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Abstract
Background: Hailey–Hailey disease (HHD) is a rare genetic therapy-resistant 
blistering disease with great disease burden. Treatment is currently focused on 
symptomatic relief. Er:YAG ablative laser therapy is a therapeutic modality with 
promising results, though evidence is currently scarce.
Objective: To analyse the effect of Er:YAG ablative laser therapy on clinical remission 
of erosive plaques in HHD and on patient's quality of life (QoL).
Methods: In this observational study eight patients were included and 77 erosive 
plaques were treated once only by Er:YAG laser and assessed for clinical remission. 
QoL was evaluated by obtaining Skindex-29 and DLQI questionnaires before laser 
therapy, 6 weeks and 3 years after laser therapy. Skin biopsies were taken to evaluate 
the depth of laser ablation. The intercellular distance between keratinocytes, the 
number of desmosomes and intermediate filament distribution were studied by 
electron microscopy before and after laser therapy and in clinically uninvolved skin 
and were compared to subjects without HHD.
Results: One single Er:YAG laser ablation to mid-dermis resulted in complete 
remission of 97.4% of HHD plaques (75/77) after median 38 months (range 
7–63 months) and significantly improved QoL. Laser therapy restored the number of 
desmosomes, decreased intercellular distance and diminished perinuclear retraction 
of keratin filaments to a level comparable to the patient's clinically uninvolved skin. 
After laser ablation, the skin showed significantly fewer ultrastructural aberrations 
compared to the patient's clinically uninvolved skin and rather resembled the skin of 
healthy control individuals.
Conclusions: One single Er:YAG laser treatment resulted in long-term remission of 
HHD and significantly improved QoL. Our findings support a greater role for abla-
tive laser surgery in the management of this recalcitrant disorder.

I N TRODUC TION

Hailey–Hailey disease (HHD) is a rare autosomal dominant 
genodermatosis caused by pathogenic variants in the ATP2C1 

gene, encoding the Golgi-bound calcium pump hSPCA1 (Ca2+/
Mn2+-ATPase1). These variants affect intracellular calcium ho-
meostasis which is crucial for the processing and maturation of 
proteins that make up the desmosome. Weakened desmosomes 
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cause suprabasal loosening of keratinocytes, that is, acantholy-
sis, which is clinically reflected in symmetrical painful erythe-
matous plaques with vesicles, bullae and erosions in skin folds 
of patients.1 Early electron microscopy (EM) reports on HHD 
showed a reduced number of desmosomes, perinuclear clump-
ing of keratin filaments, disorganized intracellular filamentous 
material and thickened bundles of tonofilaments, particularly 
in the stratum spinosum.2–6

Patients experience stinging and itch in the affected skin 
sites, which prohibits them from doing exercise and causes a 
lot of emotional distress, particularly when inguinal and genital 
skin sites are involved.7,8 Unfortunately, treatment options are 
limited and long-term remission is rare.9 Dermabrasion and 
surgical intervention, using wide excision with split-thickness 
grafting can provide long-term remission.10,11 However, the 
cosmetic outcome is usually unsatisfying as dermabrasion 
and grafting are often associated with scarring, infections and 
impaired healing.1,11 Laser therapy is less invasive and carries 
lower risk for complications. A variety of lasers have been used 
in an attempt to treat HHD.1,9,12–16 Ablative laser therapy seems 
effective but there is currently little evidence.9,16–18

In this observational study, we evaluated the effect of 
Er:YAG laser therapy on the rate of long-term remission of 
77 HHD plaques, quality of life and changes at the ultra-
structural level as measured by electron microscopy.

