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Yunong Wang, Zhanxue Sun, Lingling Cai', Fengchuan Zhang'

Division of Dermatology, Beijing University of Chinese Medicine Third Affiliated Hospital, 'Department of Dermatology, Dongfang Hospital of Beijing
University of Chinese Medicine, Beijing, China.

Abstract

Objectives: This network meta-analysis assessed the relative efficacy and safety of six common photoelectric therapies including
1064-nm neodymium-doped yttrium aluminum garnet (Nd: YAG), fractional carbon dioxide laser(FSCO2), fractional micro-plasma
radiofrequency(Plasma), micro-needling fractional radiofrequency (MRF), 1550nm or 1540nm erbium-glass non-ablative fractional laser
(NAFL) fractional erbium-doped yttrium aluminum garnet (Er: YAG).

Methods: A comprehensive search to identify relevant studies was conducted using four electronic databases. Outcome measures were
extracted based on subjective and objective indexes, including the dermatologists’ evaluation(DE), the patients” overall satisfaction(PS),
VAS score, and Postinflammatory hyperpigmentation (PIH).

Results: Eleven published clinical research studies, involving 405 patients were included in this study. Ranking of DE from large to small
is as follows: Nd: YAG, FSCO2, Er: YAG, Plasma, NAFL, MRF. In terms of PS, the rand from high to low can be described as follows: Er:
YAG, Nd: YAG, FSCO2, Plasma, NAFL, MRF. In connection with the sequencing of adverse events, pain severity from slight to severe as
follows: Er:YAG, Nd:YAG, FSCO2, NAFL, MRF, Plasma. The probability of having PIH are presented in order from lowest to highest as
follows: MRF, Plasma, Nd: YAG, NAFL, Er: YAG, FSCO2.

Conclusion: FSCO2 remains the mainstream of potentially curative treatment, then again Nd: YAG and Er: YAG require greater efforts
to prove their superior effectiveness. NAFL might be appropriate for mild and moderate improvement with its strengths of good tolerance
while Plasma fits into patients with higher pain thresholds but an expectation of higher results. MRF has not given expression on absolute
predominance for the present.

Registration:

PROSPERO CRD42021242160

(available from https://www.crd.york.ac.uk/PROSPERO).
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Plain Language Summary

Acne vulgaris is the most common dermatological disorder worldwide. Acne scars cause anxiety and embarrassment to the
patients, all of which affect the quality of life. The investigators of this article are from China. This network meta-analysis
assessed the relative efficacy and safety of six common photoelectric therapies including 1064-nm neodymium-doped yttrium
aluminum garnet (Nd: YAG), fractional carbon dioxide laser(FSCO2), fractional micro-plasma radiofrequency(Plasma),
micro-needling fractional radiofrequency (MRF), and 1550nm or 1540nm erbium-glass non-ablative fractional laser (NAFL)
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fractional erbium-doped yttrium aluminum garnet (Er: YAG). Eleven published clinical research studies, involving 405 patients
from Asia and Africa were included in this study. We conclude that fractional carbon dioxide laser remains the major potentially
curative treatment, followed by Nd: YAG and Er: YAG. Erbium-glass non-ablative fractional laser might be appropriate for
mild and moderate improvement with good tolerance while fractional micro-plasma radiofrequency fits patients with higher
pain thresholds but having an expectation of higher results. Microneedling fractional radiofrequency has not given expression

on absolute predominance in the present study.

