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Introduction

Non-neoplastic epithelial disorders of the vulva are a group 
of chronic lesions in which degeneration and pigment 
changes occur in the skin and mucosal tissues of the vulva. 
The main symptoms are pruritus or pain of the vulva, rough 
vulvar skin, hypopigmentation, chap, atrophy, adhesions, 
and even carcinogenesis, all of which seriously affect 
quality of life (1). Common pathological types of non-
neoplastic epithelial disorders of the vulva include lichen 
simplex chronicus and lichen sclerosus. The number of 

women with non-neoplastic epithelial disorders of the vulva 
accounts for 0.05% to 1% of the total number of women. 
Perimenopausal women have a high prevalence of non-
neoplastic epithelial disorders of the vulva. The average age 
at non-neoplastic epithelial disorders of the vulva onset is 
52.6 years (2). However, in recent years, the incidence of 
non-neoplastic epithelial disorders of the vulva has had a 
clear upward trend, and during that time, the age of onset 
has become significantly younger.

The main purpose of clinical treatment of non-neoplastic 
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epithelial disorders of the vulva is to relieve symptoms, 
prevent further development of symptoms, and improve 
the quality of daily life. Currently, there are a variety of 
methods to treat this disease, including medication (topical 
administration of vitamin A ointment or corticosteroid 
ointment, oral administration of vitamin E and vitamin A), 
cryotherapy, and electrostimulation of smooth muscle. These 
therapeutic methods have different efficacies. Therefore, 
selecting an appropriate and effective therapeutic method is 
very important for improving patient quality of life. Scientific 
evidence for clinical practice is urgently needed from 
comparisons of improvement in subjective symptoms and 
therapeutic efficacies of various therapeutic methods.

In recent years, fractional Carbon Dioxide laser techniques 
have achieved good clinical results for the treatment 
of skin lesions. Mezzana et al. found that a fractional 
Carbon Dioxide laser can significantly improve local skin 
microcirculation due to the thermal effects of micropores (3).  
However, there are few reports on the treatment of non-
neoplastic epithelial disorders of the vulva using a fractional 
Carbon Dioxide laser. Therefore, this study aimed to 
evaluate and comparatively analyse the therapeutic efficacies 
of the electrostimulation of smooth muscle and a fractional 
Carbon Dioxide laser for treating non-neoplastic epithelial 
disorders of the vulva using the Patient Global Impression 
of Change (PGI-C) scale and a clinical efficacy rating scale 
3, 6 and 12 months after completion of treatment. The 
therapeutic outcomes of the 2 therapeutic methods on  
2 pathological subtypes, lichen simplex chronicus and lichen 
sclerosus, were compared to find a safer and more effective 
treatment for non-neoplastic epithelial disorders of the vulva 
and to guide clinical treatment decision-making. We present 
the following article in accordance with the STROBE 
reporting checklist (available at https://gpm.amegroups.
com/article/view/10.21037/gpm-20-40/rc).

Methods

Study subjects

This study included 98 patients with lichen simplex 
chronicus or lichen sclerosus confirmed by vulvar biopsy 
at the West China Second University Hospital of Sichuan 
University from November 2016 to March 2018. All 
patients voluntarily participated in the study and signed an 
informed consent for clinical studies. Patients who met any 
of the following criteria were excluded: (I) pregnant patients 
or patients with recent fertility attempts; (II) patients with 

a history of photosensitivity; (III) patients with severe 
systemic internal diseases that have affected daily life (e.g., 
severe cardiovascular diseases and immune diseases); (IV) 
patients with psychological and psychiatric disorders, such 
as depression, who are unable to complete the follow-up; 
(V) patients who received other physical therapies within 
the recent 3 months; (VI) patients with atypical vulvar 
epithelial hyperplasia or vulvar cancer; (VII) patients with 
diabetes; (VIII) patients with other specific skin diseases; 
and (IX) patients with tumours and acute inflammation 
of the reproductive system. Finally, after excluding 18 
patients who met the above exclusion criteria, a total of 
80 patients (meeting the sample size requirements) were 
enrolled in the study. Patients were divided into 2 matched 
groups by age, pathological subtypes, and disease severity. 
One group was treated with electrostimulation of smooth 
muscle (the electrostimulation group), and the other group 
was treated with fractional Carbon Dioxide laser (the laser 
treatment group). Each group had 40 patients and included 
20 cases of lichen simplex chronicus and 20 cases of lichen 
sclerosus. Baseline data of the patients are shown in Table 1. 
This study was approved by the ethics committee at West 
China Second University Hospital, Sichuan University 
(registration number: 2019YJ0044). The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). All patients voluntarily participated in the 
study and signed an informed consent for clinical studies.

