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ARTICLE INFO ABSTRACT

Keywords: Background: Hematoporphyrin monomethyl ether photodynamic therapy (HMME-PDT) is an effective method
Port-wine stains for treating port wine stains (PWS). However, methods to evaluate the treatment of HMME-PDT for PWS ef-
Hematoporphyrin monomethyl ether fectively and objectively are lacking.
photodyn:mic therapy Objective: This study aimed to describe the different noninvasive diagnostic techniques used in the evaluation of
gﬁﬁ(—:jﬁ)'p;ystem treatment re§p0nse to HMME-PDT fo.r PWS.. . ) ) ) )
High-frequency ultrasound Methods: Thirty-one lesions of 22 patients with PWS were treated with HMME-PDT. Four noninvasive diagnostic
Laser speckle contrast imaging techniques including VISIA-CR™ system, dermoscopy, high-frequency ultrasound (HFUS), and laser speckle
contrast imaging (LSCI) were used to obtain standard radiographic data on skin color, skin thickness, blood
vessel morphology, blood vessel distribution, and blood perfusion from lesions and surrounding normal skin
before and after HMME-PDT.
Results: The standard image pattern of VISIA-CR™ system showed color change in the lesions of PWS after
HMME-PDT. RBX red image of VISIA-CR™ system showed that erythema was highly aggregated even in invisible
lesions at baseline but decreased after HMME-PDT. The erythema index reduced value d was related to the
efficacy rating (y = 0.631, P < 0.05). Dermoscopy showed that the number of spot-like and irregular linear
vessels increased, which was correlated with the increase in clinical classification. After HMME-PDT, vascular
rupture was observed by dermoscopy. The response rate of lesions with vascular rupture was 100.00% (20/20).
Moreover, the response rate of lesions without vascular rupture was 63.64% (7/11). Vascular rupture sign was
correlated with better efficacy (P < 0.05). HFUS showed that the dermis of PWS thickened and was arranged
loosely with scattered linear hypoechoic signal. After HMME-PDT, the dermal layer of the lesions became
thinner with a decreased linear hypoechoic signal. The response rate of the lesions with linear hypoechoic signal
was 76.92% (10/13), and that without linear hypoechoic signal was 94.44% (17/18). The lesions without linear
hypoechoic signal in the dermis showed better efficacy (P < 0.05). In some lesions, LSCI showed high blood
perfusion signal in PWS lesions and blood perfusion reduction after HMME-PDT.
Conclusion: VISIA-CR™ system can be used to observe not only visible but also invisible lesions of PWS.
Moreover, lesions fading after HMME-PDT can be described objectively by VISIA-CR™ system. Dermoscopy
played an important role in the clinical classification of PWS, including assessing vascular injury after HMME-
PDT, guiding the adjustment of therapeutic dose, and selecting the end point of treatment. Both HFUS and LSCI
can be used to assist treatment response evaluation of HMME-PDT.
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1. Introduction

Port wine stain (PWS) is a type of congenital, low blood flow skin
vascular malformation generally located on the face and neck [1]. The
prevalence of PWS in neonates is 0.3%-0.5%, and it cannot be usually
resolved by self-healing. The color and thickness of lesions will progress
with age, and some of them may develop to nodules [2].

Hematoporphyrin monomethyl ether photodynamic therapy
(HMME-PDT) has been proved as an effective new method for the
treatment of PWS in recent years with its unique advantages of being
safe, non-invasive, and highly selective for blood vessels, which can be
used to treat large skin lesions [3]. At present, the evaluation of the
clinical efficacy of the treatment for PWS is mainly based on subjective
evaluations performed by the clinician with naked eyes. However,
sometimes, small changes are difficult to detect. Histopathology is al-
ways considered the gold standard but is invasive and accompanied by
pain inevitably. Therefore, some noninvasive, efficient, and accurate
evaluation methods are needed. In recent years, noninvasive diagnostic
techniques have been attempted in skin detection such as VISIA-CR™
system, dermoscopy, high-frequency ultrasound (HFUS), and laser
speckle contrast imaging (LSCI), which may be useful in future for
noninvasive detection of PWS in HMME-PDT.

