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ABSTRACT

Keloid or Che.loid, [kee-loid]

Keloid are abnormal scars that, if not treated appropriately, can cause substantial emotional and
physical distress in patients. Scars are prone to recurrence and rarely regress. They are unpleasant,
can cause pain, itching, discomfort, and can have a negative impact on one’s quality of life. Keloid
development is influenced by both hereditary and environmental factors. Predisposed individuals can
develop a keloid after any level of skin trauma, such as surgery, piercing, tattooing, bugbites, burns,
and so on. Rare genetic syndrome such as Rubinstein Taybi and Goeminne syndrome, can also
improve the chance of development in dark skinned people. TGF-B1 may have a key role in the
keloid formation. Many surgical and non-surgical therapy approaches have been researched and
proven to be helpful; however, none have been proven to be totally satisfying or perfect for all keloid
subtypes. Clinicians are up against a formidable obstacle as a result of this. When compared to
monotherapy, a combinatorial therapeutic approach often appears to provide the best results with
higher patient satisfaction. We examine the literature and sum up the general concepts behind the
various treatment procedures in this study like use of corticosteroids, verapamil, silicone-based
products, cryotherapy, imiquimod, S-fluorouracil, laser therapy, mitomycin C, surgical excision,
interferons, bleomycin, radiotherapy, etc. In this field, more knowledge and understanding are needed

to give optimal therapeutic regimen for keloids.
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1. INTRODUCTION:

A keloid is a pink or red excrescence that is
solid, irregularly formed, fibrous, and
hyperpigmented. The growth usually arises
as the result of cut, laceration or burn or
less soften an acne pustule on the chest or
upper back- and spreads beyond the limits
of the original injury, often sending out
claw-like (cheloid) prolongations.

The overlying epidermis is smooth, glossy,
and thinned from pressure. The early,
growing lesion is red and tender and has
the consistency of rubber. It is often
surrounded by an erythematous halo, and
the keloid may be telangiectatic. Lesions
may be tender, painful and pruritic and may
rarely ulcerate or develop draining sinus
tracts.

Keloids are often multiple. They may be
tiny or large. Those that follow burns and

scalds (to burn with hot liquid or steam) are

large. Lesions are often linear, frequently

having bulbous expansions at each end.
The surface may be larger than the base, so
that the edges are overhanging. The most
common location is the sternal region, but
keloids also occur frequently on the neck,
ears, extremities, or trunk and rarely on the
face, palms, or soles. The earlobes are often
involved as a result of ear piercing, but
involvement of the central face is rare.
Keloids are much more common and grow
to larger dimensions in black persons than
others.

When certain individuals develop, keloids
remain unsolved. Trauma is usually the
immediate causative factor, but this induces
keloids only in those with a predisposition
for their development. There is also a
regional predisposition.

Histologically, a keloid is a dense and
nodular of

sharply  defined growth

myofibroblasts and collagen with a whorl-
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like arrangement resembling hypertrophic
scar. Centrally, thick hyalinized bundles of
collagen are present and distinguish keloids
from hypertrophic scars.

Elastic tissue is scanty, as in a scar.
Through pressure, the tumor causes
thinning adjacent appendages, which it
pushes aside. Mucopolysaccharides are
increased, and often there are numerous
mast cells [1].

2. ETIOLOGY

Keloid is a benign skin tumor that develops
as a result of improper wound healing. It
results from an overabundance of
extracellular matrix in the growing scar and
it frequently extends beyond the primary
skin lesion location [2, 3]. The disease’s
cause has yet to be determined. It refers to
people who are predisposed to developing
symptomatic, uncomfortable and
disfiguring scars as a result of an injury or
surgery.

Other people who are prone to keloid
formation may develop them as a result of
skin damage such as piercings, acne,
tattooing, bug bites, burns, lacerations,
abrasions, immunizations, and other
procedures that cause cutaneous
inflammation [4, 5, 6].

The scars cause disfigurement or in
extreme cases organ dysfunction. There is a

genetic basis for keloid formation, as

evidenced by the disease’s more common

prevalence in specific races, ethnic growth
and in twins [2, 7, 8].

