treatment, as calculated
by computer-generated image analysis. Similarly, both blinded raters successfully identified
the pre/post-third treatment photographs on the first pass, and the participants rated the
rhytids as “much improved”.

Patient self-evaluation of LADD efficacy for facial rejuvenation was also reported in
the aforementioned studies. Benzaquen et al. found that skin radiance exhibited the most
significant improvement in patients’ evaluation, while Ibrahim et al. showed that patients’
self-rated median scores were significantly improved [10,15]. Similarly, significantly higher
satisfaction rates on the LADD hemi-face were measured by Mahmoud et al. and Li et al.
at the 1-month follow-up [9,18].

3.4.3. Other Applications

Laser-assisted drug delivery (LADD) has been investigated in various other applica-
tions, such as the treatment of atrophic scars, pre-laser analgesia, and post-laser enhanced
recovery, offering valuable insights into its potential benefits. Gawdat et al. conducted an
RCT by dividing 30 patients with atrophic acne scars into two groups [19]. In the first group,
fractional CO2 laser was followed by intradermal (ID) PRP on one side and intradermal
saline on the other, while in the second group, the same fractional laser treatment was
followed either by ID PRP or topical PRP (LADD side). Three monthly sessions were per-
formed, and the outcomes were assessed at 6 months. The combination types of treatment
(both topical and ID PRP) demonstrated significantly better clinical improvement, which
was also confirmed by the optical coherence tomography measurements. Although no
significant differences in the improvement grade and downtime in the PRP-treated areas
were revealed, the LADD was associated with significantly lower pain scores than the ID
PRP administration. Patient assessment aligned with the physician assessment, supporting
the reliability of the presented outcomes.

In an RCT, Waibel et al. evaluated the postprocedural recovery in terms of wound
healing by comparing carbon dioxide fractional laser-assisted Vitamin C, E, and Ferulic
acid (or vehicle) delivery [17]. Although the results were not statistically significant,
a trend towards decreased edema on postoperative day 7 and decreased erythema on
days 3 to 5 on the LADD side compared to the vehicle was shown. In that respect, the
patients could resume work and social activities on day 5 instead of the typical 7-10 days
downtime after ablative fractional laser treatments. To further explore the underlying
mechanisms of wound healing mediated by the delivered active serum, several molecular
pathways analyses were performed, which showed a significant reduction in the bFGF
expression only on the control side at 5 days and 3 months post-treatment. Considering the
direct positive wound healing effect of bFGE, the authors correlated their findings with the
bFGF adequate synthesis and regulation by laser serum delivery.

Finally, in a hemi-face RCT, Yun et al. investigated the efficacy of Er:YAG laser-assisted
anesthesia with lidocaine 5% cream before laser resurfacing, revealing significantly lower
pain scores compared to lidocaine cream alone during both passes and especially after the
second pass.

3.5. Complications

The analysis of complications from the included studies showed that LADD is not as-
sociated with a higher risk of complications, either from the laser, the topical agent delivery,
or the combination treatment performed. Most studies referenced only mild and transient
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laser-related adverse effects (e.g., pain, erythema, crusting). The identified complications
were sporadic, including irritation, erythema, dryness, scaling, post-inflammatory hyper-
pigmentation (PIH), edema, crust formation, tingling, stinging sensation, mild pain, and
acne eruption. The low incidence of these adverse effects, without statistically significant
differences between the treatment modalities applied, supports the safety of LADD.

4. Discussion

The current era of evidence-based medicine is characterized by better medical and
surgical outcomes based on the accumulated data from well-conducted trials, systematic
reviews, and meta-analyses of these studies [20-22]. This evidence has a direct impact on
the quality and safety of the provided treatments and also on patient recovery and satis-
faction [23-25]. Based on these principles, we aimed to summarize and comprehensively
evaluate the efficacy and safety of laser-assisted drug delivery in various non-oncological
facial applications. The findings from the analysis of twelve relevant studies of high
methodological quality indicated that LADD holds promise in improving the outcomes
following various facial procedures, such as treatment of melasma, atrophic scars, facial
rejuvenation, enhancing recovery after laser, and local anesthesia before laser treatment.

Interestingly, the positive effect of laser-assisted delivery of topical agents for the same
indication was achieved by different combinations of laser devices and topical agents,
compared to monotherapy either with a laser or a topical medication. The principal role in
these effects is the synergism between the laser and the topical substance. The commonly
used fractional ablative lasers, by means of selective epidermal damage, create spatially
distributed columns of microscopic treatment zones, which act as conduits through which
the topical agents bypass the stratum corneum and the other epidermal barrier mechanisms
towards the deeper tissues [26]. Consequently, the percutaneous penetration of topically
applied compounds is enhanced, enabling their increased diffusion and absorption.