VISIA-CR™ system image acquisition was operated by white and
cross-polarized light, the latter of which is used to produce the RBX red
image. Canfield’s patented RBX™ (Red/Brown/X) [4] technology pro-
vides a semiquantitative assessment of specific chromophores in the
skin [5]. Specifically, it measures the amount of hemoglobin content.
Hemoglobin serves as a measure of the amount of redness in the skin,
including those in background erythema, telangiectasias, and vascular
lesions.

Dermoscopy is a noninvasive microscopic image analysis technique
with polarized light. Skin structure such as epidermis, dermal papilla,
and dermis and pigment of the skin can be observed by dermoscopy in
vivo [6]. In clinical practice, dermoscopy can help improve the diag-
nostic accuracy of pigmented dermatosis [7], especially for early di-
agnosis of malignant melanoma [8].

Since Alexander and Miller began to discuss the application of HFUS
in the research of skin diseases in 1979 [9], HFUS has made consider-
able progress recently. HFUS is a technique that uses variable fre-
quencies to determine skin characteristics. It can clearly define the skin
layer and deeper structure and provide a real-time local perfusion
mode. A large number of studies showed that frequencies of HFUS
above 15MHz could provide meaningful diagnostic information for
skin diseases. HFUS has been used for the detection of characteristic
changes in a variety of dermatological diseases (superficial skin tumors,
bacterial infectious skin diseases, connective tissue diseases, er-
ythematous scaly skin diseases, dermatitis, and eczema) [10,11].

LSCI is a noncontact near-infrared imaging system with high tem-
poral and spatial resolution to detect surface blood flow [12]. LSCI
forms a full-field perfusion map of the detection area through real-time
blood flow detection based on speckle contrast analysis. Currently, LSCI
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has been successfully used to measure blood perfusion in the cerebral
cortex, liver, renal cortex, and gastric microvessels [13-17].

In this study, VISIA-CR™ system, dermoscopy, HFUS, and LSCI were
used to evaluate the treatment response of HMME-PDT for PWS.

2. Methods
2.1. General information

The study included 22 outpatients (10 men and 12 women) with 31
lesions of PWS treated in Shanghai Skin Disease Hospital between
March 2017 and January 2018. They were aged between 3 and 39
years. All lesions were located on the face and neck. Among all lesions,
8 lesions were pink type, 21 were purple type, and 2 were thickening
type.

According to the requirements of medical ethics, all patients, and
guardians of patients below 18 years of age, were informed of the
purpose of the study. Then, the operation procedures and risks were
explained to them. The patient signed the informed consent form for
data collection.

2.2. HMME-PDT treatment

Hematoporphyrin monomethyl ether (5mg/kg) was injected in-
travenously according to body weight. Ten minutes after injection, the
lesion was irradiated by 532-nm LED light (spot size, 10 cm X 10 cmy;
power density, 80-100 mW/cmz; treatment time, 20-30min) [18].
Hemoporfin and 532-nm LED light were from Shanghai Fudan-Zhang-
jiang Bio-pharmaceutical Co., Ltd., China.

2.3. Efficacy evaluation

Eight weeks after HMME-PDT, four evaluators independently
graded the improvement of PWS according to color blanching of
baseline in the treated area using the following standard: @ cured, color
of the lesion almost completely regressed (degree of improvement
>90%); @ good effect, color of the lesion subsided significantly (degree
of improvement =60%, < 90%); ® alleviation, color of the lesion
partially subsided (degree of improvement =20%, < 60%); @ no effect,
color was mostly unchanged in the treated area (degree of improve-
ment < 20%) [3]. Those rated as cured, good effect, and alleviation
were classified as the effective group, and those with no effect were
classified as the ineffective group. The standard of efficacy evaluation
through VISIA-CR™ system RBX red image was the same as above.

2.4. Noninvasive assessment

During HMME-PDT and follow-up, four non-invasive diagnostic
techniques were used to record and analyze lesions as shown in Fig. 1:

1) VISIA-CR™ system (Canfield, USA; including 6500-K standard white

HMME-PDT
Week 0 Week 1 Week 4 Week 8
] ] ] ] :
VISIA-CR™ | | vISIA-CR™ | | VISIA-CR™ | [ VISIA-CR™ | | VISIA-CR™
Dermoscopy Dermoscopy Dermoscopy Dermoscopy Dermoscopy
HFUS HFUS
LSCI LSCI

Fig. 1. Non-invasive diagnostic techniques detection timeline.
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light and polarized light source): after the face of patient was
cleaned, the chin was placed on a support cushion with the forehead
close to the upper cushion, and then, the frontal and lateral images
were taken in the darkroom with eyes closed.

