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INTRODUCTION
Vitiligo and piebaldism are cutaneous conditions, characterized by depigmented macules that can 
alter a patient’s appearance and thereby impair a patient’s quality of life.1,2 The aetiopathogenic 
mechanisms of vitiligo are still not completely understood, no standardized outcomes are 
formulated for vitiligo, and a definite cure is not yet available. The therapies currently used are 
not satisfying in every patient and usually induce incomplete repigmentation.1 In this thesis, 
repigmentation and depigmentation therapies in vitiligo and piebaldism and different methods 
of assessment and their quality in vitiligo are described. 

Vitiligo 
Vitiligo is an acquired cutaneous condition in which destruction of melanocytes induces white 
lesions in the skin and mucous membranes. Of the world’s population, 0.5% to 2% is affected by 
vitiligo with no differences in prevalence regarding sex or skin color.1,3 Several theories have been 
forwarded to explain the pathogenesis of vitiligo. However, none of these theories completely 
explains the disorder. It seems that multiple factors including autoimmune, biochemical, 
neuronal and environmental may contribute to its development.4,5 Recent evidence supports 
the theory of autoimmune mediated damaging of melanocytes. Firstly, both in the blood 
and perilesional skin of vitiligo patients CD8+ T-cells directed against specific melanocytic 
antigens were found. These CD8+ lymphocytes are often seen in close proximity to remaining 
melanocytes. In an ex-vivo model, Van den Boorn et al showed that these perilesional cytotoxic 
T cells indeed are able to eridacate pigment cells.6 This presence of melanocyte specific-T cells 
has also been confirmed in the segmental form of vitiligo.6,7 Secondly, Spritz et al identified, in 
genome-wide association studies, vitiligo susceptibility loci that encode immunoregulatory 
proteins or melanocyte components that likely mediate immune targeting.8 

Classification
In 2011, the Vitiligo European Task Force reached a consensus on the classification of  
the different subtypes of vitiligo in the Vitiligo Global Issues Consensus Conference (VGIC).9 
Three different subtypes are recommended to be used in the future; 1. vitiligo including 
generalized, acrofacial, mucosal, universal, mixed, and rare variants vitiligo, 2. segmental 
vitiligo including uni-, bi- or plurisegmental vitiligo, and 3. undetermined / unclassified vitiligo, 
including focal and mucosal (one isolated site vitiligo). Vitiligo (non-segmental vitiligo, vitiligo 
vulgaris) is the most common subtype, which is characterized by widespread white macules 
that mostly appear symmetrically. This subtype frequently affects acral areas, the face, orifices 
and genital parts. Generalized vitiligo is usually slowly progressive with flares interchanged by 
stable periods. 10% to 20% of the patients experience spontaneous repigmentation.3,5,10 Patients 
with universal vitiligo experience more than 80% depigmentation of the cutaneous surface. 
Acrofacial vitiligo is the term for patients with vitiligo limited to the acra and the facial region. 
Segmental vitiligo causes unilateral depigmented macules that occur in a (semi) dermatomal 
distribution.10,11 This subtype appears at an earlier age than vitiligo vulgaris and spreads quickly, 
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after which a stable period commences.11 Segmental vitiligo is less commonly associated with 
other autoimmune diseases than generalized vitiligo.11,12,13,14  

Other subtypes of vitiligo include focal and mucosal vitiligo characterized by depigmented 
macules located in an isolated area of respectively skin or mucosa.

Piebaldism
Piebaldism is a congenital autosomal dominant stable pigment disorder characterized by 
widespread symmetrical depigmented macules often near the midline on the front of the body 
with poliosis. Lesions mostly appear on the anterior thorax, the abdomen, the arms, and legs.15 
Hyperpigmented macules within the lesions and at the periphery of the depigmented lesions 
often can be seen in piebaldism. The pathogenesis of piebaldism appears to be a mutation 
of the c-kit proto-oncogene. This mutation can cause failure of proliferation of melanocytes 
and melanoblasts, or failure of melanoblasts to migrate to the dermo-epidermal junction in 
embryonic life.15  

Assessment in vitiligo
To date, there are no standardized outcome measures to assess the degree of depigmentation in 
vitiligo. Standardized measurement instruments of good quality can objectify disease severity 
and efficacy of therapies. In patient care, this allows to evaluate disease severity or treatment 
effect within patients. In research, this makes comparisons between the outcomes of different 
studies possible and allows meta-analyses.16 In consensus meetings on core outcomes for 
vitiligo 75% of voters agreed that repigmentation was an essential outcome in vitiligo trials. 
A measurement instrument for vitiligo should be able to objectify the area of depigmentation in 
patients and thereby the area of repigmentation after an intervention. However, other measures 
such as the activity of the vitiligo, quality of life, cosmetical acceptance for the patient and 
patient perceptions should also be taken into account in an ideal and complete measurement 
in vitiligo patients.17 Numerous outcome measures were identified in a systematic review on 
randomized controlled trials of interventions for vitiligo. Of the 57 included studies in that 
review, all assessed the presence of repigmentation although none of the studies used exactly 
the same method of scoring.18 Moreover, there is limited knowledge of the measurement 
properties, the quality, of the measurement instruments used in vitiligo. Therefore a conclusion 
on which measurement instrument should be used in research and daily practice could not yet 
be drawn.16

Therapy
Vitiligo can alter a patient’s appearance and impair the patient’s quality of life.2,12 Moreover, 
the depigmented skin of patients is more sensitive to sunburn than the normal skin. Therefore 
treatment is often warranted.4

The standard treatment of generalized vitiligo consists of topical treatment with potent 
corticosteroids or other immunomodulaters, and/or phototherapy.1,12 Treatment goals for these 
treatments can be to halt progression and to induce repigmentation. However, these therapies 
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are not satisfying in every patient and usually induce incomplete repigmentation.1,3,10 In 
stable depigmented lesions unresponsive to topical and phototherapy, autologous melanocyte 
transplantation is the treatment option of choice to induce repigmentation.12 Stability of vitiligo, 
i.e. no enlargement of existing lesions and absence of new lesions for at least one year, is crucial 
for good results.19,20 Regardless of the method of transplantation, the best results are seen in 
stable segmental vitiligo and piebaldism patients. When vitiligo is still active there is a higher 
risk of treatment  failure and of the development of the Koebner phenomenon (induction of 
new lesions) at the donor site. UVB phototherapy  before epidermal grafting may mask possible 
disease activity and may lead to an incorrect selection of patients with unstable disease.21 Various 
methods of autologous melanocyte transplantation have been developed. The basic principle of 
all these surgical techniques is to transplant (autologous) melanocytes and other epidermal cells 
from normal skin to the depigmented macules where (functioning) melanocytes are absent.22 
Table 1 shows the most used grafting techniques, their success rates, advantages and side effects. 

Currently, the selection of a transplantation method is based on technical possibilities, 
on personal experience, and on data from a limited number of studies.22 One of most used 
surgical techniques is the punch grafting technique, also known as the minigrafting technique. 
This technique involves 1- to 2-mm full-thickness epidermal punch grafts punched out from 
normally pigmented donor sites. These grafts are transplanted into depigmented acceptor sites 

Table 1. Shows the success rates, advantages and disadvantages in the surgical techniques mostly used 
to repigment depigmented lesions in vitiligo and piebaldism. The used good results in the success rates 

*(success rate: percentage of patients with good results) differ from >50% to >75% repigmentation. Published 
success rates are after transplantation in stable and unstable patients. The repigmentation rates vary widely within 
the different publications.  22-28,30-34

Transplantation technique Succes rate* Advantages Side-effects / Disadvantages

Punch grafting 44-100% Easy to perform
Inexpensive

Cobble stone effect
Donor recipient ratio small 
(max. 1:5)
Scar donor site
Color mismatch

Splitskin grafting 78-92% Inexpensive Milia
Scar (donor and recipient site)
Donor recipient ratio small (1:1)

Epidermal blister grafting 60-90% Easy to perform
Inexpensive

Donor recipient ratio small
Painful donor procedure

Autologus cell suspension grafting 27-100% Donor recipient ratio: 1:5-10 Scar donor side
Long lasting erythema
Color mismatch
Specialized laboratory 
needed/ or expensive kit

Cultured suspension grafting 30-82% Donor repicient ratio: large Specialized laboratory needed
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from which similar punch grafts have been removed.21,23 Autologous melanocytes can also be 
obtained by one of the following techniques: shave biopsy (split-thickness grafting), suction 
pressure or liquid nitrogen (epidermal blister grafting), non-cultured or cultured melanocytes, 
or melanocytes and keratinocytes cell suspensions (cultured epidermal grafts). In these cases, 
dermabrasion of the recipient area can be done with a laser, a dermabrader, or by a suction pump 
or liquid nitrogen to induce blisters in order to prepare the recipient site for transplantation.22 
Non-cultured autologous cell suspension transplantation (CST) appears to be the most promising 
of these techniques, because of the larger donor recipient ratio obtained with this technique and 
the cosmetically satisfying results.24 With this technique, a cell suspension is produced from 
a small, normally pigmented skin sample. The suspension is then applied to a larger laser-ablated 
or dermabraded, depigmented recipient site. CST is successful in approximately 60-100% of 
the stable vitiligo and piebaldism patients.24-28 Side effects mostly seen with this technique are 
long lasting erythema at the recipient site, color mismatch between the normal and repigmented 
skin and scarring at the donor site. Previously, specialized laboratories were necessary for 
preparation of the cell suspension. To date, for the preparation of the cell suspension there are 
two commercially available medical devices on the market, the ReCell® kit and the VitiCell® kit. 
The ReCell® portable, battery-operated autologous cell extraction device obviates the need for 
specialized laboratories and licenses.29-31 With these cell extraction devices (CED), it is possible 
to perform the complete transplantation in the operation theatre, thereby saving time. Punch 
grafting seems to be the easiest and most inexpensive repigmentation procedure, which takes 45 
minutes for 50 cm² and does not require special equipment. Punch grafting shows good (more 
than 75%) repigmentation in 44-100% of the patients treated.22,23,32,33 However, punch grafting 
appears to cause the most adverse events, consisting of cobblestone appearance at the acceptor 
site and scars at the donor site. Cobblestone stone effects are tiny thickened hypopigmented 
scars at the site of the grafts, a cobblestone like effect is a hypopigmentated flat lesion. These 
effects seem to occur more when punches larger than 1.25 mm are used. If smaller punches are 
used less adverse events are reported.21

In widespread vitiligo, when repigmentation therapies are no longer feasible, depigmentation 
therapies can be used to remove the remaining (disfiguring) pigmentation. To achieve this 
depigmentation, Q-switched lasers, cryotherapy, and chemical agents are used.34-36 Q-switched 
lasers can result in depigmentation by selective photothermolysis of melanocytes in the remaining 
pigmented lesions.37 These lasers are reported to achieve faster depigmentation compared to 
chemical agents and the risk of scar formation is less compared to cryotherapy.35,36,38 In small 
studies and case reports Q-switched ruby and alexandrite lasers have shown to be an effective 
depigmentation therapy in vitiligo patients.35

In piebaldism, the depigmented lesions are unresponsive to any form of topical or systemic 
medical treatment. Although little literature is available on patients with piebaldism who have 
been treated with transplantation methods, surgical techniques appear to be effective.27,39 

AIMS AND OUTLINE OF THE THESIS
To draw conclusions on which measurement instruments should be used in vitiligo, in 
research and daily practice, the quality of these measurement instruments should be assessed. 
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The first two studies in this thesis were conducted to assess measurement properties of outcome 
measures on the degree of depigmentation in vitiligo. Chapter 2 contains the first study that 
reports on the reliability and responsiveness of the Vitiligo Area Scoring Index (VASI) 40 and 
the Vitiligo European Task Force assessment (VETFa) 41. The VASI and VETFa are two well 
described clinician reported outcomes that assess the degree of depigmentation that were 
proposed to offer accurate measures of disease severity and treatment evaluation. However, 
knowledge on the quality of these instruments and their measurement properties was not yet 
available. Chapter 3 contains a prospective study on the validity, intraobserver reliability, and 
acceptability of the Self-Assessed Vitiligo Area Scoring Index (SAVASI). The SAVASI is the first 
described and validated patient oriented measurement tool for vitiligo patients that allows 
patients to assess the degree of depigmentation of their vitiligo. Patient orientated medicine is an 
emerging concept, which allows greater involvement of the patient in the management of chronic 
diseases.  Furthermore, self-assessment tools can enhance communication between patients 
and physicians and are valuable supplements in therapeutic education programs. Moreover, 
a validated self-assessment score is useful in epidemiologic questionnaire studies.  

Because repigmentation and depigmentation therapies in vitiligo are still not satisfactory 
in every patient, we assessed the outcomes of repigmentation and depigmentation therapies in 
randomized controlled trials and a prospective study. Chapter 4, 5, and 6 contain studies that 
improve knowledge on much used and relatively new surgical and laser therapies in vitiligo and 
piebaldism. This knowledge gives evidence based insights into these techniques and will enable 
physicians to achieve more satisfying repigmentation or depigmentation results in vitiligo 
patients treated. Currently, different surgical techniques are used for autologous epidermal 
transplantation. Punchgrafting is a simple inexpensive technique much used currently. However, 
no reliable data on the efficacy and safety of different punch depths and sizes was available. 
Chapter 4 contains a randomized controlled trial where the differences between the currently 
used methods for punch grafting in vitiligo and piebaldism patients were explored. In this trial 
we compared two different punch depths and two punch sizes in autologous punch grafting 
in vitiligo and piebaldism patients.  Non-cultured autologous cell suspension transplantation 
(CST) is another surgical technique in which the cell suspension is produced from a small, 
normally pigmented skin sample. The suspension is then applied to a larger laser-ablated or 
dermabraded, depigmented recipient site. Previously, specialized laboratories were necessary 
for preparation of the cell suspension. The ReCell® portable, battery-operated autologous cell 
harvesting device obviates the need for specialized laboratories and licenses. With this cell 
extraction device (CED) it is possible to perform the complete transplantation in the operation 
theatre, thereby saving time. Chapter 5a contains a randomized controlled pilot study on 
the efficacy, safety, and patient satisfaction of the CST-CED method in stable segmental vitiligo 
and piebaldism patients. In Chapter 5b less invasive fractional laser is used in combination with 
CST-CED in three patients in a pilot study to assess the efficacy of this technique. In Chapter 
5c we present two cases that shed light on a less invasive still effective pre-laser treatment for 
CST-CED. Chapter 6 contains a retrospective study on the effectiveness, safety, and patients’ 
satisfaction of Q-switched ruby (QSR) laser induced depigmentation in widespread vitiligo. It 
reveals the patient, disease and treatment variables that correlate with the treatment outcome, 
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allowing better selection of patients before starting laser therapy. In Chapter 7, all chapters 
of this thesis are summarized. Chapter 8 concludes this thesis with a general discussion on 
the main findings and further considerations on therapy and assessment in vitiligo are presented. 
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ABSTRACT 
Background
Vitiligo  is a common skin disorder causing depigmented macules that can impair a patient’s 
quality of life. Currently, there are no standardized outcome measures to assess the degree 
of depigmentation. Moreover, there is limited knowledge on the measurement properties of 
outcome measures in vitiligo.

Objectives
To assess the reliability and responsiveness of the  Vitiligo  Area Scoring Index (VASI) 
and the  Vitiligo  European Task Force assessment (VETFa), two well-described clinician- 
reported outcomes.

Methods
We included three vitiligo patient groups. In one group of 31 patients, the interobserver reliability 
was assessed by three observers. In 27 patients the intraobserver reliability was assessed by two 
repeated measures by one of the observers. To assess the responsiveness the repigmentation was 
calculated after 6 months of phototherapy in 33 patients and tested against hypotheses.

Results
The interobserver reliability was high for VASI (intraclass correlation coefficient (ICC) 0.93) 
and VETFa depigmentation (ICC 0.88). The intraobserver reliability was high for VASI (ICC 
0.93) and VETFa depigmentation (ICC 0.97). The smallest detectable changes (SDCs) were 
7.1% and 10.4% for interobserver reliability and 4.7% and 2.9% for intraobserver reliability in 
VASI and VETFa depigmentation, respectively. All four responsiveness hypotheses formulated 
a priori were confirmed.

Conclusions
VASI and VETFa are reliable and responsive instruments to assess the degree of depigmentation 
in vitiligo. VASI and VETFa for depigmentation are potential instruments for vitiligo research 
in the future. However, for use in individual patient care, caution is needed when interpreting 
score changes in individual patients because of the relatively large SDC.
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INTRODUCTION
Vitiligo is a common skin disorder causing depigmented macules that can impair a patient’s 
quality of life.1, 2  To date, there are no standardized outcome measures to assess the degree 
of depigmentation in vitiligo. Numerous outcome measures were identified in a systematic 
review of randomized controlled trials of interventions for vitiligo.3 Of the 57 studies included 
in that review, all assessed the presence of repigmentation, although none of the studies used 
exactly the same method of scoring.3 Moreover, there is limited knowledge on the measurement 
properties of outcome measures in vitiligo.4 Therefore a conclusion on which measurement 
instrument should be used in research and daily practice cannot yet be drawn.4

Standardized measurement instruments of good quality can objectify disease severity 
and the efficacy of therapies. In patient care, this allows better evaluation of disease severity 
or treatment.4 In research, this makes comparisons between the outcomes of different studies 
possible and allows meta-analyses.4  The Vitiligo European Task Force assessment (VETFa) 
and the Vitiligo Area Scoring Index (VASI) are two well-described clinician-reported outcome 
measures that assess the degree of depigmentation; these scores were proposed to offer accurate 
measures of disease severity and treatment evaluation.4,5 However, there is little information on 
the measurement properties of these instruments. Moreover, there are no studies comparing 
the two instruments. VETFa was evaluated on reliability and measurement error6  and VASI 
was evaluated only on criterion validity.4,7 The aim of our study was to assess the measurement 
properties – reliability and responsiveness – of VASI and VETFa for the assessment of the degree 
of depigmentation in vitiligo.

PATIENTS AND METHODS
Patients
The study population consisted of patients with nonsegmental vitiligo who visited 
the Netherlands Institute for Pigment Disorders between November 2012 and December 2013. 
Patients were eligible for the study when treated with narrowband ultraviolet B (NB-UVB) 
therapy. We included three groups of patients with vitiligo. Each patient could be included in 
one, two or all three groups depending on their availability. In the first group the interobserver 
reliability was measured, in the second group the intraobserver reliability, and in the third 
group the responsiveness. The local ethics committee confirmed that the Medical Research 
Involving Human Subjects Act did not apply to this study and therefore an official approval 
was not required (W13_203#13.17.0252). Written informed consent was obtained from all  
subjects included.

Reliability
Reliability is the extent to which scores for patients who have not changed are the same for 
repeated measurements under several conditions.8  To assess the interobserver reliability 
three observers (L.K., J.P.W.V. and A.W.), who are dermatologists and/or experienced vitiligo 
physicians, independently assessed the degree of depigmentation.9 The three observers assessed 
under similar conditions the percentage depigmentation with VETFa and VASI, and spreading 
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and staging with VETFa. VETFa and VASI were placed in random order based on a digitally 
generated random list (GRAPHPAD Software, La Jolla, CA, U.S.A.). The patients did not receive 
therapy between the measurements.

To assess the intraobserver reliability, one of the physicians (L.K.) repeated the measures 
2 weeks after the first measurement.9 Within these 2 weeks, we did not expect a real change in 
depigmentation, or for the observer to recall the first score. The patients received up to three 
NB-UVB treatments between these measurements.

Responsiveness
Responsiveness is the ability of an instrument to detect real change over time. In the absence 
of a gold standard the assessment of responsiveness relies on testing hypotheses.8  To assess 
the responsiveness, one physician (L.K.) assessed the degree of depigmentation with VASI and 
VETFa at baseline and after 6 months of NB-UVB, from which we expected repigmentation.10 After 
6 months, the patients and the treating physician answered questions about the percentage of 
improvement that was detected, with help of photographs from the patient’s file. Hypotheses 
about the postulated improvement were formulated a priori. If 75% of the four hypotheses were 
in accordance with the results we assumed the measurement instrument to be responsive.11

The hypotheses were as follows: (I) Repigmentation percentages of VASI and VETFa after 
6  months will be ≥  15%.12-17  (II) There will be an intraclass correlation coefficient (ICC) 
≥  0·6 between the repigmentation percentages of VASI and VETFa and the percentages of 
improvement assessed by the treating physician. (III) Lesions in the face will have ≥ 10% higher 
repigmentation than lesions on the hands, as determined by VASI; and ≥  10% higher than 
lesions on the hands and arms as determined by VETFa.12,18 (IV) In patients where the physician 
and patient described the vitiligo as improved, the percentage repigmentation as determined by 
VASI and VETFa will be ≥ 10% higher than in the group where this is not the case.

Vitiligo Area Scoring Index
In VASI7 (Appendix S1), the patient’s body is divided into five separate regions: the hands, upper 
extremities, trunk, lower extremities and feet. The face and neck areas are assessed separately. 
One hand unit of the patient (the palm plus the volar surface of the digits) is used as a guide 
to estimate the baseline percentage of vitiligo involvement of each body region. For each body 
region, VASI is determined as the product of the vitiligo area in hand units (set at 1% per unit) 
and the pattern of depigmentation within each hand-unit-measured patch (possible values of 
10, 25, 50, 75, 90 or 100%, which are illustrated with a descriptive atlas of patient photographs; 
Appendix S1).7  VASI, applied to the whole body, is calculated using the following formula, 
(possible range 0–100): VASI = ∑(all body size) (hand units)  (depigmentation).7

Vitiligo European Task Force assessment
VETFa6 (Appendix S1) is used to evaluate the extent of depigmentation using the rule of nine, 
and is assessed as pigmentation percentage in four body parts: head and neck, trunk, arms and 
legs. VETFa also assesses the stage of disease (staging) and disease progression (spreading). 
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Staging is based on cutaneous and hair pigmentation in vitiligo patches, and the disease is 
staged 0–4 on the largest macule in each body region, except the hands and feet, which are  
assessed separately and globally as one unique area (Appendix S1). To assess spreading, on 
a scale from +1 to −1 (+1, progressive; 0, stable; −1, regressive), it is recommended to look at 
the patch limits first using natural light and to compare these with the Wood’s lamp limits.6

Percentage repigmentation
To calculate the relative repigmentation after 6  months we used the following formula:  
(1– new score/old score) x 100. In case there was no repigmentation (further depigmentation), 
we scored the repigmentation as 0.

Statistical analyses
For statistical analyses we used SPSS Statistics 19 (IBM, Armonk, NY, U.S.A.). We analysed 
the inter-rater and intrarater reliability, and the correlation between the means of VASI and 
VETFa in the responsiveness analyses, by using the ICC, a two-way random effects model for 
absolute agreement. ICCs > 0·70 are generally considered adequate.8 The smallest detectable 
change (SDC) was calculated from the SEM by the following formula: 

( ).

RESULTS
Table 1 shows the baseline characteristics of the included patients. We measured patients only 
if we expected that we could measure them with three physicians, and/or again after 2 weeks,  
and/or again after 6 months. No patients were lost to follow-up. There were no missing data.

Reliability
The interobserver reliability (Table  2) in 31 patients was high for VASI (ICC 0.93, 95% 
confidence interval (CI) 0.88–0.96) and VETFa depigmentation (ICC 0.88, 95% CI 0.79–0.94). 
The interobserver reliability was fair for VETFa staging (ICC 0.35, 95% CI 0.14–0.57) and 
spreading (ICC 0.42, 95% CI 0.21–0.63). The SDCs were 7.1% and 10.4% for VASI and VETFa 
depigmentation, respectively.

Figure  1  shows the intraobserver reliability after a mean of 2.1  weeks in 27 patients. 
The intraobserver reliability was high for VASI (ICC 0.93, 95% CI 0.86–0.97) and VETFa 
depigmentation (ICC 0.97, 95% CI 0.94–0.99) (Table  3). The intraobserver reliability was 
good for staging (ICC 0.84, 95% CI 0.67–0.92) and moderate for spreading (ICC 0.47, 95% CI  
0.12–0.72). The SDCs were 4·7% and 2·9% for VASI and VETFa depigmentation, respectively.