Introduction

Acne vulgaris is a common chronic inflammatory disease of the
skin. Even after definitive treatment, there is a high probability
of occurrence of acne scars. Among them, atrophic acne scars
are more common than keloids and hypertrophic scars.! Acne
scars not only decrease facial attractiveness but also cause
anxiety and embarrassment to the patients, all of which affect
the quality of life.? Therefore, atrophic acne scars must be
treated at an early stage with an effective treatment. Currently
used treatment methods such as dermabrasion, chemical
peeling, hypodermic injection, dermal filler, dermal grafting
and trephination have limited efficacy with adverse effects.
The recent decades have seen a growing trend toward use of
photoelectric therapies such as lasers and radiofrequency.
Furthermore, advances in technology and technique have
allowed photoelectric therapies to be applied to an ever-
increasing number of acne scars.’ Lasers appear to function
mainly through selective photothermal action and radiofrequency
use of electromagnetic waves to generate electricity, which can
all result in collagen contracture and new collagen formation.**
Among them, lasers can be divided into fractional ablative lasers
and non-ablative lasers, the former effect seems stronger than the
latter but the latter has shorter downtime and fewer side effects.
Radiofrequency appears to achieve good results but it may cause
significant pain and discomfort.” So far, there has been little
discussion about the comparative efficacy and safety of different
photoelectric therapies. There is a paucity of empirical research
because few head-to-head comparison studies are available
and traditional pairwise meta-analysis cannot integrate all of
the evidence from several comparators. Hence, this research
project has been aimed to assess the relative efficacy and safety
of six common photoelectric therapies including 1064-nm
neodymium-doped yttrium aluminium garnet, fractional carbon
dioxide laser, fractional micro-plasma radiofrequency (plasma),
micro-needling fractional radiofrequency, 1550 nm or 1540 nm
erbium-glass non-ablative fractional laser and fractional erbium-
doped yttrium aluminium garnet using a network meta-analysis
design.

In this study, we tabulate previously published data,
using subjective rating procedures including the
dermatologists’ evaluation of the treatment efficacy greater
than 50% improvement, the patients’ overall satisfaction
in the improvement of atrophic acne scars greater than or
equal to “moderately satisfied” and VAS score (a 10-point
visual analog scale, 0 = no pain and 10 = worst pain ever).
Post-inflammatory hyperpigmentation was selected as the
objective measurement for the evaluation of postoperative
complications.

Methods

We performed a network meta-analysis following an a priori
established study protocol (available on request). The study
protocol is registered with PROSPERO (Registration No
CRD42021242160).

Inclusion criteria

Types of patients: (1) presence of atrophic acne scars on the
face, (2) willingness to follow up and comply with the study
protocol. The exclusion criteria were as follows: (1) having
active acne under treatment, (2) pregnancy, (3) mental illness,
(4) active dermatitis or bacterial infection on the face and (5)
having received any other treatments for acne scars for six
months before the first treatment.

1. Types of interventions and control: (1) 1064-nm
neodymium-doped  yttrium  aluminium  garnet,
(2) fractional carbon dioxide laser, (3) fractional
micro-plasma radiofrequency (plasma), (4) micro-
needling fractional radiofrequency, (5) non-ablative
fractional laser, (6) fractional erbium-doped yttrium
aluminium garnet and (7) blank control or placebo.

2.  Types of outcome measures: (1) The number of
patients with a clinical improvement greater than
50% in skin texture and atrophy evaluated by
dermatologists. (2) The number of patients with
an overall satisfaction greater than or equal to
“moderately satisfied.” (3) VAS score (a 10-point
visual analogue scale, 0 = no pain and 10 = worst
pain ever). (4) The number of patients with post-
inflammatory hyperpigmentation.

3. Types of studies: All reports included in this study
were clinical randomised controlled trials.

Literature search

The studies selected in this network meta-analysis were
obtained from the PubMed, Web of Science, EMBASE
and Cochrane Library databases (up to May 31, 2021). The
search strategy was as follows: [acne scar] or [acne scarring]
or [atrophic scarring], [laser] or [lasers] or [radiofrequency],
and [RCT] or [randomised controlled trial]. The reference
lists of included manuscripts were reviewed in search of
sources that may have been missed.

Data extraction

Two researchers independently screened titles and abstracts and
selected references. The information and data extraction which
included first author, year of publication, the country in which the
trial was conducted, patient sample size, study design, mean age
of patients, type of laser or radiofrequency, therapy mode of laser
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or radiofrequency, the time interval between treatment, number
of sessions, follow-up time, adverse reactions and complications.
Efficacy assessment outcomes included dermatologists’
evaluation and patients’ overall satisfaction. Safety outcomes
included VAS score and post-inflammatory hyperpigmentation.