2) Dermoscopy (MoleMax HD, Derma Medical Systems Handels-und
Entwicklungs GmbH, Vienna, Austria; polarized light source, x 30-
x 100 magnification): dermoscopy was used in the skin directly
with appropriate pressure to obtain images (x 30).

3) HFUS (MD-300S HFUS, MEDA Co., Ltd., Tianjin, China; ultrasound
frequency is 50 MHz; resolution is 50 um): HFUS was used to mea-
sure the lesion with optimal pressure.

4) LSCI (MoorFLPI, Moor Instruments Ltd., Axminster, UK): blood
perfusion in the lesion area is detected with MoorFLPI.

Each noninvasive measurement was used by the same clinician in
the same environment. All data and images were archived.

2.5. Statistical method

Comparisons of baseline characteristics and occurrence rate of
treatment reactions between the effective and ineffective groups were
performed by chi-square test. We defined the correlation coefficient y
by nonparametric Spearman correlation test. All statistical tests had a
two-sided significance level of < 0.05. SPSS 22.0 software was used for
all data analyses.

3. Results
3.1. Treatment efficacy

After HMME-PDT, two of the 31 lesions of PWS were cured (6.45%),
six lesions showed good effect (19.35%), 19 lesions showed alleviation
(61.29%), and four lesions showed no effect (12.90%). The overall re-
sponse rate was 87.10%.

3.2. Results of the VISIA-CR™ system

VISIA-CR™ system standard image showed the color fading before
and after treatment of the lesion intuitively. RBX red image showed
highly aggregated and densely distributed blood vessels in the lesion of
patients with PWS. Moreover, inconspicuous lesions could be observed
in the RBX red image. The color of the lesion is deepened within one
week after PDT. Subsequently, the color of the erythema subsided
gradually (Fig. 2). The erythema index reduced value d was correlated
to the efficacy rating (y = 0.631, P < 0.05). The efficacy evaluation
through the VISIA-CR™ system RBX red image showed different re-
sponse rates. Two of the 31 lesions of PWS were treated (6.45%), seven
lesions showed good effect (22.58%), 19 lesions showed alleviation
(61.29%), and three lesions showed no effect (9.67%). The overall re-
sponse rate was 90.32%.

3.3. Results of dermoscopy

As shown in Fig. 3, different types of PWS showed different mani-
festations under dermoscopy: the pink type showed irregular linear and
spot-like blood vessels on a bright red background; the purple type
showed a densely distributed spherical blood vessel on the deep red
background; the thickened type showed lump-like blood vessels on the
magenta background. After HMME-PDT, vascular rupture was observed
under the microscope in 20 lesions (Fig. 3). The response rate of lesions
with vascular rupture was 100% (20/20). Moreover, the response rate
of lesions without vascular rupture was 63.64% (7/11). After HMME-
PDT, lesions with vascular rupture showed better efficacy (P < 0.05).
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3.4. Results of HFUS

HFUS showed thicker lesions than the normal skin, and the dermis
was arranged loosely (Fig. 4). The dermis of 13 lesions showed scat-
tered linear hypoechoic signal. The response rate of lesions with linear
hypoechoic signal was 76.92% (10/13). Moreover, the response rate of
lesions without linear hypoechoic signal was 94.44% (17/18). The le-
sions without linear hypoechoic signal in the dermis showed better
efficacy (P < 0.05). After HMME-PDT, the thickened dermis became
thinner significantly, and linear hypoechoic signal also reduced sig-
nificantly. Furthermore, the dermis was denser than that before therapy
(Fig. 4).

3.5. Results of LSCI

In patients with PWS, the lesions showed rich blood perfusion signal
using real-time LSCI. After HMME-PDT, the blood perfusion signal was
reduced in 17 lesions (Fig. 5). Of the effective lesions, 87.72% (17/27)
showed blood perfusion signal reduction, while 12.28% (10/27)
showed no reduction. There was no blood perfusion signal reduction in
the ineffective group.