Responsiveness
The mean time between the two responsiveness measurements was 6.3  months. Twenty-six 
patients (79%) continued their NB-UVB therapy until the last measurement. The four hypotheses 
we formulated a priori were confirmed using VASI and VETFa for the degree of depigmentation. 
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Table 1. Baseline characteristics of the patients in the interobserver, intraobserver and responsiveness groups.

Interobserver group
(n=31)

Intraobserver group 
(n=27)

Responsiveness group
(n=33)

Age (years), mean (median; min-max) 46.8 (46; 22-85) 44.3 (44; 19-73) 46.5 (46; 18-85)
Sex, n (%)
 Male
 Female

15 (48%)
16 (52%)

17 (63%)
10 (37%)

15 (46%)
18 (54%)

Fitzpatrick phototype, n (%)
 II
 III
 IV
 V

15 (48%)
5 (16%)
11 (36%)
0

5 (18%)
10 (37%)
11 (41%)
1 (4%)

16 (49%)
6 (18%)
11 (33%)

Depigmentation (%) mean  
(median; min-max)
 VASI
 VETF

8.4 (3.7;0.6-37.2) *
8.7 (5.3; 0.8-33) *

6.1 (3.9; 0.3-27.6)
6.0 (4.0; 0.3-23.8)

9.6 (4,5; 0.6-37.2)
9.7 (5.5; 0.8-33)

NB-UVB treatment, n (%)
 At Home
 At the SNIP

21 (68%)
10 (32%)

0 (0%)
27 (100%) 

22 (67%)
11 (33%)

Time NB-UVB treatment in months**
mean (median; min-max) 4.4 (4;0.5-11) 3.4 (2;0.3-12) 4.5 (4;2-12)

(VASI, Vitiligo Area Scoring Index; VETFa, Vitiligo European Task Force assessment; SNIP, Netherlands Institute 
for Pigment Disorders.  *Depigmentation scored at the first measurement by observer L.K.  **Time from the start of 
narrowband ultraviolet (NB-UVB) therapy until the first measure.)

Table 2. Interobserver reliability determined by comparing the measures of three physicians within one hour, 
blinded for the results of the other physicians. N= 31

ICC 95% CI SDC Var(p) Var(0) Var(residual) 

VASI 

Depigmentation 0.93 0.88-0.96 7.07 87.71 0.48 6.02

VETF

Depigmentation 0.88 0.79-0.94 10.44 102.81 0.00* 14.25
Staging 0.35 0.14-0.57 5.86 2.41 0.52 3.95
Spreading 0.42 0.21-0.63 5.97 3.39 0.54 4.10

(*estimate was set to zero because it was redundant)

Hypothesis (I): the mean repigmentation was 23% when measured with VASI and 30% when 
measured with VETFa, both > 15%. Hypothesis (II): the ICC between the repigmentation and 
the percentage of improvement assessed by the treating physician was 0.75 (95% CI 0.55–0.87) 
for VASI and 0.62 (95% CI 0.36–0.79) for VETFa, which are > 0·60 as expected. Hypothesis 
(III): lesions in the face had ≥ 10% higher repigmentation than lesions on the hands. The mean 
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Figure 1. Intraobserver agreement in 27 patients of the three measurement instruments. The intraobserver 
agreement was almost perfect in the VASI (ICC 0.93) and the VETFa (ICC 0.97)

Table 3. Intraobserver reliability determined by comparing the first measure with a second measure after 
two weeks by the same observer. The mean time between two measures was 2.1 weeks with a minimum and 
maximum of 1 to 3 weeks. N= 27

ICC 95% CI SDC Var(p) Var(0) Var(residual) 

VASI 

Depigmentation 0.93 0.86-0.97 4.70 40.11 0.00* 2.87

VETF

Depigmentation 0.97 0.94-0.99 2.93 37.63 0.00* 1.12
Staging 0.84 0.67-0.92 2.38 3.77 0.00* 0.74
Spreading 0.47 0.12-0.72 5.62 3.65 0.02 4.09

(*estimate was set to zero because it was redundant)

percentage repigmentation for lesions in the face was 42% for both VASI and VETFa. The mean 
repigmentation was 0% in lesions on the hands for VASI and 28% for lesions on the hands and 
arms for VETFa. Hypothesis (IV): in 19 of the 33 patients (58%), the physician and the patient 
described the vitiligo as improved. The mean repigmentation in this group was 31% for VASI 
and 35% for VETFa. In the group where either the physician or the patient did not describe 
the vitiligo as improved the mean repigmentation was 12% for VASI and  22% for VETFa. 
The differences were > 10%, as expected.
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Correlations between measurement instruments
The ICC between the mean VETFa and the mean VASI was 0.98 (95% CI 0.95–0.99). 
The physicians scored on average 0.9% higher with VETFa (mean 8.5%) than with VASI  
(mean 7.6%).

DISCUSSION
This is the first study that reports on the reliability and responsiveness of VASI and VETFa. 
The results of our study show that VASI and VETFa are reliable instruments to assess the degree 
of depigmentation in patients with vitiligo. The ICCs for the inter- and intraobserver reliability 
were high (Tables 2 and 3). Taïeb and Picardo assessed the interobserver agreement of extent, 
staging and spreading measured with VETFa in 13 patients by 10 physicians.6 An acceptable 
agreement was reported for extent; 92% of the evaluations were within a range of 1% of the mean 
value.6 In our study this agreement appears to be higher (ICC 0.93, 95% CI 0.88–0.97). However, 
we have to be careful with this conclusion because comparison between the results of the studies 
is hampered by the different parameters of reliability used and the difference in population 
and observers. Hamzavi et al.7 assessed the validity of VASI in 22 patients by comparing VASI 
with Physician’s Global Assessment. They concluded that VASI correlated well with Physician’s 
Global Assessment (P < 0·001).7 No studies on the reliability of VASI have been published.

The results of our study show that staging and spreading, measured with VETFa, have 
only a fair interobserver reliability (ICC 0.35 and 0.42, respectively) and a good and moderate 
intraobserver reliability (ICC 0.84 and 0.47, respectively). For staging and spreading Taïeb and 
Picardo found a moderate correlation using the ideal observer method (κ = 0·50 and κ = 0·39), 
which seems to be comparable with our results.6 Assessment of spreading and staging is based on 
examination of the largest macule in each body area. This could cause a discrepancy if there are 
differences in staging and spreading between different macules in one body part. Furthermore, 
to assess spreading it is advised to look at the patch limits using natural light and to compare 
these with the limits as judged by Wood’s lamp examination. Obviously, the physicians in our 
study could not reliably differentiate between ongoing subclinical re- and depigmentation. 
Cessation of spreading could be the goal of therapy in vitiligo, and the stage of vitiligo is 
a prognostic factor for therapy; both are therefore important additions to outcome measures. 
Therefore, more reliable instruments to assess staging and spreading should be developed and 
validated. Examples of developed, although not validated, instruments are the Vitiligo Potential 
Repigmentation Index19 and the Vitiligo Disease Activity score.20

The results of our study furthermore suggest that both VASI and VETFa are responsive in assessing 
change in the degree of depigmentation in vitiligo, as all four hypotheses formulated a priori were 
confirmed. In the absence of a gold standard, we could not assess whether the degree of change 
was an adequate reflection of the ‘true’ change measured by the gold standard. Therefore we 
used the construct approach, hypothesis testing.8 Despite the suggested responsiveness, the SDC 
appears large in relation to the mean VASI (7.6%) and mean VETFa (8.5%). The SDCs were 7.1% 
and 10.4% for interobserver reliability and 4.7% and 2.9% for intraobserver reliability in VASI 
and VETFa depigmentation, respectively. The large SDC could indicate that the instruments 
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are not able to detect small differences in depigmentation in individual patients with vitiligo, 
especially with different observers. The inability to detect small differences could limit the use 
of these instruments in daily clinical practice. A method that can detect small differences in 
depigmentation and⁄or repigmentation during and after vitiligo treatment in individual patients 
is useful for the accurate assessment of this disease in clinical practice.21 However, the high ICCs 
indicate that these instruments are good enough to use in research.

There are several differences between VASI and VETFa. Firstly, in VETFa the hand unit 
as 1% of the body surface area and a drawing with percentages per body part are used to 
assess the degree of depigmentation. This is in contrast to VASI, where only the hand unit as 
1% of the body surface area is used, which is a more unambiguous instruction. However, in 
widespread vitiligo it could be time saving to use the drawing. The use of the rule of nine and 
a hand unit as 1% of the body surface to estimate the percentage injured is well established in 
burn care.22 In various studies the ratio of the palmar surface area to the body surface differs 
from 0.7 to 1.23 Therefore, we expect a little overestimation of the percentage depigmentation 
when assessed using the hand as an indicator of 1%. However, the hand unit seems to be 
a simple and commonly used indicator of 1% of the body surface area and is therefore useful 
in the measurement of depigmentation in vitiligo.23  Secondly, another difference between 
VASI and VETFa is the body parts used. In VASI the hand and feet are assessed separately; in 
VETFa this is assessed separately only for extent and staging. The hands and feet are generally 
resistant to therapy in vitiligo and it could therefore be useful to assess these areas separately. 
Thirdly, the use of photographic patterns of depigmentation is a difference between VASI and 
VETFa. Assessing the patterns of depigmentation makes it easier and probably more accurate to 
assess repigmented parts after therapy because of the dotted spots that appear in these lesions. 
Considering these differences, VASI has minor advantages over VETFa for measuring the degree 
of depigmentation. An advantage of both of these instruments is that they are easy to use,  
take <  5  min to perform and are applicable in everyday settings. A disadvantage of both 
instruments is that they are semiobjective scores. Furthermore, small changes might not be 
detected with these instruments in individual patients. More objective and precise methods 
that could be used to assess the extent of depigmentation, and repigmentation in a target lesion 
are the digital image analysis system (DIAS) score and the point-counting method.24-26 However, 
these techniques are time consuming and therefore less utilizable in widespread vitiligo or in 
studies with large numbers of patients. Furthermore, with the DIAS score, specific devices 
and software are needed for the measurements. For routine clinical exams, serial digitized 
photographs can be used to monitor a patient’s response to vitiligo treatment.21

There are some limitations to this study. Firstly, the number of patients assessed for 
the measurement properties is rather small. However, the results of our reliability study suggest 
that the sample size was adequate because of the small 95% CIs (entire CI > 0·70). Secondly, 
the responsiveness was measured by one physician only. Because of the high interobserver 
reliability we do not expect this to have influenced our results, although the results might 
have been slightly worse had different observers been used. Thirdly, between the intraobserver 
measurements patients received up to three NB-UVB treatments, which could theoretically have 
changed pigmentation. However, we do not expect repigmentation from these three treatments. 
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Fourthly, this study focuses mainly on the degree of depigmentation of vitiligo as the outcome 
and on the extent and staging in one instrument. In our opinion, a measurement instrument for 
vitiligo should at least objectify the area of depigmentation in patients and thereby the area of 
repigmentation after an intervention. However, other measures such as the activity of the vitiligo, 
quality of life and cosmetic acceptance for the patient, and patient perceptions should also 
be taken into account in an ideal and complete measurement.27 To define a minimum set of 
core outcomes for vitiligo patient care and research, consensus meetings or a Delphi study are 
imperative.28-30  Thereafter, research has to be done on the measurement properties of these 
outcome measures for vitiligo.4

We conclude that both VASI and VETFa are reliable and responsive instruments to assess 
the degree of depigmentation in vitiligo research. Based on our results it is not possible to 
recommend one of these instruments specifically. Both instruments are easy and quick to use 
and can be used in widespread vitiligo. VASI and VETFa for depigmentation are potential 
instruments for vitiligo research in the future. However, for use in individual patient care 
caution is needed when interpreting score changes in individual patients because of the relatively  
large SDC.
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APPENDIX S1.
Vitiligo European Task Force assessment and Vitiligo Area Scoring Index.

Now fill in the VETF table. When the table is unclear, please read the instructions. 

General recommendations 
Hands and feet are included in evaluation of extent in arms and legs, but 
evaluated separately and globally for staging and spreading (i.e. ands and 
feet must be staged seperately/globally as one area). Staging and Speading 
can be assessed simulataneously using a Wood’s lamp. Use largest patch in 
each territory. 
Recommendations to assess extent: 
The patient’s palm including digits averages 1% of BSA (body surgace area). 
Please dwaw the patches and mark the evaluated patches on figure; if any, 
indicate halo nevi. If child under 5, head and neck totals 18% (9% front and 
back); legs 13,5% each (6,75 front and back); no change in other parts. 
Recommendation to assess stage using Wood’s lamp (with magnifying 
lens) 
Stage 0: normal pigmentation (no depigmentation in area graded) 
Stage 1: incomplete pigmentation (incl. spottly depigmentation, trichome and 
homogeneous pigmentation. A few white hairs at this stage do not change 
stage grading 
Stage 2: complete depigmentation; a few white hairs at this stage do not 
change stage grading 
Stage 3: partial hair whitening <30%; 
Stage 4: complete hair whitening 
Recommendation to assess spreading 
First, look at patch limits using natural light. Second compare with Wood’s 
lamp limits. In case of indistinctness between stage 1 and -1 the patient may 
be asked about alteration in the lesions. 
Score: 0 means similar limits 
Score: 1 means progressive vitiligo (ongoing subclinical depigmentation) 
Score: -1 means regressive vitiligo (ongoing subclinical repigmentation)
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ABSTRACT
Background
Vitiligo is a common depigmenting skin disorder that can influence a patient’s quality of life. 
Although patient-orientated medicine is an emerging concept, a self-assessment tool to assess 
the degree of depigmentation in vitiligo is not yet available. Therefore, we developed the SAVASI, 
a self-assessment tool that uses the same basic principles as the VASI.

Objective
To assess the validity, reliability and acceptability of the SAVASI.

Methods
To assess the validity of the SAVASI, we compared the scores assessed by the patient with 
the scores of the VASI assessed by the physician. To assess the intraobserver reliability, 
the correlation between the baseline SAVASI and the SAVASI after 2  weeks was calculated. 
To assess the acceptability, patients indicated the time needed to complete the SAVASI and 
the patient assessed the difficulty of the questionnaire on a five-point scale. The Skindex-29 was 
used to determine the quality of life. The overestimation of the SAVASI compared to the VASI 
was calculated by subtracting the VASI scores off from the SAVASI scores.

Results
A high correlation between the VASI and the SAVASI (ICC 0.97, 95% CI: 0.95–0.98) was found 
in 60 patients. The intraobserver reliability of the SAVASI (ICC 0.75, 95% CI 0.54–0.87) was 
adequate in 31 patients. Fifty (83%) of the patients completed the questionnaire within 10 min 
and only five (8%) of the patients considered the SAVASI hard. We found no correlation between 
overestimation of the SAVASI score and the Skindex-29 score.

Conclusion
The SAVASI is a valid, reliable and acceptable self-assessment tool to measure the degree of 
depigmentation in vitiligo. With the SAVASI the degree of depigmentation can reliably be 
assessed by the patient themselves which can be useful in large (epidemiological) studies. 
Furthermore, this could contribute to the patient’s disease insight and therapy loyalty.
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INTRODUCTION
Vitiligo is a common chronic depigmenting skin disorder that can alter a patient’s 
appearance and affect a patient’s quality of life.1,2  Until now, a self-assessment tool to assess 
the degree of depigmentation in vitiligo is not available.3-5  Patient-orientated medicine is 
an emerging concept, which allows greater involvement of the patient in the management 
of chronic diseases.6  Furthermore, self-assessment scores can be effective tools to improve 
communication between patients and physicians and a valuable supplement in therapeutic 
education programmes.6 Moreover, a validated self-assessment score is useful in epidemiologic 
questionnaire studies. Therefore, we developed the Self Assessed Vitiligo Area Scoring Index 
(SAVASI), a patient-oriented measurement tool for vitiligo patients that allows patients to 
assess the degree of depigmentation of their vitiligo. The SAVASI is based on the Vitiligo Area 
Scoring Index (VASI), a well described clinician reported outcome to assess the degree of 
depigmentation.7 The aim of our study was to assess the measurement properties of this self-
assessment tool. Therefore, we assessed in a prospective study the validity, intraobserver reliability, 
and acceptability of the SAVASI. In addition we assessed the interobserver reliability between 
physician and patient of the vitiligo disease activity (VIDA) score, that assesses the activity of 
vitiligo.8 Furthermore, we assessed the correlation between the ability of the patient to assess 
the degree depigmentation with the SAVASI and their health-related quality of life (HRQL).

METHODS
Patients
The study population consisted of vitiligo patients who visited the outpatient clinic of 
the Netherlands Institute for Pigment Disorders (SNIP) between November 2013 and April 
2014. All patients diagnosed with vitiligo, of at least 18 years old, were eligible for the study 
and assessed if logistics allowed it. Figure  1  shows a flow chart summarizing recruitment of 
study participants. The local ethics committee confirmed that the Medical Research Involving 
Human Subjects Act (WMO) did not apply to this study and therefore an official approval was 
not required. Written informed consent was obtained from all subjects included.

Measurements
Self Assessed Vitiligo Area Scoring Index
The SAVASI (Figure  2) is an illustrated document, that uses the same basic principles as 
the VASI,7 adapted for patients. In the SAVASI, firstly the patient indicates in a drawing the body 
parts affected by vitiligo. Thereafter, the patient assesses per body part the number of hand units 
(to one decimal point) affected (a patient's own hand set at 1% of the body surface area per 
unit) and the extent of depigmentation within these affected hand units (possible values of 0, 
10, 25, 50, 75, 90 or 100%, which are illustrated with a descriptive atlas of patient photographs,  
Figure 2). In the SAVASI, the patient's body is divided into seven separate and mutually 
exclusive regions: the face and neck, the hands, upper extremities (excluding the hands), trunk, 
genital region, lower extremities (excluding the feet) and the feet. The axillary and inguinal 
regions are included in the upper and lower extremities, respectively. The buttocks are included 
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68 vitiligo patients 
were invited to 

participate in the 
study 

2 patients were 
excluded because of  

insufficient 
knowledge of the 
Dutch language 

66 patients received 
written and verbal 
study information  

4 patients refused to 
participate because of 

lack time 

1 patient refused to 
sign informed 

consent  

61 patients 
participated in the 

study  

1 patient did not 
complete the 
questionnaire  

60 patients finished 
the first questionnaire 

and the VASI was 
assessed by the 

physician  

31 patients (52%) 
completed  the 

second SAVASI 

29 patients (48%) did 
not return the second 

SAVASI 

Figure 1. Flow chart summarizing recruitment of study participants.

SAVASI = ∑ (hand units ∙ extent of depigmentation)
All Body Sites

in the lower extremities. To assess depigmentation on areas that were not easily self-assessable 
patient could use a mirror or help from a next of kin. The SAVASI applied to the whole body 
is calculated using the following formula, which considers the contributions of all body parts 
(possible range: 0–100):                                                      
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Measurement properties
Validity
Validity is the degree to which an instrument truly measures the construct it purports to 
measure.9 Criterion validity is defined as the degree to which scores of a measurement instrument 
are an adequate reflection of a gold standard.9 We assessed the criterion validity of the SAVASI 
by comparing the degree of depigmentation assessed with the SAVASI by the patient with 
the degree of depigmentation assessed with the VASI by the physician.7 The patient assessed 
the degree of depigmentation by filling in the SAVASI after watching a short instruction video 
and reading the information in the questionnaire. An experienced vitiligo physician (LK or 
AM) assessed, independently from the patient, the degree of depigmentation with the VASI. 
The assessment took place within half an hour before or after the measurement by the patient.

Intraobserver reliability
Reliability is the extent to which scores that have not changed are the same for repeated 
measurements under several conditions.10 To assess the intraobserver reliability of the SAVASI, 
the patient repeated the measurement 2 weeks after the first measurement. We did not expect 
real change in depigmentation nor the patient to be able to recall the first score within these 
2 weeks. The patient indicated if the first score was remembered and if the instruction video 
was watched again. The patient received up to three NB-UVB treatments or topical vitiligo 
treatment between these measures. In the VIDA score the activity of vitiligo is categorized 
on a 6-point scale (+4 active in the past 6 weeks, +3 active in the past 3 months, +2 active in 
the past 6 months, +1 active in the past 1 year, 0 stable for at least 1 year, and -1 stable for at least 
1 year and spontaneous repigmentation).8 To assess the interobserver reliability of the VIDA 
score8  we asked patients to fill in their VIDA score on the questionnaire and the physician 
assessed the VIDA score in addition to the VASI.

Acceptability
The acceptability of the SAVASI was assessed by the patient with an additional questionnaire. 
The patient categorically assessed the difficulty of the SAVASI questionnaire, as very easy, easy, 
not easy-not hard, hard, or very hard. Furthermore, the patient assessed the time spent on 
the SAVASI categorically as <5, 5–10, 10–15, or >15 min.

Health-related quality of life
The health-related quality of life (HRQL) of the patients was assessed by the patient with 
a Skindex-29 questionnaire.11  The overestimation of the SAVASI compared to the VASI was 
calculated by subtracting the VASI scores of the SAVASI scores.

Statistical analyses
For statistical analyses we used IBM SPSS Statistics for Windows, version 20.0. IBM Corp 
(Armonk, NY, USA). We analysed the correlation between the VASI and the SAVASI and 
the inter- and intraobserver reliability by using the Intraclass Correlation Coefficient (ICC), 
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1. Determine for every body part how 
many hands (with a digit after the break) 
you need to cover the depigmented area 
on your own body. 

Example: number of hands: 0.5
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Figure 2. SAVASI form. Patients were asked to determine for every body part how many hands (to one decimal 
point) were needed to cover the depigmented area. Thereafter, the patients had to select, again for every body part, 
the picture that suits best the majority of the depigmented spots in that area. The percentages show the amount of 
depigmented skin. 100% for example means total depigmentation

2. Select for every body part one of the pictures below that suits the majority of 
the depigmented spots in that area. The percentages show the amount of depigmented 
skin. 100% for example means total depigmentation.
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two-way random effects model for absolute agreement. ICC's of >0.70 are generally considered 
adequate.10  For the correlation between the HRQL and the difference between the SAVASI 
and VASI the ICC was used. We calculate the interobserver reliability for the VIDA score with 
the weighted Kappa (quadratic weights).10 The correlation is considered good if the weighted 
Kappa is >0.7. The Smallest Detectable Change (SDC) was calculated from the Standard error 
of measurement (SEM) by the following formula:

RESULTS
Table 1 shows the baseline characteristics of the 61 included patients (mean age 41, 48% male). 
Fifty-two (87%) of the patients were measured by one of the physicians (LK). One of these 
patients did not complete the SAVASI because of the time the questionnaire took. Therefore, we 
excluded this patient from further analyses. In forty-eight (80%) of the 60 patients the VASI was 
lower than 10%. Thirty-one patients (52%) returned the second SAVASI and were included in 
the intraobserver analyses (Figure 1).

Validity
The correlation between the SAVASI and VASI (Figure 3) was high (ICC 0.97, 95% CI 0.95–0.98).

Intraobserver reliability
The ICC between the baseline SAVASI (SAVASI I) and the second SAVASI (SAVASI II) after 
a mean of 20 days (min-max: 8–52 days) was 0.75 (95% CI 0.54–0.87) in 31 patients (Figure 4). 
One patient (3%) watched the instruction video again and 11 patients (35%) remembered their 
first score. However, none of these 11 patients scored exactly the same in both SAVASI scores. 

Figure 3. Correlation between the SAVASI and the VASI, ICC 0.97, 95% CI 0.95–0.98. N = 60.