Therapeutic method

Electrostimulation of smooth muscle
A PHENIX 8-PLUS abdominopelvic electrostimulation 
therapy device (Electronic Concept Lignon Innovation, 
France), which includes a lipid and smooth muscle 
e l ec t ro s t imula t ion  component  (ML -36)  and  an 
abdominopelvic electrostimulation therapy system was 
used to electro-stimulate smooth muscle. Each patient had 
3 treatment courses, each treatment course included 10 
treatments, and each treatment took 40 minutes. In the first 
treatment course, patients were treated once a day; in the 
second treatment course, patients were treated once every 
other day; and in the third treatment course, patients were 
treated 2–3 times per week.

Fractional Carbon Dioxide laser treatment
A multifunctional Carbon Dioxide laser platform (Femilift, 
Alma Lasers, Israel) was used to treat patients for  
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1 treatment course, and each treatment course included  
3 treatments. Patients were treated once every 4 weeks.

Clinical follow-up and efficacy evaluation indicators

The PGI-C scale (4) (see Table S1) and the clinical efficacy 
rating scale (5) (see Table S2) were used to evaluate the 
therapeutic efficacy of patients at follow-up 3, 6, and  
12 months after the completion of treatment. The efficacy 
index was calculated as follows: efficacy index = (total pre-
treatment score – total post-treatment score) / total pre-
treatment score × 100% (6). Based on the calculated 
efficacy index, the treatment outcomes were divided into 
the following: cured (efficacy index ≥90%), effective (89% > 
efficacy index >21%), and ineffective (efficacy index ≤20%). 
Total effective rate (%) = (Number of cured cases + Number 
of effective cases) / Total number of cases × 100%.

Statistical methods

The software package SAS 9.3 was used for statistical 
analysis. Measurement data that conformed to a normal 
distribution was expressed as the mean ± standard deviation, 
and independent samples t-test or analysis of variance 
(ANOVA) was performed for intergroup comparison. Count 
data were statistically described using number of cases, rate, 
or ratio, and the chi-square test or Fisher’s exact test was 
performed for intergroup comparisons. P<0.05 indicated a 
statistically significant difference, and the significance level 
was a=0.05.

Results

Baseline data

The patients in the 2 groups had no significant differences 

in age, BMI, disease course, and disease severity (P>0.05). 
The detailed data are provided in Table 1.

Comparison of therapeutic efficacy

PGI-C scores
As shown in Table 2, the PGI-C scores for the laser 
treatment group and the electrostimulation group were 
significantly different at 3, 6 and 12 months after the 
completion of treatment (P<0.05 for all time points). The 
detailed data are provided in Figure 1. Among them, the 
subjective improvement in the laser treatment group was 
better than that in the electrostimulation group, and a high 
proportion of the patients in the laser treatment group 
achieved significant improvement in symptoms, reaching 
65.00% (26/40) 3 months after the completion of treatment, 
whereas that of the electrostimulation group was 35.00% 
(14/40). Because the disease is prone to relapse, after the 
completion of treatment, the number of patients with 
significant improvement in symptoms gradually decreased 
over time in both groups. In the laser treatment group, 
26, 22, and 20 patients indicated significant improvement 
in symptoms 3, 6 and 12 months, respectively, after the 
completion of treatment. In the electrostimulation group, 
14, 12, and 10 patients indicated significant improvement 
in symptoms 3, 6 and 12 months, respectively, after 
the completion of treatment. Twelve months after the 
completion of treatment, the proportion of patients with 
significant improvement in subjective symptoms in the laser 
treatment group also decreased, but the effective rate still 
reached 50%.

