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H ABSTRACT

Introduction: Keloids are characterized by an abnormal
response to dermal trauma, resulting in fibroblast proliferation,
excessive collagen production, and impairment of adjacent
healthy tissue. The diagnosis is clinical, and many conservative
and surgical methods can be used as treatments. However,
data on the efficacy of these treatments are limited, and
there is no consensus regarding the best treatment option.
This gap needs to be filled by developing comprehensive
evidence-based therapies. Methods: A non-systematic
literature review of keloid scars was carried out using
PubMed, Scielo, MEDLINE, UptoDate, and dermatology
and dermatological surgery textbooks. Literature review:
The search retrieved relevant information on surgical and
adjuvant therapies used for keloids, including excision,
intralesional injections, cryotherapy, laser therapy, silicone
gel sheeting, radiation therapy, and pressure therapy. These
data are crucial because, in addition to complaints of pain,
itching, and restriction of movement, the main reason for
seeking treatment for keloids is for cosmetic and aesthetic
improvement, and the rates of recurrence and treatment
failure are high, emphasizing the importance of creating
awareness regarding the available procedures and their
effectiveness. Conclusion: Many surgical and adjuvant
therapies for keloids are available. Nonetheless, there is no
consensus on a universally accepted treatment. Therefore,
additional high-quality studies are needed to identify the most
effective therapeutic approaches to achieve better results.
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Treatment of keloids

E RESUMO

Introducao: Queloides surgem de resposta excessiva a lesao da
derme, resultando em proliferagio de fibroblastos, produgao
exagerada de colageno e comprometimento da pele sadia
adjacente. O diagnéstico é clinico e muitos métodos conservadores
e cirdrgicos ja foram utilizados para tratamento. Porém, dados
da eficécia desses tratamentos séo limitados e ndo ha consenso
na literatura quanto a melhor técnica a ser empregada,
permanecendo uma lacuna que necessita ser preenchida, a fim
de que seus usos sejam indicados com maior confiabilidade,
em um modelo de medicina baseada em evidéncias. Métodos:
Revisdo nao sistematica da literatura sobre “queloides” nas bases
de dados PubMed, Scielo, MEDLINE, UptoDate e livros-texto
das areas de Dermatologia e Cirurgia Dermatolégica. Revisao
de Literatura: Foram enumeradas e abordadas as principais
informacoes sobre técnicas cirdrgicas e adjuvantes empregadas
para essas lesOes, que sdo: excisdo, injecoes intralesionais,
crioterapia, laserterapia, revestimento com gel de silicone,
radioterapia e pressoterapia. Torna-se relevante o levantamento
dessas informacoes, tendo em vista que, além de poder causar
dor, prurido e restricio de movimento, o principal motivo da
procura de assisténcia médica para queloide é devido ao aspecto
cosmético/estético, e as taxas de reincidéncia e falha terapéutica
ainda sdo altas, sendo necessario conscientizar o paciente
sobre o procedimento e seus efeitos. Conclusao: Sdo muitos os
tratamentos disponiveis para o queloide, sejam cirdrgicos ou nio,
todavia ndo ha consenso sobre uma abordagem universalmente
aceita. Sdo necessarios mais estudos, com a finalidade de
definir a melhor conduta e atingir melhores resultados, visto a
qualidade mediana das evidéncias apresentadas nos estudos.

Descritores: Queloide; Cirurgia plastica; Cicatriz; Terapéutica;
Recidiva.

INTRODUCTION

Keloids are abnormal, benign, erythematous,
fibrous proliferations formed on the skin and usually
develop after dermal trauma caused by burns, surgeries,
acne, piercings, and tattoos. ! Healing extends beyond
the wound margins surrounding adjacent normal skin2
(Figures 1 and 2).

The pathogenesis involves excessive fibroblast
proliferation and abnormal collagen production. Wound
tension and infectious processes promote hypoxia
and increased deposition of extracellular matrix
components leading to the formation of thick collagen
bundles with a hyaline aspect. Lesions usually occur on
the face, ear lobes, trunk, and neck potentially causing
functional and cosmetic impairments, which may lower
self-esteem and quality of lifel.