M ATER I A L S A N D M ETHODS

Study design

Eligible for participation were patients aged 18 years or older 
who had a clinical diagnosis of HHD which was confirmed by 
genetic analysis and/or histopathology. Patients treated with 
topical hormones, oral retinoids and tetracyclines in the 7 days 
prior to participation of the study were excluded. The primary 
outcome measure was clinical remission of the lesion. Secondary 
outcomes were quality of life (QoL) scores at 6 weeks and 3 years 
after laser therapy and ultrastructural effects of Er:YAG laser. 
Six-week endpoint was chosen to allow proper healing and 3-
year endpoint to have a long-term follow-up. Depth of laser 
ablation was also evaluated. The inclusion of patients started 
in January 2019 and lesions that were treated by laser ablation 
after this date were evaluated prospectively on all endpoints. 
Part of the skin lesions that had already been treated by laser 
ablation before January 2019 were retrospectively evaluated for 
clinical remission based on the available photographic mate-
rial before and after laser ablation. The study was performed 
at the Maastricht University Medical Centre+ (MUMC+) and 
approved by the Medical Ethical Committee Board and all par-
ticipating patients had given informed consent.

Mode of treatment

The Er:YAG laser (Burane, BlooMedical, Benelux) was 
used at 10–15 Hz, spot size 2.5 mm and a fluence of 8–13 J/
cm2. Lidocaine 1% with adrenaline, buffered 1/10 with 

sodiumbicarbonate was used for local anaesthesia prior to 
performing Er:YAG laser ablation at a maximum dose of 
7 mg/kg body weight with a maximum of 500 mg/day.19

Postoperative wound care consisted of application of 
fusidic acid ointment covered with non-adhesive gauze 
(Urgotul, URGO Medical) until the wound healed.

Quality of life

Validated questionnaires Skindex-29 and Dermatology Life 
Quality Index (DLQI) were used to assess QoL before laser 
therapy, and 6 weeks and 3 years after laser therapy. When 
completing the questionnaires, patients were asked to answer 
the questions with attention to one ‘to-be-treated’ skin site 
and not the whole body, in order to avoid bias. This approach 
has been taken before in investigating QoL in psoriasis.20

Histopathology

A 2-mm punch biopsy was taken immediately following 
laser therapy to verify the depth of laser ablation. The bi-
opsy specimen was fixed in formaldehyde and processed for 
haematoxylin and eosin staining. Periodic acid–Schiff and 
Verhoeff 's staining were performed.

Ultrastructural study by electron microscopy

In each patient, three 2-mm punch biopsies were obtained: 
one specimen of a Hailey–Hailey plaque before and 6 weeks 

Why was the study undertaken?

Hailey–Hailey disease (HHD) is a difficult to treat 
genodermatosis. Here, we evaluated the effect of one 
single Er:YAG ablative laser treatment on long-term 
remission of 77 HHD plaques across eight patients.

What does this study add?

In 75 out of 77 HHD plaques, complete long-term re-
mission was achieved by one single Er:YAG laser ab-
lation with median 38 months follow-up resulting in 
significant improvement in the patients' quality of life.

What are the implications of this study for 
disease understanding and/or clinical care?

While the use of ablative laser therapy in the man-
agement of Hailey–Hailey disease is currently lim-
ited, our results indicate that ablative laser therapy 
can be very valuable in the treatment of this devas-
tating disorder.
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after laser therapy and one specimen of clinically uninvolved 
skin. A control skin sample was obtained from three unaf-
fected individuals without HHD.

The specimens were fixed and prepared as described in 
the Appendix  S1. For each sample, 10 randomly selected 
stratum spinosum keratinocytes showing a cross-section of 
the nucleus were evaluated for intercellular distance, num-
ber of desmosomes and distribution of keratofilaments. In 
total, 80 stratum spinosum keratinocytes were evaluated 
before laser treatment, 80 keratinocytes 6 weeks after treat-
ment and 80 keratinocytes in clinically uninvolved skin. In 
skin of three unaffected individuals, 30 keratinocytes were 
evaluated.