Assessment of risk of bias

Two authors independently grade the quality of each original
study using the Cochrane Collaboration tool, which is widely
used in quality assessment. The quality of the literature was
assessed independently by two authors and discrepancies
were reviewed by a third author.

Statistical analysis

All statistical analyses were performed using STATA software
(Version 15.1; STATA. Corp, College Station, Tex). For
confidence intervals (e.g., number of patients with clinical
improvement, overall satisfaction and post-inflammatory
hyperpigmentation), calculated the relative risk (RR) with
95% confidence intervals (95% confidence interval). The
P-value for the overall effect was judged using the Z test, with a
significance set of P < 0.05.8 Heterogeneity was tested using the
12 test, with 12>50% suggesting the existence of heterogeneity.
A fixed-effects model was used when 12<50%, otherwise, a
random-effects model was used.”!* Statistically significant
was determined as a P-value < 0.05. The inconsistency model
was mainly used to examine the degree of inconsistency
between direct comparison evidence and indirect comparison
evidence.!! At the same time, a network relationship diagram
and predictive interval plot of various interventions were drawn.
The former can effectively demonstrate the interdependencies
among criterias, indirect comparison relationship and the
latter can illustrate the summary effect size of the comparative
effectiveness among interventions.'> Additionally, funnel plots
were used to assess bias, which would be visually examined
for asymmetry."* In this study, to rank the intervention effects,
the cumulative ranking probability curve (surface under the
cumulative ranking area) of each treatment scheme would be
estimated. Greater surface under the cumulative ranking area
values were probability indicative of better intervention.'*

Results

Literature search

A total of 878 articles were identified through database
searching, from which 514 were screened after excluding
duplicates. 162 studies were evaluated by browsing the full-
text, 11 of these met the inclusion criteria in this network
meta—analysis. Most of the included studies were from Asia
so most patients approximately had the same Fitzpatrick skin
type (III or I'V). Furthermore, the severity of acne scars was
mostly from mild to severe and the type of scars was mostly
a combination of two or three types. Moreover, the frequency
of treatment was predominantly 3—4 sessions at 3—4 weeks
intervals and the duration of follow-up varied between three
to six months. The flow chart of literature screening and
review is outlined in Figure 1.

Comparative efficacy and safety of six photoelectric therapies for the atrophic acne scars: A network meta-analysis

Study characteristics and risk of bias

405 patients were included in 11 studies included in this
meta-analysis and were of approximately equal representation
of sex (184 males and 189 females). All of them came from
an Asian background, such as China, Korea, Thailand, etc.
All studies were published between 2010 and 2020. Four of
11 randomised controlled trials separated patients into two
groups of equal numbers, others were split-face studies. Six
types of photoelectric therapies, including neodymium-doped
yttrium aluminium garnet, fractional carbon dioxide
laser, plasma, micro-needling fractional radiofrequency,
non-ablative fractional laser and erbium-doped yttrium
aluminium garnet were included in 11 studies. The clinical
and demographic characteristics and the treatment options of
participants are displayed in Table 1. Details of the risk of
bias summary and risk of bias graph are shown in Figure 2.

Evidence network

The set of direct comparison evidence between treatments
(network geometry) is illustrated by the network evidence
graph (Figure 3). The directly compared interventions are
linked with a line, the thickness of which is proportional to
the number of studies assessing the comparisons. Each round
dot represents one intervention. The larger the area of a dot,
the greater the overall sample size of each intervention. In
this context, fractional carbon dioxide laser has the greatest
number of studies, sample size, and direct comparison,
conversely, plasma harbours the least number of them.