The incidence and prevalence of keloids are
unknown but affect predominantly young adults.
Moreover, the prevalence varies according to race and
is higher in Black and Asian populations, but similar
between sexes. Keloids have a genetic basis, with

Figure 1. Ear lobe keloid. Image courtesy of Professor Joyce de Sousa Fiorini Lima.
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Figure 2. Keloid scar in the pre-sternal region. Image courtesy of Prof. Joyce
de Sousa Fiorini Lima.

an autosomal dominant inheritance of incomplete
penetrance and manifest in genetic syndromes?.

The diagnosis is usually clinical and based on
medical histories as well as the shape, size, and growth
pattern of lesions. Biopsies may be performed in cases
in which diagnoses are uncertain. The most common
symptoms are pain and itching. After burn injuries,
temperature dysregulation, dry skin, neuropathic pain,
and impairment of mechanical function may occur due
to destruction of hair follicles, sweat glands, capillaries,
and nerve endings®.

The objective of treatment is to reduce complaints
and scar volume and promote functional and cosmetic
improvements. Furthermore, the chosen surgical
approach needs to include the possible postoperative
risk of overhealing.

It is known that the delay in epithelialization is
related to an increased occurrence of keloids. Therefore,
it is necessary to stimulate rapid re-epithelization with
respect to physiological mechanisms and skin anatomy?®.

For this reason, the risk of recurrence is a significant
limiting factor in therapeutic success. Recurrence is more
common in body regions subject to mechanical stress,
and increasing patient awareness regarding this fact is
fundamental. Current treatment options fail to achieve
satisfactory scar reduction. Moreover, despite the large
number of treatment options, their quality of evidence is
low and intervention outcomes have poor consistency and
predictability. This limitation has caused confusion about
which treatments and techniques should be considered
primary, secondary, or tertiary.

OBJECTIVE

The objectives of this review were to outline the
main treatment options for keloids and address their
advantages and disadvantages.

METHODS

A non-systematic literature review of keloids
was conducted using PubMed, Scielo, DynaMed,
MEDLINE, UptoDate, and textbooks in dermatology
and dermatological surgery to identify the main
surgical and adjuvant therapies. The descriptors used
were keloids, treatment, surgery, and healing,.

LITERATURE REVIEW

Keloids can become lesions that are healed in
a timely manner preventing the development of the
pathophysiological features of the original lesion.
Current surgical approaches should include adjuvant
therapies to avoid the risk of recurrence potentially
leading to the formation of larger keloids. The most
commonly used therapies are:

3.1 — Excision

Excision consists of the surgical removal of
the keloid and is considered a secondary or tertiary
treatment option for mature keloids®. The fusiform
excision of lesions at an angle of 30° to skin tension
lines is recommended. Recurrence can be avoided by
reducing the tension at wound closure, leaving the
edges everted, and using resorbable thread in the fascia
or subcutaneous tissue’.

Avoiding excessive manipulation and trauma,
removing foreign bodies, and preventing bruises and
infections help improve the quality of scars. Surgical
correction by Z-plasty or W-plasty is possible®.

Surgical excision alone should be avoided
because of the risk of recurrence in 45-100% of cases,
and therefore should be associated with adjuvant
therapies. The use of pressure dressings after surgery
is also recommended®.

Surgical excision combined with radiotherapy
is an effective treatment for large keloids according
to international clinical recommendations; however,
this approach should be used as a last resort. The
combination of surgery with radiotherapy in patients
who failed a first treatment increased the recurrence
rate from 8% to 28%"°. A previous study demonstrated
that surgical excision of foot keloids associated with
intralesional corticosteroid injections and silicone
gel sheeting decreased the 1-year recurrence rate by
78.5%".