Many receptors of keloid diseases linked
with genetic defect related connective
tissue such as Ehlers-Danlos syndrome,
Goeminne syndrome, Rubinstein-Taybi
syndrome or Dupuytren’s contracture [8-
11] can be found in the scientific literature.
In the genetic defect with mutations, one or
several genes may be responsible for the
formation of  keloids. TGF -
B1(transforming growth factor bl) a gene
located on chromosome 19 which encodes
the cytokine TGF-B1 is one of the most
frequently mentioned among many genes
that may have a key role in the formation
of keloid [8, 12, 13].

In the normal wound healing process, TGF-
B1 improves angiogenic properties of
endothelial progenitor cells to facilitate
blood supply to the injured site [14] and
stimulate contraction of fibroblasts to
enable wound closure [15]. Keratinocyte
migration is also promoted by TGF-B1 via
regular cell migration associated with
integrins, such as bl, a5, av, and b5 [16].
TGF-f1 is one the main collagen-
stimulating factors, especially type [ in
fibroblasts. It also inhibits different MMPs,
which further promotes the accumulation
of collagen fibres [17].

TGF B1 as one of the 3 isoforms of protein

(TGF-B1, B2, B3) [12,13,8] has a key role
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in the wound healing process [18, 19] and
therefore all the irregulars of the cytokine
resulting from gene polymorphism or
mutation of TGF Bl may be direct cause of
keloid disease development.

As per some research polymorphism c
(509) T TGF B1 identified by PCR -RFLP
(polymerase chain reaction restriction
fragment length polymorphism) using
specific primer pairs. The sense primer
with the following sequence was used for
amplification.

5’-CAG ACT CTA GAC TGT CAG-3’
And the antisense primer
5’-GTCACCAGAGAAAGAGGAC-3

[20].

On basis of this analysis, it was found that
the presence of allele T at position -509 of
the gene TGF S1 is associated with a lower
keloid formation [20].

3. PREVENTION

A person has/had a keloid, or has an
increased probability of obtaining another
one/more parents, siblings, or offspring
has/ had a keloid.

The good thing is that there are various
means to decrease the chances of
developing a full-blown keloid.

3.1 Ear piercing: Take good care of the
ears after having a new piercing. If he/she
notices his/her earlobe is thickening, he/she
may be able to prevent a keloid if he/she

acts soon. Remove the earring as soon as

he/she notices it thickening and replace it
with a pressure earring.

He/she must wear the pressure earring for
at least 12-20 hours a day for 4-6 months to
get the optimum benefits. In later stages, if
he/she discontinues the usage of pressure,
the earring pierce hole will likely close
itself.

3.2 Tattoo, body piercing or cosmetic
surgery: They can see how their skin will
mend after getting a small amount of work
done in a test location first, whether it’s a
tattoo, body piercing, or cosmetic surgery.
if the skin in the test area thickens, they’ll
know it’s possible to form a keloid.

A pressure garment can help prevent keloid
formation in thickening skin. He/she should
begin wearing a pressure garment as soon
as he/she observes thickened skin in order
to be effective. A dermatologist can fit the
patient with a pressure garment, and other
treatments may also work.

3.3 Surgery: If he /she has (or has/had) a
keloid, inform the surgeon before the
surgical procedure. The surgeon may be
able to utilise a procedure to lessen the
chances of developing a keloid after
surgery. If he/she observes the surgical scar
thickening,  starting  keloid therapy
immediately may assist to prevent a keloid.
A dermatologist can help a patient develop
3.4 Injured

a keloid treatment strategy.

skin: After the skin injury the right wound

IJBPAS, January, 2023, 12(1)

308



Koppuravuri Naga Prashant” And Surabhi .S

Research Article

healing can reduce the risk of developing a
keloid.

If a person has/had a skin injury, following
must be taken care.

a. Sunscreen with SPF 30, broad-
spectrum protection, and water
resistance.

b. Sterile petrolatum gauze.

c. Hydrogel wound dressing.

d. Silicone sheet or gel [21].

a. Sunscreen with SPF 30, broad-spectrum
protection, and water resistance: protect the
injured skin from the sun. UV light from
the sun has been shown in studies to
enhance scarring and darken scars. They
can avoid this by putting a bandage on the
newly injured area and covering it with
clothing.

It can take a long time for keloids to
appear. Healed skin can darken and thicken
as a result of exposure to UV rays from the
sun. Wearing sunscreen after the wound
has healed can prevent this. They must
apply sunscreen to the wound if it is not
covered by clothing or a silicon sheet.