Consistency test

Logistic regression analysis was used to assess total
concordance. Post-inflammatory hyperpigmentation,
dermatologists’”  evaluation  and  patients’  overall

878 Records identified thro-
ugh database searching
_>| 364 Duplicate records excluded

Yy

514 Records screened

Identification

352 Records excluded
171 Other skin diseases
107 About Pigmentation
38 Review records
22 Internal disease
8 Case study
6 Records about animal
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Y

expriments

\

162 Full-text articles assessed
for eligibility

l

Eligibility

151 Records excluded
37 Include combination therapies
34 Surgical and drug treatments
28 Other inneligible therapies
26 Uninterested outcomes

[

13 Conference abstracts
7 Not randomized controlled tria
4 6 _Can not find full texts

11 Studies included in
network meta-analysis

Included

Figure 1: Flowchart of literature screening
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Table 1: The basic information of the literature included

Study Country Design Age Male Female Total Fitzpatrick Follow-up Inter- Control Num- Intervals Primary
(year) skin type time vention group ber of (week) outcome
(month) group appli-
cations

Sirithanabadeekul, Thailand RCT 280+ 13 12 25 11128%, 1,3 Nd:YAG FSCO2 NR NR DE, PS,

2020 (split- 4.8 1V68%, VAS,
face) V4% PIH

Lan, 2020'° China RCT 22.87 39 21 60  I1141.67%, 1,3,6 Plasma MRF 3 8 DE, PS,
(split- +2.51 1V58.33% VAS,
face) PIH

Kwon, 2020'7 Korea RCT NR 11 14 25 NR 2 Nd:YAG NAFL 4 3 DE, PS,
(split- VAS,
face) PIH

Chayavichitsilp,  Thailand RCT 304 + 16 14 30 11190%, 4,8 Nd:YAG NAFL 4 4 VAS,

2020'8 (split- 6.8 IV10% PIH
face)

Al-Sultany, 2020 Iraq RCT 36(20- 12 30 42 1123.8%, 2 FSCO2  MRF 4 4 DE
(ran- 48) 11135.7%,
dom 1V30.95%,
groups) V9.55%

Elsaie, 2018% Egypt RCT NR 19 39 58 NR 3 FSCO2  NAFL 4 3 DE, PS,
(ran- VAS,
dom PIH
groups)

Chae, 2015 Korea ~ RCT 269 29 11 40 117.5%, NR  NAFL  MRF 3 4 DE, PS,
(ran- 1V70%, VAS,
dom V12.5% PIH
groups)

Zhang, 2013% China RCT 264+ 19 14 33 I and IV 6 FSCO2  MRF 3 8 PS, VAS,
(split- 3.7 PIH
face)

Manuskiatti, Thailand RCT 29.5 8 12 20 NR 1,3,6 Er:-YAG FSCO2 NR NR DE, PS,

2013% (split- VAS,
face) PIH

Asilian, 2011 Iran RCT 26.6 10 22 64 NR 3,6 Nd:YAG FSCO2 4 4 DE, PS,
(ran- PIH
dom
groups)

Cho, 2010% Korea ~ RCT NR 8 0 8 NR 3 NAFL ~ FSCO2  NR NR  DE, PS,
(split- VAS,
face) PIH

NR: not reported, Values are expressed as mean * standard deviation or median (interquartile range)

radiofrequency-non-ablative fractional laser ROR = 3.434,
95% confidence interval 1.00, 28.02; Nd:YAG-fractional
carbon dioxide laser-non-ablative fractional laser ROR = 1.056,
95% confidence interval 1.00, 24.43) exhibits local consistency
whereas VAS score shows a certain local inconsistency
(fractional carbon dioxide laser-plasma- micro-needling
fractional radiofrequency -non-ablative fractional laser 95%
confidence interval 1.29,3.35; Nd:YAG-fractional carbon
dioxide laser-non-ablative fractional laser 95% confidence
interval 0.34,2.07). The inconsistency analysis showed that the
P-value only between fractional carbon dioxide laser and non-
ablative fractional laser is 0.000 <0.05, while other P values of
pairwise comparisons are all greater than 0.05 [Table 2]. This
inconsistency is discussed in more detail later. In like manner,
funnel plots for the dermatologists’ evaluation, patients’ overall
satisfaction and post-inflammatory hyperpigmentation status
were roughly symmetrical, nevertheless, fractional carbon

dioxide laser vs non-ablative fractional laser in VAS indicates
the presence of publication bias (Figure 4).

