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Abstract

Vitiligo is an acquired, idiopathic disorder characterized by depigmented macules and patches with absence of functional
melanocytes. Numerous treatment strategies exist, but lesions may be resistant to traditional therapies. Many treatments can
help including topical including mainly topical steroids, calcineurine inhibitors and more recent biological therapy, ultraviolet
light, laser including needling and surgical with various techniques. In this paper we highlight the various surgical techniques

which can be helpful in the treatment of Vitiligo.
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1. Introduction

Vitiligo is a dermatological condition characterized by pigment
irregularities affecting both the skin and mucous membranes.
Clinically, it presents as well-defined white patches of varying
shapes and sizes, indicating a reduced number of melanocytes.
Due to its significant impact on appearance, several non-invasive
treatments are available to manage this condition. However,
when these methods prove ineffective, surgery becomes a viable
option, particularly for stable yet challenging-to-treat cases. The
continuous development of new techniques and alterations to
existing cell and tissue transplantation treatments offer hope to
numerous patients globally. The effectiveness of each method
relies on its appropriate selection based on the specific lesions
being treated. Every surgical intervention in vitiligo treatment
has its own set of advantages and disadvantages. These factors,
coupled with considerations like the location or size of the treated
hypopigmentation area, require careful analysis by a physician in
consultation with their patient. This article provides an overview
of the current surgical treatment methods for vitiligo, comparing
their respective merits and demerits [1].

2. Dermatosurgery

In the past few decades, there has been significant progress
in the development of new innovative methods and various
modifications to existing techniques used in surgically treating
vitiligo. Two primary surgical methods stand out in vitiligo
treatment: one involves tissue grafts, while the other revolves
around cellular grafts. The approach using tissue grafts entails

harvesting a segment of skin from an area of the body with normal
pigmentation. This skin fragment is then transferred directly,
without any additional processing with chemical reagents or
enzymes, to a previously prepared recipient site. Dermabraders,
various types of lasers (such as fractional CO2, ablative CO2, or
Erbium YAG), micro-needling, and suction blistering are among
the tools that can be utilized for this purpose [2].

Typically, the donor site selected for skin harvesting in vitiligo
surgery is not readily visible or exposed to sunlight. Common
locations for obtaining harvested skin include the inner side
of the thighs, buttocks, back, or the postauricular area (behind
the ear), especially if the treatment region involves facial areas.
These sites are chosen to minimize visible scarring or alterations
to the patient's appearance [31].

Cell transplants in vitiligo treatment require a processing step to

transform the cells obtained, enabling their use as graft material
applied to the affected area. Dermatosurgery is often considered
most effective, particularly in cases of segmental vitiligo. This
approach highlights the specificity involved in manipulating
cells for transplantation, providing a targeted treatment strategy
for managing vitiligo [4].

Indeed, the effectiveness of surgical methods in treating
segmental vitiligo (SV) is primarily attributed to the stability of
the observed changes. Typically, in cases of SV, the depigmented
areas tend to remain stable over time. This stability criterion is
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regarded as crucial for achieving successful outcomes through
surgical interventions in the treatment of SV. The consistent
nature of the affected areas in SV enhances the prospects of
favorable responses to surgical treatments for vitiligo [5].

Nevertheless, patients with stable non-segmented vitiligo
may also successfully receive such treatment if this method
is supplemented with other available therapeutic options [6-
8]. To enhance the clinical outcomes achieved post-surgical
procedures, it's often recommended to complement the entire
treatment regimen with NB-UVB (Narrowband Ultraviolet B)
311 nm or PUVA (Psoralen plus Ultraviolet A) phototherapy.
This adjunctive phototherapy is utilized to consolidate and
improve the results obtained from surgical interventions in
vitiligo cases, particularly in segmental vitiligo. The combination
of surgical methods with these specific phototherapy modalities
aims to optimize repigmentation and maintain long-term
efficacy in managing vitiligo. Due to the fact that the appropriate
qualification of a patient for a given treatment method is one of
the most important factors influencing its effectiveness, it was
necessary to establish proper inclusion and exclusion criteria
that would facilitate this process. In 2021, the British Association
of Dermatologists formulated comprehensive guidelines for
vitiligo treatment, which acknowledge surgical intervention as
one of the potential therapeutic options. However, the guidelines
underscore that this treatment is not extensively accessible
through the National Health Service (NHS) but rather available
in a restricted number of specialized centres. The guidelines
propose the consideration of cellular grafting for patients with
stable segmental or non-segmental vitiligo, especially in cases
where other treatment methods have yielded unsatisfactory
results. Nonetheless, the authors of these guidelines classify
surgical therapies as a weakly recommended intervention for
vitiligo treatment, indicating a more cautious endorsement of
surgical approaches compared to other treatments [9].