Efficacy scores
From the comparison of efficacy levels determined by 
efficacy scores 3 months, 6 months, and 12 months after the 
completion of treatment, the therapeutic efficacy of the laser 

Table 1 Baseline characteristics 

General information 
Electrostimulation group (N=40) Laser treatment group (N=40)

Statistics P 
Mean Standard deviation Mean Standard deviation

Age 41.43 11.98 44.89 11.52 0.35 0.946

BMI 22.18 2.92 23.95 3.03 0.88 0.469

Disease course 3.69 1.58 3.71 2.46 0.7 0.500

Pretreatment clinical score 6.52 1.41 6.63 1.20 0.06 0.935

BMI, body mass index.

https://cdn.amegroups.cn/static/public/GPM-20-40-Supplementary.pdf
https://cdn.amegroups.cn/static/public/GPM-20-40-Supplementary.pdf
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Table 2 Comparison of global impression of change (PGI-C) between the 2 groups 3, 6 and 12 months after the end of treatment

PGI-C Significantly improved Improved Slightly improved Unimproved Total P 

3 months

Electrostimulation group 14 12 9 5 40 0.035

Laser treatment group 26 9 4 1 40

6 months

Electrostimulation group 12 10 13 5 40 0.012

Laser treatment group 22 13 4 1 40

12 months

Electrostimulation group 10 10 15 5 40 0.008

Laser treatment group 20 14 5 1 40

Figure 1 STROBE flow chart.

Non-neoplastic epithelial 
disorders of the vulva 

(n=125)

Assessed for eligibility
(n=120)

Total recruited
(n=80)

DATA AVAILABLE FOR ANALYSIS
• Chronic lichen simplex chronicus         (n=40)
• Lichen sclerosus (n=40)
• Complications (n=0)

NOT ASSESSDE FOR ELIGIBILITY
• Declined to be invited            (n=5)

EXCLUDED (Total=40):
1. INELIGIBLE (n=27)

• Diabetic (n=5)
• Pregnancy (n=5)
• Recent fertility requirements (n=6)
• Serious systemic medical diseases    (n=4)
• Acute inflammation (n=1)
• Other special skin diseases (n=3)
• Atypical hyperplasia of vulva (n=2)
• Photosensitive history (n=1)

2. ELIGIBLE BUT NOT RECRUITDE:
• Refused to participate (n=9)
• No reason given (n=4)

LOST TO FOLLOW-UP:
Because the follow-up time is not long, the 
loss of follow-up rate is low), thus no lost to 
follow-up occurred. All the people included in 
the group participated in the follow-up
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treatment group was significantly different from that of the 
electrostimulation group (P<0.05 for all time points) (Table 3).  
As shown in (Table 4), the total effective rate for patients in 
the laser treatment group (90.00%) was higher than that for 
patients in the electrostimulation group (77.50%) 3 months 
after the completion of treatment; the total effective rates 
for the electrostimulation group decreased 3 and 6 months 
after the completion of treatment (72.50% and 67.50%, 
respectively). In the laser treatment group, although the 
total effective rates 6 months and 12 months after the 
completion of treatment was slightly lower (2.50%) than 
that 3 months after the completion of treatment, the total 
effective rate stabilized at 87.50% (Figures 2,3).

Comparison of the therapeutic efficacy for pathological 
subtypes

PGI-C scores
The laser treatment group and the electrostimulation 
group each included 20 cases of lichen simplex chronicus 
and 20 cases of lichen sclerosus. Three months after 
the completion of treatment, the laser treatment group 
showed no statistically significant difference between 
PGI-C scores for the 2 pathological subtypes (P>0.05). 
However, the efficacy index indicated that the proportion 

of patients with lichen simplex chronicus who improved 
after treatment (improvement rate) was 80.00% (16/20), 
which was superior to that of patients with lichen sclerosus 
[50.00% (10/20)]. For the laser treatment group, for 
the 2 pathologic subtypes, patients with lichen simplex 
chronicus significantly improved 6 months (P=0.006) and 
12 months (P=0.024) after the completion of treatment, 
and the improvement rate for patients with lichen simplex 
chronicus reached 80.00% (16/20); the improvement rate 
for patients with lichen sclerosus was only 30.00% (6/20). 
In the electrostimulation group, the PGI-C scores were 
significantly different between patients with lichen simplex 
chronicus and patients with lichen sclerosus 3 months 
(P=0.001) and 12 months (P=0.021) after the completion 
of treatment. The subjective improvement of patients with 
lichen simplex chronicus was higher than that of patients 
with lichen sclerosus (Table 5).