Meta-Analysis

1. Pairwise comparisons

The limits of the 95% credible interval and prediction interval
have been drawn, respectively in red and blue. The short black
horizontal or rhombus intersected with the midcourt line, which
means no significant difference. As can be seen from Figure 5,
from the dermatologists’ evaluation perspective, micro-
needling fractional radiofrequency has a less pronounced
effect than neodymium-doped yttrium aluminium garnet,
fractional carbon dioxide laser, and plasma. Non-ablative
fractional laser has a less pronounced effect than neodymium-
doped yttrium aluminium garnet and fractional carbon
dioxide laser. From a patients’ overall satisfaction perspective,
there is no significant difference among different treatment
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Table 2: Inconsistency analysis of VAS score
Side Direct Indirect Difference
Coef. Std. err. Coef. Std. err. Coef. Std. err. P>z
AB —0.4051 0.94163 1.79443 1.14719 -2.1996 1.48416 0.138
AE 0.91129 0.94556 —1.2883 1.14397 2.19957 1.48417 0.138
BC 0.9863 1.16771 —0.8775 1.82285 1.86376 2.16479 0.389
BE -1.1818 0.25483 1.23783 0.30751 —2.4196 0.39938 0
BF . . . . . . .
CD —0.6096 1.15329 —2.4734 1.83203 1.86378 2.16481 0.389
DE 0.76385 1.18465 -1.0999 1.8119 1.86379 2.1648 0.389
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Figure 4: Funnel plot for the meta-analysis

options. Concerning VAS, fractional carbon dioxide laserand 2.  Comprehensive comparisons

non-ablative fractional laser have greater pain intensity than ~~ As can be seen in Figure 6, cumulative probability
neodymium-doped yttrium aluminium garnet. Plasma and  plots of four individual indicators are presented. The
micro-needling fractional radiofrequency have greater pain surface under the cumulative ranking area probabilities
intensity than erbium-doped yttrium aluminium garnet. With ~ of dermatologists’ evaluation from large to small are as
regard to post-inflammatory hyperpigmentation, the chances follows: neodymium-doped yttrium aluminium garnet
with plasma or micro-needling fractional radiofrequency is (83.6%), fractional carbon dioxide laser (78.0%),
less than fractional carbon dioxide laser. erbium-doped yttrium aluminium garnet (53.6%), plasma
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DE

Treatment Effect Mean with 95%CI and 95%Prl

FSCO2 vs ND:YAG 0.89 (0.44,1.83)(0.01,93.55)

Plasma o T T 0.54(0.132.15)(0.00,4407.14)
MRF - R ~0.17(0.06,0.55)(0.00,298.83)
NAFL el 0.39 (0.17.0.88) (0.00,82.71)
ErYAG 0.59 (0.14,2.54)(0.00,7644.41)
l;/ll::l:m Vs FSCO2 0.60 (0.17,2.14)(0.00,2279.89)
NAFL 0.20 (0.07,0.53)(0.00,2279.89)
i 0.43 (0.21,0.90)(0.00.50.36)

0.6 (0.18,2.35) (0.00,2554.56)

MREF vs Plasma — 0.33 (0.15,0.71) (0.00,52.36)
NAFL 0.72 (0.21,2.53) (0.00,2475.58)
Er:YAG - 1.10 (0.18,6.64)(0.00,127751.11)
NAFL vs MRF 2.22(0.83,5.92)(0.00,1282.63)
Er:-YAG 3.37 (0.67,17.05)(0.00,122506.40)

Er:'YAG vs NAFL

1.52 (0.35,6.61)(0.00,20840.16)

PS

Treatment Effect Mean with 95%CI and 95%Prl

FSCO2 vs ND:YAG

0.93 (0.36,2.43) (0.00,5309.46)