45THE VAL IDITY,  REL IABIL ITY  AND ACCEPTABIL ITY  OF THE SAVASI

33

Table 1. Patient characteristics, n = 61

Patient characteristics

Sex, n (%)
 Male 29 (48%)
 Female 32 (52%)
Age (years) median (min-max) 41 (40; 19-64)
Fitzpatrick skin type, n (%)
 II 39 (64%)
 III 10 (16%)
 IV 8 (13%)
 V 4 (7%)
VASI (%) median (mean;min-max)* 3.2 (9.1;0.1-99.9)
SAVASI (%) median (mean:min-max)* 2.5 (8.9; 0.1-95.5)
Region with vitiligo lesions*, **, n (%)
 Head and neck 56 (93%)
 Upper extremities 46 (77%)
 Lower extremities 41 (68%)
 Trunk 39 (65%)
 Genitals 32 (53%)
 Hands 44 (73%)
 Feet 26 (43%)
Therapy, n (%)
 None 23 (37%)
 NB-UVB 15 (25%)
 Topical steroids 19 (31%)
 NB-UVB and topical steroids 4 (7%)

*n=60
**One or more body parts could be affected in each of the 61 included patients

The mean SAVASI I, SAVASI II and VASI in this group were 11.4%, 8.6% and 11.4%, respectively. 
One patient assessed the degree of depigmentation as 82.8% with the baseline SAVASI and 
as 4.2% with the second SAVASI. When we excluded this patient from the analyses, the ICC 
was 0.99 (95% CI 0.98–0.99) in 30 patients. In these 30 patients the σ2observer was 0.000 and 
the σ2error was 3.727. From which a SDC of 5.35% depigmentation was calculated.

The correlation between the VIDA assessed by the patient and the VIDA assessed by 
the physician was good, the weighted kappa was 0.70 (95% CI 0.50–0.90).

Acceptability
Twenty-one patients (35%) completed the questionnaire within 5  min, 29 patients (48%) in 
5–10 min, and 10 patients (17%) in 10–15 min, respectively. Twenty-eight patients (47%) assessed 
the questionnaire as very easy or easy, from which eight patients assessed the questionnaire as 
very easy. Twenty-seven patients (45%) assessed the questionnaire not easy-not hard and five 
patients (8%) assessed the questionnaire as hard. None of the patients assessed the questionnaire 
as very hard.
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Health-related quality of life
The mean overestimation of the SAVASI (SAVASI-VASI) was −0.22 (minimum–maximum-
21–19). The ICC between the difference of the SAVASI and the VASI, and the total HRQL was 
0.02 (95% CI −0.05 to 0.11). The ICC between the difference of the SAVASI and VASI and 
the emotions scores of the HRQL was 0.01 (95% CI −0.05 to 0.1). The mean HRQL was 20.8 
in the 60 patients, indicating a moderately impaired quality of life. The mean scale scores of 
the Skindex-29 were 15.6 (symptoms), 32.4 (emotions) and 14.4 (functioning). These scores 
indicated that symptoms, emotions and functioning were adversely influenced moderately.2,12

DISCUSSION
The results of our study show that the SAVASI is highly valid. When assessing the criterion 
validity, we showed an ICC of 0.97 between the VASI and the SAVASI. This is the first study 
reporting a validated self-assessment instrument to measure the degree of depigmentation 
in vitiligo. Similar validity studies on patient-orientated measurement instruments in atopic 
dermatitis and psoriasis showed lower correlation coefficients, ranging from 0.67–0.91.6,13  In 
these studies it was concluded that self-assessment tools are valuable for everyday practice and 
epidemiological studies.6  However, comparison between the results of these studies and our 
study is hampered because the patient-orientated instruments in psoriasis and atopic dermatitis 
are multi-item instruments in contrast to the SAVASI that only assesses the body surface area 
(BSA) involved.

The results of our study suggest that the intraobserver reliability of the SAVASI is adequate. 
The ICC between the first and second SAVASI was 0.75 (Figure  4). However, the smallest 
detectable change (SDC) of 5.35% depigmentation indicates that it is not possible to detect 

Figure  4.  Correlation between the SAVASI I and the SAVASI II (after 2  weeks), ICC 0.75 (95% CI 0.54–
0.87). N = 31.
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small differences in depigmentation in individual vitiligo patients. This inability to detect 
small differences could limit the use of these instruments in daily clinical practice.14  Larger 
studies including assessments on the responsiveness of the instruments should be performed 
to confirm these results. Remarkable in these intraobserver measures was that in one patient 
the VASI and the SAVASI were similar; 82.8% and 82.8%. However, the second SAVASI was 
4.2% which was non-comparable with the first score. This could indicate that the questionnaire 
can be totally misinterpreted by a patient, although our results suggest that this happens only 
occasionally. Furthermore, with the instruction video and clear written information, this risk of 
misinterpretation can be minimized.

Our study shows that The SAVASI is a feasible instrument. Fifty patients (83%) completed 
the SAVASI in less than 10 min and only 5 patients (8%) assessed the questionnaire as hard.

We expected that an impaired HRQL could influence the ability of the patients to assess 
their own degree of depigmentation. Our study shows, in contrast, that there is no correlation 
between overestimation of the degree of depigmentation by the patient and the HRQL. Moreover, 
our study shows that there is no overestimation of the SAVASI compared to the VASI at all. On 
average, the patient scored 0.22% depigmentation lower with SAVASI than the physician with 
the VASI.

Currently, there is no standardized method, i.e. no gold standard, to assess the degree of 
depigmentation in vitiligo.3-5 We used the VASI as the gold standard to assess the validity of 
the SAVASI and as a basic principle for development of the SAVASI because in our earlier study 
the VASI showed to be highly reliable and responsive.14 Furthermore, Hamzavi et al.7 showed 
that the VASI correlated significantly with the physician global assessment (P  <  0.001). 
A disadvantage of the VASI and the SAVASI is that both scores are semi-objective scores. 
The more objective and precise measurement instrument, such as the digital image analysis 
system (DIAS) score and the point-counting method, assess the repigmentation in a target 
lesion and not the BSA involved.15-17 Therefore, these measurement instruments are less suitable 
to assess a baseline degree of depigmentation or the effectiveness of therapy in widespread 
vitiligo. Furthermore, by not assessing the BSA involved, these instruments are not comparable 
with the SAVASI, and were therefore not suitable as a gold standard in this study. The VASI 
and the SAVASI use the surface of a hand unit (patient’s palm and digits) as 1% of the body 
to estimate the percentage of the total skin injured. This method is well established in burn 
care.18  In various studies the ratio of the hand surface area to the body surface differs from 
0.7 till 1.19 Therefore, we expect a little overestimation of the percentage depigmentation when 
assessed using the hand as an indicator of 1%.14 However, the hand seems to be a simple and 
efficient indicator of 1% of the body and therefore useful in the measurement of depigmentation 
in vitiligo.14,19  In addition to the degree of depigmentation in vitiligo other measures such as 
the activity of the vitiligo, quality of life, quality of pigmentation, cosmetical acceptance for 
the patient and patient perceptions should ideally also be taken into account in a self-assessment 
measure.3,5,14 To define a minimum set of core outcomes for vitiligo patient care and research, 
consensus meetings or a Delphi study are imperative.20-22 Thereafter, research has to be done on 
the measurement properties of these outcome measures.4,5,14 Although the validity of the VIDA 
score is not assessed yet, our results suggest that the activity of vitiligo can be reliably assessed 
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by the patient with the VIDA score.8 To allow assessment of both the degree of depigmentation 
and the activity of the vitiligo, in for example an epidemiology study, it could be useful to add 
the VIDA-patient score to the SAVASI.

There are several limitations to this study. Firstly, in the intraobserver analyses a selection 
bias is caused by the fact that only 31 patients (52%) of the included patients in the study returned 
their questionnaire for the intra-rater reliability assessment. This could be an indirect indicator 
that the questionnaire was too difficult or too time consuming. However, this did not appear 
from the acceptability assessments in the first questionnaire in this study. Therefore, we did 
not assess the reason for non-responding to the second questionnaire. Another explanation for 
the low respond rate may be a lack of motivation to fill in the questionnaire at home. Secondly, 
between the intraobserver measures patients received topical treatment and up to three NB-UVB 
treatments. This could theoretically have changed the degree of pigmentation. However, we do 
not expect repigmentation from these treatments in this time span. Thirdly, the measurement 
conditions for the first and second intraobserver reliability measure were different. The first 
SAVASI score was assessed in our clinic directly after watching an instruction video, the second 
score was assessed at home and only one patient watched the instruction video again. Fourthly, 
the measurements are performed in a specialized Dutch vitiligo clinic which could limit 
the generalizability of the results. Especially the inclusion of 64% of the patient with a light skin 
type could limit the generalizability to other populations. However, the baseline characteristics 
and distribution of vitiligo of the patients included in this study were comparable with a cohort 
of 700 vitiligo patients described in an earlier study.23 Fifthly, we did not assess the percentages 
of depigmentation in the pictures used in the questionnaire. However, we used the pictures and 
corresponding percentages of depigmentation from the original VASI publication. The VASI 
was earlier described and validated by Hamzavi7 and proved to have a high reliability.14

In conclusion, the SAVASI is an acceptable, reliable and valid self-assessment instrument for 
vitiligo patients to assess their degree of depigmentation. In addition the VIDA could be added 
to the SAVASI to measure the activity of vitiligo. These measurement instruments appear to be 
valuable for epidemiological studies in the future.
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ABSTRACT
Background
To date, autologous punch grafting appears to be the easiest and least expensive surgical 
technique for stable vitiligo and piebaldism. Punch grafting is available world wide, with no 
need for specialized instruments. However, no reliable data on efficacy and safety of different 
punch depths and punch sizes are available.

Objective / Methods
To compare the efficacy and safety of different punch depths and punch sizes in autologous 
punch grafting, a randomized controlled trial was performed in 33 patients with vitiligo or 
piebaldism. In each patient, four depigmented regions were allocated to: 1.5 mm deep grafts, 1.5 
mm superficial grafts, 1.0 mm deep grafts and, 1.0 mm superficial grafts. Primary outcome was 
the total pigmented surface area. Secondary outcomes were Patient’s Global Assessment (PGA) 
and side effects.

Results 
Six months after grafting, 1.5 mm grafts showed a significantly larger pigmented surface area 
compared to 1.0 mm grafts (P<0.001), though more side effects as well. No significant differences 
in the total pigmented surface between different punch depths were found. Deep grafts showed 
more erythema compared to superficial grafts. 

Conclusion 
We recommend 1.5 mm superficial grafts in autologous punch grafting for trunk and proximal 
extremities in patients with stable vitiligo and piebaldism.
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INTRODUCTION 
Depigmented skin disorders, such as vitiligo and piebaldism, can alter a patient’s appearance, 
which may cause impairment of a patient’s health-related quality of life (HRQoL).1-4 The cosmetic 
disfigurement of the white macules may cause psychosocial distress like embarrassment and 
social stigmatisation.3 In addition, the depigmented skin is more sensitive to sunburn. Treatment 
of vitiligo and piebaldism is therefore warranted. 

In piebaldism and stable vitiligo unresponsive to other therapies, autologous melanocyte 
transplantation is the treatment of choice.5 Available techniques are split-thickness grafting, 
epidermal blister grafting, cultured or non-cultured melanocyte (epidermal suspension) grafting 
and punch grafting.6,7 Current treatment recommendations for choosing a transplantation 
method are based on data from a limited number of studies and on personal experience and 
technical possibilities.7-9 

The punch grafting technique, also known as the minigrafting technique, is a safe and 
simple technique and therefore widely available and much used.6,9,10 In punch grafting, grafts 
are punched out from normally pigmented donor sites and are transplanted into depigmented 
recipient sites from which similar punch grafts have been removed previously.11 Large grafts 
(>2mm) have a high risk on side effects like cobblestone formation.6,7,12 Hence, the current 
technique involves 1- to 1.5-mm superficial punch grafts, depending on anatomical location.13 
Superficial punch grafts are the method of choice, since it is suggested that in thinner grafts, 
the intact superficial capillary network allows an earlier process of vascularisation, preventing 
side effects and the loss of grafts.14,15 

However, little reliable data on the efficacy and safety of different punch depths and sizes are 
available. In this randomized controlled trial we explored the differences between the currently 
used methods for punch grafting in vitiligo and piebaldism.  The aim of this study was to 
compare the efficacy as well as safety of two different punch depths and sizes. The outcome of 
these comparisons refines this technique and enables clinicians to choose the most effective 
punch size and depth. 

Patients and Methods
From June 2011 to January 2012 consecutive patients with segmental vitiligo, nonsegmental 
stable vitiligo or piebaldism were evaluated for study eligibility and recruited from 
the outpatient clinic of the Department of Dermatology and the Netherlands Institute for 
Pigment Disorders of the Academic Medical Centre (AMC) Amsterdam, the Netherlands. 
Eligible for study participation were patients aged between 18 and 60, Fitzpatrick skin types 
II-VI, patients with segmental and non-segmental stable vitiligo or piebaldism with lesions 
on the trunk or proximal extremities larger than 5x5 cm and willingness and ability to 
comply with the study protocol. Stable vitiligo was defined by the absence of new lesions and 
absence of progression of existing lesions (Vitiligo Disease Activity (VIDA) score 0 and -1) 
for at least 12 months.16 Additionally, stability was confirmed by a positive punch grafting 
test in non-segmental vitiligo.17 We excluded patients who received UV-therapy or systemic 
immunosuppressive treatment during the last 12 months or topical treatment during the last 6 
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months, lesions with follicular or non-follicular repigmentations in the treatment area, patients 
with a history of hypertrophic scars and/or keloid, hypersensitivity to (UV) light, allergy to 
local anaesthetics, atypical nevi and/or melanoma skin cancer. Prior to study start, verbal 
and written information regarding risks, benefits, and potential complications was given to 
the patients, and written informed consent was obtained from all study participants. The study 
was approved by the Medical Ethical Committee of the AMC, University of Amsterdam  
(METC 2011_091#C2011105) and was registered on http://clinicaltrials.gov (NCT01377077). 

Intervention
The study was a prospective randomized controlled trial. In each patient, four depigmented 
lesions on the trunk or proximal extremities were randomly allocated to receive four punch 
grafts per lesion according to the following treatment regimens: 1) 1.5 mm deep punch grafts, 
2) 1.5 mm superficial punch grafts, 3) 1 mm deep punch grafts, 4) 1 mm superficial punch grafts. 
The follow-up took place 6 months after treatment. Deep grafts were taken up to the subcutis 
and superficial grafts were taken as superficial as possible in the upper dermis.

Before treatment, the skin was prepared with chlorhexidine solution and anaesthetized by 
infiltration with lidocaine 2% and epinephrine 1:80000.  In each treatment region four punch 
grafts were punched out to prepare the recipient site for transplantation. Matched punch 
grafts of the donor site localized on the hip were taken and directly placed into the prepared 
recipient site. The distance from the graft to the border at the recipient site was at least 5 mm 
and the distance between the grafts was 10 mm. The punch grafts at the donor site were taken 
as close to each other as possible in order to reduce the size of an impending scar. After grafting, 
steri-stripstm (3M Health Care, St.Paul, MN, USA) and Tegadermtm (3M Health Care, St.Paul, 
MN, USA) dressings were applied on the recipient site for five days. The donor site received 
a wound regimen of silversulfadiazine cream, sterile gauzes and Tegadermtm dressings. All 
grafting procedures were executed by the same two physicians (CV, LK). 

Five days after the transplantation, UV-treatment (UVA facial tanner, 924 T, Eurosolar, 
the Netherlands) was started at home, two times a week, and continued until 3 months after 
the procedure. According to previous studies, the exposure-time increased from 4 to 8 to 12 
minutes in the first three sessions.17 From the fourth session onwards, exposure-time remained 
14 minutes.18 If patients possessed another facial tanner or a NB-UVB device these were used 
because of practical and financial reasons.

Outcomes
Total pigmented surface area 
Six months after grafting the diameter of each graft was measured with a ruler by a blinded 
physician. Subsequently, the pigmented surface area was calculated using the following 
formula: pigmented surface area = π * 0.5 diameter X * 0.5 diameter Y (X = horizontal diameter,  
Y = vertical diameter). The total pigmented surface area of one treatment regimen was calculated 
by the sum of the pigmented surface areas of the four punch grafts in that treatment regimen. 
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The grafts that had not shown pigment outgrowth were included in the calculation and taken 
into account as zero. 

Patient’s Global Assessment (PGA)
Patients were blinded for treatment allocation and asked to indicate the general outcome 
(satisfaction) per treatment regimen for both recipient and donor site on a categorical scale 
(very poor, poor, neutral, good, very good) 6 months after grafting. 

Side effects
Assessment of the side effects was performed 6 months after grafting by a blinded physician 
per treatment regimen using a categorical scale of 0 to 3 (0=absent, 1=mild, 2=moderate, 
3=severe). The recipient site was scored for hyperpigmentation, hypopigmentation, scarring, 
and cobblestone effect and the donor site was scored for hyperpigmentation, hypopigmentation, 
scarring, texture and erythema. 

Randomization and concealment of allocation
For randomization we used a digitally created random list generated by an independent 
person (Graph Pad Software Inc. La Jolla, CA, USA). Opaque sealed envelopes containing 
cards indicating the allocation were opened in ascending order at inclusion. Assessment was 
conducted per treatment regimen for all outcomes 6 months after grafting by an assessor (AW) 
blinded for allocation. The allocation was concealed from the assessor throughout the study 
and only revealed to the physicians who performed the grafting treatments (CV, LK). 

Statistical methods 
All data retrieved were handled anonymously and confidentially. The data were recorded on 
questionnaire forms and transferred to an Excel database. Statistical analyses were performed 
using IBM SPSS Statistics 20 software. A standard deviation of 0.4 (40% differences of 
repigmentation) was estimated with an estimated true difference in the mean response of 0.4 
(40%) for punch depth and 0.2 (20%) for punch size. With a probability (power) of 0.8 and α of 
0.05 the analysis showed that 33 subjects were needed. 

As the data did not fit a normal distribution, non-parametric analyses were performed.   
Friedman test and Wilcoxon signed-rank tests were used to compare the pigmented 
surface areas of the different treatment regions. The Bonferroni method was used to adjust 
the significance level for multiple testing. The significance level was set at p < 0.05. Descriptive 
data were summarized using measures of central tendency (i.e. mean, median) and dispersion 
(i.e. standard deviation, inter quartile range (IQR)). Side effects were described per complaint. 
To test for differences in side effects, data were analysed by a Wilcoxon test to compare test 
regions in pairs. 
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RESULTS 
Participants
Between June 2011 and January 2012, 33 consecutive patients with stable non-segmental and 
segmental vitiligo, or piebaldism were included in this study. Study close out took place in July 
2012 when the last patient was assessed after 6 months follow-up. Three non-segmental vitiligo 
patients were excluded from the study analysis (Figure 1). Two were lost to follow up after 
the grafting procedure and one was excluded because of peri-follicular repigmentations after 
NB-UVB therapy in the test regions which hampered retrieving and measuring the grafts.

Figure 1. Patient flow diagram

Assessed for eligibility (n=100)

Excluded (n=67)
  Not meeting inclusion criteria (n=15)
  Declined to participate (n=34)
Other reasons (n=18)

Analysed (n=30)
Excluded from analysis (n=3)                  

*Lost to follow-up (n=2)
*Peri-follicular repigmentation which hampered 
assessment (n=1)

Lost to follow-up (n=2)
*One patients could not be reached after 
several attempts 
*One patient refused the visit for follow-up

Discontinued intervention (n=0)

Allocated to intervention (n=33)
Within patient comparisons therefore all 
patients received all four interventions 

Received allocated intervention (n=33)
Did not receive allocated intervention (n=0)

Allocation

Analysis

Follow-up

Randomised (n=33)

Enrollment
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Thirthy patients were analysed for primary and secundary outcomes. An exception was 
the PGA that was analysed for 25 patients since 5 patients were not able to assess their own skin. 
For the donor site the PGA was analysed in 28 patients.

Baseline characteristics of the included patients are shown in Table 1. The study population 
had a mean age of 35.8 years with skin type II-VI and equally distributed sexes. Almost half of 
the population had piebaldism (46%).

Outcomes
Total pigmented surface area
The median total pigmented surface area of 4 grafts per test region was 50.3 mm2, 33.0 mm2, 
29.1 mm2, and 23.6 mm2 in respectively 1.5 mm deep grafts, 1.5 mm superficial grafts, 1 mm 
superficial grafts and 1 mm deep grafts (Figure 2). An overall significant difference between 
the different test regions was found (p<0.001). Between punch sizes significant differences were 
found between the 1.5 mm deep grafts and both 1.0 mm deep (p<0.001) and 1.0 mm superficial 

Table 1. Baseline characteristics of study population. N = 33. Data present N (%).

Sex
 Male 13 (47%)
 Female 20 (53%)
Age (years), mean (median; min-max) 35,8 (36;18-61)
Fitzpatrick skin photo type
 II 7 (21%)
 III 20 (61%)
 IV 4 (12%)
 V 1 (3%)
 VI 1 (3%)
Treatment indication
 Non-segmental vitiligo 12 (36%)
 Segmental vitiligo 6 (18%)
 Piebaldism 15 (46%)
Treatment location
 Trunk 14 (43%)
 Extremities lower 12 (36%)
           upper 7 (21%)
Type of UV treatment 
 UVA 28 (85%)
 NB-UVB 5 (15%)
Duration of vitiligo (N=18) (%)
 1-5 year 3 (9%)
 5-10 year 0 (0%)
 Longer than 10 years  15 (91%)
VIDA score, (N=18) (%)
 0 9 (50%)
 -1 9 (50%)
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grafts (p<0.001) and between the 1.5 mm superficial grafts and both 1.0 mm superficial grafts 
(p<0.02) and 1.0 mm deep grafts (p<0.03). No significant differences between punch depths 
were found, i.e. 1.5 mm deep versus 1.5 superficial grafts and 1.0 mm deep versus 1.0 mm 
superficial grafts showed no significant differences. More grafts were lost in the group of  
1.0 mm grafts (6.9 % (deep), 5.8 % (superficial)) compared to 1.5 mm grafts (3.3 % (deep) and 
4.2 % (superficial)).

The different treatment indications showed a median total pigment surface area for  
the 1.5 mm deep grafts of 22.76 mm2, 84.82 mm2 and 50.27 mm2 in respectively non-segmental 
vitiligo, segmental vitiligo and piebaldism patients.  

Figure 2. Total pigmented surface area of 4 grafts per treatment region. Data represent median; IQR  
(50.3 mm2, 33.0 mm2, 29.1 mm2, and 23. 6 mm2 in respectively 1.5 mm deep grafts, 1.5 superficial grafts, 1 mm 
superficial grafts and 1 mm deep grafts.) p<0.001, calculated with the related samples Friedman’s two way analysis 
of variance by ranks. N=30

Patient’s Global Assessment
Table 2 shows the general outcome (satisfaction) of both donor and recipient site assessed by 
the patient on a categorical scale per test region. For the donor site, the majority (22-26 patients 
(78.1 % - 92.9 %)) of the patients reported a good or very good outcome for all test regions, 
a poor outcome was only reported for the 1.5 mm deep grafts by one patient (3.6 %) and no very 
poor outcome was scored. For the recipient site the majority also reported good or very good 
outcomes. A very poor outcome was scored by three patients (12 %) for all treatment regimens.

Side effects
Table 3 shows the side effects in both donor and recipient sites. For the donor site the 1.5 mm 
deep grafts showed significantly more hypopigmentation compared to 1.0 mm superficial 
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Table 2. Patient Global Assessment of the general outcome of both donor and recipient site 6 months after 
grafting. Data present number of patients (%).