3. Tissue Grafts

3.1. Mini-Punch Graft (Mpg)

The innovative technique known as minigrafting was initially
introduced in 1978 by Rafael Falabella. He employed a
dermabrasion device fitted with dental burrs to create abrasions
measuring 2 to 3 mm in diameter and less than 1 mm in depth,
spaced approximately 5 mm apart. This method represented
a modification of the previously established punch grafting
technique used in treating hypopigmentation skin disorders [10].

Even after more than 40 years since its introduction, the
minigrafting technique remains highly regarded as a cost-
effective and straightforward procedure. It is particularly
recommended for patients with acral vitiligo or those experiencing
hypopigmentation issues in areas such as the nipples, lips, or
palms. These areas are known for their irregular shapes and are
often deemed less responsive to conventional medical therapies.
Minigrafting is considered effective in treating such challenging
areas affected by vitiligo due to its ability to address the irregular
shapes and complexities of these specific zones [1-13]. In the
minigrafting procedure, tissue collection typically occurs from
concealed areas such as the upper thigh or the gluteal region.

These regions are chosen due to their hidden nature, ensuring
that the donor site remains discreet and less visible post-
procedure, and is carried out with a punch biopsy tool equipped
with a blade, which allows the obtention of a cylindrical core
of tissue sample, whereby the procurement of the tissue may be
manual or motorized [14,15].

To optimize the effectiveness of mini punch grafting, the tool is
strategically positioned at the donor site to collect the maximum
number of grafts from the smallest area possible. Once the
tissue grafts are obtained, they are transferred to the previously
prepared recipient area. Subsequently, both the treated site and
the donor area are covered with dressings, which are typically
removed after a period ranging from four to seven days.
Following this, phototherapy is implemented as the final stage
of treatment. Phototherapy plays a crucial role in facilitating
the repigmentation process, exerting a beneficial effect on the
outcome of the treatment [16].

According to the findings presented in the article by Mohammad
Helalat et al., approximately 90% of patients who underwent
mini-punch grafting showcased favourable repigmentation
outcomes categorized as good to excellent within a span of
six months post-procedure [17]. The study published in 2021
revealed that the pigmentation process could potentially be
hastened by utilizing platelet-rich plasma (PRP). Despite the
presence of various components in PRP, including BFGF (basic
fibroblast growth factor), which influences melanocyte activity,
the study indicated that the application of PRP did not yield a
significant effect on the ultimate outcome of the treatment.
Therefore, while PRP may have the potential to accelerate
pigmentation, its specific impact on the final results of the
treatment was not notably significant in this study. The most
commonly cited therapeutic complications that heavily impact
the final cosmetic outcome involve cobblestoning and polka dot
effects, significantly influencing the aesthetic appearance of the
treated skin. Over the years, modifications introduced to various
aspects of the procedure, such as the method of harvesting tissue
for transplantation, have aimed to reduce potential complications.
A study conducted by Hirobe et al. demonstrated that employing
an electric micro-drill to procure a graft with a diameter ranging
from 0.6 to 1.0 mm and a depth of 1.5 to 1.8 mm resulted in
minimized risk of cobblestoning. Additionally, this technique
led to improvements in pigment spreading, enhancing the overall
cosmetic results of the procedure [18,19].

Another intriguing concept that researchers have suggested to
positively impact the ultimate therapeutic outcomes involves
the utilization of transverse needling following mini-punch
grafting. According to the authors, this modification has shown
promising effects on the treatment results. Their findings
suggest that employing transverse needling post-mini-punch
grafting enables a higher degree of repigmentation within a
shorter duration, achieved with the lowest cumulative dose of
NB-UVB compared to when mini-punch grafting and needling
are performed separately. This combined approach appears
to enhance the effectiveness of the treatment, optimizing
repigmentation outcomes while minimizing the required UVB
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exposure [20].