Plasma 0.84 (0.36,2.43) (0.00,55452.53)
MRF 0.36 (0.08.1.67)(0.00,40522.22)
NAFL 0.52 (0.18,1.53) (0.00,5165.10)

ErYAG 1.45 (0.22,9.41) (0.00,1.10e+06)

Plasma vs FSCO2

0.90 (0.27,2.95)(0.00,15918.86)

MRF 0.39 (0.09,1.57) (0.00,21158.54)
NAFL 0.56 (0.21,1.52)(0.00,3894.67)
ErYAG 1.56 (0.31,7.75) (0.00,261803.98)

0.43(0.14,1.34) (0.00,5888.70)

MRFvs Plasma
NAFL 0.62 (0.17.2.35)(0.00,224433.19)

ErYAG — 1.73 (0.23,12.75)(0.00,2.77¢.06)
NAFL vs MRF 1.46(0.40,5.31)(0.00,44184.51)
ErYAG 4.03(0.48,34.02)(0.00,1.43e.07)

Er:YAG vs NAFL

2.77(0.42,18.36) (0.00,38¢.06)

T T T
002 02 12 20

VAS PIH
Treatment Effect Mean with 95%CI and 95%Pxl Treatment Effect Mean with 95%CI and 95%Pr]
FSCO2 vs ND:YAG 3.30 (0.49,22.05)(0.02,599.00
FSCO2 vs ND:YAG E 1771020139 ‘i‘:i‘:i? Plasma 0 os((o.oo,s.53))20.00,5?7.55;
Flaia ,}'05’((_2' ,9'?)%},))((:;;';7‘5‘3(:)) MRF 1927 (0.03,11428.99)(0.00,3 32¢+07)
NARL N 1.15 (0.29.2.00) (-4.39.6.69) NATL 0.03 (0.00.4.68) (0.00,3268.76)
— e 115(0.29,2.00) (-4.39,6. B
ErYAG 127 (:2.13,-0.41) (-6.87.4.33) I 0.40 (0.01,12.76)(0.00,1462.30)
Plasma vs FSCO2 0.99 (0.47,1.50)(-2.34,4.31) ﬂ;sl;ﬂa vs FSCO2 00('}013(506%0605?;3)1 (()0680422'23;
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Figure 5: Statistically significant pairwise comparisons
(51.4%), non-ablative fractional laser (30.9), micro-needling Discussion

fractional radiofrequency (2.5%). In terms of patients’
overall satisfaction, the rand from high to low can be
described as follows: erbium-doped yttrium aluminium
garnet (76.4%), neodymium-doped yttrium aluminium
garnet (65.5%), fractional carbon dioxide laser (61.9%),
plasma (57.0%), non-ablative fractional laser (25.5%) and
micro-needling fractional radiofrequency (12.7%). With
regards to adverse events, pain severity from slight to
severe was as follows: erbium-doped yttrium aluminium
garnet (98.4%), neodymium-doped yttrium aluminium
garnet (81.5%), fractional carbon dioxide laser (48.2%),
non-ablative fractional laser (44.6%), micro-needling
fractional radiofrequency (27.0%), plasma (0.3%). The
probability of having post-inflammatory hyperpigmentation
is presented in order from lowest to highest as follows:
micro-needling  fractional  radiofrequency  (87.3%),
plasma (83.0%), neodymium-doped yttrium aluminium
garnet (54.4%), non-ablative fractional laser (32.8%),
erbium-doped yttrium aluminium garnet (32.6%), fractional
carbon dioxide laser (9.9%).