Donor (N= 28)* 1.5 mm Deep 1.5 mm Superficial 1 mm Deep 1 mm Superficial

Poor 1 (3.6 %) 
Neutral 5 (17.9%)
Good 10 (35.7%)
Very good 12 (42.9%)

 -
Neutral 4 (14.3%)
Good 11 (39.3%)
Very good 13(46.4%)

 -
Neutral 3 (10.7%)
Good 13 (46.4%)
Very good 12(42.9%)

 -
Neutral 2 (7.1%)
Good 14 (50%)
Very good 12(42.9%)

Recipient (N=25)* 1.5 mm Deep 1.5 mm Superficial 1 mm  Deep 1 mm Superficial

Very poor 3 (12%) 
Poor 2 (8%)
Neutral 1 (4%)
Good 12 (48%)
Very good 7 (28%)

Very poor 3 (12%)
Poor 1 (4%)
Neutral 4 (16%)
Good 12 (48%)
Very good 5 (20%)

Very poor 3 (12%)
Poor 2 (8%)
Neutral 2 (8%)
Good 14 (56%)
Very good 4 (16%)

Very poor 3 (12%)
Poor 3 (12%)
Neutral 3 (12%)
Good 12 (48%)
Very good 4 (16%)

* The PGA that was analysed for 25 patients since 5 patients were not able to assess their own skin. For the donor site 
the PGA was analysed in 28 patients.

grafts (p=0.01) and more erythema compared to 1.5 mm superficial, 1.0 mm deep and 1.0 mm 
superficial grafts ( p<0.01; p=0.01; p<0.01 respectively). At the recipient site the 1.5 mm deep 
grafts showed significantly more cobblestone formation compared to the 1.0 mm superficial 
grafts (p=0.03). The 1.5 mm superficial grafts showed significantly more hypopigmentation 
at the donor site (p=0.01) and more cobblestone formation at the recipient site (p=0.05) 
compared to the 1.0 mm superficial grafts. No significant differences were found between  
1.5 mm superficial grafts and 1.0 mm deep grafts.  

The physicians experienced that the 1.5 mm superficial grafts were easier to harvest and to 
transplant than the deep and 1.0 mm grafts.

DISCUSSION
Punch grafting transplantation is a worldwide available, less expensive and easier to use 
technique than all other autologous grafting techniques in vitiligo. Moreover, it requires no 
specific devices. In the last decade more elaborate techniques have dominated the literature. 
However, a recent comparative study of the mini-punch grafting and hair follicle transplantation 
by Mapar and colleagues concluded that mini-punch grafting shows the same treatment results 
and is much easier than follicular transplantation.19 Therefore they recommend mini-punch 
grafting for treating drug-resistant vitiligo. However, there is a lack of evidence on the punch 
sizes and depths that should be used. We present the first clinical study comparing different 
punch depths and punch sizes.7 Our study shows significant differences in both efficacy and 
safety for different punch sizes but not for different punch depths. Treatment regimens with  
1.5 mm grafts showed to have significantly larger pigment surfaces compared to 1.0 mm grafts, 
but also more side effects for both donor and recipient site. Overall, patients reported a good or 
very good general outcome for all treatment regimens.
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Table 3. Side effects in the donor and recipient site. Assessed on a categorical scale from 0-3 (were 0 = absent,  
1 = mild, 2 = moderate and 3 = severe.  Data is presented in mean (median; IQR), 6 months after grafting. N = 30.

1.5 mm Deep 1.5 mm Superficial 1 mm Deep 1 mm Superficial

Donor site

 Hyperpigmentation 0.20 (0; 0-0) 0.10 (0; 0-0) 0.10 (0; 0-0) 0.07 (0; 0-0)
 Hypopigmentation 0.63 (0.5; 0-1) 0.63 (0; 0-1) 0.50 (0; 0-1) 0.27 (0; 0-0)
 Scar 0.03 (0; 0-0) 0.07 (0; 0-0) 0.10 (0; 0-0) 0.07 (0; 0-0)
 Erythema 0.60 (0.5; 0-1) 0.20 (0; 0-0) 0.20 (0; 0-0) 0.07 (0; 0-0)
 Relief 0.07 (0; 0-0) 0.10 (0; 0-0) 0.07 (0; 0-0) 0.00 (0; 0-0)

Recipient site

 Hyperpigmentation 0.23 (0;0-0.25) 0.17 (0; 0-0) 0.13 (0; 0-0) 0.13 (0; 0-0)
 Hypopigmentation 0.07 (0; 0-1) 0.10 (0; 0-0) 0.10 (0; 0-0) 0.07 (0; 0-0)
 Scar 0.00 (0; 0-0) 0.00 (0; 0-0) 0.03 (0; 0-0) 0.00 (0; 0-0)
 Cobblestone 0.27 (0; 00.25) 0.23 (0; 0-0) 0.13 (0; 0-0) 0.10 (0; 0-0)

The 1.5 mm deep grafts induced the largest pigmented surface area. A possible explanation 
could be that a larger circumference and thus a larger border promotes horizontal migration 
of melanocytes and transfer of melanin to the surrounding keratinocytes.20 Moreover, fewer 
grafts were lost in the 1.5 mm regimens, probably because they attached better at the recipient 
site. Since 1.5 mm grafts were easier to transplant compared to 1.0 mm grafts, this could have 
influenced the number of lost grafts as well. 

Large grafts showed to have more side effects compared to smaller grafts. Graft depth had less 
influence since deep grafts showed, with exception of erythema, no more side effects compared 
to superficial grafts. Although a direct comparison has not been performed before, our results 
are in line with previous studies.6 Cobblestone formation is more often seen in large grafts.20,21 
Good matching of grafts and recipient sites might reduce the risk of side effects like cobblestone 
formation.9 Earlier published punch graft studies showed diameters of pigment spread up to 
6.5 mm.15,19 Diameters markedly more compared to the results of our study. Explanations could 
be a longer follow-up period (up to 18 months), a longer period of UV-treatment after grafting, 
a different population with darker skin types, younger age and different anatomical locations 
of the recipient sites (i.e. face).10 For the different treatment indications we found the poorest 
repigmentation in non-segmental vitiligo patients and the best repigmentation in segmental 
vitiligo patients. Despite the positive punch grafting test, the patients with non-segmental 
vitiligo probably still have (sub) clinical disease activity that inhibits melanocyte proliferation 
and/or migration.

Limitations of the study 
First, the non-standardized way of harvesting the grafts may introduce unwanted variation. 
There was also a lack of standardisation of UV irradiation and different types of vitiligo and 
piebaldism patients were enrolled. However, because the comparisons were intra-patient this 
averts the risk of influencing the outcome analyses.  Another limitation which could have 
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influenced the repigmentation was the follow-up of six months. This follow-up is commonly 
used in repigmentation studies, however longer follow-up may yield more repigmentation.

Generalizability
Since an intra-patient comparison was used, groups were highly comparable which strengthens 
internal validity. As the grafting was performed in both sexes, different ages, different skin types 
and both stable vitiligo and piebaldism, the results indicate that a broad range of patients with 
small non-progressive depigmentations benefit from autologous grafting with 1.5 mm grafts. By 
enrolling both (stable) vitiligo, segmental vitiligo and piebaldism patients we covered a broad 
spectrum of depigmented skin diseases. However, to minimize sun exposure as confounder 
we only included trunk and proximal extremities. Strictly speaking, our conclusions apply 
to these regions only. More sensitive regions like neck and chest may show more side effects 
while the face may show better repigmentation. Especially the neck is known to be prone for 
cobblestone formation which urges for a technique with low risk of side effects, like small and 
superficial grafts. Note that punch grafting is most suitable for small depigmented lesions. For 
larger depigmented areas, other techniques like autologous epidermal suspension grafting seem 
to be more suitable. 

Conclusion and implications
Larger grafts give more absolute pigment outgrowth, though more risk for hypopigmentation 
and cobblestone formation. Larger grafts are easier and faster to transplant and show less loss 
of grafts. Superficial grafts show less erythema and are less invasive compared to deep grafts. 
Therefore, we recommend 1.5 mm superficial grafts in autologous punch grafting for trunk and 
proximal extremities in stable vitiligo and piebaldism patients. 
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ABSTRACT
Background
Vitiligo and piebaldism are skin disorders causing depigmented macules that can be repigmented 
by autologous cell suspension transplantation (CST). Cell suspensions can now be prepared 
using a cell extraction device (CED), which simplifies the technique relative to the use of 
a laboratory. However, little reliable data is available. 

Objective 
To evaluate the repigmentation ability, tolerability, patient satisfaction, and cellular suspension 
composition of the CST-CED method.

Methods 
Five stable segmental vitiligo and five piebaldism patients were included in this randomized 
intra-patient controlled pilot study. In each patient, three depigmented sites were allocated to; 
the CST-CED method, CO2 laser ablation, or to no treatment. The percentage of repigmentation, 
side effects, and patient satisfaction were assessed after six months. Furthermore, the cellular 
characteristics of 1 ml superfluous suspension were analyzed.

Results 
The median repigmentation in 10 patients (mean age 34, 60% male) was 78%, 0%, and 0% for 
the CST-CED, the CO2 control, and the no-treatment control sites, respectively (p=0.001). Sixty 
percent of the CST-CED sites showed >75% repigmentation. The repigmentation was assessed 
as good or excellent by 70% of the patients in the CST-CED sites. No adverse effects or long 
term side effects were seen in the recipient sites. Furthermore we found a positive correlation 
between the percentage of repigmentation and the total number of (viable) cells transplanted 
(rho=0.65 and 0.75).

Conclusion 
The CST-CED method was demonstrated to result in a high percentage of repigmentation and 
was well tolerated in both stable segmental vitiligo and piebaldism patients.
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INTRODUCTION 
Segmental vitiligo and piebaldism are skin disorders characterized by depigmented macules that 
can impair a patient’s quality of life.1,2,3 Autologous epidermal transplantation is the treatment 
of choice to repigment these depigmented macules.1,4,5 Currently, different surgical techniques 
are used for autologous epidermal transplantation.4 Non-cultured autologous cell suspension 
transplantation (CST) appears to be the most promising of these techniques.4-6 With this 
technique, a cell suspension is produced from a small, normally pigmented skin sample. 
The suspension is then applied to a larger laser-ablated or dermabraded, depigmented 
recipient site. CST is successful in approximately 60-100% of the stable vitiligo and piebaldism 
patients.4,7,8 Previously, specialized laboratories were necessary for preparation of the cell 
suspension. The ReCell® portable, battery-operated autologous cell extraction device obviates 
the need for specialized laboratories and licenses.9-11 With this cell extraction device (CED) it 
is possible to perform the complete transplantation in the operation theatre, thereby saving 
time. However, little reliable data on the efficacy of CST using this cell extraction device 
(CST-CED) are available.11 Furthermore, no reliable data are available on the cell counts and 
viability of the suspension in relation to the clinical outcomes. Therefore, the aim of our study 
was to evaluate, in a randomized controlled pilot study, the repigmentation ability, safety, and 
patient satisfaction with the CST-CED method in stable segmental vitiligo and piebaldism 
patients. Additionally, we assessed the cell suspension characteristics and their correlation with 
the outcomes of therapy. 

MATERIALS AND METHODS
Trial design
The study was prospective, randomized, observer blinded, and intra- patient controlled. 

Participants
Patient recruitment was conducted at the Netherlands Institute for Pigment Disorders (SNIP). 
Patients diagnosed with segmental vitiligo or piebaldism were eligible for the study. Inclusion 
criteria were age over 18 and piebaldism or stable segmental vitiligo, the latter defined by 
absence of progression without therapy since 12 months. There had to be at least three, 3x3 
cm, depigmented lesions on the proximal extremities or trunk. Excluded from participation 
were patients with hypertrophic scars or keloid, hypersensitivity to (UVB or UVA) light, 
allergy to local anesthetics, patients who were pregnant, breast-feeding, or not competent 
to understand the procedures involved. Written informed consent was obtained from all 
study participants. The study was approved by The Medical Ethical Committee of the AMC  
(NL 39892.018.12 METC2012_052). 

Interventions
In each patient, three depigmented lesions of 9 cm2 each were randomly allocated to receive 
one of the following treatments (Figure 1): (1).CO2 laser ablation + autologous cell suspension + 
UV-therapy (CST-CED), (2).CO2 laser ablation alone + UV-therapy (CO2 control), and (3).No 
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treatment + UV-therapy (no-treatment control). All treatments were carried out in our institute 
between August 2012 and March 2013 by the same physician, and the same assistant prepared 
the suspensions.

Figure 1. Autologous cell suspension transplantation for vitiligo and piebaldism. The figure shows 2 recipients 
sites before (A) and 6 months after treatment (B). Site III was treated with the CST-CED treatment and showed 
100% repigmentation and moderate hyperpigmentation. Site II was the control site showing 0% repigmentation.

Donor site and CST-CED suspension preparation
After injection with lidocaine 2%, a split-thickness skin biopsy of approximately 2x2 
cm was harvested from the hip, at a depth of 0.2-0.3 mm using an electric dermatome  
(D42 Dermatome, Humeca, Berverwijk, The Netherlands). The cell suspensions were produced 
using a ReCell kit (Avita Medical, Cambridge U.K.), a single-use, disposable, portable, battery-
operated cell extraction device which allows immediate processing of a skin biopsy with 
enzyme (trypsin) solution to produce a suspension with all epidermal cells.9-12 Following 
manufacturer’s instructions, the harvested skin biopsy was placed directly in the battery heated 
well of the device containing enzyme solution. After 15 minutes, a check took place whether 
the epidermal cells could be disaggregated from the dermis with a scalpel. If not, the biopsy 
was returned to the enzyme solution. As soon as the disaggregation was feasible, the biopsy 
was rinsed in the second well of the device with buffered sodium lactate solution. Subsequently, 
epidermal cells of the biopsy were disaggregated from the dermis and suspended in buffer 
solution. The suspension was drawn up in a syringe and dripped onto both the donor and 
treatment site. The donor to treatment area expansion ratio was 1:5.

Treatment and control sites
The CST-CED treatment site was injected with lidocaine 2% and dermabraded using the 10,600 
nm CO2 laser (Ultrapulse, Lumenis Active Fx hand piece, Santa Clara, CA, USA) with 1 pass of 
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200 mJ, 60 W, density 3 (full coverage, estimated ablation depth 209 um). The debris was removed 
with a moist, saline-soaked gauze and the suspension was applied. Two similar depigmented 
lesions were used as controls. One of these sites was anaesthetized and dermabraded using 
the CO2 laser just as the CST-CED site. The other site served as a negative control and received 
no surgical intervention. 

Post-Operative Care 
The donor and recipient sites were covered for seven days with a non-adherent, small-pore 
dressing (TelfaTMClear™) and a secondary dressing of greasy and sterile gauzes. Four weeks 
post treatment, UVA-treatment was administered equally to the treatment and control sites. 
UVA-treatment (BB-UVA; 320–400 nm) with a facial tanner (924 T, Eurosolar, the Netherlands) 
was applied twice weekly for three months following a published regimen.13 Prophylactic oral 
antibiotics were administered after the procedure.

Outcomes
Primary outcome measures 
The primary outcome of our study was the percentage of repigmentation after six months which 
was measured using a digital image analysis system (DIAS) based on Matlab (Math Works, Inc, 
Natick, MA, USA).14,15 The contours of both the treated sites and the pigmented area were 
traced onto a transparency sheet for analysis. The relative area repigmented was expressed as 
percentage of the treatment area.14,15 

Secondary outcome measures
Six months after treatment, an investigator blinded to treatment allocation assessed the color 
match to the surrounding skin (hyperpigmentation or hypopigmentation) and the side effects 
(erythema and scar) on a categorical scale (absent, mild, moderate or severe), for treatment and 
donor sites. The patient categorically assessed the general outcome (satisfaction) per treatment 
area as very poor, poor, moderate, good, and very good, also six months after treatment. 

Furthermore, the cellular characteristics of 1 ml superfluous suspension were analyzed and 
correlated to the clinical outcomes. Total cell count and viability were assessed using a Leica 
DM2000 microscope (Leica Microsystems) using Trypan Blue solution (Sigma). In addition, 
the melanocyte count and viability were measured using flow cytometry. For this, cells were 
stained with Live/Dead Fixable violet dead cell stain kit (Life Technologies) followed by fixation 
and permeabilisation with BD Cytofix/Cytoperm kit (BD Biosciences). Intracellular staining 
was performed with anti-human Melan A (DAKO) to detect viable melanocytes. Secondary 
antibodies, goat-anti-mouse biotin (DAKO) and streptavidin-APC (Biolegend), were used to 
visualize Melan A staining. Cells were analyzed by LSR Fortessa (BD Biosciences) via 405 nm 
and/or 650 nm excitation to detect L/D violet dye and Melan A. Analysis was conducted using 
FlowJo flow cytometry analysis software Version 7.6.5 (Tree Star Inc.). The percentages of cells 
were used to calculate the number of cells transplanted on a mm2 recipient site. 



74 CELL  SUSPENSION TRANSPLANTATION USING A CELL  EXTRACTION DEVICE

5a5

Randomization
The randomization was based on a digitally generated random list (Graphpad Software Inc.). 
Sealed envelopes indicating the treatments allocation were opened in ascending order by 
the treating physician, after marking three depigmented sites on the patient. The observer 
responsible for the assessments was blinded to the treatment allocation. The patient and treating 
physician could not practically be blinded.

Statistical methods
Statistical analyses were performed using IBM SPSS Statistics 20 software. Friedman and 
Wilcoxon signed-ranks test were used to compare the repigmentation rates of the different 
treatment sites. Bonferroni correction was used to adjust the significance level for multiple 
testing. The significance level was set at p <0.05. The correlations between the cell counts and 
pigmentation percentages were analyzed using a Spearman’s rho correlation coefficient, without 
correction for multiple testing. 

RESULTS 
We applied three treatments to each of the 10 patients. The characteristics of the 10 included 
patients (4 female, 6 male) are shown in Table 1. Follow-up took place six months after treatment 
(mean 6.5, min-max 6-8); none of the patients were lost to follow up. Four patients (40%) were 
unable to comply with the UV-treatment regimen. 

Repigmentation
The median percentages of repigmentation were 78%, 0%, and 0% in the CST-CED, CO2 control, 
and no-treatment control sites, respectively (Figure 2). There was a significant overall difference 
(p=0.001) between the three sites. The CST-CED site showed significantly more repigmentation 
than the CO2 control and no-treatment control sites (adjusted p=0.011 and p=0.016). No 
significant difference was found between the CO2 control and no-treatment control sites 
(adjusted p=1.00). More than 75% repigmentation was achieved in 60% of the sites treated with 
CST-CED and in none of the control sites. 

On the CST-CED treated sites, mild hyperpigmentation was observed in 3 (30%), moderate 
hyperpigmentation in 1 (10%), and mild hypopigmentation in 1 (10%) of the patients. 
Repigmentation matched the surrounding skin in 5 (50%) of the patients’ CST-CED sites. 
Regarding the control sites, repigmentation was observed in only the CO2 control site in 1 
(10%) of the patients and in both the CO2 control and no-treatment control sites in 2 (20%) 
of the patients. In one of these patients, both sites were rated as mildly hypopigmented, in 
the other patient the pigmentation for both sites was matched, the repigmentation in the CO2 
control site was matched.

Side effects
Three patients (30%) experienced mild or moderate erythema in both the CST-CED and CO2 
control sites. A mild change in relief in the CO2 control site was observed in one patient. No 
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Table 1. Baseline characteristics of the 10 patients. Showing the differences in the group with good results  
(>75% repigmentation, N=6) and the group without good results (<75% repigmentation, N=4) after  
CST-CED treatment.

N=10
N= 6
> 75% repigmentation

N= 4
< 75% repigmentation

Sex, n (%)
 Male 6 (60) 4 (67) 2 (50)
 Female 4 (40) 2 (33) 2 (50)
Age (years), mean (min-max) 34 (20-56) 33 (20-50) 35 (22-56)
Fitzpatrick skin photo type, n (%)
 II 2 (20) 1 (17) 1 (25)
 III 5 (50) 3 (50) 2 (50)
 IV 2 (20) 2 (33) 0
 V 0 0 0
 VI 1 (10) 0 1 (25) 
Treatment indication, n(%)
 Segmental vitiligo 5 (50) 3 (50) 2 (50)
 Piebaldism 5 (50) 3 (50) 2 (50)
Treatment location, n (%)
 Arm 4 (40) 1 (17) 3 (75)
 Leg 4 (40) 4 (67) 0 (0)
 Trunk 2 (20) 1 (17) 1 (25)
UVA treatment 
 Yes 6 (60) 4 (67) 2 (50)
 No 4 (40) 2 (33) 2 (50)

Figure 2. The repigmentation percentages from CST-CED, the CO2 control, and no-treatment control 
treatment. The CST-CED treated areas showing a median repigmentation 78 with a range (min - max) from 
5-100. The CO2 control and no-treatment control sites show a median (min - max) repigmentation of 0 (0-47) 
and 0 (0-31), respectively.
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scars or infections were seen for any treatment sites. On the donor site, 4 (40%) of the patients 
showed mild hyperpigmentation, 4 (40%) showed mild hypopigmentation, 6 (60%) showed 
mild erythema, and 2 (20%) of the patients showed mild textural change.

Patient satisfaction
The repigmentation was assessed as good or excellent by 7 (70%), 2 (20%), and 2 (20%) of 
the patients for their CST-CED, CO2 control, and the no-treatment control sites, respectively. 
The CST-CED treatment was recommended to other patients by 6 (60%) of the patients. One 
patient, who assessed the results as good, would not recommend the treatment to other patients 
due to the pain after treatment.

Cell suspension analyses
Figure 3 shows significant correlation between the repigmentation percentage of 
the CST-CED site and the transplanted total viable cell count/mm2 (p=0.02) and 
the percentage of viable melanocytes (p=0.004). In contrast, no significant correlation 
was found between the percentage of repigmentation and the transplanted viable  
melanocytes/mm2 (p=0.16) or the percentage of viable cells (p=0.20). We computed that 
per mm2 recipient site, we transplanted a mean of 2927±2726 cells and 58±55 melanocytes. 

Figure 3. Autologous cell suspension transplantation for vitiligo and piebaldism. The upper graphs show 
the 
viable melanocytes transplanted per square millimeter of recipient site in correlation with the repigmentation 
results. The 2 lower graphs show the correlation between the repigmentation results and the percentage of viable 

The Spearman’s rho test was 
used to calculate the 
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DISCUSSION
We show that cell suspension transplantation using a specific medical device (CST-CED) 
achieves a high percentage of repigmentation ( >75%) in 60% of patients with stable segmental 
vitiligo and piebaldism (Figure 2). The same CST-CED was used previously by Cervelli and 
colleagues and Mulekar and colleagues who reported in an uncontrolled and small study greater 
than 75% repigmentation in 80% and 40% of the treated patients, respectively.10,11 CST can be 
performed without the use of a fully assembled and ready for use CST-CED. These laboratory-
based CST methods lack general standardization and differ widely in technique. However, 
outcomes in terms of repigmentation appear to be overall better than the results found in our 
study. Studies with laboratory-based CST reported >75% repigmentation in approximately 
57-100% of the stable patients six months after treatment6-8, 16-18 We hypothesize that the wide 
range in overall outcome may be explained the differences in the methods used to harvest skin, 
preparation of  the recipient site, and processing of  the cell suspensions. A suspension with 
a higher viscosity has been claimed to be more effective.4 Furthermore, differences in study 
design, outcome measures and measurement error, study population (age and skin type), and 
location of lesions could also explain the variations. 