Comparison of clinical efficacy scores
From the clinical efficacy scores of the 2 groups 3 months 
after the completion of treatment, the therapeutic efficacies 
for the 2 pathological subtypes in the electrostimulation 
group were significantly different (P<0.05), and the clinical 
efficacy for lichen simplex chronicus was higher than that 
for lichen sclerosus in the electrostimulation group (95.00% 

Table 3 Distribution of efficacy scores before and after treatment between the 2 groups at 3, 6 and 12 months

Clinical efficacy score Before treatment 3 months after treatment 6 months after treatment 12 months after treatment

Electrostimulation group (N=40) 6.5±1.4 3.5±2.9 4.0±3.0 4.3±3.5

Laser treatment group (N=40) 6.6±1.2 2.5±2.2 2.1±2.0 2.1±2.0

Table 4 Comparison of clinical effects between the 2 groups 3, 6 and 12 months after the end of treatment

Efficacy score Cured Effective Ineffective  Total effective rate Total P 

3 months

Electrostimulation group 1 30 9 77.50% 40 0.410

Laser treatment group 2 34 4 90.00% 40

6 months

Electrostimulation group 1 28 11 72.50% 40 0.260

Laser treatment group 2 33 5 87.50% 40

12 months

Electrostimulation group 1 26 13 67.50% 40 0.070

Laser treatment group 2 33 5 87.50% 40
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vs. 60.00%). In the electrostimulation group, the clinical 
efficacy for lichen simplex chronicus was significantly higher 
than that for lichen sclerosus 6 months (95.00% vs. 60.00%, 
P=0.019) and 12 months (95.00% vs. 40.00%, P=0.000) after 
the completion of treatment. In the laser treatment group, 
the clinical efficacies for the 2 pathological subtypes were 
nonsignificant (100% vs. 80.00%, P>0.05) 3 months after 
the completion of treatment, proving that laser treatment is 
effective for both pathological types. The clinical efficacies 
for the 2 pathological subtypes in the laser treatment 

group were significantly different 6 months (P=0.047) and 
12 months (P=0.047) after the completion of treatment, 
and the clinical efficacy for lichen simplex chronicus was 
significantly higher than that for lichen sclerosus 6 months 
(95.00% vs. 75.00%) and 12 months (95.00% vs. 70.00%) 
after the completion of treatment (Table 6).

Discussion 

This study used 2 different methods, fractional Carbon 

Figure 3 A 49-year-old female patient with chronic lichen sclerosus (A) before fraction Carbon Dioxide laser treatment and (B) 3 months 
after fraction Carbon Dioxide laser treatment. After treatment, the local whitened portion of the vulva gradually returned to the normal 
colour, the itching score decreased from 12 (before treatment) to 5, and the symptom of itching was significantly alleviated after treatment 
compared with before treatment.

A B

A B

Figure 2 A 45-year-old female patient with chronic lichen simplex chronicus (A) before electrostimulation and (B) 3 months after 
electrostimulation. The colour of the vulva turned red after treatment, the patient’s itching score decreased from 11 to 7, and the subjective 
symptom of itching was significantly alleviated after treatment compared with before treatment.
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Table 5 Comparison of clinical efficacy between 2 pathological subtypes after 3, 6 and 12 months of treatment