3.2 — Intralesional injections

Intralesional injections involve the intralesional
application of medications such as corticosteroids.
The most commonly used medication is triamcinolone
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acetonide which is considered a primary therapy and is
usually combined with silicone gel sheeting for keloid
scars smaller than 0.5 cm. It is also the first-choice
treatment in isolation or combination with intralesional
fluorouracil or cryotherapy for keloids larger than 0.5 cm®.

Corticosteroids act by decreasing the synthesis
of collagen and glycosaminoglycan and inhibiting
fibroblast proliferation. These drugs are effective
in reducing pain and itching because of their anti-
inflammatory and vasoconstrictive properties. The rate
of response to treatment is 50-100%, and the 5-year
recurrence rate is <50%. Injections are painful and
have adverse effects in 63% of cases, including dermal
atrophy, hypopigmentation, and telangectasis’.

Cryotherapy facilitates corticosteroid injection
but causes residual vitiligo. The use of thermal bags
before cryotherapy applications and slow administration
can reduce pain!. Injectable corticosteroids are also
used in adjuvant therapy after surgical excision’,
whereas the use of triamcinolone after surgical excision
is effective for keloids larger than 4 cm®2.

Intralesional verapamil may be as effective as
intralesional triamcinolone in treating keloids but has
fewer adverse effects'®. However, a randomized study
found that the risk of recurrence using verapamil was
higher!*. Another randomized trial demonstrated that
the effectiveness of the two treatments was similar,
but the delay in treatment outcomes was longer with
verapamil®,

Intralesional 5-fluorouracil (5-FU) is used for
lesions refractory to corticosteroid treatment. This
antimetabolite chemotherapeutic agent interferes
with DNA and RNA synthesis and induces fibroblastic
apoptosis; it also inhibits type I collagen production
by affecting transforming growth factor-beta (TGF-p)
signaling?®.

The adverse effects of 5-FU include pain and
hyperpigmentation’. This medication can be used together
with intralesional corticosteroids and as an adjuvant
after surgical excision®. The rate of success of treatment
in isolation and in combination with corticosteroids is
45-78% and 50-96%, respectively. However, the quality
of evidence of 5-FU treatments is low!".

Botulinum toxin type A injections have been used
as anew treatment option. It acts by decreasing tension
in the tissue near the keloid scar during the healing
process and affecting apoptosis and cell proliferation.
A study found that the rate of recurrence in 80 patients
with keloid lesions who underwent excisional surgery
followed by a single application of 5-FU and botulinum
toxin on day 9 after surgery was 4%. Therefore, the
authors recommended the routine application of this
toxin after resection; however, further studies are
needed to assess the effectiveness of this approach?.

3.3 - Dermal regeneration matrix

The dermal regeneration matrix (DRM)
(Integra®) consists of a bilaminar structure formed by
a dermal component (bovine collagen and chondroitin-
6-phosphate) and an epidermal component made with
a 100 um thick synthetic silicone sheet®.

It has a three-dimensional structure with 50 =
20 um pores and resembles normal skin. The matrix is
completely degraded after 30 days. The outer silicone
layer acts as a protective barrier and prevents the loss
of liquids. After neovascularization, the silicone sheet
is replaced with a thin autologous epidermal graft, and
the epidermal cells in the grafts proliferate and attach
to the neodermis®.

DRMs promote wound healing without wound
tension, do not trigger immune responses, contain a
thin epidermal graft, do not require adjuvant therapies,
and the results resemble healthy skin. DRMs are
sterile and their implantation is relatively simple.
The disadvantages are its high cost, risk of infection
between the two layers of the matrix, and the need for
two surgical procedures!®?,

A study evaluated the use of DRMs for keloids
and found that the aesthetic results were acceptable and
that the skin remained flat and infection free. Moreover,
there were no long-term complaints or evidence of
scarring at donor sites. Limitations included a small
sample size and a follow-up period of <24 months®.

3.4 — Cryotherapy

Cryotherapy involves freezing keloids with
liquid nitrogen. Studies recommend the monthly
administration of intralesional corticosteroids with or
without adjuvant cryotherapy as the primary treatment
for large keloids®.