4. Discussion

PWS is the most common type of congenital venous malformation.
According to its clinical manifestations, it can be divided into three
types: pink, purple, and thickened types [19]. Histopathology showed
that the diameter of the blood vessels was about 10-300 um and the
depth was about 100-1000 um. There was no obvious abnormality in
the epidermis. The capillaries expanded with age, which can extend to
the subdermal tissues [20].

Previously, pulsed dye laser (PDL) was the preferred treatment for
PWS [21]. However, only lesions with a blood vessel diameter of
50-150 um can be effectively treated with PDL. Simultaneously, age,
lesion depth, and lesion extent also have a great impact on the response
on PDL. Therefore, the clinical cure rate was not high. Recently,
HMME-PDT has been developed as vascular-targeted photodynamic
therapy for PWS [22]. Because of its advantages of targeting vessels,
being noninvasive, and having large-area treatment, it has been widely
used in clinical practice [23].

The evaluation of therapeutic efficacy of PWS had always depended
on the subjective evaluation of physicians, which lacks objectivity. With
the development of noninvasive diagnostic techniques, new skin ima-
ging techniques are being used in the diagnosis and treatment of skin
diseases such as VISIA-CR™ system, dermoscopy, HFUS, and LSCI [24].
In view of the difficulties in making an objective assessment, the above
four noninvasive diagnostic techniques were used to analyze the effi-
cacy of HMME-PDT in order to obtain a preliminary evaluation of the
effect.

4.1. The application value of the VISIA-CR™ system

The standard images collected under the 6500-K white light were
comparable before and after HMME-PDT. The RBX red image can show
the distribution of superficial blood vessels in the skin. Micali et al. used
RBX red image in the study of erythema, telangiectasia, and rosacea
[25]. They found that this model can be used in the preliminary as-
sessment of vascular components in the erythema area. This may help
in the selection of the best treatment strategy. Our results revealed that
lesions in patients with PWS showed more abundant vascular ag-
gregation than the normal skin in RBX red image. Simultaneously, the
abnormal capillary network that was not easily observed by the naked
eye could be observed in the RBX red image. It was meaningful in the
determination of the boundary of the lesion and precise treatment.
Immediately after HMME-PDT, red deepening of the skin lesions could
be observed in the RBX red image. This was caused by the rupture of the
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Fig. 2. Typical case of PWS patient treated by HMME-PDT detected by VISIA-CR™ system at different time points. The VISIA standard image shows the color fading in

the lesion before and after HMME-PDT; RBX red image shows that the blood vessels in the lesion of PWS patients are highly aggregated and densely distributed, and
the color of the lesion is deepened after PDT treatment and one week after treatment. Subsequently, the color of the lesion subsided gradually from 4 to 8 weeks.

diseased blood vessel. It reflected the suitability of the therapeutic dose VISIA-CR™ system’s RBX red image more sensitively reflects color
and dose selection. In addition, the erythema index can be obtained by blanching of baseline in the treated area.

the analysis system. The degree of regression of the erythema index

basically correlated with the efficacy grading. Moreover, the erythema

index reduced value d during the follow-up can reflect the curative 4.2. The application value of dermoscopy

effect. Further, the erythema index can assist in curative effect eva-

luation. The efficacy evaluation through the VISIA-CR™ system’s RBX The application of dermoscopy in PWS has also been reported pre-
red image showed higher response rate than the visual evaluation. The viously [26-29]. Most studies evaluated the changes in skin lesions

after PDL treatment. However, there was no report on the application of

Pink type Purple type Thickening type

Bcfor
HMME-PDT

After
HMME-PDT

~ AN

Fig. 3. Dermoscopy for different type of PWS with HMME-PDT. The pink type showed irregular linear and spot-like blood vessels on a bright red background; the
purple type showed a densely distributed spherical blood vessel on the deep red background; the thickening type showed lump-like blood vessels on the magenta
background. After the treatment with HMME-PDT, the signs of vascular rupture (yellow arrows) were observed.
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50MHz Lesion area

Before HMME-PDT
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Normal area

After HMME-PDT

Fig. 4. Typical case of High-frequency ultrasound for PWS patient with HMME-PDT. HFUS showed that the skin lesions were more skin thickness than the normal
skin, and the dermis was loosely arranged. After HMME-PDT, the thickened dermis was significantly thinner and the linear hypoechoic signal was significantly
reduced and denser in all groups than in the treatment before treatment, which was more similar to that of normal skin. (Red arrows: blood vessels in the dermis;

yellow arrows: boundaries between the erythema area and normal skin).