3.2. Suction Blister Epidermal Grafting (SBEG)

The technique known as SBEG (Suction Blister Epidermal
Grafting) emerged as a novel method in dermatosurgery, first
introduced in 1964 by Kiistala and Mustakallio. Their approach
involved the separation of the epidermis by inducing blisters. To
achieve this, they utilized a device called an angiosterrometer,
initially designed for measuring capillary resistance. The device
was repurposed to induce blister formation, allowing for the
separation of the epidermal layer—an essential step in the SBEG
technique [21]. The concept behind SBEG revolves around the
collection of grafts using various suction devices. These devices
utilize negative pressure to induce blister formation, which yields
grafts that can be subsequently employed in treating various
skin conditions, including hypopigmentation areas observed
in vitiligo. The blisters obtained through this method contain
epidermal tissue that can be utilized for grafting purposes in the
treatment of skin conditions, allowing for targeted management
of hypopigmentation, such as in vitiligo-affected areas.

We report our retrospective experience with suction blister
epidermal grafting in 14 patients with localized, stable,
recalcitrant vitiligo. Nineteen suction blister graft procedures
were performed on 14 patients with localized, stable, recalcitrant
vitiligo on various body sites. The patients were between ages 13
and 60 years; 8 of the 14 were male. All were resistant to various
treatments for their vitiligo. All had failed multiple sessions
with excimer laser or stabilized and failed to expand further
any excimer-induced repigmentation. Two to three weeks after
removal of the biomembrane dressing covering the receptor
sites, all patients received treatment twice weekly with the
308-nm excimer laser. Subsequent treatments with laser ranged
from 15 to 30 treatments over a period of 2-4 months. Final
evaluations were assessed at 6 to 9 months after the grafting.
Sixteen out of 19 (84.2%) procedures yielded excellent results
(75% or more pigmentation). This procedure showed excellent
results compared to other surgical procedures currently used for
the treatment of resistant, stable vitiligo. Comparison to suction
grafts alone or MKTP (non-cultured melanocyte-keratinocyte
transfer procedure) grafts were not performed (Personal
Communication Dr S Hadi). Indeed, the SBEG method is
regarded as both easy and safe, making it a viable option for use
around sensitive areas such as the mouth and eyelids. One of its
advantages is the absence of necessity for additional specialized
equipment [22]. Blister retrieval can be accomplished using a
simple syringe, where one end, devoid of the plunger, adheres
directly to the skin, while the other end is connected to the needle
hub linked to the suction device, creating negative pressure.
This setup allows for effective and controlled blister formation
without the requirement for complex or specific equipment [23].

The study conducted by Anabar et al. suggests that the rate of
blister development is influenced by the diameter of the syringe

used in the SBEG procedure. According to their findings, the
authors propose that utilizing syringes with smaller diameters is
more advantageous for inducing blister formation in this context.
This preference for smaller-diameter syringes may contribute
to more controlled and effective blister development during
the SBEG procedure, as per their observations [24]. Typically,
the duration needed for blister formation through the SBEG
procedure ranges from 1.5 to 2 hours. However, it's important to
note that the uniformity of this duration and the value of negative
pressure applied can vary based on the specific technique utilized.
Consequently, these parameters may exhibit variations, leading
to differing durations for blister formation. The pressure applied
during the process can vary within a range of approximately 150
to 500 mmHg, demonstrating the variability in techniques and
settings used in the SBEG method [25,26]. What is more, the
time needed for generating a blister can be modified by using
local anaesthetics or increasing the body temperature of the area
from which the blister is collected [27]. Although the extraction
with a syringe seems to be the most convenient way, this method
has some drawbacks, including incomplete blister formation and
time consumption [28].