Intercellular distance was defined as the distance be-
tween plasma membranes of neighbouring cells showing a 
cross-section of the nucleus. Acantholysis was defined as the 
loss of intercellular coherence due to the breakdown of inter-
cellular connections (Appendix S1).21

Desmosomes were counted manually. Only evident elec-
tron dense intercellular junctions were counted. The keratin 
filament distribution was classified into three classes: ‘no 
perinuclear retraction’, ‘perinuclear retraction’ and ‘clump-
ing of keratofilaments’. Perinuclear retraction of the keratin 
network was defined as perinuclear aggregation of filaments 
(Figure  4c). A thick electron-dense packed perinuclear 
mass of filamentous structures was referred to as clumping 
(Figure 4d).

Statistical analysis

Continuous variables (such as QoL, intercellular distance 
and total number of desmosomes) were presented as 
median values with range. Differences between QoL scores 
before and after laser therapy were analysed using the non-
parametric Wilcoxon signed-rank test. Ultrastructural 
differences on intercellular distance and number of 
desmosomes between baseline and 6-week follow-up, 
between baseline and uninvolved skin and between 6-week 
follow-up and uninvolved skin were analysed using the non-
parametric Mann–Whitney U-test. The chi-squared test was 
used to evaluate the changes in keratin filament distribution. 
Statistical analysis was performed in the statistical software 
SPSS (version 26). A p-value less than 0.05 was considered to 
be statistically significant.

R E SU LTS

Patient characteristics

Eight patients, five women and three men were included in 
this observational study. A total of 77 skin sites were treated 
by Er:YAG laser (Table  1). Of the eight included patients, 
47 skin sites had been treated after January 2019 and were 
evaluated prospectively; 30 lesions had been treated be-
fore January 2019 and were retrospectively evaluated for 

clinical remission (Figure  S1). Mean age was 48.5 years 
and median patient follow-up was 38 months (range 
38–39 months). Median lesion follow-up was 38 months 
(range 7–63 months).

Clinical remission

Before laser therapy, all patients showed erythematous 
plaques with fissures and erosions (Figure  1a). By Er:YAG 
ablation, the epidermis and upper part of the dermis were re-
moved, creating a wound (Figure 1a). Complete remission was 
observed in 97.4% of lesions (75/77) after median 38 months 
(range 7–63 months) (Figure 1a, Figures S2 and S3).

In the prospective study, two minor recurrences (not 
proven by histopathology) were noted: one in the submam-
mary fold 17 months post-treatment which disappeared 
permanently with short-term application of clobetasol 
ointment and another small recurrence in the inguinal fold 
16 months after laser ablation which had not expanded at 
3-year follow-up (Figure  S4). As the recurrences in these 
areas remained minor, there was no reason for the patients 
to contact the outpatient clinic. Hence, no specimens were 
collected to confirm HHD and laser ablation was not re-
peated. Hypopigmentation could be observed in all treated 
skin sites at the last follow-up visit, enabling accurate fol-
low-up for recurrence. Hypertrophic scarring occurred 
in one patient after treatment of HH plaques in the elbow 
folds. Retrospectively, none of the patients had experienced 
a f lare in the laser-treated area that required medical need 
(Table 1).

Several patients experienced a temporary f lare of dis-
ease at the borders of the laser-treated skin area immedi-
ately after laser therapy which resolved after application of 
clobetasol ointment. There was no need for topical steroids 
to maintain long-term remission of HH plaques after laser 
therapy. In some patients, new spots of HHD developed 
throughout the months/years after laser therapy, though 
always at the periphery of the laser-treated area or else-
where on the body. The elasticity of the treated skin was 
comparable to that of the surrounding clinically unin-
volved skin.

Quality of life

The total median scores of DLQI and Skindex-29 ques-
tionnaires decreased significantly from baseline to 
6 weeks after treatment. Median scores of DLQI were 17.5 
at baseline and 1.5 at 6 weeks post-treatment (p = 0.008). 
Median scores of Skindex-29 were 55.41 at baseline and 
20 at 6 weeks post-treatment (p = 0.016), indicating sig-
nificant improvement in QoL. Between 6 weeks and 
3 years after laser therapy, QoL scores continued to de-
crease (Figure  1b,c). As shown in Table  S1, the median 
scores on the subdomains ‘symptoms’ and ‘social func-
tioning’ significantly improved from baseline to 6 weeks 
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T A B L E  1   Patient characteristics.