Efficacy score PGI-C
Significantly 

improved 
Improved 

 Slightly 
improved 

Unimproved  Total P 

3 months after completion of treatment 

Electrostimulation group Lichen simplex chronicus 12 3 5 0 20 0.001

Lichen sclerosus 2 9 4 5 20

Laser treatment group Lichen simplex chronicus 16 2 2 0 20 0.156

Lichen sclerosus 10 7 2 1 20

6 months after completion of the treatment 

Electrostimulation group Lichen simplex chronicus 8 6 4 2 20 0.098

Lichen sclerosus 4 2 8 6 20

Laser treatment group Lichen simplex chronicus 16 3 1 0 20 0.006

Lichen sclerosus 6 9 4 1 20

12 months after completion of treatment

Electrostimulation group Lichen simplex chronicus 8 7 3 2 20 0.021

Lichen sclerosus 2 3 9 6 20

Laser treatment group Lichen simplex chronicus 14 4 1 1 20 0.024

 Lichen sclerosus 6 10 4 0 20

PGI-C, Patient Global Impression of Change.

Dioxide laser and electrostimulation of smooth muscle, to 
treat non-neoplastic epithelial disorders of the vulva and 
compared their clinical efficacies. The PGI-C scores showed 
that 3, 6 and 12 months after the completion of treatment, 
subjective improvement in the laser treatment group was 
better than that in the electrostimulation group. This result 
is in agreement with the results reported by Lee et al. and 
Stuart et al. Lee et al. performed fractional Carbon Dioxide 

laser therapy on 4 patients with vulvar lichen sclerosus, 
for whom corticosteroid treatments were ineffective, and 
the subjective symptoms improved in all 4 patients after 
treatment. In addition, they found that Carbon Dioxide 
is very effective in inhibiting hyperkeratosis in clinical 
practice (7). Stuart et al. reported that 6 out of 7 patients 
with vulvar lichen sclerosus, who did not respond to other 
treatments, were asymptomatic after laser ablation (8). In 
2011, Gaspar et al. reported a controlled study of 40 cases 
of non-neoplastic epithelial disorders of the vulva treated 
by fractional Carbon Dioxide laser. The results showed that 
symptoms such as pruritus vulvae and intercourse pain were 
significantly mitigated, and no adverse events occurred (9).  
This may be related to the thermal effect of the laser, which 
causes tissue oedema and the release heat-shock protein 70 

and transforming growth factors and promotes fibroblast 
proliferation and the synthesis of extracellular matrices 
such as collagen and proteoglycan, thereby restoring 
tissue elasticity, initiating vascular reconstruction and 
increasing blood flow (10). As a result, the blood supply 
to and nutrition for the skin improved in the 2 lichen-like 
lesions of the vulva, the local scratched and damaged tissues 
were repaired, the integrity and elasticity of the vulvar 
skin were maintained, and local resistance to the outside 
environment was enhanced. Our study also showed that the 
total effective rates for both treatment regimens were more 
than 50.00%, 3, 6, and 12 months after the completion of 
treatment; in the laser treatment group, clinical efficacy 
was most pronounced and was stable for a long period, and 
the total effective rate reached 90.00% 3 months after the 
completion of treatment and stabilized at 85.00% 6 and  
12 months after the completion of treatment. This result is 
similar to that reported by Peterson et al. (11), who found 
that patients with vulvar lichen sclerosus treated with 
Carbon Dioxide laser had normal epithelium in regenerated 
vulvar tissue and that if no further treatment was provided, 
the symptoms lasted longer (2–3 years).

This study also showed that electrostimulation also 
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Table 6 Comparison of clinical efficacy between the 2 pathological subtypes 3, 6 and 12 months after treatment