Certainly, in recent years, various alternative techniques have
emerged for obtaining suction blisters for grafting purposes.
One such method involves a specialized Korean technique
utilizing cups equipped with valves. This innovative approach
offers an alternative way to induce blister formation for graft
harvesting in dermato-surgical procedures. Moreover, modified
procedures utilizing syringes have been developed, including
those integrating a three-way tap system. These adaptations aim
to improve blister formation techniques, potentially addressing
drawbacks associated with incomplete blister development
and time consumption. Such advancements in technique and
equipment provide alternative options for effective blister
induction in suction blister grafting procedures, enhancing the

Figure 1: Epidermal suction blister grafting technique
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Figure 2: Epiderml Suction blister grafting technique donor site

Figure 3: Results following Suction Blister Epidermal Grafting

efficiency and quality of the obtained grafts. or a formula with
the use of an automated, epidermal graft-harvesting device,
called CelluTomeTM. Taking into consideration that scarring
after SBEG is a very rare complication, various parts of the
body are considered suitable for obtaining blisters in SBEG
procedures, yet certain regions such as the thigh or forearm
remain the preferred sites due to their ease of accessibility and
favourable conditions for blister formation [29-32]. However,
studies have highlighted the effectiveness of utilizing SBEG in
challenging areas such as the angles of the lips, which are often
considered particularly difficult to treat. Successful grafting in
these complex areas underscores the versatility and potential
of SBEG as a viable treatment option for vitiligo and related
conditions. Following successful grafting, complementary
treatments such as phototherapy can be employed. Phototherapy
serves as an additional therapeutic approach aimed at enhancing
the repigmentation process, further improving the outcomes
achieved through SBEG grafting [33].

3.3 Split-Thickness Skin Grafting (STSG)

The initial documentation of split-thickness skin grafting dates
back 150 years, originally termed the cutaneous-epidermal graft
by Ollier due to its method. However, it's also recognized as
the ultra-thin skin graft or Ollier-Thiersch graft, similar to the
techniques patented by these researchers. Another variation,
the Blair and Brown method, increased the transplanted tissue
by incorporating more of the dermis compared to the Ollier-
Thiersch approach [34]. A split-thickness skin graft (STSG)

contains the epidermis and a segment of the dermis, unlike
a full-thickness skin graft (FTSG), which includes both the
epidermis and complete dermis. These grafts lack their blood
supply and depend on a well-vascularized wound bed for
integration. They can be sourced from various origins (autograft,
homograft, allograft, or xenograft), different anatomical sites,
and in different thicknesses. Typically, STSG autografts come
from concealed areas like the lateral thigh or trunk, owing to
their concealment and ease of harvesting from broad surfaces.
STSGs are categorized by thickness into thin (0.15 to 0.3mm),
intermediate (0.3 to 0.45mm), and thick (0.45 to 0.6mm)
variations [35]. Due to retaining portions of the dermis and
dermal appendages, STSG donor sites can regenerate new skin
in 2 to 3 weeks, allowing their repeated use after proper healing,
making them valuable in scenarios with limited donor sites, such
as burn surgery or large wounds [36].

The advantages and disadvantages of STSGs are best highlighted
by comparison with FTSGs. Considerations of proper skin graft
selection should include graft take, contracture of skin graft,
donor site morbidity, aesthetic match, and durability.

* Graft Take

Thicker grafts have greater metabolic activity but poorer nutrient
diffusion. Thick grafts demand healthier recipient wound beds,
avoiding them in unhealthy wounds like chronic ulcers.

* Contracture

All grafts undergo primary and secondary contractures. FTSGs
experience significant primary contracture due to their higher
dermal content, while STSGs face greater secondary contracture.
Placement of STSGs in aesthetically sensitive regions should be
avoided.

* Donor Site Morbidity

STSGs preserve stem cells in hair follicles, aiding donor site
reepithelialization, unlike FTSGs that necessitate primary
closure, causing more morbidity.

* Aesthetic Match

FTSGs offer better color matches, whereas STSGs are more
prone to hypo/hyperpigmentation and altered aesthetics due to
meshing.

* Durability

Dermal thickness is crucial for mechanical strength. Thick grafts
or FTSGs are preferred for mechanically demanding areas like
palms and joints, whereas thin STSGs are less resilient [37].
STSGs have downsides compared to other reconstructive
methods, such as poor resemblance to recipient site skin,
increased susceptibility to trauma, reduced recipient site
sensation, need for anaesthesia/surgery, and prolonged wound
care for both donor and recipient sites compared to flap closure.