Most of the previous review articles on acne scars were on
non-laser-based approaches such as chemical reconstruction
etc. or comparison with two laser modalities.*'* Because of the
lack of uniformity in the data, it was not possible to perform
meta-analyses or network meta-analyses. Based upon our
clinical experience and reading of the literature, 6 commonly
used photoelectric therapeutics in clinical settings were
included in this study. To our knowledge, this study is the
first report about the comparative efficacy and safety of
these several photoelectric approaches. They can be further
subdivided into fractional ablative laser (fractional carbon
dioxide laser, erbium-doped yttrium aluminium garnet),
non-ablative laser (neodymium-doped yttrium aluminium
garnet, non-ablative fractional laser), and radiofrequency
(plasma, micro-needling fractional radiofrequency). In the
first place, fractional ablative laser and non-ablative laser
can both induce normal skin tissue surrounding acne scars
to initiate the wound repair response, and the collagen
tissue in the dermis will constrict immediately, playing a
pivotal role in skin remodelling.'® In practice, however, they
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Figure 6: Cumulative probability plots

have different therapeutic rationales and side effects. The
fractional ablative laser is dehydrates the skin, producing
limited thermally damaged zones.!” There were postoperative
oblong scab skin formations to regenerate the damaged
skin.'® Moreover, a desirable characteristic of the non-ablative
laser is the energy concentration in the deep dermis without
damaging the epidermis, which does not form crusts, and
with no downtime." The microplasma radiofrequency can
excite the nitrogen between the probe and the skin into the
microplasma state, and then establish multiple controllable
micropillars with thermal penetration on the skin tissue.
Next, the surrounding water molecules can have high-speed
rotating friction, thus promoting skin surface reconstruction
and collagen recovery.?’ Finally, microneedle radiofrequency
is a new type of phased radiofrequency with the principle of
simulating lattice mode models, which can generate thermal
energy released by microneedle, thereby heating the dermis
and stimulating the neogenesis of collagen without affecting
the epidermis.?!

All the studies had low risk in performance, detection,
and reporting bias, while half of them had unclear risk
of selection bias because their reports did not mention
specific procedures of random sequence generation. A few
of them did not mention allocation concealment either. We
need to highlight that it is hard to implement blinding for
treating physicians because of the human manipulation of
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photoelectric instruments. However, we think this situation
has no direct effect on the outcome data. In addition, the
lost follow-up rates of the two studies were 10% (NO.4)
and 20% (NO.9). Although these authors have reported
that most of the lost follow-up participants have scheduling
conflicts, we judge them as unclear risk of bias with no
provision of proper substitution proposal and no definite
impact on outcome data.

Concerning the number of studies and the sample size
included in our research, fractional carbon dioxide laser and
non-ablative fractional laser have the largest proportion,
followed by neodymium-doped yttrium aluminium garnet
and erbium-doped yttrium aluminium garnet, while two
radiofrequency therapies rank last. A novel principle of
“fractional photothermolysis” was proposed early in 2004,
which allowed fractional lasers such as fractional carbon
dioxide laser and non-ablative fractional laser to be widely
used for many years.”? In more recent years, a newer
technology of radiofrequency has been found but have not
been used in the majority of medical institutions, so there are
not many studies on radiofrequency.?

According to our result on the consistency test and publication
bias, the VAS score seems to lack consistency, which is
specifically manifested by fractional carbon dioxide laser
vs non-ablative fractional laser. We searched the source of
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heterogeneity. We found two studies (NO1 and NO11) with
potential source of heterogeneity because of their excessive
gap between VAS scores of fractional carbon dioxide laser.
Sirithanabadeekul ef al. referred to the very conservative
treatment setting for the fractional CO2 laser they used, which
had a fixed pulse duration and a depth of penetration of about
350400 um. However, other studies applying fractional
carbon dioxide laser used Deep FX which had a penetration of
about 1000 um or even deeper depth, and thus patients in this
study would naturally have less pain. Cho et al. mentioned
that their comparison was not conclusive due to the small
study sample (only 8 patients) and only male patients.