Patient characteristics Lesion characteristics
Follow-up prospective 
lesions

Follow-up 
retrospective lesions

Previous treatmentsPatients Gender Age

Total 
lesions 
treated by 
laser (n) Treated skin sites

Total 
lesions 
(n)

Median 
duration, 
months 
(range)

Total 
lesions 
(n)

Median 
duration, 
months 
(range)

HH1 F 44 9 Axillary folds, 
submammary and 
inguinal fold left, labia 
majora left

6 16 (12–39) 3 63 (61–63) •	 Topical steroids
•	 Flucloxacillin
•	 Fusidic acid cream

HH2 F 48 18 Neck dorsal and left 
side, inguinal, gluteal, 
elbow and axillary folds, 
submammary fold left, 
vulva, labia majora left, 
peri-anal area

8 15 (7–39) 10 52 (43–58) •	 Topical steroids
•	 Minocyclin

HH3 M 54 12 Axillary and 
submammary folds, 
scrotal area, peri-anal 
area

8 36 (31–39) 4 42 (40–44) •	 Topical steroids
•	 Topical antibiotics
•	 Botulin toxin

HH4 F 43 5 Axillary folds 2 40 (40–40) 3 50 (47–51) •	 Topical steroids
•	 Cyclosporin

HH5 M 32 14 Inguinal folds, scrotum, 
peri-anal area, rima ani

7 14 (8–39) 7 46 (41–50) •	 Topical steroids
•	 Doxycyclin

HH6 F 47 6 Inguinal and axillary 
folds

5 37 (18–39) 1 47 (47) •	 Tacrolimus 0.1% 
ointment

•	 Topical steroids
•	 Doxycyclin

HH7 F 57 7 Inguinal folds, labia 
majora left, chest, anal 
area

7 34 (34–39) 0 NA •	 Topical steroids

HH8 M 63 6 Inguinal folds, scrotal 
and peri-anal area

4 37 (35–39) 2 40 (39–40) •	 Topical steroids

F I G U R E  1   Hailey–Hailey (HH) lesions before, directly after, 6 weeks and 3 years after laser therapy with associated quality of life scores. (a) 
HH lesions of patients HH5 and HH6. (b) Total DLQI scores before laser therapy, 6 weeks after laser therapy and 3 years after laser therapy. (c) Total 
Skindex-29 scores before laser therapy, 6 weeks after laser therapy and 3 years after laser therapy.
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post-treatment (p = 0.016; p = 0.008) while scores on the 
subdomain ‘emotions’ did not (p = 0.109). The latter did 
significantly decrease 3 years post-treatment (p = 0.008). 
All DLQI subdomain scores showed significant im-
provement 6 weeks and 3 years post-treatment except for 
the subdomain scores ‘work’ and ‘treatment’ (Table  S2). 
Questions within these domains relate to impairment at 
work and the time-consuming burden of disease. There 
was no significant difference as patients already experi-
enced little impact of their disease at work and did not 
find their treatment time-consuming or discomforting at 
home.

Depth of laser therapy

Out of eight biopsies taken immediately after laser 
ablation, six were analysed. Two specimens could not be 
processed due to the small biopsy size. Removal of close to 
all of the papillary dermis was noted in all six specimens 
(Figure 2a,b). Adnexal structures remained intact. Minimal 
fibrosis or inflammation was observed. In one out of six 
specimens, a few small islets of epidermal tissue remained 
after laser therapy as indicated by the presence of the basal 
membrane (Figure 2c).