The efficacy and safety of LADD should be evaluated, considering the characteristics
of the laser device and its settings, the characteristics of the topical agent applied, and the
patient characteristics. Starting with the laser device, the incurred channel attributes, in
terms of number, depth, size, and the surrounding coagulation zone (CZ) due to thermal
damage, should be properly configured. Laser density defines the number of channels, and
thus, by increasing laser density up to approximately 5%, the topical agent absorption will
be proportionally increased without further effect, presumably due to tissue saturation [27].
Similarly, channel size, as defined by spot size, will affect the amount of compound ab-
sorbed. Channel depth, which determines the level of substance penetration, depends on
the laser fluence or energy settings. However, hydrophobic substances, such as lidocaine
or imiquimod, show a depth-independent uptake due to the hydrophilic dermis [1,28,29].
Therefore, hydrophilic medications are expected to penetrate deeper, which can amelio-
rate treatment efficacy but also endanger safety due to exaggerated local and systemic
responses [30]. The coagulation zones around the laser channel enhance absorption, which
partly explains the superior effect of LADD compared to non-thermal modalities, such as
microneedling, while it may lead to an increased risk of local and systemic reactions [31-33].
Notably, CZ size depends on the laser-induced thermal damage; thus, it is associated with
the risk of adverse events, such as blistering and scarring. Consequently, laser settings
must be configured wisely in order to maximize efficacy while mitigating periprocedural
risk. In this review, the above requirements were practically confirmed by using settings of
low fluence and pulse energy, a spot size of 7-10 mm, a frequency of 4-5 Hz, and a density
of 5%.

A recent review of preclinical development and clinical applications of LADD con-
cluded that ablative fractional lasers are highly effective and safe to facilitate topical drug
delivery with little restriction on the physicochemical properties of medications [34]. These
properties, though, are also substantial to the treatment efficacy. The molecular weight,
hydrophilicity, and solubility dictate the ability, depth, and speed of skin penetration [1].
Liquid solutions and gels penetrate laser channels more readily than cream formulations,
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thus affecting the tissue response in terms of clinical but also side effects [35]. This system-
atic review of controlled studies supports the efficacy of LADD compared to monotherapy,
irrespective of substance properties. Indeed, anesthesia induced by Er:YAG-assisted lido-
caine cream delivery was superior to cream alone for facial rejuvenation with laser [8]. In
addition, the review showed that the safety profile of the delivered substances was not
affected by LADD, as the reported side effects were essentially laser-related.

Patient and skin characteristics should also be accounted for regarding LADD efficacy.
The anatomical site, cutaneous integrity and enzymatic activity, vasculature, acidity and
hydration, occlusion, and age of the patient affect transdermal drug penetration [36,37].
It is logical that injured or inflamed skin absorbs topical compounds more readily than
intact skin. Interestingly, modifications in local vascular supply by topical brimonidine
cream, epinephrine solution, or pulsed dye laser enhance the LADD of 5-fluorouracil due
to its increased concentration and prolonged dwell time in the skin [36]. In this review,
we focused on facial applications of LADD, which enhanced the homogeneity of the
studies and outcomes. Patient and skin characteristics (i.e., Fitzpatrick skin type) were
not significantly different between the groups of each trial, which further strengthens the
presented evidence.

Although there is a variety of indications for LADD, the recently published evidence-
based clinical practice guidelines strongly recommend LADD only for the treatment of
actinic keratoses, actinic cheilitis, and Bowen disease [38—41]. In general, an ablative laser
pretreatment with CO, or Er:YAG was followed by photodynamic therapy with methyl
aminolevulinate or aminolevulinic acid. Higher laser depth parameters have shown signifi-
cantly higher efficacy and lower recurrence rates at 12 months and 5 years than conventional
methyl aminolevulinate photodynamic therapy for the treatment of actinic keratosis and
Bowen disease [38,40—42]. In this review of facial non-oncological applications of LADD,
the treatment of melasma, scars, facial rejuvenation, and laser procedure optimization
were the main indications. For melasma, LADD with tranexamic acid, kojic acid, or hy-
droquinone demonstrated effectiveness up to 6 months post-treatment. However, direct
comparisons between LADD and monotherapy, in terms of MASI/mMASI scores, sup-
ported superior outcomes only up to 3 months [9,11-13,16]. The patient satisfaction rates
typically exceeded the relevant clinical outcomes and were maintained at all time points
assessed. These results align with the meta-analysis of five RCTs, which showed that laser
modalities combined with TXA significantly decreased the MASI/mMASI scores, while no
serious adverse events were observed, except mild erythema and burning pain [43]. The
efficacy of LADD will probably render the intradermal tranexamic acid injections alone or
combined with Q-switched Nd-YAG laser, though effective, obsolete due to the associated
pain from injection despite topical anesthetic cream used [44].