3.4 Epidermal Curettage Technique (ECT)

The curettage technique, although known for several decades,
was not initially considered a method for tissue grafting in vitiligo
treatment [38]. However, positive clinical outcomes associated
with this approach prompted researchers to delve deeper into
its therapeutic potential [39]. The ECT (Epidermal Curettage
Transplantation) procedure involves scraping the previously
anesthetized donor area using a sterile curette, often chosen in
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the sacral region, until the Auspitz’s sign is evident. The material
obtained is then treated with physiological saline or hyaluronic
acid, forming a paste that is applied onto the hypopigmented
area. The recipient area undergoes a similar preparation as the
donor area, but the obtained skin is discarded rather than used in
the treatment process. Finally, the treated area is covered with a
membrane dressing for approximately seven days.

A modified approach known as the Jodhpur technique includes
the use of a 2% antibiotic ointment with mupirocin on the donor
area, followed by dermabrasion until reaching the upper dermis.
This modification resulted in more cost-effective use of tissue
grafts, showing initial effects after around a month [40,41]. This
method is suitable for treating smaller hypopigmentation areas,
allowing treatment of an area approximately four times smaller
than the recipient site. Its main advantages include its ease of
implementation, absence of the need for specialized equipment,
affordability, and the ability to achieve effective therapeutic
results. Potential complications of ECT may include skin
hyperpigmentation and secondary infections at both the donor
and recipient sites, although these side effects are relatively
uncommon.

4. Smash Grafting

An alternative surgical technique used for vitiligo treatment
is known as smash grafting, which is essentially a modified
version of split-thickness skin grafting. The key distinction in
smash grafting lies in dividing the skin taken from the donor
into smaller fragments before transferring it to the recipient area.
Unlike more complex methods, this procedure requires simple
tools like a sterile razor and sterile scissors for harvesting the
donor tissue. According to Krishnan et al., a critical aspect of
this treatment approach is the method of harvesting the skin,
emphasizing the importance of obtaining the skin in the smallest
possible cuts, resulting in sections around 1-2 cm wide. The
collected tissue is then crushed or cut for 15-20 minutes until it
achieves a mushy consistency [42].

Consequently, the graft obtained from the donor site is up to 10
times smaller than the treated region. The adequately prepared
tissue is then placed in a saline solution. Subsequently, the
prepared tissue is applied to the affected skin area, previously
prepared with a dermabrader. This method disrupts the
continuity of the epidermis and dermis, causing the exudation
of substances containing growth factors that influence the
regenerative processes in the patient’s skin [43]. As the graft is
in a pulp form, there is no need to consider which side of the
graft faces the recipient side. It's crucial to meticulously cover
the edges of the hypopigmented area with the prepared material
due to the centralization of pigment spreading [44].

4.1. Flip-Top Grafting

A flap of tissue within the epidermis is lifted at the recipient site,
and tiny segments of donor tissue are carefully inserted beneath
it. This technique offers an economical, natural, and efficient
dressing. Additionally, it acts as a visual access point, enabling
observation of the extent of repigmentation, thereby aiding in
the assessment of the procedure's success [45].

4.2. Hair Follicle Graft

This approach shares similarities with hair transplant methods
like follicular unit extraction or strip follicular transplant. In
these hair transplant techniques, hair follicles are extracted from
a donor area and relocated to another region. Typically, the donor
site is the hair located at the back of the scalp (occipital area).
The transplanted hair is usually spaced around 5-10 mm apart.
Variations of this technique include specialized procedures like
eyelash transplantation for treating leucotrichia and vellus hair
transplantation [46].

5. Cellular Grafts

5.1. Cultured Melanocyte Graft

In this approach, a split-thickness skin graft is obtained, and
melanocytes are isolated from it. Through cellular culture
methods, their quantity is expanded to cover a larger surface
area. Typically, the donor to recipient ratio stands at 1:60.
Additionally, these melanocytes can be cultured alongside
keratinocytes. Co-cultivating with keratinocytes offers benefits
as they secrete growth factors that stimulate melanocyte growth
[47]. While this technique significantly expands the coverage
area, it is associated with higher costs [48].