Electron microscopy

Intercellular distance

Before laser therapy, the median intercellular distance was in-
creased in all HH plaques (1066 nm) when compared to me-
dian values in non-affected individuals (350 nm) (Figure 3a). 
Six weeks after laser therapy, the median value decreased 
significantly to 575 nm (p = 0.015) (Figure 3b,d). The median 
intercellular distance in clinically uninvolved skin did not 
differ significantly from that in laser-treated skin (516 nm; 
p = 0.382) (Figure 3c). Focal acantholysis was observed in all 
HH plaques at baseline which restored after treatment. The 
degree of acantholysis observed by EM did not correspond 

to the clinical severity of the HH plaques. The stratum spi-
nosum of non-affected control individuals showed neither 
acantholysis nor intercellular widening (Table S3).

Number of desmosomes

Before laser therapy, desmosomes were scarce to absent in 
all HH plaques (median 5 per cell) (Figure  3a'). Six weeks 
after laser therapy, the number of desmosomes restored to 
a median value of 20 per cell in a well-organized pattern 
(p < 0.001) (Figure  3b',e). The difference with the median 
number of desmosomes in clinically uninvolved skin (18 per 
cell) was not significant (p = 0.397), but desmosomes seemed 
more evenly distributed in laser-treated skin. In non-affected 
control individuals, the number of desmosomes (22 per cell) 
was similar to that of treated and clinically uninvolved skin 
in HH patients (Table S3).

Keratin filament distribution

The percentage of keratinocytes with perinuclear re-
traction changed from 40% before laser therapy to 29% 
after therapy (p < 0.001). The percentage of clumping 
decreased from 49% to 2% (p < 0.001). Most of the ke-
ratinocytes showed no perinuclear retraction or clumping 
(Figure 4a,b). Most interestingly, laser-treated skin showed 
significantly less perinuclear retraction and clumping of 
keratin filaments when compared to the patient's own 
clinically uninvolved skin (p < 0.001) (Figure  4a). In ke-
ratinocytes of healthy control individuals perinuclear re-
traction or clumping were totally absent (Figure 4a). There 
was no correlation between keratin filament distribution 
and disease severity.

DISCUSSION

This study showed complete and long-term remission of 
75/77 HH plaques upon one single Er:YAG ablative laser 

F I G U R E  2   Histopathology of a biopsy specimen taken immediately after laser therapy. (a) Haematoxylin and eosin staining showing ablation to 
mid-dermis with normal eccrine glands at the dermal–subcutaneous junction. 100× magnification. (b) Verhoeff 's staining showing ablation up to the 
reticular dermis characterized by densely packed elastin fibres (black lines – white arrow). 200× magnification. (c) In one patient (HH6), some small islets 
of epidermis remained after laser ablation (white arrows). 200× magnification.
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treatment. Regardless of the genetic defect in ATP2C1, the 
treated area remained free of disease at long-term follow-up.

The treated skin remained hypopigmented, which al-
lowed for accurate follow-up over time. Quality of life 
improved significantly at 6 weeks after laser therapy and re-
mained as such at 3-year follow-up. Patients were still anx-
ious about disease recurrence at 6-week follow-up, a concern 
that completely faded at 3-year follow-up.

Ablation of both epidermis and papillary dermis induced 
long-term remission. This is consistent with previous case 
studies using dermabrasion and CO2 laser.17,22,23 Removal 
of both epidermis and papillary dermis over the full size of 
the treated area is crucial for long-term remission. In com-
parison to CO2 laser, Er:YAG laser ablation is less prone to 
scarring due to its 10-fold higher absorption in water and 
therefore, speedy ablation and little thermal damage.24,25 

Dermabrasion has similar long-term results but more re-
currences have been observed.10,26 Er:YAG ablation induced 
complete remission in 97% of cases compared to 83% with 
dermabrasion.10,26 Like dermabrasion, Er:YAG laser therapy 
is an elaborate procedure that requires accurate wound care 
upon treatment, and might therefore not be ideal for older 
patients with reduced mobility and a lot of comorbidities. 
In case of extensive skin-on-skin contact in the skin folds 
such as the submammary fold, laser treatment might not 
be ideal as wound healing is compromised. HHD involving 
large body surface area requires multiple laser treatments, 
which is a limitation of ablative laser therapy. Depending 
on the maximum lidocaine dose per body weight, approx-
imately 64–80 square centimetres can be treated per single 
laser session. In this study, treatment was provided by one 
practitioner which may limit generalization.