The mechanism of action involves cellular
and microvascular damage, leading to necrosis and
consequent involution of the lesions without affecting
the connective tissue framework. This approach
induces immune modulation and tumor cell apoptosis.
The mechanism of action depends on the freezing and
thawing rate, tissue type, and temperature®.

This therapy causes rapid freezing of the scar
tissue from the lesion center to the outer superficial
area. Cryotherapy differs from cryogenic contact
therapy, which partially freezes the lesion. Intralesional
cryotherapy can be performed using a probe, which is
inserted in the scar and allows dermal targeting without
affecting the epidermis?..

Side effects include blisters, pain, and hypo-
or hyper-pigmentation. A study reported a 67.4%
reduction in keloid volume in a 6-month period
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using a single session of intralesional cryotherapy,
as well as improvement in redness and absence of
hypopigmentation and recurrence®.

Evidence suggests that intralesional cryotherapy
reduces scar volume and symptoms and has few
adverse effects. However, more unbiased, robust,
and comparative studies are needed to confirm this
evidence?'. A randomized trial demonstrated that
intralesional cryotherapy and brachytherapy were
less effective than surgical excision in patients with
resistant keloids. Intralesional cryotherapy also
reduces the volume of primary keloids?.

3.5 — Laser therapy

Targeted treatments include pulsed dye laser
(PDL), carbon dioxide ablative fractional resurfacing
(AFR), and intense pulsed light (IPL)*. PDL or AFR
are indicated for smaller keloids refractory to silicone
gel sheeting, intralesional corticosteroids, and 5-FU%.

Combined treatments, such as PDL and AFR, are
recommended over single treatments by improving the
aesthetic results and reducing symptoms?.

The most common complications of PDLs are
transient purpura, mild or moderate erythema, and
edema. Blistering or scabbing of the skin may occur
in the early post-treatment stages. Hypo- or hyper-
pigmentation may also occur, especially in patients with
darker skin. AFRs may cause delayed healing, ulcers,
and post-inflammatory hyperpigmentation?2,

3.6 — Silicone gel sheeting

Silicone gel sheeting is used as a primary therapy
to prevent and treat keloid scars smaller than 0.5 cm
in moderate to high-risk patients®?. The anti-scarring
mechanism is unclear, but may be related to occlusion
and hydration of the stratum corneum, generation of
static electricity, and decreases in the number of mast
cells. Silicone has been shown to increase collagenase
activity and TGF -2 levels and to regulate both cell
proliferation and differentiation?.

This treatment should be performed after
complete scar healing and for at least 12 hours a day
for 2 to 3 months while maintaining a hygienic field®.
A possible adverse reaction is folliculitis’. Silicone can
be applied as sheets or gels, and both formulations are
safe, effective, and produce good aesthetic results®.

3.7 - Radiation therapy

Radiation therapy consists of applying ionizing
radiation to keloids using different therapeutic sessions
and on different days. This therapy inhibits fibroblast
proliferation and stimulates fibroblast differentiation?.

Several studies have demonstrated the high efficacy
of this method in reducing keloid recurrence when
administered immediately after surgical excision®.

Radiotherapy as an adjuvant for operated
keloids can be performed using different techniques,
including TGF- therapy, conventional X-ray, single-dose
radiotherapy, and electron-beam radiotherapy. Electron
irradiation is superior to conventional irradiation
because of its better dose distribution in the target tissue
and less penetration into deeper adjacent tissues®.

The dose used for treating keloids should
be adapted according to the location of the lesion,
and the highest doses should be used at high-risk
sites. The effectiveness of this approach in keloid
prevention depends on the biologically effective
dose, and no consensus has been reached on the
best dosage. A minimum follow-up of 2.5 years with
postoperative electron irradiation is necessary to
achieve satisfactory results regarding scar quality
and reduction of recurrence®.