Regarding facial rejuvenation, this review supported the use of fractional lasers for
the delivery of various topical cosmeceuticals, including poly-L-lactic acid, hyaluronic
acid, and BTX-A. These outcomes are similar to the review by Muskat et al. regarding
LADD and treatment of rhytids, as well as scars [45]. LADD, with either ablative or
nonablative laser types, was evaluated in combination with corticosteroids, botulinum
toxin-A (BTX-A), 5-fluorouracil, 5-aminolevulinic acid photodynamic therapy, stem cells,
platelet-rich plasma, and prostaglandin analogs for the treatment of scars. Various clinical
outcomes, with reduced adverse effects rates, were revealed [45]. Similarly, the findings of
the systematic review by Truong et al., which evaluated LADD efficacy for the treatment of
hypertrophic scars and keloids, were limited by the quality and heterogeneity in partici-
pants, methodology, and outcome assessment of the included RCTs [46]. Considering that
our review included only one study regarding post-acne atrophic scars, more high-quality
LADD studies in the context of scar treatment are needed.

This plethora of options for lasers and topical preparations, indications for LADD,
and relative accessibility to this modality enable widespread adoption. The aspect of safety
should be thus emphasized, as with any novel intervention. In a systematic review of
LADD safety and adverse effects, Ng et al. highlighted the multiple adverse effects that
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clinicians should consider prior to carrying out LADD [47]. Common findings, such as
erythema, edema, pain, and crusting, and more severe adverse effects, such as allergic
reactions, infection, scarring, and hyperpigmentation, were noted. These adverse effects
are mostly related to the lasers themselves; thus, the laser type and its function settings
should be carefully adjusted based on the LADD pathophysiology, as mentioned above [48].
All studies included in this review quantified the proportion of participants that experi-
enced adverse effects, which confirmed the safety of LADD (compared to controls), also
reporting no systemic or life-threatening side effects. This vigilance regarding the ad-
verse effects emphasizes the importance of patient safety, especially in facial and cosmetic
procedures [49,50].

This systematic review addresses the effect of the LADD on various facial procedures.
Among its strengths is the rigorous methodology used, analyzing a fairly homogeneous
sample of patients undergoing different facial procedures assisted by lasers, thus providing
outcomes generalizable to a broader population and insights into the potential versatility of
LADD in clinical practice. In addition, the comparison groups studied had similar baseline
characteristics, thus limiting potential bias from known confounding factors to the primary
outcomes of interest. This was also confirmed by the risk of bias assessment performed.

While this meta-analysis provides valuable insights into the outcomes and compli-
cations of LADD, there are certain limitations that should be acknowledged. The main
limitation is the relatively small number of studies included in the analysis. While aiming
to evaluate the LADD’s effect on facial procedures while mitigating the potential risk of bias
on the review outcomes, a rather specific review question and corresponding search strat-
egy were adopted. The heterogeneity in the included study designs regarding methodology;,
treatment protocols, and follow-up duration was another limitation that may influence
the overall findings. Although this review comprised only high-quality RCTs, such varia-
tion precluded data pooling, quantitative synthesis, or subgroup analyses. Considering
that LADD is a novel modality that has only recently emerged as an adjunct for various
skin procedures, this heterogeneity is anticipated. The review’s reliance on relatively
short follow-up studies may not fully capture the long-term efficacy and safety outcomes
of LADD.

Further research is warranted to address these limitations and enhance the understand-
ing of LADD in facial treatments. Future studies should employ standardized treatment
protocols, larger sample sizes, and longer follow-up periods to generate more robust
evidence. This is particularly important when the applied medications may increase cel-
lular turnover, such as proliferative anti-ageing peptides; induce DNA damage, such as
chemotherapeutics; or promote the proliferation of aberrant cells due to growth factors
applied. Although this review and the available evidence do not support such implications,
the long-term risk following LADD of various compounds remains unknown.

5. Conclusions

In conclusion, this systematic review presents the indications and highlights the
efficacy of laser-assisted drug delivery in enhancing the outcomes of various topical medi-
cations applied on the face. A clinical benefit of LADD was unanimously revealed without
an increased risk for potential adverse effects. In clinical practice, caution should be ex-
ercised when performing LADD, focusing on laser type, its function settings, and the
properties of topical medication delivered through the skin. Further research is needed to
refine treatment protocols, optimize patient selection, and establish guidelines for adverse
effects mitigation, which will enhance the safety and efficacy of laser-assisted drug delivery
in routine practice.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/cosmetics10050122/s1, Table S1: PRISMA Checklist; Table S2:
Risk of bias (RoB2) graph; Table S3: Summary graph of RoB2.
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