In contrast to the median repigmentation of 78% in the CST-CED treated lesions, the median 
repigmentation was 0% in the CO2 and the control lesions. In non-segmental vitiligo it has been 
suggested that repigmentation could also be induced by (laser) ablation and/or UV-therapy.19, 

20 However, our results indicate that the repigmentation was induced by the cell suspension 
and not by ablation and/or UV-therapy. Similarly, van Geel and colleagues found significant 
repigmentation with cellular grafts after ablation and only limited or no repigmentation after 
laser ablation and UV therapy.7 

In our study, patient satisfaction after CST-CED treatment is high. Seventy percent 
of the patients assessed the results as good or excellent. Sixty percent of the patients would 
recommend treatment to other patients. No adverse effects, like infections, or long term side 
effects like scars were seen in the recipient sites. The erythema and color mismatch seen in 
the repigmented lesions will improve over time, as described in earlier published studies.7 
Overall, the results of our study suggest that the CST-CED method is a safe method, although 
we found mild textural changes in the donor region in 2 (20%) of the patients. In an earlier study 
65% of the patients showed minor textural skin changes at the donor site.21 

Our results show a positive correlation between the percentage of repigmentation after 
CST-CED treatment and the total number of (viable) cells transplanted and the percentage 
viable melanocytes (Figure 3). The variance in cell count was high (2.93x103±2.73x103), despite 
the fact that we standardized skin harvesting and processing of the suspension as much as 
possible. After incubation in the enzyme solution the epidermal cells are manually mechanically 
disaggregated, which is difficult to standardize and could cause variance in cell yield and viability. 
Inter-patient variability could also contribute to the variation. The viability of the melanocytes 
found in our study was high (79±15%), in comparison with the lower viability of the total cells 
(52±19%). The viability of total cells was lower than found by Wood et al.12  The total number 
of melanocytes (58±55) transplanted per mm2 recipient site in our study was low compared to 
earlier studies using conventional CST and cultured melanocytes.19, 22 Tegta et al. concluded that 
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the minimum number of total melanocytes required to provide visible repigmentation after 
conventional CST is in the range of 210-250/mm2.19 However, they did not publish data on 
the viability of the melanocytes. Our results suggest that repigmentation can be achieved with 
fewer melanocytes, as long as melanocyte viability is high. The large variation in melanocyte 
counts between studies may result from the method of cell type identification. To optimize 
outcomes, future research should focus on the mechanisms underlying the variation in cell 
counts, their correlation with the repigmentation results, and the optimal donor to recipient 
expansion ratio.

Limitations of this study include the small number of patients, and the specific setting of 
this study. Treatment was limited to patients with stable segmental vitiligo and piebaldism and 
outcomes cannot directly be extrapolated to stable non-segmental vitiligo. Moreover, treatment 
was limited to the trunk and extremities and other body parts may react differently. 

In conclusion, the repigmentation ability, safety, and patients’ satisfaction of the CST-CED 
method is high in the majority of stable segmental vitiligo and piebaldism patients. The CST-CED 
method is a relatively simple technique for CST, that allows for the complete transplantation in 
the operation theatre, and is therefore a useful alternative for clinics that lack a specialized 
laboratory.
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ABSTRACT
Background
Autologous epidermal cell suspension transplantation (CST) is used for repigmentation of 
depigmented lesions in stable vitiligo and piebaldism patients. Currently, recipient sites are  
pre-treated with substantially invasive techniques such as full surface (laser) ablation or 
abrasion. Fractional laser is a minimally invasive ablation procedure and a promising concept 
for drug delivery but has not been investigated for assisting transplantation of melanocytes in 
a clinical study. 

Methods 
In this intra-patient controlled split lesion pilot study four depigmented lesions were randomly 
allocated to receive; 1. Fractional CO2 laser ablation + cell suspension + UVA-therapy  
(fractional CST), 2. Conventional CO2 laser ablation + cell suspension + UVA-therapy 
(conventional CST), and 3. Conventional CO2 laser ablation + UVA-therapy (CO2 control), and 
4. UVA-therapy only (no-treatment control). 

Results 
The three included patients showed, 33%, 21%, and 62% repigmentation in the fractional CST 
sites and 99%, 30%, and 73% repigmentation in the conventional CST sites, respectively. Control 
sites showed no repigmentation. 

Conclusion
Fractional laser assisted CST seems to be a promising repigmentation technique, although with 
the laser settings used in this study, less effective than conventional laser assisted CST. 
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INTRODUCTION 
In stable vitiligo and piebaldism depigmented macules can be repigmented by autologous 
epidermal cell suspension transplantation (CST).1 Pre-treatment of the recipient sites involves 
invasive techniques causing substantial down-time.2 Currently, no clinical evidence is available 
on the optimal procedure and laser settings used as pre-treatment for the recipient sites in 
CST.3,4 Recently, there is growing support for the efficacy of fractional laser in assisting cutaneous 
delivery of drugs and vaccines. Fractional laser pre-treatment is less invasive than conventional 
full surface ablation. Therefore, fractional laser pre-treatment obviates infiltration anaesthesia, 
allows rapid healing and minimizes side effects.5 The aim of this pilot study was to compare 
the repigmentation ability and safety of fractional laser assisted CST to conventional CST. 

MATERIALS AND METHODS
We performed an intra-patient controlled pilot study in three patients from a larger 
cohort.6 In each patient, four depigmented 9 cm2 lesions located in the same body region 
were randomly allocated to receive one of the following treatments: 1. Fractional CO2 laser  
ablation + autologous cell suspension + UVA-therapy (fractional CST), 2. Conventional 
CO2 laser ablation + autologous cell suspension + UVA-therapy (conventional CST), 3. 
Conventional CO2 laser ablation + UVA-therapy (CO2 control), and 4. UVA-therapy only  
(no-treatment control). 

All treatments were carried out in our institute between August 2012 and March 2013 
by the same physician. The donor tissue was a split-thickness skin biopsy harvested from 
the hip with an electric dermatome (D42 Dermatome, Humeca, Berverwijk. The Netherlands).  
We prepared the cell suspension with a ReCell® kit, a portable battery-operated cell-harvesting 
device (Avita Medical, Cambridge U.K.).6-8 The recipient sites were ablated with a 10,600 nm 
CO2 laser (Ultrapulse, Lumenis Active Fx hand piece, Santa Clara, CA, USA). The conventional 
CST site was ablated with 200 mJ, 60 W, density 3, 1 pass (full coverage, estimated ablation 
depth of 209 um). The fractional CST site was prepared with 200 mJ, 60 W, density 1, 1 pass 
(55% coverage, diameter of ablation craters 1200 um, estimated ablation depth of 209 um). 
Thereafter, debris was removed with a moist saline soaked gauze and the prepared suspension 
was dripped on. The donor and recipient site wounds were covered for seven days. From  
4 weeks post treatment onwards, UVA-treatment was administered to all recipient sites  
twice weekly.9 

Repigmentation was assessed at six months post-treatment using a previously described 
digital image analysis system (DIAS).10 An investigator blinded to the randomization assessed 
the quality of pigmentation (hyperpigmentation or hypopigmentation) and the side effects 
(erythema and scar) on a categorical scale (absent, mild, moderate or severe).  The patient 
assessed the general outcome per treatment region on a categorical scale as very poor, poor, 
moderate, good, or very good per recipient site.  
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RESULTS 
We treated patients with stable depigmented macules; two piebaldism patients and one stable 
segmental vitiligo patient (Table 1). 

The patients showed 33%, 21%, and 62% repigmentation in the fractional CST sites and 99%, 
30%, and 73% repigmentation in the conventional CST sites, respectively (Figure 1). Neither 
the CO2 control nor the no-treatment control sites showed any repigmentation. The color of 
repigmentation matched the surrounding skin. 

Erythema was seen in the conventional CST, the fractional CST, and the CO2 control site 
in one patient. The donor site was mildly hypopigmented in two patients.  In none of the sites 
scars were seen. 

Table 1. Patient characteristics, repigmentation results, and side effects six months after treatment.

Patient 1 Patient 2 Patient 3

Age (years) 20 56 37
Sex Male Female Male
Fitzpatrick skin photo type III III II 
Treatment indication Piebaldism Segmental Vitiligo Piebaldism
Treatment location Leg Back Arm 
Repigmentation Fractional CST (%) 33 21 62
Repigmentation Conventional CST (%) 99 30 73
Repigmentation CO2 (%) 0 0 0
Repigmentation Control (%) 0 0 0
Side effects recipient site None None Erythema
Side effects donor site Hypopigmentation Hypopigmentation Erythema
Patient reported outcome Fractional CST Poor Poor Good
Patient reported outcome Conventional CST Very good Poor Good

Figure 1. Repigmentation percentages per patient per treatment regimen.
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Figure 2. Lesions treated in patient 3, before (A) and six months after (B) treatment, with the conventional 
laser (left) and fractional laser (right). Showing 73% and 62% non homogenous repigmentation, respectively. 

One patient assessed the conventional site as very good and the fractional CST site as poor, 
one patient assessed the fractional and conventional CST sites as good, and one patient assessed 
the conventional and fractional CST sites as poor. 

DISCUSSION 
Recently, proof of concept in animal experiments was established for transcutaneous 
transplantation of bone marrow stem cells and adipocyte derived stem cells assisted by 
fractional laser channels.11,12 Until now, no clinical trials on fractional laser assisted CST are 
avalaible. In our study, CST induced more repigmentation when combined with conventional 
laser ablation than with fractional laser ablation (Figure 1). Possible explanations for the inferior 
results of fractional laser assisted CST could firstly be that in fractional treatment not enough 
cells could penetrate the treatment channels to give a complete repigmentation. Secondly, 
conventional laser involves mechanical wiping with a gauze to remove necrotic debris while in 
the fractional sites the debris could not have been wiped off completely preventing the cells from 
the suspension to attach. Thirdly, the outgrow ability of the transplanted melanocytes could 
have been insufficient to cover areas not ablated by the laser. In punchgrafting studies, grafts 
showed the ability to repigment areas 10-56 times larger than the graft itself and can migrate 
more than 4 mm.13,14,15 Therefore a 55% density of laser ablated tissue should theoretically be 
more than sufficient to allow total repigmentation. This outgrowth however, could be hampered 
in the suspension method where melanocytes and recipient sites are subjected to a damaging 
work up, while in the punchgraft method relatively untouched functioning tissue is being 
transplanted. Furthermore, outgrowth can continue after more than six months and therefore 
our follow up might have been too short. 

In a histological study Beltraminelli et al. showed that ablative fractional CO2 laser treatment 
could result in superficial, mainly epidermal defects reaching the upper papillary dermis  
(0.1–0.3 mm), which are covered by a thin eschar and coated by a small zone of collagen 
denaturation.16 They concluded that this technology should be able to create small epidermal 
defects which allow to deliver melanocytes, 10–20 um in size,  and other epidermal cells to an 
epidermal-dermal site.16 The ablation craters induced in this study had a diameter of 1200 um 
with 55% coverage. This diameter is large for fractional laser; most of the ablative fractional 
lasers induce channels of approximately 120- 300 um.17,18 Furthermore, fractional laser channels 
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mostly have a depth of approximately 500-1000 um, which is much deeper compared to 
the channels in our study. Theoretically, channels of 200 um would reach the papillary dermis, 
which should be deep enough to enable graft take. Such settings are a great advantage in terms 
of safety, pain and downtime. In this pilot study we treated small areas in close proximity to 
each other. Therefore, these advantages could not be assessed reliably in our study. Because 
the patients’ assessments on general outcome where divergent in these 3 included patients we 
can not draw a definite conclusion on patient satisfaction of the different treatments.    

In conclusion, fractional laser treatment in combination with CST seems to be a promising 
technique with potentially fewer side effects than the conventional treatment, which especially 
will have advantages when large areas are treated. However, in this pilot study fractional laser 
assisted CST showed less complete repigmentation compared to conventional laser assisted 
CST. Further research is therefore necessary in a larger population, in larger depigmented areas, 
using different fractional laser devices and settings, to find the optimal procedure with maximal 
repigmentation and minimal side effects.
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With interest we read the review of Al-Hadidi et al on the role of recipient-site preparation 
techniques in the surgical management of vitiligo.1 They conclude that lasers are effective and 
valuable tools in the preparation of recipient sites.1 However, the optimal laser settings and 
depth of ablation are not known.  We present two vitiligo patients where we observed that 
more superficial ablation of the recipient site in combination with non-cultured autologous 
cell suspension transplantation (CST) can also be effective. We treated a 33 year old woman  
(patient 1) and a 74 year old man (patient 2), with stable non-segmental vitiligo lesions on 
the legs. The cellular suspension was processed from a 1x1.5 cm and 0.2-0.3 mm thick split 
thickness biopsy using a ReCell® kit2 (Avita Medical, Cambridge U.K.). The recipient site was 
prepared with a 10,600 nm CO2 laser (Ultrapulse Encore, Active FX scanner, Lumenis, Santa 
Clara, CA, USA). In both patients a first treatment site was prepared with 1 pass (200 mJ,  
60 W, density 3, estimated depth of 209 um), and a second treatment site with an additional 
pass (100 mJ, 60 W, density 3, estimated depth of 300 um). Table 1 shows erythema,  
re-epithelialisation and repigmentation of the treatment sites. Erythema resolved faster in both 
patients in the least invasive setting.  Re-epithelisation was quicker in the least invasive setting 
in one patient. 

The different laser settings in combination with CST showed similar repigmentation, i.e. 
90% and 75% repigmentation in both patients respectively, after 6 and 15 months. Patient 1 and 
2 (Figure 1 and 2) mentioned pain for 5 to 14 days after transplantation, without being able to 
assess a difference in pain between the sites. 

On the one hand, laser settings to prepare recipient sites have to be of sufficient depth to 
make graft take possible. This is hypothesised to be at the papillary dermis.3 On the other hand, 
these laser settings should be as less invasive as possible to allow rapid wound healing and 
prevent side effects. Furthermore, infiltration anaesthesia may not be necessary with superficial 
treatment. In laser resurfacing the safety endpoint is the appearance of a “chamois” yellow 
skin color, which is seen at the reticular dermis.4 The occurrence of pinpoint bleeding, seen 
at the dermoepidermal junction, has been advocated as immediate clinical endpoint in CST 

Table 1. The table shows the degree of erythema, duration of erythema and the re-epithelialisation grade 
in both patients and both treatment sites. Erythema was scored by the treating physician as – (no erythema),  
+ (some erythema), ++ (erythema), +++ (strong erythema). Duration of erythema was indicated by the patient at 
the follow up moment were there was no erythema. Re-epithelialisation was assessed by the treating physician  
in %. Repigmentation was assessed by the treating physician. 

Patient 1 Patient 2

Site I Site II Site I Site II

Erythema after 2 weeks + ++ ++ +++
Erythema after 6 months n.a. n.a. + ++
Erythema lasting (in months) 2 4 6 >10
Re-epithelialisation after  1 week in % 90% 75% 50% 0%
Re-epithelialisation after  2 weeks in % 100% 100% 100% 90%
Repigmentation after 6 months 90% 90% 40% 40% 
Repigmentation after 15 months n.a. n.a. 75% 75%
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Figure 1. The photographs show the treated lesion on the right leg in patient 1, 2 weeks after treatment (A), 
and 6 months after treatment (B). The lower part of the lesion was treated with 200 mJ, 60 W, density 3 with  
1 pass (treatment site I) and the upper part of the lesion with an additional pass with 100 mJ, 60 W, density 3; full 
ablation (treatment site II). 6 months after treatment (B) the treated lesion was 90% repigmented with color and 
texture matching the surrounding skin.

when using dermabrasion.2;5 This endpoint is affected by many factors and may therefore not  
be a reliable and reproducible clinical sign to predict the appropriate depth of ablation 
when using a laser. In conclusion, these cases suggest that less invasive CO2 laser treatment 
in combination with CST could be as effective as and potentially safer than more invasive 
treatment. There is no optimal clinical endpoint for the ablation depth of the recipient site 
when using a CO2 laser. Further investigations on the laser settings are required. Furthermore, 
less invasive laser treatment such as more superficial ablative laser or fractional laser should be 
studied in combination with CST to obtain optimal treatment results with minimal side effects 
in the future.  
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Figure 2. The photographs show the treated lesion on the right leg in patient 2, 1 week (A), 2 weeks  
(B), 8 weeks (C), 6 months (D) and 15 months after treatment(E). The lower part of the lesion was treated with 
200 mJ 60 W, density 3 with 1 pulse (treatment site I) and the upper part of the lesion with an additional pass 
with 100 mJ 60 W, density 3 (treatment site II). Erythema was long lasting in treatment site II and healing took 
longer (A and B). After 15 months both treated lesions are 75% repigmented with hyperpigmentation compared 
to the surrounding skin. Erythema was no longer seen (E). 
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ABSTRACT
Background
In widespread vitiligo, when repigmentation therapies are no longer feasible, Q-switched lasers 
can be used to remove the remaining disfiguring pigmentation. However, little literature is 
available on the long-term effects of Q-switched laser treatment in patients with vitiligo, and 
the variables influencing the effect of treatment are unknown.

Objective
To evaluate retrospectively the effectiveness, safety and patient satisfaction of Q-switched ruby 
(QSR) laser-induced depigmentation in widespread vitiligo.

Methods
We performed a retrospective study on well-documented patients with vitiligo with widespread 
lesions who received depigmentation therapy with the QSR laser between 2000 and 2012 in our 
institute. Eligible patients were asked to visit our institute for assessment of depigmentation and 
to fill in a questionnaire on patient satisfaction and disease variables.

Results
After a mean follow-up of 13 months, 48% of the 27 included patients showed > 75% 
depigmentation. Patients with active disease at the time of treatment had significantly better 
results than patients with stable disease (P < 0·05). Twenty-three (85%) patients were satisfied 
after treatment. Eighteen patients (67%) reported temporary side-effects after treatment. None 
of the patients reported adverse effects, such as scars or infections.

Conclusion
Q-switched ruby laser therapy is effective in approximately half of patients treated; it is a safe 
treatment with a high patient satisfaction. Patients with active vitiligo show better results after 
treatment than patients with stable vitiligo. Therefore, in patients with stable vitiligo resistant to 
trial treatment, we advise postponing treatment until their vitiligo becomes active.
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INTRODUCTION
Vitiligo is a common skin disorder causing depigmented macules that can alter a patient’s 
appearance and impair a patient’s quality of life.1-3 When the majority of the skin is depigmented 
and repigmentation therapies are no longer feasible, depigmentation therapies can be used to 
remove the remaining disfiguring pigmentation.4-6 In consequence, if long-term depigmentation 
could be achieved in these patients with vitiligo their appearance and possibly their quality 
of life could be improved. To achieve this depigmentation, Q-switched lasers, cryotherapy 
and chemical agents are used.6 Q-switched lasers can result in depigmentation by selective 
photothermolysis of melanocytes in the remaining pigmented lesions.7 These lasers are reported 
to achieve faster depigmentation compared with chemical agents and the risk of scar formation 
is lower compared with cryotherapy.5,8 In small studies and case reports, Q-switched lasers have 
been shown to be an effective depigmentation therapy in patients with vitiligo,9 especially in 
patients with a positive Koebner phenomenon.5,8 Because of the scarcity of literature, little is 
known about the short- and long-term effects of treatment. The patient, disease and treatment 
variables that correlate with the effects of treatment are also not yet known. Therefore, the aim 
of our study was to evaluate retrospectively the effectiveness, safety and patient satisfaction 
of Q-switched laser-induced depigmentation in widespread vitiligo. Furthermore, assessment 
was done on the patient, disease and treatment variables that correlate with the treatment 
outcome, allowing better selection of patients before starting laser therapy and optimization of  
treatment effectiveness.

MATERIALS AND METHODS
Patients
We performed a retrospective study on all patients with universal and generalized vitiligo who 
received Q-switched ruby (QSR) laser therapy for depigmentation between 2000 and 2012 in 
the Netherlands Institute for Pigment Disorders. Patients were identified by screening the medical 
charts and were found eligible for the study if baseline photographs were available. Eligible 
patients were asked to visit the department for post-treatment photographs for the assessment 
of depigmentation and to fill in a questionnaire. Patients not able to visit our institute were 
asked just to fill in a questionnaire. If present, their pre- and post-treatment photographs from 
the medical charts were used for objective assessment of depigmentation. Written informed 
consent was obtained from all study participants. Approval from the Medical Ethics Committee 
was not obtained as the legislation in the Netherlands did not require approval for these types 
of study.

Intervention
All eligible patients were treated with the 694-nm QSR laser (Ruby Star; Asclepion Meditec, 
Jena, Germany). We used strong whitening as the immediate clinical endpoint to adjust 
radiant exposure. In every patient, a test spot was treated first and evaluated after 6 weeks. 
If depigmentation or partial depigmentation occurred without adverse effects further 
laser treatments were performed. A maximum size of 50–100 cm2 was treated each session. 
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Treatment took place every 6–8 weeks until the entire pigmented area was treated. When 
patients experienced repigmentation they could obtain laser treatments once more for  
the repigmented areas.

Questionnaire
The questionnaire contained multiple choice and open questions on the patient and disease 
variables. It contained questions about demographics, general health status, the results after 
treatment, the occurrence of repigmentation, patients’ satisfaction, and vitiligo-specific 
questions on the presence of Koebner phenomenon and the disease activity. We used the Vitiligo 
Disease Activity (VIDA) score to assess disease activity.10

Measurement methods
The primary outcome in the present study was the degree of depigmented skin after laser 
treatment. Two physicians blinded for randomization assessed the degree of depigmented skin 
on digital pre- and post-treatment photographs placed in random order. Thereafter, the degree 
of depigmented skin after treatment was calculated and divided into five levels (< 24%, poor; 
25–49%, fair; 50–74%, moderate; 75–94%, good; 95–100%, excellent); > 75% depigmentation 
was defined as a good outcome. When several sites were treated in one patient, each treatment 
site with photographic documentation at baseline was photographed again after treatment and 
the mean degree of depigmented skin was calculated.

Patients were asked to describe the results of laser treatment as: persisting depigmentation, 
partial depigmentation, initial depigmentation followed by repigmentation, or no 
depigmentation. Secondly, patients were asked to score their satisfaction on the treatment on 
a seven-point scale. Thirdly, patients were asked if they would recommend QSR laser treatment 
to other patients with widespread vitiligo.

In order to compare the results of the included patients with the results of all the eligible 
patients, a physician, blinded for the results from the main outcome measure, screened 
the medical charts of all eligible patients. The results after laser treatment were judged by this 
blinded physician as unknown, poor, fair, moderate with repigmentation, or good. Judgement 
was based on descriptions from the treating physician in the medical charts.

Statistical analysis
To determine the effectiveness of QSR laser treatment the percentage of patients with a good 
result was calculated. For the correlation between the variables and the improvement after laser 
therapy, Fisher’s exact test and univariate logistic regression models were used. For the statistical 
analyses we used spss software version 19 (IBM, New York, NY, U.S.A.). The significance level 
was set at P<0.05.

RESULTS
We identified 63 patients with vitiligo treated with the QSR laser between 2000 and 2012. Of 
the 63 treated patients, 48 patients fulfilled the inclusion criteria and were invited to participate 
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N= 48 (100%)
Invitations

sent to patients with 
baseline photographs

N= 27 (56%)
Answered positively

before and after 
photos 

and questionnaire

N= 15 (31%)
Unanswered

wrong address (14)
deceased (1)

N = 6 (13%)
Declined

participation

in this study. Fifteen of these 63 patients were excluded because baseline photographs were 
missing or the quality of the photographs was insufficient. Of the 48 eligible patients, 27 patients 
(56%) were willing and able to participate (Figure 1).

The characteristics of the 27 included patients (15 female, 12 male) are shown in  
Table 1. The Fitzpatrick skin phototype was I, II, III, IV and V, in one, six, four, nine and seven 
patients, respectively. Eighteen patients (67%) were diagnosed with universal vitiligo, i.e. > 80% 
depigmentation. The mean duration of the disease was 25 years. The most common treated 
location was the face (74%). Eleven patients reported having Koebner phenomenon at the time 
of the treatment. At the time of treatment the vitiligo was active (VIDA score +4 to +1) in 17 
patients (63%), and stable (VIDA score between 0 and −1) in eight patients (30%). The VIDA 
score of two patients was missing because these patients were not able to recall the activity of 
their vitiligo.

Degree of depigmentation
Thirteen patients (48%) had > 75% depigmentation of the treated area; of these, nine (33%) had 
75–94% depigmentation and four (15%) had an excellent result of 95–100% depigmentation. 
Three (11%), four (15%) and seven (26%) patients showed moderate, fair, and poor results after 
laser treatment, respectively (Figure 2). Of the seven patients with poor results, three (11%) 
patients even showed a significant increase of pigmentation after laser treatment. The mean 
number of treatments per area was three for the patients with > 75% depigmentation and 
eight for the patients with < 75% depigmentation after treatment. The results of patients with 
active disease were significantly better than those of patients with stable disease (Fisher’s exact 
test, P = 0.046). Skin type, having Koebner phenomenon, the type of vitiligo, side-effects after 
treatment, the duration of disease and the duration of follow-up were not significantly related 
to the treatment outcome (Table 1).