Based upon the primary outcome measure of efficacy,
results obtained from surface under the cumulative ranking
area rankings and pairwise comparison of dermatologists’
evaluation were all consistent. Nevertheless, there is no
significant difference in the pairwise comparison of patients’
overall satisfaction among all treatments. We conclude that
the possible reasons for this situation could be that half of
the studies were split-face designs which may produce
similar feelings between two sides of the face. Frequently,
several sessions of treatment are required for acne scars,*
which makes patients not sensitive enough to identify subtle
variations in the improvement with regards to strength
and appearance of scars. Even then, we can still obtain
similar results from surface under the cumulative ranking
area rankings between dermatologists’ evaluation and PE.
Micro-needling fractional radiofrequency and non-ablative
fractional laser show poor therapeutic efficacy while fractional
carbon dioxide laser, neodymium-doped yttrium aluminium
garnet, and erbium-doped yttrium aluminium garnet have
a good curative effect. Among them, doctors’ judgment is
significantly more skewed to neodymium-doped yttrium
aluminium garnet and fractional carbon dioxide laser while
patients’ more skewed to erbium-doped yttrium aluminium
garnet. These results reflect those of Nirmal et al. (2013)*
who also found that patients’ satisfaction of improvement of
erbium-doped yttrium aluminium garnet was higher when
compared to physicians’ observations. About adverse effects,
the results show consistency between surface under the
cumulative ranking area rankings and pairwise comparison
both in VAS and post-inflammatory hyperpigmentation.
Plasma and micro-needling fractional radiofrequency show
maximal pain but comparatively lower complication rates
while neodymium-doped yttrium aluminium garnet and
erbium-doped yttrium aluminium garnet reflect mild pain
but a higher rate of post-inflammatory hyperpigmentation.
These results also corroborate the findings of previous work
by Xie et al.*® The low post-inflammatory hyperpigmentation
rate of radiofrequency therapies can be interpreted by the
characteristics of high temperature and high energy, which
will not vaporize the tissue and retain minimally invasive
epidermis or part of the dermis as a biological dressing. As
for neodymium-doped yttrium aluminium garnet and erbium-
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doped yttrium aluminium garnet, their absorbing main
chromophores laser energy are not melanin but the sebaceous
glands, water, and adjacent dermal tissues, which probably
relate to their higher post-inflammatory hyperpigmentation.?’
Even though, they still have indelible advantages in good
tolerance, short downtime, and superior results.?%

Taking this one step further, we may confirm our
comprehensive ranking of both efficacy and safety of six
photoelectric therapies. Fractional carbon dioxide laser can
be more widely used in clinical treatment for acne scars in
the future because of its exceptional efficacy as Peprahk
et al. mentioned.*® Neodymium-doped yttrium aluminium
garnet and erbium-doped yttrium aluminium garnet has been
proposed as quite good efficacy and a higher level of tolerance
which need to be further confirmed by more randomised
controlled trials. Although non-ablative fractional laser has a
lesser effect, it can be used as a conservative laser option for
mild acne scars because of its low rate of post-inflammatory
hyperpigmentation. This coincides with the report by Chan
et al. (2010),° who certified the safety of non-ablative
fractional laser and indicated that its clinical efficacy could
be maintained by increasing the total number of treatment
sessions. Finally, plasma can be used for patients who require
faster and better efficacy as well as have high pain tolerance.
Micro-needling fractional radiofrequency only has the
advantage of low post-inflammatory hyperpigmentation but
is not frequently recommended.

Our network meta-analysis does present some notable
limitations. Apart from the absence of direct comparison
and relatively small sample size, the lack of objective and
quantitative evidence such as histopathological results and
severity score, ECCA (Echelle d'Evaluation Clinique des
Cicatrices d'Acné) grading scale scores or Goodman & Baron
score) still make our study not fully objective. We believe
that an increasing number of clinical trials will be conducted
with the development of cosmetic dermatology.

Conclusion

This study set out to assess the efficacy and safety of 6
photoelectric therapies for atrophic acne scars. Fractional
carbon dioxide laser remains the most popular potentially
curative treatment. Neodymium-doped yttrium aluminium
garnet and erbium-doped yttrium aluminium garnet require
greater efforts to prove their superior effectiveness. Non-
ablative fractional laser might be appropriate for mild and
moderate cases because of good tolerance while plasma seems
to be the choice for patients with higher pain thresholds.
Further investigations with multicentre randomised controlled
trial data of acne scars are needed.
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