Use sunscreen with an SPF of 30 or higher,
broad-spectrum protection, and water
resistant to provide the protection they
require.

b. Sterile petrolatum gauze: Petrolatum
Gauze dressings are utilised in any hospital
or clinical environments where wounds are

dressed, such as the burn unit or emergency

department, surgery-centres, nursing
homes, doctors’ office and industrial
clinics. Non-adhering petrolatum clings
and conforms to the wound without
sticking. Hypoallergenic dressing that’s
both comfy and calming. Petrolatum also
helps to protect the wound site from
contamination by preventing the loss of
bodily fluids. A single layer is sufficient to
provide good coverage. Petrolatum can be
utilized on any non-draining wound due to
its physiological neutrality [22].

c. Hydrogel wound dressing: hydrogels
are a type of substance that is commonly
employed in skin, blood vessels, muscle,
and fat tissue engineering [23]. Hydrogels
are three dimensional networks made up of
hydrophilic polymers links that have been
mechanically or chemically crosslinked.
The insoluble hydrophilic structures have a
remarkable ability to absorb wound
exudates while also allowing oxygen
diffusion to speed up healing [24, 25].
Importantly, hydrogels have a highly
hydrated 3D polymeric network that can
bind several times more water than their
dry weight allowing the wound bed to
maintain a high moisture level. Hydrogel
networks can be produced in a variety of
sizes and shapes due to their unique
physical properties [26, 27]. As a result,
hydrogel- based dressings are the best

choice for covering skin wounds [28].
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Hydrogels also provide a substrate for
loading cells, antibacterial agents, growth
factors, and various supplemental and
biomacromolecules [29].

d. silicone gel sheet or gel: explained in 4.1
4. TREATMENT:

4.1 Occlusive dressings

Silicone gel sheeting (SGS) has been a
popular occlusive dressing for the
treatment of keloids and hypertrophic scars
since the 1980. The SGS is made of a semi-
occlusive silicone gel sheet and a long-
lasting silicone membrane [30]. Though the
precise mechanism of action of silicone
products is unknown, it is thought that SGS
works by hydrating the stratum corneum
and creating an occlusive environment that
prevents dehydration. Scar tissue has been
shown to be susceptible to trans epidermal
water loss, indicating that the stratum
corneum water Dbarrier function s
compromised [31]. In a controlled study,
SGS was also demonstrated to reduce the
occurrence of hypertrophic scarring and
scar volume [32]. SGS has been
demonstrated to have minimal negative
effects including irritation in the nearby
area [33]. SGS has demonstrated benefits
such as pain relief, pruritus relief and
keloid flattening [34]. when the dressing is
utilized as a preventive measure SGS has

shown to be effective [35]. For at least 12

months, SGS should be worn upwards for

12 hours per day [36]. In hotter regions, the
required continual application of SGS
causes a quick increase in a level that
favours the establishment of bacterial
abscesses [37]. Studies have shown that
utilising silicone gel sheeting can repair
keloid scars by up to 90% while also
lowering the occurrence rates of keloid
after surgery [38]. Well-designed clinical
trials are studies that are required to acquire
a better knowledge of the usefulness of the
silicon-based product in preventing and
treating keloid.

4.2 Compressive therapy

Compression therapy which has been
shown to shrink the skin, is typically used
in conjunction with surgical excision to
avoid recurrence of ear keloids [39].
compression therapy relies heavily on
cellular mechano receptors [40]. The
mechanism of pressure treatment includes
cell death mediated by mechanoreceptors.
Mechanoreceptors cause apoptosis of cells
in the ECM and/or pressure-induced
ischemia changes fibroblast activity and
speeds up collagen degradation [41, 42].
There are a variety of compression
treatments available, including button
compression, pressure earrings, ACE
bandages, compression wraps, elastic wrap
bandages, custom pressure ear molds,
earrings, and magnets [41, 43]. Ear keloids

treated with compression therapy after
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excision have a nonrecurrence rate of 70.5
to 95 percent, according to studies [44, 45].
Compression therapy, like occlusive
therapy, works best when the pressure
device is worn for at least 12 hrs per day
for at least 6 months at a pressure of at least
24mmHg [44, 45]. The compression has
the potential to cause tissue necrosis if the
pressure  exceeds 30mmHg [43-45].
Pressure earrings and pressure gradient
garments consisting of lightweight porous
Dacron, bobbinet fabric, zinc oxide
adhesive plaster, spandex/elastane are
among the pressure devices. In general, 60
percent of patients treated with these
devices improved by 75 to 100 percent
[46].