Figure 1. Flow chart summarizing recruitment of study participants.
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Table 1. Characteristics of study population, N = 27 

N= 27 

N= 13 
> 75%  
depigmentation

N= 14 
< 75 %  
depigmentation P value

Sex, n (%)
 Male 12 (44) 3 (23) 9 (64) 0.054*
 Female 15 (56) 10 (77) 5 (36)
Age (years), mean (median;min-max) 50 (53;10-89) 49 (53; 10,89) 51 (55; 31.65)
Fitzpatrick skin photo type, n (%)
 I – III 11 (41) 6 (46) 5(36) 0.704*
 IV – VI 16 (59) 7 (54) 9 (64)
Other auto immune disorders, n (%)
 Thyroid dysfunction 6 (22) 4 (31) 2 (14)
 Rheumatoid arthritis 1 (4) 0 1 (7)
Treatment indication, n (%)
 universal vitiligo 18(67) 8 (61) 10 (71) 0.695*
 generalised vitiligo 9(33) 5 (38) 4 (29)
Duration of disease (years),  
mean (median; min-max)

25 (21;4-58) 24 (20; 8,58) 26 (28;4,46) **

VIDA score*** , n (%)
 +4 – +1 (active) 17 (63) 11 (85) 6 (43)
 0 – -1 (stable) 8 (30) 2 (15) 6 (43) 0.046*
 Unknown 2 (7) 0 2 (14)
Treatment location, n (%)
 Face 20 (74) 8 (61) 12 (86)
 Other (leg, arm, hand) 7 (26) 5 (38)  2 (14)
Koebner phenomenon before treatment, n (%) 
 Present  11 (41) 5 (38) 6 (43) 1*
 Absent   16 (59) 8 (61) 8 (57)
Follow up (months), mean (median; min-max) 12 (8;3-60) 13 (11;3,60) 13 (8; 5,38) **
Repig. treatment before treatment , n (%)****
 Yes 24 (89) 11 (85) 13 (93)
 No 3(11) 2 (15) 1 (7)
Depig. Treatment before treatment, n (%)****
 Yes 9  (33) 3 (23) 6 (43)
 No 18 (67) 10(77) 8 (57)
Number of treatments  
mean (median; min-max)

8  (5;1-35) 3 (2;1-11) 8 (5.5; 1,35)

* p value, Fisher’s exact test 2 x 2 table
** Duration of disease (OR= 0.991 per year 95% CI 0.935- 1.050), duration of follow up (OR= 1 per month, 95%  
CI 0.939- 1.066)

*** VIDA score: Active in the past 6 weeks +4, Active in the past 3 months +3, Active in the past 6 months +2, Active in 
the past year +1, Stable for at least 1 year 0, Stable for at least 1 year and spontaneous repigmentation -1)

**** Repigmentation treatment before laser treatment included topical therapies with steroids and NB-UVB treatment. 
Depigmentation treatment included topical treatment with chemical agents as monobenzone. 

Fifteen patients (56%) reported initial depigmentation followed by repigmentation after 
1–18 months (mean 5.1 months). Six patients (22%) reported persisting depigmentation, 
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Figure 2. The graph shows the number of patients with active and stable vitiligo in relation to the degree 
of depigmented skin (< 24%, poor; 25–49%, fair; 50–74%, moderate; 75–94%, good; 95–100%, excellent). 
The degree of depigmented skin is given in percentages and was calculated after assessment by two blinded 
physicians of the post-treatment and pretreatment photographs. The vitiligo activity was assessed using 
The Vitiligo Disease Activity (VIDA) score.

two patients (7%) reported partial depigmentation, and four patients (15%) reported no 
depigmentation after laser treatment.

Chart review
Chart review of all the eligible patients (n = 48) indicated that 42%, 23%, 12%, 19%, or 4% 
of the patients had a good, moderate with repigmentation, fair, poor, or unknown effect, 

respectively. Chart review of the participating patients (n = 27) indicated that 52%, 29%, 4%, or 
15% of the patients had a good, moderate with repigmentation, fair or poor effect, respectively.

Eighteen patients (67%) reported one or more side-effects. These side-effects were erythema, 
crusting, itch and bullae, all temporary. Scars or infections were not reported. One patient did 
not continue laser treatment despite good results because of pain related to the treatment.

Twenty-three (85%) patients were satisfied after treatment. The remaining four patients 
reported: not satisfied–not unsatisfied, one (4%); unsatisfied, two (7%); and very unsatisfied, 
one (4%). Patients stated they were not satisfied because of repigmentation or no effect after 
treatment. Twenty-five patients (93%) would recommend the treatment to other patients.

DISCUSSION 
The results of our study suggested that QSR laser treatment for depigmentation is effective 
in approximately half of the patients with vitiligo who are treated. In our study, 48% of 
the treated patients showed > 75% depigmentation after a mean of 13 months’ follow-up. From 
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the publication of Boukari et al.9 it appeared that complete depigmentation was achieved in 
all six patients (100%) treated. However, only two patients (33%) remained depigmented, and 
two patients (33%) showed minimal repigmentation (< 25%). Thissen and Westerhof 5 reported 
complete depigmentation in all eight patients (100%) treated. Again, only three patients (38%) 
remained depigmented.5 Njoo et al.8 described total depigmentation in nine of the 13 treated 
patients (69%); five (38%) of these 13 patients remained depigmented. Part of the difference 
between outcomes in these studies and our study could be explained by the small cohorts and 
the differences in follow-up and population. Longer follow-up could either result in better results 
due to intrinsic disease activity inducing further depigmentation or in worse results because of 
repigmentation. The mean follow-up in the earlier mentioned studies was 36,9 95 and 88 months. 
The mean follow-up in the current study, however, was 13 months in both the group with > 75% 
depigmentation and < 75% depigmentation, precluding influence of follow-up on the results. In 
contrast to what is mostly stated in literature, we observed therapy-resistant patients who never 
achieved any depigmentation, patients with perifollicular repigmentation and patients with 
persistent depigmentation (Figure 3). This is supported by the answers from the questionnaire, 
in which 15% of the patients reported no depigmentation after laser treatment and 56% of 
the patients reported initial depigmentation followed by repigmentation with a mean onset 
of 5 months after treatment. Complete depigmentation in current literature was observed 
within 7–14 days post-treatment.5 We hypothesize that this direct effect is due to temporary 
breakdown of melanosomes and melanin with intact melanocytes. These melanocytes can 
induce repigmentation by producing new melanin. In permanent depigmentation, we believe 
that at least a great proportion of melanocytes will be destroyed. In studies with a short follow-
up, the total number of depigmented patients could therefore have been overestimated. We 
propose the first follow-up at 6 weeks after laser treatment and for assessment of long-term 
effects we advise follow-up after at least 5 months, the mean time of onset of repigmentation 
in our study. In the patients where repigmentation occurs there appears to be a potential role 
of sun exposure.9 In our study only one patient observed repigmentation induced by sunlight. 
Although good sun protection appeared insufficient to prevent relapses we do recommend sun 
protection advice in every patient treated.9

Our study is the first study that shows that patients with active vitiligo during QSR laser 
treatment have significantly better results than patients with stable vitiligo. The other tested 
variables, including presence of Koebner phenomenon, did not correlate with the treatment 
outcome (Table 1). As Koebner phenomenon has been hypothesized to indicate active disease in 
vitiligo, this appears to be paradoxical,10 especially as QSR laser treatment can be considered as 
a potential Koebner phenomenon inducer. However, the significance of Koebner phenomenon in 
vitiligo with respect to disease activity is still under debate, and the introduction of a new, more 
refined classification of Koebner phenomenon might shed new light on clinical correlations.11 In 
this study, patients with < 75% depigmentation were treated more often than the patients with > 
75% depigmentation (mean number of treatments eight and three, respectively), indicating that 
it is not effective to treat patients with resistant pigmented areas over and over again. In patients 
with laser-resistant pigmented areas and stable vitiligo we would advise further treatment when 



107Q-SWITCHED LASER DEPIGMENTATION IN V IT IL IGO

66

Figure 3. Three patients before (a, c, e) and after laser treatment (b, d, f): (a, b) 94% depigmentation, 
reported by the patient as persisting depigmentation; (c, d) 10% depigmentation reported by the patient as no 
depigmentation; (e, f) 83% depigmentation with follicular repigmentation reported by the patient as initial 
depigmentation followed by repigmentation.
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their vitiligo becomes active. Consequently, inducing activity could optimize laser treatment 
in these patients. The results of our study suggest that there are no long-term side-effects and 
no adverse effects after QSR laser treatment for depigmentation, indicating that QSR laser 
treatment is safe, in accordance with current literature.6,8,9 Furthermore, our study showed that 
treatment satisfaction was high; 85% of the patients were satisfied after treatment and 93% of 
the patients would recommend the treatment to other patients. There are some limitations to 
this study. Firstly, this study presents partly retrospectively generated data. Secondly, a selection 
bias is caused by the fact that not all patients treated with the QSR laser participated in the study 
(27 patients, 56%). Although the reasons for not participating (Figure 1) were mostly because 
of missing contact address and probably not related to laser treatment, we cannot exclude some 
kind of selection with regard to treatment response. When we compare the results of the chart 
review from all the eligible patients with the results of the participating patients, chart review 
reveals inferior results of the total eligible group (n = 48, 42% good results) compared with 
the group participating in the study (n = 27, 52% good results). Therefore we expect the benefit 
presented in this study to be slightly over-estimated. However, this conclusion should be taken 
with caution because the chart review was based on descriptions from the (nonblinded) treating 
physician in the medical charts, after a short follow-up with different assessment methods 
than at follow-up in this study. These differences in follow-up and assessment methods can 
also partly account for the difference between the results after chart review and the degree of 
pigmentation assessed in this study (52% and 48% of the patients with good results). Thirdly, 
the data were obtained from a small sample (n = 27) and conclusions were drawn at limited 
statistical significance. Therefore, additional studies in a larger series of patients are required 
to confirm these results. Fourthly, standardized conditions were lacking in our baseline 
photographs. Therefore, the degree of depigmentation may have been difficult to score and 
not all the treated lesions may have been included in this study. Lastly, the cut-off point of > 
75% depigmentation is arbitrary, and was chosen in accordance with the > 75% repigmentation 
used in a recent Cochrane review for repigmentation therapies.12 Patients appeared to be more 
satisfied with the treatment than the cut-off point used. Therefore, it could be argued that 
another cut-off point or another measurement instrument should be used in future studies. 
Further research has to be done on reliable and valid measurement instruments taking patients’ 
satisfaction into account.13,14 In summary, we conclude that QSR laser therapy is an effective 
treatment in approximately half of the patients treated, with no long-term side-effects and high 
patient satisfaction. Patients with active vitiligo show better results after laser treatment than 
patients with stable vitiligo. We advise treating a test spot in every patient with follow-up after 6 
weeks. In case of laser-resistant pigmented areas after the trial treatment in patients with a stable 
disease, we advise restarting treatment only when the vitiligo becomes active. Further research 
should focus on the possibility of inducing disease reactivation in patients with clinically stable 
vitiligo eligible for laser depigmentation in order to optimize treatment results.
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SUMMARY
Assessment and therapy of vitiligo
This thesis contains studies on different methods of assessment of vitiligo and their quality as well 
as studies describing repigmentation and depigmentation therapies in vitiligo and piebaldism.

Chapter 1 General introduction 
Chapter 1 is a general introduction that presents the background of vitiligo and piebaldism and 
the aim and outline of this thesis. The importance of standardized measurement instruments 
of high quality is endorsed and the effectiveness and safety of available repigmentation and 
depigmentation therapies are being described. 

Chapter 2 Vitiligo Area Scoring Index (VASI) and Vitiligo European Task 
Force assessment (VETFa): reliable and responsive instruments  
to measure the degree of depigmentation in vitiligo
Currently, there are no standardized outcome measures to assess the degree of depigmentation. 
Moreover, there is limited knowledge on the measurement properties of outcome measures in 
vitiligo. In chapter 2 the reliability and responsiveness of the VASI and the VETFa, two well 
described clinician reported outcomes, were assessed.  We included three vitiligo patient groups. 
In one group of 31 patients, the interobserver reliability was assessed using three observers. In 
the second group of 27 patients, the intraobserver reliability was assessed by two repeated measures 
by one of the observers. In the third group, the repigmentation was calculated after six months 
of phototherapy in 33 patients and tested against hypotheses, to assess the responsiveness. We 
found a high interobserver reliability for the VASI (ICC 0.93) and VETFa depigmentation (ICC 
0.88). The intraobserver reliability found for the VASI (ICC 0.93) and VETFa depigmentation 
(ICC 0.97) was also high. The smallest detectable change (SDC) was 7.1% and 10.4% for 
the interobserver reliability and 4.7% and 2.9% for the intraobserver reliability in the VASI and 
VETFa depigmentation, respectively. All four responsiveness hypotheses formulated a priori 
were confirmed. On base of these results we concluded that the VASI and the VETFa are 
reliable and responsive instruments to assess the degree of depigmentation in vitiligo. The VASI 
and the VETFa for depigmentation are potential instruments for vitiligo research in the future. 
However, for the use in individual patient care, caution is needed when interpreting change 
scores in individual patients because of the relatively large SDC.

Chapter 3 The validity, reliability and acceptability of the Self-Assessed 
Vitiligo Area Scoring Index (SAVASI): a new self-assessment score in vitiligo
Although patient orientated medicine is an emerging concept, a self-assessment tool to 
assess the degree of depigmentation in vitiligo was not yet available. Therefore, we developed 
the SAVASI, a self-assessment tool that uses the same basic principles as the VASI.  In chapter 
3 the validity, reliability, and acceptability of the SAVASI was assessed. To assess the validity of 
the SAVASI, we compared the scores assessed by the patient with the scores of the VASI assessed 
by the physician. To assess the intraobserver reliability, the correlation between the baseline 
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SAVASI and the SAVASI after two weeks was calculated. To assess the acceptability, patients 
indicated the time needed to complete the SAVASI and the patient assessed the difficulty of 
the questionnaire on a five-point scale. The Skindex-29 was used to determine the quality of 
life. The overestimation of the SAVASI compared to the VASI was calculated by subtracting 
the VASI scores off from the SAVASI scores. We found a high correlation between the VASI 
and the SAVASI (ICC 0.97, 95% CI: 0.95 – 0.98) in 60 patients. The intraobserver reliability 
of the SAVASI (ICC 0.75, 95% CI: 0.54 – 0.87) was adequate in 31 patients. Fifty (83%) of 
the patients completed the questionnaire within 10 minutes and only five (8%) of the patients 
considered the SAVASI hard. We found no correlation between overestimation of the SAVASI 
score and the Skindex-29 score. We concluded that the SAVASI is a valid, reliable, and acceptable 
self-assessment tool to measure the degree of depigmentation in vitiligo. With the SAVASI 
the degree of depigmentation can reliably be assessed by the patient themselves which can be 
useful in large (epidemiological) studies. Furthermore, this could contribute to the patient’s 
disease insight and therapy adherence. 

Chapter 4 Optimizing size and depth of punch grafts in autologous 
transplantation of vitiligo and piebaldism: a randomized controlled trial 
To date, autologous punch grafting appears to be the easiest and least expensive surgical 
treatment method for stable vitiligo and piebaldism. However, no reliable data on efficacy and 
safety of different punch depths and punch sizes is available. In chapter 4 the efficacy and safety 
of different punch depths and punch sizes in autologous punch grafting were compared. We 
performed a randomized controlled trial in 33 vitiligo and piebaldism patients. In each patient, 
four depigmented comparable regions were allocated to: 1.5 mm deep grafts, 1.5 mm superficial 
grafts, 1.0 mm deep grafts and 1.0 mm superficial grafts. Primary outcome was the total 
pigmented surface area. Secondary outcomes were Patients’ Global Assessment (PGA) and side 
effects. Six months after grafting, 1.5 mm grafts showed to have a significantly larger pigmented 
surface area compared to 1.0 mm grafts (P < 0.001), though more side effects for both donor and 
recipient site as well. No significant difference between punch depths on the total pigmented 
surface were found. Deep grafts showed more side effects of erythema compared to superficial 
grafts. Overall, patients reported a (very) good general outcome for the PGA for all treatment 
regimens. In conclusion, we recommend 1.5 mm superficial grafts in autologous punchgrafting 
for trunk and extremities in stable vitiligo and piebaldism patients.

Chapter 5a Autologous cell suspension transplantation using a cell 
extraction device in segmental vitiligo and piebaldism patients:  
a randomized controlled pilot study  
Depigmented macules in stable vitiligo and piebaldism can be repigmented by autologous cell 
suspension transplantation (CST). Cell suspensions can now be prepared using a cell extraction 
device (CED), which is easier and cheaper compared to conventional methods. However, little 
reliable data is available. In chapter 5a, we evaluated the repigmentation ability, tolerability, 



115SUMMARY AND CONCLUSIONS /  SAMENVATTING EN CONCLUSIES

77

patient satisfaction, and cellular suspension composition of the CST-CED method. Five stable 
segmental vitiligo and five piebaldism patients were included in this randomized intra-patient 
controlled pilot study. In each patient, three depigmented comparable sites were allocated to: 
the CST-CED method, CO2 laser ablation control, or to the no-treatment control. The percentage 
of repigmentation, side effects, and patient satisfaction were assessed after six months. We 
found a significantly different median repigmentation between the treatment sites: 78%, 0% 
and 0% for the CST-CED, the CO2 control, and the no-treatment control sites, respectively. Sixty 
percent of the CST-CED sites showed > 75% repigmentation. A positive correlation was found 
between the percentage of repigmentation and the number of cells transplanted. We concluded 
that the CST-CED method was demonstrated to result in a high percentage of repigmentation 
and was well tolerated in both stable segmental vitiligo and piebaldism patients. The CED 
method is a relatively simple technique for CST that allows for the complete transplantation 
in the operation theatre and is therefore a useful alternative for clinics that lack a specialized 
laboratory. To optimize outcomes, future research should focus on the mechanisms underlying 
the variation in cell counts, their correlation with the repigmentation results, and the optimal 
donor to recipient expansion ratio.

Chapter 5b Autologous epidermal cell suspension transplantation using 
ReCell® in combination with fractional laser: a proof of concept study in 
vitiligo and piebaldism patients
Autologous epidermal cell suspension transplantation (CST) is used for repigmentation of 
depigmented lesions in stable vitiligo and piebaldism patients. Currently, recipient sites are 
pre-treated with substantially invasive techniques such as full surface (laser) ablation or 
abrasion. Fractional laser is a minimally invasive procedure and a promising concept for drug 
delivery, although there is little evidence on laser assisted transplantation of melanocytes 
in a clinical study. In this intra-patient controlled split lesion pilot study four depigmented 
comparable lesions were randomly allocated to receive: 1. conventional CO2 laser ablation +  
cell suspension + UVA-therapy (conventional CST), and 2. fractional CO2 laser ablation + 
cell suspension + UVA-therapy (fractional CST), and 3. conventional CO2 laser ablation + 
UVA-therapy (CO2 control), and 4. UVA-therapy only (no-treatment control). We showed in 
three patients, 33%, 21%, and 62% repigmentation in the fractional CST sites and 99%, 30%, 
and 73% repigmentation in the conventional CST sites, respectively. Control sites showed 
no repigmentation. Fractional laser assisted CST seems to be a promising repigmentation 
technique with potentially fewer side effects than full surface ablation assisted CST which is an 
advantage especially when large areas are treated.  However, in this pilot study fractional laser 
assisted CST showed less complete repigmentation compared to conventional laser assisted 
CST. Further research is therefore necessary in a larger population, in larger depigmented areas, 
using different fractional laser devices and settings, to find the optimal procedure with maximal 
repigmentation and minimal side effects. 
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Chapter 5c CO2 laser pre-treatment for non-cultured cell suspension 
transplantation in vitiligo: less is more
In patients with stable vitiligo, CST can induce repigmentation, with good results in 60- 100% 
of the treated patients. The reasons for failure of this technique in stable patients are unknown 
but may relate to preparation of the recipient sites. Currently, ablative (laser) treatments with 
different laser settings, resulting in different ablation depths are used as pre-treatment. However, 
no studies are available on the least invasive still effective laser setting to prepare the recipient 
sites. Some authors advice to ablate until pinpoint bleedings appear. The two cases presented 
in chapter 5c. suggest that pinpoint bleeding is not an optimal clinical endpoint and that less 
invasive CO2 laser treatment in combination with cell suspension transplantation is effective 
and potentially safer than more invasive CO2 laser treatment.

Chapter 6 Q-switched laser depigmentation in vitiligo; most effective in 
active disease
In widespread vitiligo, when repigmentation therapies are no longer feasible, Q-switched 
lasers can be used to remove the remaining disfiguring pigmentation. However, little literature 
is available on the long term effects of Q-switched laser treatment in vitiligo patients and 
the variables influencing the effect of treatment are unknown. In chapter 6 we evaluated 
retrospectively the effectiveness, safety, and patient’s satisfaction of Q-switched ruby (QSR) 
laser induced depigmentation in widespread vitiligo. A retrospective study on well-documented 
vitiligo patients with widespread lesions who received depigmentation therapy with the QSR 
laser between 2000 and 2012 in our institute was performed. Eligible patients were asked to 
visit our institute for assessment of depigmentation and to fill in a questionnaire on patients’ 
satisfaction and disease variables. After a mean follow-up of 13 months we found that 48% 
of the 27 included patients showed > 75% depigmentation. Patients with an active disease at 
the time of treatment showed significantly better results than patients with a stable disease  
(p < 0.05). Twenty-three (85%) patients were satisfied after treatment. Eighteen patients (67%) 
reported temporary side effects after treatment. None of the patients reported adverse effects, 
such as scars or infections. We concluded that QSR laser therapy is effective in approximately 
half of the patients, it is a safe treatment with a high patients’ satisfaction. Patients with active 
vitiligo show better results after treatment than patients with stable vitiligo. Therefore, in 
patients with stable vitiligo resistant to trial treatment, we advise to postpone treatment until 
their vitiligo becomes active. 
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SAMENVATTING 
Beoordeling en behandeling van vitiligo
In dit proefschrift worden studies naar verschillende meetmethoden voor vitiligo en hun 
kwaliteit beschreven. Tevens worden studies naar de effectiviteit en veiligheid van therapieën 
voor depigmentatie en repigmentatie bij vitiligo en piebaldisme patiënten beschreven. 

Hoofdstuk 1 Inleiding 
Vitiligo is een veelvoorkomende huidaandoening die gedepigmenteerde maculae veroorzaakt 
waardoor de kwaliteit van leven van patiënten vermindert. Hoofdstuk 1 is een algemene 
inleiding waarin de achtergrond van vitiligo en piebaldisme en de doelen van het proefschrift 
worden toegelicht. Het belang van gestandaardiseerde meetmethoden wordt benadrukt en 
de huidige beschikbare (chirurgische en laser) behandeltechnieken worden in dit hoofdstuk 
beschreven. 