Grouping Classification Cured Effective Ineffective Total effective rate Total P 

3 months after completion of treatment

Electrostimulation group Lichen simplex chronicus 1 18 1 95.00% 20 0.019

Lichen sclerosus 0 12 8 60.00% 20

Laser treatment group Lichen simplex chronicus 1 19 0 100.00% 20 0.106

Lichen sclerosus 1 15 4 80.00% 20

6 months after completion of treatment 

Electrostimulation group Lichen simplex chronicus 1 18 1 95.00% 20 0.019

Lichen sclerosus 0 12 8 60.00% 20

Laser treatment group Lichen simplex chronicus 1 18 1 95.00% 20 0.047

Lichen sclerosus 1 14 5 75.00% 20

12 months after completion of treatment

Electrostimulation group Lichen simplex chronicus 1 18 1 95.00% 20 0.000

Lichen sclerosus 0 8 12 40.00% 20

Laser treatment group Lichen simplex chronicus 1 18 1 95.00% 20 0.047

Lichen sclerosus 0 14 6 70.00% 20

had a good effect in the treatment of non-neoplastic 
epithelial disorders of the vulva, which may be related 
to the  pathogenic  mechanism of  non-neoplas t ic 
epithelial disorders of the vulva. Studies have shown 
that the major ultrastructural changes in non-neoplastic 
epithelial disorders of the vulva are characterized by the 
narrowing and stenosis of intradermal capillary lumens, 
the widening of gaps between cells, and the reduction 
in desmosomes and melanin granules (12). The low 
resistance caused by microcirculatory disorders that are 
triggered by cellular energy and material metabolism 
disorders may result in secondary local inflammation, 
while inflammatory mediators stimulate the peripheral 
nerves to cause pruritus vulvae and repeated scratching 
further aggravates skin lesions, thus forming a vicious 
cycle (13,14). Electrostimulation of vascular smooth 
muscle can electrically stimulate vascular smooth muscle, 
improve the local microcirculation of vulvar skin, local 
vulvar lymph circulation reflux, local microcirculation 
and microenvironment, and tissue repair ability, thereby 
restoring the immune function of the vulva, improving 
hormone receptors and sensitivity, and further improving 
the symptoms and physical signs of patients with lichen 
simplex chronicus and lichen sclerosus.

More importantly, the results of this study showed that 
different pathological types showed different responses 
to different therapeutic methods. Whether subjective 
improvement or clinical efficacy was compared, lichen 
simplex chronicus showed a better response to both 
electrostimulation and laser treatment than did lichen 
sclerosus, indicating that the pathogenesis and molecular 
biology of lichen simplex chronicus and lichen sclerosus 
may be different (15). However, causes for different 
treatment responses of different pathological types may 
require further investigation.

This study has the following limitations. (I) Although 
compared with existing reports the sample size of our 
study was not too small, a larger sample size could better 
reduce the selectivity bias. (II) A multicentre randomized 
controlled study is needed to provide better evidence for 
clinical treatment decision-making. (III) A longer follow-
up time could further validate the long-term efficacy of 
different therapeutic methods.

In summary, compared with electrostimulation, 
fractional Carbon Dioxide laser treatment resulted in 
better PGI-C scores and clinical efficacy and better 
long-term stability in patients with non-neoplastic 
epithelial disorders of the vulva. In addition, for different 
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pathological subtypes of non-neoplastic epithelial 
disorders of the vulva, the treatment efficacy for lichen 
simplex chronicus was higher than that for lichen 
sclerosus. Therefore, for patients with poor response 
to electrostimulation, fractional Carbon Dioxide laser 
treatment can be used as a new therapeutic option for 
non-neoplastic epithelial disorders of the vulva.
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Table S1 Patient Global Impression of Change (PGI-C)

Compared to the condition before treatment, 
which of the following options best suits your 
current situation? 

One month after treatment Three months after treatment Six months after treatment

Significantly improved after treatment 

Improved after treatment 

Slightly improved after treatment 

Unimproved after treatment 

Slightly worsened after treatment 

Worsened after treatment 

Significantly worsened after treatment 

Table S2 Clinical effectiveness score sheet for non-neoplastic epithelial disorders of the vulva

Score 

Scored items

Itch Pain Skin elasticity Skin colour 
Percentage of lesion area in 

the vulva

0 No No Good Normal 0

1 Transient pruritus Mild and tolerable Moderate Hypopigmentation <30%

2 Pruritus Moderate pain that may require analgesia Poor Pink 30–50%

3 Severe pruritus Severe pain that requires analgesia Chapped skin White >50%

Note: Transient pruritus: itch occasionally. Patients may not need to scratch the lesions, or they scratch the lesions when they occasionally 
feel itchy but do not leave scratch marks in the skin. Pruritus: itching occurs more frequently, and patients scratch the lesions to stop the 
itching and leave scratch marks in the skin. Severe pruritus: itching occurs very frequently, patients scratch the lesions frequently and 
leave many scratch marks in the skin, and patients can be restless in some extreme conditions.
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