HMME-PDT in the evaluation of curative effect. Some interesting phe-
nomena had been observed in this study.

The results showed that different types of PWS had various mani-
festations under dermoscopy, as shown in the results. Some studies
reported that the lesions of the spherical blood vessels were mostly
superficial, and the lesions of the linear blood vessels were deep [30],
which were consistent with our results. After HMME-PDT, the lesions
showed vascular rupture, punctate, or globular hemorrhagic shadows.
Late observations showed that skin lesions with vascular rupture had
better effect. This phenomenon might be a predictive marker of the
curative effect. Simultaneously, the phenomenon of vascular rupture
could be used as the end point of treatment to avoid other side effects.
In addition, dermoscopy can display the shape and distribution of dis-
eased blood vessels after treatment and provided an objective basis for
HMME-PDT effect.

4.3. The application value of HFUS

The lesions in PWS were mainly located in the papillary and re-
ticular layers of the dermis. The mean depths of the PWS vessels were
0.510 mm in the central sites and 0.289 mm in the lateral sites of the
face [31]. The HMME-PDT light source is 532-nm LED light, which can
penetrate the superficial layer of the dermis [32]. The previous study
showed that the prognosis of PWS was related to the thickness and
depth of the vessel. It was important to evaluate the thickness of PWS

before HMME-PDT. It was necessary to evaluate the above factors ob-
jectively and accurately. Therefore, in this study, 20-50-MHz HFUS
with a penetration depth of 4-10 mm was used to detect lesions in PWS
and surrounding normal skin before and after HMME-PDT.

In this study, it was observed that the lesions were significantly
thicker than the normal skin, the dermis was arranged loosely, and
there was a linear hypoechoic signal. The linear hypoechoic signal was
considered to be a significantly dilated or deformed blood vessel.
Lesions in PWS without linear hypoechoic signal in the dermis showed
better efficacy after HMME-PDT (P < 0.05). The linear hypoechoic
signal might be used as an indicator of prognosis. However, not all skin
lesions had this ultrasonographic feature. It might be because most PWS
blood vessels were shallow and small in diameter, and the resolution of
the existing HFUS cannot respond to its blood vessels. After HMME-
PDT, it was observed that, in patients with good curative effect, the
thickness of skin lesions decreased markedly, linear hypoechoic signal
decreased, and tissue tended to compact. PDT may have targeted vas-
cular endothelial cells to close the blood vessels and normalize the skin
tissue. It can be inferred that the application prospect of HFUS in
HMME-PDT depends on the improvement of US frequency.

4.4. The application value of LSCI

LSCI showed that lesions in PWS showed a rich perfusion signal
compared with the normal skin. It was found that some lesions after
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Fig. 5. Typical case of laser speckle contrast imaging for PWS patient with HMME-PDT. Erythema in treatment area subsided obviously, and LSCI showed that blood

perfusion signal was significantly reduced.

PDT showed a decrease in blood perfusion, while some effective lesions
did not show blood perfusion reduction. The possible reason for this
phenomenon is that LSCI can detect the reduction of inconspicuous
local perfusion. Accumulated blood after local vascular rupture is not
completely absorbed, resulting in unsatisfactory bleaching of lesions.
We found that most lesions had further bleaching even without further
treatment. In addition, skin blood perfusion may be affected by several
factors, such as environmental temperature and physical activity [33].
Therefore, LSCI measurement needs to be performed in a temperature-
controlled room, and the patient needs a certain adaptation period
before measurement and, during the measurement period, needs to
remain stationary. It requires higher degree of patient compliance.
Therefore, it was impossible to detect children with or without mental
illness. This was the limitation of the method.

5. Conclusion

Invisible lesions can be observed using the VISIA-CR™ system before
treatment. Moreover, lesions fading after HMME-PDT can be described
objectively by this system. Dermoscopy plays an important role in the
clinical classification of PWS, assessing vascular injury after HMME-
PDT, guiding the adjustment of therapeutic dose, and selecting the end
point of treatment. The thickness of PWS and depth of deformed blood
vessels can be determined by HFUS. LSCI can be used to detect changes
in blood perfusion of PWS lesions after HMME-PDT. HFUS and LSCI can
assist in the evaluation of HMME-PDT response.
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