Hoofdstuk 2 Vitiligo Area Scoring Index (VASI) en Vitiligo European Task 
Force assessment (VETFa): betrouwbare en responsieve instrumenten 
om het percentage depigmentatie te meten bij vitiligo patiënten
Er zijn tot op heden geen gestandaardiseerde uitkomstmaten waarmee het percentage 
depigmentatie wordt gemeten bij vitiligo patiënten. Bovendien is er weinig kennis over  
de kwaliteit van de meetinstrumenten die worden gebruikt bij het meten van het percentage 
depigmentatie bij vitiligo. In hoofdstuk 2 wordt de betrouwbaarheid en responsiviteit van 
de VASI en de VETFa onderzocht. Dit zijn twee goed beschreven meetinstrumenten om het 
percentage depigmentatie bij vitiligo patiënten te meten. In de studie in hoofdstuk 2 zijn drie 
groepen vitiligo patiënten geïncludeerd. In de eerste groep is bij 31 patiënten de inter-waarnemer 
betrouwbaarheid gemeten door drie waarnemers. In de tweede groep van 27 patiënten is  
de intra-waarnemer betrouwbaarheid gemeten door twee opvolgende metingen te vergelijken  
van één waarnemer. Om de responsiviteit te meten, is de repigmentatie, die optrad na zes  
maanden UVB therapie, bij 33 patiënten berekend en de uitkomst is vergeleken met vooraf 
opgestelde hypothesen. In onze studie werd een hoge inter-waarnemer betrouwbaarheid 
gevonden voor de VASI (ICC 0,93) en de VETFa voor depigmentatie (ICC 0,88). De intra-
waarnemer betrouwbaarheid die gevonden werd voor de VASI (VASI) en de VETFa 
depigmentatie (ICC 0,97) was hoog. De kleinst meetbare verandering (smallest detectable 
change (SDC)) was 7,1 % en 10,4 % voor de inter-waarnemer betrouwbaarheid en 4,7 % en 
2,9 % voor de intra-waarnemer betrouwbaarheid voor de VASI en VETFa, respectievelijk.  
De vier vooraf opgestelde hypothesen over de repigmentatie werden bevestigd. Op basis van deze 
resultaten concluderen wij in hoofdstuk 2 dat beide instrumenten betrouwbare en responsieve 
instrumenten zijn om de depigmentatie bij vitiligo patiënten te meten en daarmee geschikt 
voor onderzoeksdoeleinden. Echter bij het gebruik bij de individuele patiënt is voorzichtigheid 
geboden bij het interpreteren van verandering vanwege de grote gevonden SDC. 
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Hoofdstuk 3 De validiteit, betrouwbaarheid en acceptabiliteit van de zelf-
assessed Vitiligo Area Scoring Index (SAVASI); een nieuwe zelf-assessment 
score voor vitiligo 
Ondanks dat patiënt georiënteerde geneeskunde zich snel aan het ontwikkelen is, is er tot op 
heden nog geen zelf-assessment instrument voor vitiligo patiënten voor handen om zelf het 
depigmentatie percentage te meten. Wij hebben daarom de SAVASI ontwikkeld, een instrument 
waarbij patiënten zelf hun depigmentatie percentage kunnen meten. De SAVASI gebruikt 
dezelfde principes als de in hoofdstuk 2 beschreven en gevalideerde VASI. In hoofdstuk 3 
wordt de validiteit, betrouwbaarheid en mate van acceptatie van de SAVASI beoordeeld. Om 
de validiteit van de SAVASI te meten, hebben wij de scores gemeten door de patiënten met 
de SAVASI vergeleken met de VASI metingen van de arts op hetzelfde moment. Om de intra-
waarnemer betrouwbaarheid te meten, is de correlatie berekend tussen de eerst gemeten 
SAVASI en de SAVASI gemeten na twee weken. Om de mate van acceptatie te onderzoeken 
hebben wij de patiënten door middel van een vragenlijst gevraagd hoeveel tijd zij nodig hadden 
om de SAVASI in te vullen en om de moeilijkheidsgraad aan te geven op een vijf puntsschaal. 
De Skindex-29 werd gebruikt om de kwaliteit van leven van patiënten te meten. Er werd  
een hoge correlatie tussen de VASI en SAVASI gevonden (ICC 0,97, 95% CI: 0,95 – 0,98) 
bij 60 patiënten. De intra-waarnemer betrouwbaarheid was adequaat bij 31 patiënten  
(ICC 0,75, 95% CI: 0,54 – 0,87). 50 patiënten (83%) hadden minder dan tien minuten nodig 
om de vragenlijst in te vullen. Slechts vijf (8%) van de patiënten vonden de vragenlijst moeilijk. 
Tussen de overschatting van de SAVASI ten opzichte van de VASI en de kwaliteit van leven van 
de vitiligo patiënten werd geen correlatie gevonden. Op basis van deze gegevens concluderen 
wij dat de SAVASI een valide, betrouwbaar en acceptabel meetinstrument is voor patiënten om 
hun eigen depigmentatie percentage te meten. Door middel van de SAVASI kunnen patiënten 
zelf het percentage depigmentatie meten voor grote epidemiologische studies. Bovendien kan 
het zelf scoren van de omvang van de ziekte bijdragen aan inzicht in de ziekte en therapietrouw.

Hoofdstuk 4 Optimalisatie van de grootte en diepte van punchgrafts voor 
autologe transplantatie bij vitiligo en piebaldisme patiënten:  
een gerandomiseerde gecontroleerde studie 
Autologe punchgrafting transplantatie is tot nu toe de eenvoudigst uitvoerbare en goedkoopste 
chirurgische behandelmethode voor stabiele vitiligo en piebaldisme patiënten. Er zijn echter 
geen betrouwbare gegevens over de effectiviteit en veiligheid van verschillende grootte 
en diepte van de punchgrafts die gebruikt worden. Daarom werd een gerandomiseerde 
gecontroleerde studie uitgevoerd bij 33 patiënten met vitiligo of piebaldisme. Bij elke patiënt 
werden vier gedepigmenteerde vergelijkbare laesies gerandomiseerd voor een van de volgende 
behandelingen: 1,5 mm diepe biopten, 1,5 mm oppervlakkige biopten, 1,0 mm diepe biopten 
en 1,0 mm oppervlakkige biopten. De belangrijkste uitkomst was de totaal gepigmenteerde 
oppervlakte. Secundaire uitkomsten waren de beoordeling van patiënten en bijwerkingen. Zes 
maanden na transplantatie lieten de 1,5 mm biopten een significant grotere gepigmenteerde 
oppervlakte zien vergeleken met de 1.0 mm biopten (P < 0,001). De 1,5 mm biopten lieten 
echter ook significant meer bijwerkingen zien, zoals cobblestone en hypopigmentatie. Er werd 
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geen significant verschil gezien tussen de gepigmenteerde oppervlakte van de oppervlakkige 
en diepe biopten. De diepe biopten lieten wel meer bijwerkingen zien, vooral erytheem, in 
vergelijking met de oppervlakkige biopten. Patiënten waren tevreden over alle getransplanteerde 
gebieden. Concluderend, wij adviseren 1,5 mm oppervlakkige biopten te gebruiken bij 
autologe punchgrafting transplantatie op de romp en de extremiteiten bij stabiele vitiligo  
en piebaldisme patiënten.

Hoofdstuk 5a Autologe celsuspensie transplantatie met een cel extractie 
apparaat bij segmentale vitiligo en piebaldisme patiënten:  
een gerandomiseerde gecontroleerde pilot studie 
Gedepigmenteerde maculae bij stabiele vitiligo en piebaldisme patiënten kunnen 
gerepigmenteerd worden door middel van autologe celsuspensie transplantatie (CST). Een 
cel extractie apparaat (CED) kan het produceren van celsuspensies voor deze techniek 
vergemakkelijken ten opzichte van de techniek die gebruikt maakt van een laboratorium. Er is 
echter weinig betrouwbare literatuur beschikbaar over de techniek met een extractie apparaat. 
In hoofdstuk 5a is het repigmentatie vermogen, de veiligheid, de patiënttevredenheid en de 
samenstelling van de celsuspensie van de CST-CED methode onderzocht. Vijf stabiele segmentale 
vitiligo patiënten en vijf piebaldisme patiënten werden geïncludeerd in deze gerandomiseerde 
gecontroleerde studie. Bij elke patiënt werden drie vergelijkbare gedepigmenteerde laesies 
behandeld met de CST-CED methode en UV-therapie, CO2 laser ablatie en UV-therapie, en 
een controle behandeling waarbij geen behandeling behoudens UV-therapie werd toegepast. 
De percentages repigmentatie, bijwerkingen en patiënttevredenheid werden na zes maanden 
beoordeeld. Er werden significant verschillende repigmentatie percentages gemeten in  
de verschillende behandelgebieden; respectievelijk 78%, 0% en 0% in de CST-CED, de CO2 

controle en de niet behandelde controle behandeling. De CST-CED behandelde gebieden  
lieten in 60% van de patiënten meer dan 75% repigmentatie zien. Er werd een positieve  
correlatie gevonden tussen het percentage repigmentatie en het totaal aantal cellen dat 
getransplanteerd werd. Wij concludeerden op basis van deze uitkomsten dat de CST-CED 
methode een hoog percentage repigmentatie kan induceren en goed wordt verdragen door 
zowel stabiele segmentale vitiligo patiënten als piebaldisme patiënten. Deze methode is 
relatief simpel en maakt het mogelijk om de gehele transplantatie in de behandelkamer 
uit te voeren. Hierdoor is het een goed alternatief voor klinieken die geen gespecialiseerd 
laboratorium hebben. Om de uitkomsten te optimaliseren zal verder onderzoek gedaan moeten 
worden naar de onderliggende mechanismen die de variatie in het aantal cellen kunnen 
beïnvloeden, de relatie van dit aantal cellen met de repigmentatie resultaten, en de optimale  
donor-acceptorexpansie ratio. 

Hoofdstuk 5b Autologe epidermale celsuspensie transplantatie met 
ReCell® in combinatie met fractionele laser behandeling: een proof 
of concept studie 
Op dit moment worden de acceptorgebieden bij autologe celsuspensie transplantatie (CST) 
voorbehandeld met invasieve dermabrasie door volledige laserablatie of abrasie. Fractionele 
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laserbehandeling is een minder invasieve procedure en veelbelovend voor medicijn 
toevoer door de huid. Dit concept is echter nog niet klinisch onderzocht in combinatie 
met celsuspensie transplantatie. In deze intra-patiënt gecontroleerde, split laesie, pilot 
studie werden vier gedepigmenteerde maculae gerandomiseerd om één van de volgende 
behandelingen te ondergaan: 1. conventionele CO2 laser ablatie + celsuspensie + UVA-therapie  
(conventionele CST), 2. fractionele CO2 laser ablatie + celsuspensie + UVA-therapie  
(fractionele CST), 3. conventionele CO2 laser ablatie + UVA-therapie (CO2 controle) en 4. 
UVA-therapie (controle). Bij drie patiënten werden 33%, 21% en 62% repigmentatie gevonden 
in de fractionele CST gebieden en 99%, 30% en 73% repigmentatie in de conventionele CST 
gebieden. De controle gebieden lieten geen repigmentatie zien. Fractionele laser behandeling in 
combinatie met CST lijkt een mogelijke techniek met minder bijwerkingen dan volledige ablatie 
als voorbehandeling. Dit kan een groot voordeel zijn als grote gebieden behandeld worden. In 
deze pilot studie werd echter in de fractionele gebieden minder repigmentatie gezien vergeleken 
met die in de conventionele gebieden. 

Hoofdstuk 5c CO2 laser voorbehandeling bij niet gekweekte celsuspensie 
transplantatie bij vitiligo patiënten: ‘less is more’
Bij patiënten met stabiele vitiligo kan celsuspensie transplantatie repigmentatie induceren,  
met goede resultaten bij 60-100% van de behandelde patiënten. De redenen voor het niet slagen 
van de techniek bij stabiele patiënten zijn niet bekend, maar zouden te maken kunnen hebben 
met de voorbehandeling van het acceptorgebied. Op dit moment worden ablatieve (laser) 
voorbehandelingen gebruikt met verschillende laserinstellingen die resulteren in verschillende 
ablatieve diepten op het acceptorgebied. Er zijn echter geen studies beschikbaar naar laser 
instellingen met de beste ratio effectiviteit versus bijwerkingen om de acceptorgebieden voor 
te behandelen bij autologe transplantatie bij depigmentatie. Er zijn auteurs die aanraden  
te abraderen tot het niveau dat puntbloedinkjes ontstaan en de dermo-epidermale overgang is 
bereikt. Deze puntbloedinkjes zijn echter niet zichtbaar bij behandeling met de CO2 laser. In 
hoofdstuk 5c presenteren we twee casus die laten zien dat minder invasieve voorbehandeling 
met de CO2 laser in combinatie met celsuspensie transplantatie effectief is en potentieel veiliger 
dan meer invasieve CO2 laserbehandeling. 

Hoofdstuk 6 Q-switched laser depigmentatie bij vitiligo patiënten; het 
meest effectief bij actieve vitiligo
Wanneer repigmentatie technieken niet effectief zijn bij uitgebreide vitiligo kunnen 
pigmentlasers gebruikt worden om het resterende pigment te verwijderen. Er is echter weinig 
literatuur beschikbaar over de lange termijn effecten van de Q-switched ruby (QSR) laser om 
depigmentatie te induceren bij vitiligo patiënten en de invloed van verschillende patiënt-en 
behandelvariabelen op het behandelresultaat. Hoofdstuk 6 is een studie naar de effectiviteit, 
veiligheid en patiënttevredenheid van depigmentatie met de QSR laser bij vitiligo patiënten. 
Hiervoor werd een retrospectieve studie uitgevoerd bij goed gedocumenteerde vitiligo 
patiënten met uitgebreide vitiligo die behandeld waren met de QSR laser tussen 2000 en 2012 
in het Nederlands Instituut voor pigmentstoornissen. Patiënten die aan deze inclusie criteria 
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voldeden werden gevraagd om het instituut te bezoeken om de huidige depigmentatie te meten 
en een vragenlijst in te vullen. De vragenlijst bestond uit algemene vragen, vragen over ziekte- 
en behandelingvariabelen en patiënttevredenheid. 48% van de 27 geïncludeerde patiënten  
lieten > 75% depigmentatie zien na een gemiddelde follow-up van dertien maanden. Patiënten 
met een actieve ziekte op het moment van behandeling lieten significant betere behandelresultaten 
zien dan patiënten met een stabiele ziekte (p =  < 0,05). 23 patiënten (85%) waren tevreden 
na de behandeling. Achttien patiënten hadden tijdelijke bijwerkingen na behandeling. Geen 
van de patiënten toonde blijvende of ernstige bijwerkingen, zoals littekens of infectie. Hieruit 
concluderen wij dat QSR behandeling effectief is in bijna de helft van de behandelde patiënten 
en daarbij veilig en met hoge patiënttevredenheid. Omdat patiënten met een actieve vitiligo 
betere resultaten laten zien na QSR behandeling dan patiënten met stabiele vitiligo, adviseren 
wij bij patiënten met een stabiele vitiligo, niet reagerend op QSR proeflaserbehandeling,  
de behandeling uit te stellen tot wanneer de vitiligo actief wordt. 
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DISCUSSION
This final chapter reflects the main findings and limitations of this thesis in the context of 
current literature and displays future perspectives. 

ASSESSMENT OF VITIL IGO 
To measure disease severity, efficacy of therapies, impact on quality of life and to make meta-
analyses feasible, good outcome measures are crucial.1 Until now, there is no consensus on 
a standardized method for assessing vitiligo.2 Numerous outcome measures were identified 
in a systematic review on randomized controlled trials of interventions for vitiligo. Of the 57 
included studies in that review, all assessed the presence of repigmentation although none of 
the studies used exactly the same method of scoring.3 Moreover, there is limited knowledge on 
the measurement properties (the quality of the instruments) of outcome measures currently 
used in vitiligo. Therefore a conclusion on which measurement instrument should be used in 
research and daily practice can not yet be drawn.1 To define a minimum set of core outcomes 
for vitiligo patient care and research, consensus meetings like a Delphi study are imperative. 
E-Delphi consensus meetings on core outcomes for clinical trials on vitiligo were performed 
and published by Eleftheriadou and colleagues in 2015.4 In the final round of this e-Delphi, 
more than 75% of voters of all three stakeholder groups (patients, dermatologists, editors) 
agreed that repigmentation was an essential outcome. Also, side effects and maintenance of 
gained repigmentation were deemed ‘essential’ by one of the stakeholder groups. Based on 
this, the recommendation was made that repigmentation, side effects, and maintenance of 
gained repigmentation should be measured in all future vitiligo trials. In addition, if relevant to 
the intervention being tested and the trial design used, the quality of life, cosmetic acceptability 
of repigmentation, cessation of spreading, and tolerability of treatment should be reported.4  
In addition to consensus, research is needed on the definition of each outcome and a clinical 
relevant cut off point for successful treatment. Subsequently, research has to be done on 
the measurement properties of these outcome measures for vitiligo. In the first two studies, 
described in this thesis, we assessed the measurement properties of instruments assessing 
the degree of depigmentation in vitiligo. In accordance with the e-Delphi study with these 
measurement instruments the area of repigmentation (after an intervention) can be calculated 
using the area of depigmentation objectified in patients at a certain point in time. 

In Chapter 2 we show the reliability and responsiveness of the Vitiligo Area Scoring Index 
(VASI )5 and the Vitiligo  European Task Force  assessment (VETFa ).6 Two well described 
clinician reported outcomes that assess the degree of depigmentation and were proposed 
to offer accurate measures of disease severity and treatment evaluation. The results of our 
study show that the VASI and the VETFa are reliable instruments to assess the degree of 
depigmentation in vitiligo patients. The Intraclass Correlation Coefficients (ICC’s) for the intra 

- and interobserver reliability were high (ICC’s between 0.88 and 0.97). Staging and spreading, 
measured with the VETFa, have only a fair interobserver (ICC 0.35 and 0.42) and good and 
moderate intraobserver reliability (ICC 0.84 and 0.47). For staging and spreading Taïeb et 
al found a moderate correlation using the ideal observer method (K = 0.50 and K = 0.39),6 
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which seems to be comparable to our results. Assessment on spreading and staging is based on 
examination of the largest macule in each body area. This could cause a discrepancy if there are 
differences in staging and spreading between different macules in one body part. Furthermore, 
to assess spreading it is advised to observe the differences in the borders of patches under 
daylight conditions and Wood’s lamp conditions. Obviously, the physicians in our study could 
not reliably differentiate between ongoing subclinical re- and depigmentation. Cessation of 
spreading could be the goal of therapy in vitiligo and the stage of vitiligo is a prognostic factor for 
therapy. Both could be therefore important additions of outcome measures. However, a reliable 
instrument to measure spreading and staging at a certain point in time might not be possible. 
The results of our study furthermore suggest that both the VASI and VETFa are responsive in 
assessing change in the degree of depigmentation in vitiligo, as all four hypotheses formulated 
a priori were confirmed. In the absence of a gold standard, we could not assess if the degree of 
change was an adequate reflection of the ‘true’ change measured by the gold standard. Therefore 
we used the construct approach: hypothesis testing. Despite of the suggested responsiveness 
the smallest detectable change (SDC), 2.9 %-10.4 %, appears large in relation to the mean VASI 
(7.6%) and mean VETFa (8.5%). The SDC was 7.1% and 10.4% for the interobserver reliability 
and 4.7% and 2.9% for the intraobserver reliability in the VASI and VETFa depigmentation, 
respectively. The large SDC could indicate that the instruments are not able to detect small 
differences in depigmentation in individual vitiligo patients, especially with different observers. 
The inability to detect small differences could limit the use of these instruments in daily clinical 
practice. A method that can detect small differences in depigmentation and ⁄or repigmentation 
during and after vitiligo treatment in individual patients is useful for the accurate assessment 
of this disease in clinical practice. The high ICCs indicate that these instruments could be good 
enough to use in research. However, when we compare the SDC with the body surface affected in 
the study this SDC may not be small enough to detect the small changes mostly seen in vitiligo 
after therapy. Moreover this might not be accurate enough to detect changes in a target lesion. 
More objective and precise methods that could be used to asses depigmentation extent and 
repigmentation in a target lesion are the digital image analysis systems (DIAS)7,8 and the score 
and point-counting method.9 However, these techniques are time-consuming and therefore less 
useful in widespread vitiligo or in studies with a large number of patients. Furthermore, with 
the DIAS score specific devices and software are needed for the measurement. The need of specific 
expensive devices could limit the use in developing countries whereby the standardization of 
use worldwide is being hampered. For routine clinical exams, serial digitized photographs can 
be used to monitor a patient’s response to vitiligo treatment. Based on our results it was not 
possible to recommend one of these instruments specifically. To confirm these results and to 
create support to use one of these instruments as standardized measurement instrument in 
research and patient care a multicenter study in a larger cohort should be performed on these 
measurement instruments.  

 In Chapter 3 we showed that the SAVASI is a valid, reliable, and acceptable self-assessment 
tool to measure the degree of depigmentation in vitiligo. We found a high correlation between 
the VASI and the SAVASI (ICC 0.97, 95% CI: 0.95-0.98) in 60 patients. The intraobserver 
reliability of the SAVASI (ICC 0.75, 95% CI 0.54-0.87) was adequate in 31 patients. Fifty patients 
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(83%) completed the questionnaire within 10 minutes and only five patients (8%) considered 
the SAVASI to be hard. One of the important limitations of this study was the selection bias in 
the intraobserver analyses caused by the fact that only 31 patients (52%) of the included patients 
in the study returned their questionnaire for the intraobserver reliability assessment. This could 
be an indirect indicator that the questionnaire was too difficult or too time consuming. However, 
this did not appear from the acceptability assessments in the first questionnaire in this study. 
Therefore, we did not assess the reason for non-responding to the second questionnaire. Another 
explanation for the low response rate may be a lack of motivation to fill in the questionnaire at 
home. The SAVASI is the first patient oriented measurement tool for vitiligo patients that allow 
patients to assess the degree of depigmentation of their vitiligo. Patient orientated medicine is 
an emerging concept, which allows greater involvement of the patient in the management of 
chronic diseases, which can contribute to the patient’s disease insight and therapy adherence. 
Furthermore, self-assessment scores can be effective tools for communication between patients 
and physicians and a valuable supplement in therapeutic education programs.  Moreover, 
a validated self-assessment score is useful in epidemiologic questionnaire studies. As described 
in our study on the clinician reported outcomes, in addition to the degree of depigmentation in 
vitiligo other measures such as the activity of the vitiligo, quality of life, quality of pigmentation, 
cosmetical acceptance for the patient and patient perceptions should ideally also be taken into 
account in a self-assessment measure.2,10 In a review of Vrijman et al strong evidence was found 
for a positive internal consistency of the DLQI to measure quality of life in vitiligo patients.1 
Similar validity studies on patient - orientated measurement instruments in atopic dermatitis 
and psoriasis showed lower correlation coefficients, ranging from 0.67-0.91.11,12 These studies 
concluded that self-assessment tools are valuable for everyday practice and epidemiological 
studies.11 We expect that the development of this instrument could contribute in such a way. 

Future perspectives
The measurement studies in this thesis show that the instruments in the studies used  
(VASI, VETFa, and SAVASI) are reliable, user friendly, and applicable in every setting. 
However, these instruments are still not consistently used in vitiligo research or daily practice. 
Furthermore, in addition to the degree of depigmentation and repigmentation other measures 
such as the activity of the vitiligo, quality of life, quality of pigmentation, cosmetical acceptance 
by the patient, and patient perceptions in general should also be taken into account in an 
ideal and complete measurement in vitiligo patients. It is imperative to come to consensus on 
the instruments that should be used in research and daily practice world wide. Standardized 
measurement instruments of good quality can objectify disease severity and efficacy of therapies. 
In patient care, this allows to evaluate disease severity or treatment effect within patients, 
more standardized and objective. In research, this makes comparisons between the outcomes 
of different studies possible and allows meta-analyses.1 The executed Delphi meetings will 
contribute to come to this consensus. A minimum set of core outcomes for vitiligo research is 
defined.4 However, to assess if the small changes that therapy induces in vitiligo can be measured 
by these instruments, it is important to perform further research on the responsiveness of 
the instruments. Consensus has to be acquired on whether different or the same measurement 
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instruments could and should be used in clinical practice and research, and in therapies that 
are used in segmental vitiligo to repigment a single lesion (transplantation therapy), and in 
therapies in non-segmental vitiligo where widespread vitiligo is treated. Furthermore, a clinical 
relevant cut off point for successful treatment should be investigated to be able to conclude on 
successful treatments in trails.      