6. Non-cultured Melanocyte-Keratinocyte Suspension

The pioneering figure behind this method was Gauthier, which
closely resembles cultured melanocyte transplantation [49].
Notably, this procedure can be carried out even in locations
lacking cell culture facilities. However, it features a lower donor
to recipient ratio, typically ranging from 1:5 to 1:10. Despite
this, its applicability remains wide as larger areas can still be
covered by utilizing a greater number of donor sites [50].

To separate the cells, trypsinization of the harvested split-
thickness graft can be conducted through cold or warm methods.
The traditional cold method involves an 18-hour trypsin action
on tissue at 4°C. Olsson and Juhlin modified this in 1998,
reducing the digestion time to 60 minutes at 37°C. Although
warm trypsinization is faster, studies indicate its inferiority in
yielding viable cells compared to the cold method. However,
newer approaches like room temperature trypsinization have
demonstrated efficacy comparable to other methods [51-53].
Numerous modifications have been introduced to enhance this
technique, including the addition of hyaluronic acid to increase
viscosity (Van Geel et al.) and the substitution of melanocyte
culture media with phosphate-buffered saline (Holla et al.).
Platelet-rich plasma, when used as a suspension medium,
enhances pigmentation due to its array of growth factors [54-56].

Several simplified methods have been developed, such as
battery devices and welled plates, which eliminate the need for
sophisticated instruments and lab setups while achieving similar
outcomes. Moreover, bypassing the need for an incubator in warm
trypsinization can be achieved by taping the donor epidermal
tissue in an Eppendorf tube to the axillary vault for 50 minutes.
The Jodhpur technique, a modification, skips the trypsinization
step and has shown slightly better repigmentation compared to
follicular unit transplantation. To retain transplanted material
on uneven contours, a putty material can be used as a scaffold.
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Advantages of NCES (Non-Cultured Epidermal Suspension)
include covering large areas in a single session, achieving good
cosmetic outcomes, and excellent colour matching [57-61].

7. Non-cultured outer root sheath hair follicle cell suspension
(NCORSHFS)

The outer root sheath, mid-follicle region, and hair bulb matrix
contain a substantial concentration of melanocytes and their
precursors. This source is tapped into either after follicular
unit extraction or through plucking hair follicles, followed by
follicular unit suspension. The trypsinization steps involved
are akin to those used in the NCES (Non-Cultured Epidermal
Suspension) technique. Importantly, there exists a significant
correlation between the quantity of transferred melanocytes and
the subsequent repigmentation observed [62,63].

8. Conclusion

In the realm of treating hypopigmentation resulting from vitiligo,
surgical methods are typically reserved for situations where
commonly available therapies have not yielded satisfactory
clinical outcomes. While these surgical interventions have
shown promise, they come with associated side effects. Despite
modifications to established techniques and the emergence of
new methods, surgical interventions appear to be a viable option
for patients with stable vitiligo forms.One prevalent side effect is
the Koebner phenomenon, observed in conditions such as lichen
planus, psoriasis, and vitiligo, with an estimated incidence of up
to 62%. This phenomenon involves the appearance of previously
unseen skin changes in areas that have been damaged. Surgical
procedures might trigger the Koebner phenomenon, leading
to the development of new vitiligo changes in some cases, as
reported in a 14-year-old patient following the suction blister
method. Therefore, the selection of the transplant site and
technique becomes crucial, particularly in patients with a history
of Koebnerization. For these individuals, opting for a method
that treats the largest hypopigmentation area with the smallest
graft size might be advisable. However, it's important to note
that the Koebner phenomenon can vary, and individuals who
haven't previously experienced it could develop Koebnerization
over time. Consequently, the presence of Koebnerization often
discourages surgical treatment for vitiligo patients. Medications
taken by patients should also be considered before opting for
surgery. A meta-analysis on the side effects of melanoma
treatments revealed that vitiligo is one of the most common
side effects associated with checkpoint inhibitors and PD-1
inhibitors. Treatment with nivolumab or pembrolizumab
has been linked to the development of grade 1 and 2 vitiligo.
Moreover, reports exist of new hypopigmentation changes in
patients with hidradenitis suppurativa treated with adalimumab
Hence, it's crucial to contemplate potential therapeutic effects
post-surgery along with any skin-related side effects caused by
concurrent medications.
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