F I G U R E  3   Intercellular distance between keratinocytes and number of desmosomes before and 6 weeks after laser therapy and in clinically 
uninvolved skin. (a) Widened intercellular space in the stratum spinosum before laser therapy, keratinocytes showing severe perinuclear clumping of 
keratin filaments (yellow asterisk). (b) Keratinocytes after laser therapy without perinuclear clumping or retraction of keratofilaments. The desmosomes 
are well organized and interconnect adjacent keratinocytes. (c) Clinically uninvolved skin with perinuclear retraction of keratofilaments. (a') Reduced 
amount of desmosomes in affected skin before laser therapy. (b') Restored and well-organized desmosomes after laser therapy. (c') Desmosomes in 
clinically uninvolved skin. (d) The intercellular distance (nm) between keratinocytes in the stratum spinosum of clinically uninvolved skin, before laser 
therapy (baseline) and 6 weeks after laser therapy. (e) Number of desmosomes per cell in clinically uninvolved skin, before laser therapy (baseline) and 
6 weeks after laser therapy. * indicates p-value <0.05 determined by Mann–Whitney U-test. – indicates the median intercellular distance/number of 
desmosomes.
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The impressive clinical remission following Er:YAG laser 
therapy was reflected in the significant improvement at the 
ultrastructural level. In accordance with previous EM stud-
ies, desmosomes were scarce or absent in HH plaques, an 
increased intercellular distance was noted and keratin fila-
ments were retracted to the perinuclear area, in some cases 
leading to clumping.2–6 Upon Er:YAG laser treatment, the 
skin showed significant increase in the number of desmo-
somes which became similar to the number in patient's clin-
ically uninvolved skin. The newly formed epidermis showed 
reduced intercellular distance and limited clumping. Most 
interestingly, perinuclear retraction and clumping were more 
common in the patient's clinically uninvolved skin than in 
the treated skin. The newly formed skin rather resembled the 
skin of healthy control individuals. The previously observed 
lack of plakoglobin at the desmosomal junction, might con-
tribute to the observed clumping of keratin filaments in clin-
ically uninvolved skin of HHD patients.27 Upon wounding, 
during re-epithelialization, epigenetic changes may occur 
that lead to an improved expression, processing and/or lo-
calization of desmosomal proteins in the newly formed epi-
dermis. This may lead to stronger desmosomal junctions and 
proper keratin filament networks critical for cellular strength 
and a solid skin barrier, for many years.

Alternatively, as also suggested by an earlier study, the 
adhesion defect might not be present anymore in the re-
epithelialized skin after treatment.28 Er:YAG laser therapy 
ablates the epidermis and thereby, removes the epidermal 
stem cells. Regarding the depth of the hair follicle and the 
preserved hair growth after laser ablation, we assume the 
hair follicle bound stem cells remain intact. Hair follicle 
isthmus and bulge region stem cells have previously been 
shown to be essential for re-epithelialization upon wound-
ing.29,30 Importantly, a small fraction of the bulge cells 

transdifferentiate into long-lived epidermal stem cells.31 
Epigenetic changes that might have occurred during wound 
healing, a process largely unknown, could potentially be sta-
bly incorporated in the epidermal stem cells and contribute 
to long-term remission. Newly formed keratinocytes may 
therefore exhibit the necessary hSPCA1 expression and/or 
upregulate alternative calcium pumps to maintain intracel-
lular calcium homeostasis.

In conclusion, our study shows high effectiveness of a sin-
gle ablative laser treatment in the treatment of HHD, with 
significant improvement in QoL and recurrence-free long-
term remission.
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