THERAPY
Since vitiligo and piebaldism alter patients’ appearances and  their quality of life,13 they often 
seek medical advice. The standard treatment of vitiligo consists of topical treatment with 
potent corticosteroids or other immunomodulaters, and/or phototherapy.14,15 However, these 
therapies are not satisfying in every patient and usually induce incomplete repigmentation.16-18 
In stable unresponsive depigmented lesions, autologous melanocyte transplantation is 
the treatment option of choice.18-20 Various methods of autologous melanocyte transplantation 
have been developed to treat stable unresponsive depigmented lesion. The basic principle 
of all these surgical techniques is to transplant (autologous) melanocytes from the normal 
pigmented skin to the depigmented macules where melanocytes are absent. Current treatment 
recommendations for choosing a transplantation method are based on data from a limited 
number of studies, and on personal experience and technical possibilities.21 Punchgrafting 
shows good repigmentation results in 44-100% of the patients treated, and the procedure is 
relatively easy and inexpensive.17,21,22 However, data on the most effective punch size and depth 
are currently lacking. Long term follow-up studies on another relatively much used technique, 
autologous cell suspension grafting, suggest that this is also an effective and safe repigmentation 
procedure in vitiligo and piebaldism patients.23 Results of 52 treated locations indicated 
a repigmentation rate of 95-100% in segmental and piebaldism patients and a rate of 49% in 
non-segmental vitiligo patients.24 An advantage of this technique compared to punchgrafting is 
the larger recipient to donor site ratio. A disadvantage is the specialized laboratories needed for 
this technique. To optimize treatment effects of transplantation with punch grafts we performed 
an intra-patient controlled study on punch depth and size. In chapter 4 we showed that 1.5 
mm grafts induced a significantly larger pigmented surface area compared to 1.0 mm grafts 
(p <0.001). However, the 1.5 mm grafts induced also more side effects for both donor and 
recipient sites. No significant differences between punch depths on the total pigmented surface 
were found. Deep grafts showed more side effects i.e. erythema compared to superficial grafts. 
Overall, patients reported a (very) good general outcome for the Patient Global Assessment for 
all treatment regimens. In conclusion, 1.5 mm superficial grafts were most beneficial, showed 
fewer side effects and could therefore be recommended to be used in autologous punchgrafting 
for trunk and extremities in stable vitiligo and piebaldism patients. No previous comparative 
studies on different punch depths and punch sizes have been conducted.25 Other punchgrafting 
studies showed mean diameters of repigmentation up to 6.5 mm,26,27 which was markedly 
larger than in our study. These difference could be explained by their longer follow up, different 
anatomical locations of the recipient sites (e.g. face), other UV (UVB) treatment, and the skin 
types of the patients included in these studies. The findings of more side-effects in the larger 
grafts are in line with the previous literature were the cobblestone effect is more often found in 
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larger grafts also.17 The most important limitation to this study were the non-standardised way 
of harvesting the grafts and applying UV therapy. Furthermore, to minimize sun exposure as 
confounder we only included trunk and upper extremities. Therefore, our conclusions apply to 
these regions only. More sensitive regions like neck and chest may show more side effects while 
the face may show better repigmentation.  

Chapter 5a shows the repigmentation results after autologous cell suspension 
transplantation using the ReCell® cell extraction device (CST-CED) in segmental vitiligo and 
piebaldism patients. This cell extraction device obviates the need for a specialized laboratory, 
allowing performance of the complete transplantation in the operation theatre, thereby saving 
time. We show in this randomized controlled pilot study a median repigmentation of 78%, 0% 
and 0% for the CST-CED, the CO2 control, and the no-treatment control sites, respectively  
(p = 0.001). Sixty percent of the CST-CED sites showed > 75% repigmentation. Repigmentation 
was assessed as good or excellent by 70% of the patients in the CST-CED sites. No long term side 
effects were seen in the recipient sites. The same CST-CED was used previously by Cervelli and 
colleagues and Mulekar and colleagues who reported in an uncontrolled and small study > 75% 
repigmentation in 80% and 40% of the treated patients, respectively.28,29 CST can be performed 
without the use of a fully assembled laboratory and with this ready for use CST-CED. These 
laboratory-based CST methods lack general standardization and differ widely in technique. 
However, outcomes in terms of repigmentation appear to be overall better than the results 
found in our study. Studies with laboratory-based CST reported > 75% repigmentation in 
approximately 57-100% of the stable patients six months after treatment.21,30-34 We hypothesize 
that the wide range in overall outcome may be explained by the differences in the methods 
used to harvest skin, preparation of the recipient site, and processing of the cell suspensions. 
A suspension with a higher viscosity has been claimed to be more effective.22 Limitations of this 
study include the small number of patients, and the specific setting of this study. Treatment 
was limited to patients with stable segmental vitiligo and piebaldism and outcomes cannot 
directly be extrapolated to stable non-segmental vitiligo. Moreover, treatment was limited to 
the trunk and extremities and other body parts may react differently. To get more insight in 
the possible causes of graft failure we evaluated the cellular suspension composition in relation 
to the repigmentation results. A positive correlation between the percentage of repigmentation 
after CST-CED treatment and the total number of (viable) cells transplanted and the percentage 
viable melanocytes was found. The variance in cell count was high (2.93x103 ± 2.73x103), despite 
the fact that we standardized the skin harvesting, processing of suspension, and laser ablation 
as much as possible. After incubation in the enzyme solution the epidermal cells are manually 
mechanically disaggregated, which is difficult to standardize and could cause variance in cell 
yield and viability. Inter-patient variability could also contribute to the variation. The viability 
of the melanocytes found in our study was high (79 ± 15%), in comparison with the lower 
viability of the total cells (52 ± 19%). The viability of total cells was lower than found by Wood 
et al.35 The total number of melanocytes (58 ± 55) transplanted per mm2 recipient site in our 
study was furthermore low compared to earlier studies using conventional CST and cultured 
melanocytes.33,36 Tegta et al. concluded that the minimum number of total melanocytes required 
to provide visible repigmentation after conventional CST is in the range of 210-250 per mm2.33 
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However, they did not publish data on the viability of the melanocytes. Our results suggest that 
repigmentation can be achieved with fewer melanocytes, as long as melanocyte viability is high. 
The large variation in melanocyte counts between studies may result from the method of cell type 
identification. To optimize outcomes after CST, future research should focus on the mechanisms 
underlying the variation in cell counts, their correlation with the repigmentation results, and 
the optimal donor to recipient expansion ratio. Other possible explanations of graft failure 
could be the pretreatment of the recipient side. Until now, there is no optimal clinical endpoint 
for the ablation depth of the recipient site when using a CO2 laser.  

In chapter 5b less invasive fractional laser treatment in combination with CST was studied 
to obtain optimal treatment results with minimal side effects. Three patients showed 33%, 21%, 
and 62% repigmentation in the fractional CST sites and 99%, 30%, and 73% repigmentation in 
the conventional CST sites, respectively. Neither the CO2 control nor the no-treatment control 
sites showed any repigmentation. The color of repigmentation matched the surrounding skin. 
This is one of the first clinical studies that shows repigmentation after fractional laser assisted 
CST. Recently, proof of concept in animal experiments was established for transcutaneous 
transplantation of bone marrow stem cells and adipocyte derived stem cells assisted by fractional 
laser channels.37,38 CST induced more repigmentation when combined with conventional laser 
ablation than fractional laser ablation. Possible explanations for these inferior results could 
firstly be that in fractional treatment not enough cells could penetrate the treatment channels to 
give a complete repigmentation. Secondly, conventional laser involves mechanical wiping with 
a gauze to remove necrotic debris while in the fractional sites the debris could not have been 
wiped off completely preventing the cells from the suspension to attach. Thirdly, the outgrow 
ability of the transplanted melanocytes could have been insufficient to cover areas not ablated 
by the laser. However we know from punchgrafting studies that grafts have the ability to 
repigment areas 10-56 times larger than the graft itself and can migrate more than 4 mm.26,27 19 
This outgrowth however, could be hampered in the suspension method by the damaging work 
up where both melanocytes and recipient sites are subjected to, which is in contrast to the punch 
graft method where functioning tissue is being transplanted.  In conclusion, fractional laser 
treatment in combination with CST seems to be a promising technique with potentially fewer 
side effects than the conventional treatment, which especially will have advantages when large 
areas are treated. However, in this pilot study fractional laser assisted CST showed less complete 
repigmentation compared to conventional laser assisted CST. Further research is therefore 
necessary in a larger population, in larger depigmented areas, using different fractional laser 
devices and settings, to find the optimal procedure with maximal repigmentation and minimal 
side effects.

In chapter 5c we presented two cases that suggest that less invasive CO2 laser treatment in 
combination with CST could be as effective as and potentially safer than more invasive treatment.     

In patients with extensive and refractory vitiligo, depigmenting the remaining normally 
pigmented islands of skin through chemical or physical methods may be warranted.14 However, 
limited published information is available.39 Monobenzone ethyl ester (MBEH) can be applied 
topically as a 20% cream to induce depigmentation.40 MBEH is however, not available in 
The Netherlands for this treatment indication. Furthermore, cryotherapy has been reported as 
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an inexpensive depigmentation therapy, but due to the risk of scarring, it should be used only 
by experienced dermatologists.14,39-41 Q-switched laser therapy is another treatment option that 
can result in depigmentation by selective photothermolysis of melanocytes in the remaining 
pigmented lesions.42 Lasers are reported to achieve faster depigmentation compared to chemical 
agents and the risk of scar formation is less compared to cryotherapy.39,43,44 

In Chapter 6 we show that QSR laser therapy is an effective treatment in approximately 
half of the patients, with no long term side effects and high patients’ satisfaction. In our study 
48% of the treated patients showed > 75% depigmentation after a mean of 13 months follow 
up. From the publication of Boukari and colleagues it appeared that complete depigmentation 
was achieved in all 6 patients (100%) treated. However, only 2 patients (33%) remained 
depigmented, and 2 patients (33%) showed minimal repigmentation ( < 25%).45 Thissen and 
colleagues reported complete depigmentation in all 8 patients (100%) treated. Again, only 3 
patients (38%) remained depigmented.43 Njoo and colleagues described total depigmentation 
in 9 of the 13 treated patients (69%).44 Five (38%) of these 13 patients remained depigmented. 
Part of the differences between outcomes in these studies and our study could be explained 
by the small cohorts and the differences in follow up and population. Longer follow up could 
either result in better results due to intrinsic disease activity inducing further depigmentation 
or in worse results because of repigmentation. In contrast to what is mostly stated in literature, 
we observed in our study therapy-resistant patients that never achieved any depigmentation, 
patients with perifollicular repigmentation, and patients with persistent depigmentation. This 
is supported by the answers from the questionnaire, where 15% of the patients reported no 
depigmentation after laser treatment and 56% of the patients reported initial depigmentation 
followed by repigmentation with a mean onset of 5 months after treatment. Complete 
depigmentation in current literature was observed within 7 to 14 days post treatment.43 We 
hypothesize that this direct effect is due to temporary breakdown of melanosomes and 
melanin with intact melanocytes. These melanocytes can induce repigmentation by producing 
new melanin. For permanent depigmentation, at least a great part of melanocytes should be 
destroyed. We propose the first follow up at 6 weeks after laser treatment and for assessment 
of long term effects we advise follow up after at least 5 months, the mean time of onset of 
repigmentation in our study.  The results of our study suggest that there are no long term side 
effects and no adverse effects after QSR laser treatment for depigmentation, indicating that QSR 
laser treatment is safe, in accordance with current literature. There are some limitations to this 
study. First of all, this study presents partly retrospectively generated data. Secondly, a selection 
bias is caused by the fact that not all patients treated with the QSR laser participated in the study 
(27 patients, 56%). The data were obtained from a small sample (n = 27) and conclusions were 
drawn on a limited statistical significance. Therefore, additional studies in a larger series of 
patients are required to confirm these results. The results of patients with active disease were 
significantly better than in patients with stable disease (Fisher’s exact test P = 0.046). Skin type, 
having Koebner phenomenon, the type of vitiligo, side effects after treatment, the duration of 
disease, and the duration of follow up were not significantly related to the treatment outcome 
in our study. In accordance to repigmentation studies, level of disease activity of vitiligo 
appears the most important factor for a successful treatment. Further research should focus on 
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the possibility to induce disease reactivation in clinically stable vitiligo patients eligible for laser 
depigmentation in order to optimize treatment results. 

Future perspectives
One of the important factors of treatment success in vitiligo appears to be the level of activity 
of vitiligo.22,46-48 The importance of the level of activity is again affirmed by the depigmentation 
and repigmentation studies in this thesis. In repigmentation, stable vitiligo results in successful 
transplantation treatment, whereas in depigmentation active vitiligo shows better treatment 
results (chapter 6). To achieve repigmentation, a melanocyte reservoir should be present or 
(autologous) melanocytes have to be transplanted to the depigmented. However, repigmentation 
is only maintained when there is no (further) breakdown of melanocytes by active vitiligo. In 
non-segmental vitiligo further research is necessary on therapies that stabilize vitiligo, only 
hereafter (lasting) repigmentation is possible.49 The development of systemic biological therapies 
that target cytokines in the discipline of auto inflammatory skin diseases such as psoriasis 
suggests that a similar approach might be successfully used in vitiligo.50 When stability can be 
induced, transplantation can be a treatment option for non-segmental patients too, although in 
limited areas and in patients were repigmentation cannot be achieved by UV(B) treatment. For 
depigmentation the possibility to induce disease reactivation in clinically stable vitiligo patients, 
eligible for laser depigmentation, could optimize treatment results in a patient group were there 
are no other treatment options. 

In autologous transplantation the results of the current treatment options are still not 
satisfactory in every patient. More research is necessary on patient, disease and treatment 
variables that correlate with the treatment outcome, allowing better selection of patients before 
starting therapy and optimization of treatment effectiveness. As stated above, it is important 
to treat stable patients. Furthermore, the choice of therapy is dependant on the choice of 
the practitioner but also on the body areas and the size of the lesions treated. To find the optimal 
procedure with maximal repigmentation and minimal side effects, further research is necessary 
on mechanisms underlying variation in cell counts, patient variables in correlation with 
the repigmentation results, different fractional laser devices and settings, and optimal donor to 
recipient expansion ratio.   
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CURRICULUM VITAE
Lisa Komen werd geboren in Hengelo op 23 augustus 1985. Haar atheneum diploma behaalde 
zij in 2003 aan Lyceum de Grundel in Hengelo. In 2004 werd zij ingeloot voor de studie 
geneeskunde aan de Rijksuniversiteit Groningen. Haar senior co-schappen liep zij in Zwolle, 
Groningen en Manipal, India. Zij studeerde in 2012 af na haar wetenschappelijke stage te hebben 
afgerond in de Stichting Nederlands Instituut voor Pigmentstoornissen (SNIP), nu onderdeel 
van de afdeling dermatologie van het Academisch Medisch Centrum (AMC) te Amsterdam. 
Na haar afstuderen bleef zij werken in de SNIP als arts-assistent en arts-onderzoeker, waar zij 
wetenschappelijk onderzoek deed naar vitiligo. Op dit moment is zij werkzaam als arts-assistent 
in opleiding tot dermatoloog in het Flevoziekenhuis in Almere. De opleiding tot dermatoloog 
is zij in september 2014 gestart en zij zal in 2017 haar opleiding tot dermatoloog vervolgen in 
het AMC. 
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DANKWOORD
Dit proefschrift is tot stand gekomen dankzij de hulp en begeleiding van veel mensen. Iedereen 
die hier een bijdrage aan heeft geleverd kan ik niet genoeg bedanken. Een aantal mensen wil ik 
echter in het bijzonder bedanken. 

Allereerst gaat mijn dank uit naar mijn promotor en co-promotoren. 

Prof. dr. M.A. de Rie, promotor. Beste professor de Rie, bedankt voor uw begeleiding tijdens 
het promotietraject. De adviezen gedurende het onderzoek, de kritische blik hierop en op 
de artikelen hebben geleid naar dit resultaat. De begeleiding in de afrondende fase en uw 
vertrouwen zorgde dat de voltooiing van het proefschrift ondanks dat ik niet in het AMC 
aanwezig was, goed is verlopen. 

Dr. A. Wolkerstorfer, co-promotor. Beste Albert, toen ik als student mijn wetenschappelijke 
stage deed in de SNIP werd ik enthousiast voor het onderzoek. Door jouw vertrouwen, geduld, 
positiviteit en enthousiasme is de wetenschappelijke stage uiteindelijk een promotietraject 
geworden. Tijdens dit traject had je altijd ideeën voor onderzoek, was je laagdrempelig 
bereikbaar voor overleg en keek je tot in de kleine details naar de artikelen. Ook je supervisie 
tijdens de patiëntenzorg was zeer prettig en leerzaam. 

Dr. J.P.W. van der Veen, co-promotor. Beste Wietze, in de SNIP heb je mij de mogelijkheid 
geboden het wetenschappelijke werk te combineren met patiëntenzorg. Hier heb ik veel van je 
geleerd. Bedankt voor de ideeën voor het opzetten van de studies, de kritische kanttekeningen 
bij de opzet en uitvoering van die studies en bij de artikelen. 

Prof. dr. P. I. Spuls, Dr. M.W. Bekkenk, Prof. dr. H.J.C. de Vries, Prof. dr. N. van Geel, Prof. dr. R. 
Hoekzema en Prof. dr. S. Gibbs, leden van de promotiecommissie. Bedankt voor het beoordelen 
van mijn manuscript en het plaatsnemen in de commissie tijdens de promotie. 

Alle medeauteurs wil ik bedanken voor hun bijdrage aan de studies en artikelen. 

Dit proefschrift bestaat uit klinische studies die niet mogelijk waren geweest zonder de 
medewerking van de patiënten die aan de studies deelnamen. Deze patiënten wil ik bedanken 
voor hun deelname. 

Alle collega’s van de SNIP wil ik bedanken voor de prettige samenwerking, goede werksfeer en 
gezelligheid naast het werken. 

Charlotte Vrijman, toen ik op zoek was naar een plek voor mijn wetenschappelijke stage kon ik 
bij jou in de SNIP meewerken aan een onderzoek naar de punchgraft transplantatie techniek. 
Hierna heb ik de kans gekregen dit promotietraject te starten. Bedankt voor de introductie in 
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het onderzoek en de fijne samenwerking tijdens de studies en het schrijven van de artikelen. 
Ik heb veel geleerd van jouw harde werken en je gestructureerde manier van onderzoek doen. 

Drs. L. Nieuweboer-Krobotova, beste Inka, bedankt voor je begeleiding en adviezen tijdens 
mijn tijd in de SNIP. Tijdens de onderzoeken was het altijd mogelijk een beroep op je te doen. 

Anne-Margreet, Arne, Marije, Hansje-Eva en Silke. Bedankt voor de gezellige tijd die ik in  
de SNIP heb gehad en al jullie steun en hulp bij de onderzoeken. Anne-Margreet, door 
jouw promotie van dichtbij mee te maken zag ik dat dit ook heel leuk kan zijn, bedankt voor al 
je adviezen tijdens de studies en het afronden. 

Bernice, Carmen, Alisa, Francisca, Selma, Bianca, Angabeen, Karin en Daphne bedankt voor 
jullie logistieke hulp en assistentie tijdens en bij het afronden van de studies. Mariska bedankt 
voor jouw hulp tijdens de afrondende fase. 

Gayle, Vivian, Sharon en Lisanne als student hebben jullie mij fantastisch geholpen bij  
de studies en de artikelen. 

Annelies, Arne en Karien bedankt voor al jullie advies tijdens de afrondende fase en natuurlijk 
voor de gezelligheid en goede gesprekken op de kamer de laatste maanden in het AMC. 

Stef, Louise en Celine, het was leuk jullie tijdens de laatste maanden in het AMC als buren  
te hebben, bedankt voor al jullie interesse en advies tijdens het onderzoek. Alle andere 
mede-AIOS en onderzoekers wil ik bedanken voor hun advies en hulp tijdens het onderzoek. 

Collega’s op L3 bedankt voor jullie ondersteuning tijdens het onderzoek en het schrijven van 
de artikelen. Prof. L.M. Luiten, beste Rosalie, bedankt voor het meedenken over de opzet van 
studies, het kritisch kijken naar de methoden en de artikelen. Gabrielle, Esther en Karina, 
bedankt voor al jullie hulp bij de ReCell studies. Door jullie hebben we de cel-analyses kunnen 
uitvoeren en interpreteren. Esther, bedankt voor tijd en moeite die jij hebt gestoken in de FACS 
analyses. Gabrielle bedankt voor de ondersteuning en gezellige tijd op de SNIP en tijdens  
de cel-analyses. 

Collega’s in het Flevoziekenhuis bedankt voor de opleiding, prettige werksfeer en gezelligheid 
de afgelopen 1,5 jaar in Almere. Vooral bij het afronden van het proefschrift heb ik veel gehad 
aan jullie begrip dat hier af en toe tijd voor nodig was. Dr. J.E. Zeegelaar, beste Jim, bedankt  
voor de opleiding, adviezen en jouw interesse in mijn promotietraject, je maakte mij duidelijk 
dat het heel goed mogelijk was dit in de Flevotijd af te ronden. Dave van der Zwaan, Wim 
Roest en drs. Chin-A-Lien ik heb al heel veel van jullie geleerd de afgelopen tijd en hoop nog 
net zoveel te kunnen leren tijdens het laatste jaar van mijn opleiding in het Flevoziekenhuis. 
Stephanie, Jack en Marlies fijn dat jullie mijn collega’s zijn. Altijd kan ik bij jullie terecht met 
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vragen over het werk en al het andere. Door jullie is het begin van mijn opleiding een feest in 
en buiten Almere.

De sponsors wil ik bedanken voor de financiële ondersteuning voor het drukken van  
dit proefschrift. 

Mijn paranimfen. Lieve Fraukje, bedankt voor je eeuwige interesse in mijn onderzoek  
en dat we hier, zoals over alles, uren over de telefoon over kunnen praten. Ik ben blij dat ik 
jou als ervaren paranimf straks naast me heb staan en hoop snel ook jouw promotie te vieren.  
Lieve Eva, bedankt voor al je adviezen en steun in alles rond de promotie. Ik ben blij dat jij 
straks naast me staat omdat je altijd zorgt dat ik me niet te druk maak. Hierna weer veel meer 
tijd om alle andere dingen te doen waar we van genieten en goed in zijn. 

Lieve Hengelo en Groningen vriendinnen en vrienden, jullie zorgen dat ik weet dat er buiten 
werk en promoveren nog heel veel andere dingen belangrijk zijn. Bedankt voor jullie interesse 
in en adviezen over mijn onderzoek de laatste jaren. 

Lieve papa en mama, bedankt voor alle adviezen en steun die ik al 31 jaar van jullie krijg.  
De interesse in de geneeskunde is er vanaf jongs af aan al, door jullie. Wij mochten en konden 
bijna altijd alles. Maar jullie hebben ons wel laten zien dat als je iets wilt, je je best moet doen 
en er hard voor moet werken. 

Lieve Abel en Job, aan het begin van dit traject was het voor mij een goede drijfveer om hoger 
opgeleid te worden dan jullie. Hierna heb ik veel gehad aan jullie kritische kanttekeningen  
en hulp bij het Engels, maar vooral aan jullie humorvolle relativeringsvermogen. 

Lieve extended family bedankt voor jullie interesse en steun de afgelopen jaren. 

Lieve familie Hoevers, bedankt voor al jullie duizenden oprechte vragen over mijn onderzoek 
en de steun tijdens dit traject.

Lieve Daan, al 10 jaar maak je mij heel gelukkig. Jij zorgt dat ik kan doen wat ik wil en jij 
maakt dat nog veel leuker. Jij hebt met je geduld, spellingschecks en gevraagde en ongevraagde 
adviezen heel veel bijgedragen aan dit proefschrift. Maar vooral gezorgd dat de stress onder 
controle bleef, er veel leuke dingen daarnaast waren en vooral nog gaan komen!
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