I Perspective

Chinese Medical Journal“"’

Non-invasive detection technology in port-wine stain treatment

Xue Wang', Yangxue Fu?3, Yan Liu®3, Wenjia Nie>*, Xingyu Su®3, Xianbiao Zou®, Rusong Meng®, Yan Li%3, Juan Tao*3

"Department of Dermatology, The First Affiliated Hospital, Medical College of Shihezi University, Shihezi, Xinjiang 832008, China;

2Department of Dermatology, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology (HUST), Wuhan, Hubei 430022, China;
SHubei Engineering Research Center for Skin Repair and Theranostics, Wuhan, Hubei 430022, China;

“Department of Dermatology of the Fourth Medical Center of People’s Liberation Army General Hospital, Beijing 100048, China;

®Department of Dermatology, Specialty Medical Center of the Air Force, People’s Liberation Army, Beijing 100142, China.

Port-wine stain (PWS) is a type of disfiguring disease and
its molecular pathogenesis remains ambiguous. The
current gold standard treatment for PWS is pulsed dye
laser (PDL);!"! meanwhile hematoporphyrin monomethyl
ether-photodynamic therapy (HMME-PDT) has also been
utilized for clinical use for 5 years.'*! Due to the vascular
heterogeneity, it is difficult to predict and evaluate its
efficacy with naked eyes. Therefore, a technology that is
consistent, repeatable, and non-invasive will be required
to provide accurate images and quantitative evaluation
indicators. In this study, we have reviewed dermoscopy,
reflectance confocal microscopy (RCM), high-frequency
ultrasound (HFUS), optical coherence tomography
(OCT), and laser speckle imaging (LSI), etc. in predicting
efficacy, intra-operative monitoring, and objective evalu-
ation of effectiveness of PWS treatment [Figure 1].

PWS can be divided into 3 types under dermoscopy:
superficial, deep, and mixed type. Dermoscopy can predict
the therapeutic effect of PWS through the detection and
distribution of vascular depth. Superficial PWS lesions in
dermal papillary layer respond well to PDL and PDT;
while deep PWS lesions in deep dermis respond poorly
[Supplementary Table 1, http:/links.lww.com/CM9/
B23].1%%! Different and single features of blood vessels
that are observed under dermoscopy can also predict the
therapeutic effect: dotted and globular vessels, short
clubbed vessels, and curved vessels correspond with
excellent curative effects to HMME-PDT, pale halos
surrounding brown dots and arborizing vessels corre-
spond with moderate efficacy, and mixed vessels, a
grayish-white veil and reticular patterns correspond with
poor curative effect.””) Red dotted and globular vessels
have greater responses compared to curved vessels and
grayish-white veil when they respond to laser treatment.®!
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There are various dermoscopic features of patients with
PWS that may correlate with age, sub-type, location,
previous treatment history, and PDL resistance.

RCM can predict and evaluate the lesions of PDL laser-
resistant before treatment. PWS lesions with higher blood
flow, larger diameters, and deeper location tend to have
poorer responses in PDL treatment.'®!

Moreover, HFUS can indicate the effectiveness of PDT
through detecting skin thickness and blood flow signals of
different types of PWS. The nodular PWS with thicker
lesion (3.98 + 2.20 mm) and lower dermal echo have
poorer response to PDT.!

LSI can perform intra-operative monitoring through
detecting blood perfusion values. The blood perfusion
value reached the maximum threshold (1537 + 982 PU)
within 10 minutes during PDT and dropped to 780 + 591
PU at the end of the treatment. If persistent blood
perfusions persist after treatment, PWS lesions are
required to be re-treated immediately.''®! LSI can be used
as a simple intra-operative monitoring tool in laser
treatment and PDT operation, however, a stable and
controlled ambient temperature is required.

Apart from this, OCT can show the overall organizational
structure and the changes of blood flow velocity in order
to create PWS vascular structure images and provide
guidance for PDT."!" The dynamic monitoring of blood
flow changes with high sensitivity and fast semiquantita-
tive real-time feedback can potentially optimize personal-
ized laser treatment for each PWS patient.!'?!
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Figure 1: A summary of the full text. CDR: Cross-polarized diffuse reflectance imaging system; HFUS: High-frequency ultrasound; LSI: Laser speckle imaging; OCT: optical coherence
tomography; RCM: Reflectance confocal microscopy; SFDI: Spatial frequency domain imaging.

Furthermore, spatial frequency domain imaging can
capture the tiny damaged blood vessels that cause acute
hypoxia. It can analyze the changes of biochemical
composition from each skin lesion, which may provide
the basis for individualized treatment.

PWS lesions that are observed under dermoscopy have
shown white areas (vessel wall structure disappeared) and
purpura reaction immediately after PDL treatment, which
indicated a good therapeutic endpoint, efficacy, and also
avoided the occurrence of adverse reactions that are
caused by higher laser energy.!'?!

Dermoscopy can evaluate the efficacy of different types
of PWS after PDL treatment. For the pink type, there was
a decrease in vascular density after treatment (1 and
4 weeks), and the red spot gradually disappeared while a
light brown spot has formed after 8 weeks. For the purple
type, the globular and dotted vessels decreased first
(1 week and 4 weeks), and the remaining light brown
patches were observed after 8 weeks. For the thickened
PWS type, only gradual changes in colors could be
observed (8 weeks).!'*

VISIA-CR™ system can capture standard images, which
objectively reflect the degree of erythema regression. The
declined erythema index value was related to the efficacy
score. It is suitable for facial lesions but has certain
limitations for limbs and trunk.

RCM can assess the average blood vessel density and
diameter of blood vessels by PDL before and after PWS
treatment, which also corresponds to the degree of
erythema bleachmg

Cross-polarized diffuse reflectance imaging system includ-
ed L*a*b* color spaces where a* represents color
saturation, which is a determinant of erythema in PWS.
A higher a* value indicates profound erythema, and
reduction in the a* value post-treatment is an indicator of
treatment efficacy.!!

In summary, the non-invasive skin examination techni-
ques can be widely used in the prediction of therapeutic
effects, assessment of effectiveness, and intra-operative
monitoring. By means of detecting vascular depth,
single features, blood perfusion, and other characters,

these non-invasive techniques can reflect the efficacy of
PDL and PDT on PWS lesions. This further assists
dermatologists with the development of further reason-
able strategies and parameters. These techniques will
also become excellent methods for achieving greater
outcomes for personalized treatment. However, each
technique has its own limitations [Supplementary
Table 2, http:/links.lww.com/CM9/B23] and will need
to be utilized in combination with specific clinical
outcomes.
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