A study analyzed the treatment of 174 ear lobe
keloids using a total dose of 10 Gy in 2 sessions or 15
Gy in 3 sessions. After 18 months of follow-up, the
recurrence rate was 4% with no significant difference
between doses®!. Another study found that the overall
relapse rate was 5.6% after a mean follow-up period
of 40 months, and this rate was lower in patients who
received doses higher than or equal to 20 Gy®.

Electron irradiation is well-tolerated by patients.
Nonetheless, potential adverse effects include transient
hyperpigmentation of the treated area and persistent
peeling for approximately 3 months. In addition, it
should be used with caution in children and young
adults since a few body regions are sensitive to radiation
in these populations. A study reported the potential risk
of malignancy of cells subjected to radiotherapy?’.

3.8 — Pressure therapy

Pressure therapy is a prophylactic approach invol-
ving the application of continuous pressure to keloids for
several weeks to inhibit the development of new scars or
to reduce the size of pre-formed scars?. This therapy
can be performed using compression bandages or elastic
compression stockings?’. Pressure earrings, metal clips,
and magnets, with or without silicone sheeting, have
been used for treating ear lobe keloids®.

The mechanism of action is not well established
but seems to be related to the occlusion of small blood
vessels by pressure, leading to oxygen and nutrient
deprivation and consequently decreasing fibroblast
proliferation and collagen synthesis. In addition,
decreased capillary blood flow reduces the level of
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alpha-2-macroglobulins resulting in the inhibition of
collagenases?™34,

The optimal applied pressure is difficult to
determine. Notwithstanding, this value should exceed
capillary blood pressure, but should not decrease
peripheral blood pressure (20-30 mmHg). A prospective
study evaluated 11 patients with keloids initially treated
with surgical resections, followed by pressure therapy
after 15 to 21 days. Magnets with pressures between 33
and 47 mmHg were used, and the recurrence-free rate
was 90.91% at the end of a 4-6-month follow-up period?.

Nonetheless, evidence supporting the use
of this technique is limited. A meta-analysis
that evaluated 6 high-quality studies showed no
significant difference in the results between burn
patients treated with or without pressure therapy®.
The therapy has no significant side effects, except
for possible pressure discomfort?’. Moreover,
treatments are simple and affordable, and therefore,
essential in regions with limited technological and
pharmacological resources?’3,

3.9 - Tissue adhesives (Prineo®)

Prineo® is a double polyester mesh system
containing the glue octyl-2-cyanoacrylate and belongs
to the group of tissue adhesives. Molecular reactions
begin when the adhesives come into contact with the
wound and the assembly adheres to keratinocytes®®.

Prineo® should be applied to the margins of the
incision as a thin layer in a single movement. After
application, the product dries in approximately 5 min
and patients may feel a warm sensation at the treatment
site during the application®.

Tissue adhesives are applied quickly and easily,
promote good tensile strength throughout the wound,
form an antimicrobial barrier, and cause less pain
during removal. In addition, scar enlargement using
this method is smaller than that using suture closures.
Prineo® is recommended for extensive wounds with
higher tensions®.

A study compared Prineo® and surgical sutures
and found that there were no significant differences (p
> (.05) in scar quality including aesthetics. In the study
sample (n = 101), there was only one reported case of
a keloid associated with surgical sutures and no cases
associated with Prineo® (p = 0.042). The most relevant
adverse effects are contact dermatitis in response to
the formaldehyde released during the polymerization
reaction between cyanoacrylate and the skin®.

A literature review has shown that this method is
not widely used for treating keloids but is an additional
option. Therefore, further studies on the use of Prineo®
for keloid prevention and treatment are needed.

CONCLUSION

Several surgical and adjuvant therapies are
available for treating keloids. However, the number of
high-quality studies on this topic is small and there is no
consensus on a universally accepted approach. Decisions
regarding the best therapies are individualized and vary
according to the size of the lesion, lesion recurrence, and
available medical resources. Intralesional corticosteroid
injections associated with other methods such as silicone
gel sheeting or pressure therapy produce good aesthetic
results in smaller lesions, whereas triamcinolone
injections combined with cryotherapy yields good results
in larger lesions.
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