4.3 Intralesional steroids.

Corticosteroids, particularly intralesional
corticosteroids, are still used as a first line
treatment [36]. During wound healing,
corticosteroids reduce excessive scarring
by lowering collagen synthesis,
inflammatory mediator production, and
fibroblast proliferation [46]. Triamcinolone
acetonide (TAC), hydrocortisone acetate,
dexamethasone and methylprednisolone are
some of the corticosteroids that can be used
to treat scars [33]. The corticosteroid TAC
is the most since 1961 [36, 47]. TAC
injections used intralesionally have been
found to reduce scar volume and height,

enhance scar pliability, and prevent

recurrence [48]. Corticosteroids have been
shown to minimise keloid scarring by
fibroblast

inhibiting development,

attenuation of procollagen and
glycosaminoglycan production, reducing
endothelial budding, and promotion of
collagen and fibroblast degeneration [49].
Inducing  fibroblast

decreasing TGF -B

hypoactivity by
expression and
reducing fibroblast density by increasing
fibroblast apoptosis are two mechanisms by
which triamcinolone affects fibroblast
growth [50, 49]. For facial keloids, TAC is
injected at a dosage of 2.5 mg to 20 mg.
Alternatively, 20mg to 40mg with a 25 to
27 gauge needle at 4-6 week intervals for
non- facial keloids [46, 36]. TAC can be
used as a stand-alone treatment or in
conjunction with other therapies [51, 48].
TAC has been demonstrated to minimize
scar volume and keloid recurrence by 50%
after surgical excision when used as a
monotherapy [52, 47]. Previous clinical
investigations using TAC alone have
shown efficacy and good clinical outcomes,
including decreased keloid height, width,
length-related pruritus and erythema and
increased pliability [53]. When compared
to TAC monotherapy, Intralesional TAC in
combination with various treatment
modalities, such as surgery, 5 FU,
interferon (IFN) alpha 2b, pulsed dye laser

(PLD), verapamil, all achieved significant
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cffect [48, 54, 55, 72]. The clinical benefits
of adding 5- fluorouracil to a steroid
injection for improved scar regression and
lower recurrence have been described
using molecular evidence. The activation of
P53 and up regulation of p 21 may be
linked to 5 FU induced G 2 cell cycle arrest
and apoptosis [56]. Pain during injection,
skin shrinkage, changes in skin colour, and
the production of telangiectasias are all
possible side effects of corticosteroid
injection [57].

4.4 Topical imiquimod 5% cream.
Imiquimod 1-[2-methylpropyl]-1H-
imidazo[4,5-c] quinolin-4-amine) is a
member of the imidazoquinolines family
[58]. Imquimod 5% cream has been used to
successfully treat basal cell carcinoma,
actinic keratosis, and genital warts [59].
Imiquimod is a Toll-like receptor 7 agonist
that inhibits collagen formation in
fibroblasts by elevating local interferon
alpha (IFN -alpha) concentrations [41, 58].
(IFN- alpha) has been demonstrated to
reduce  fibroblast  activity,  reduce
glycosaminoglycan synthesis and increase
collagenase levels in a dose- dependent
manner [60]. Imiquimod 5% cream has
shown potential as a post excisional
treatment for keloids [61]. Due to the
location of the keloid, studies have found
inconsistent results regarding the efficacy

of imiquimod 5% cream postoperatively

following keloid excision [62-64]. The use
of imiquimod caused mild discomfort in
some individuals, who required a break
from the drug. In some patients
hyperpigmentation was also recognized
[58]. The use of postoperative imiquimod
5% has been found in numerous studies to
reduce the recurrence of earlobe keloids in
patients [62-64]. In 2 investigations
imiquimod 5% cream was given to earlobe
keloids that had been shaved or completely
removed. The recurrence rate on post
shaved keloids was found to be 6% and
after 12 months of follow-up, and after 24
weeks of parallel keloid excision it was
shown to be 75% recurrence free. Although
the existence of local adverse events had no
effect on the treatment, it did need a
resulting period [65]. Imiquimod 5% cream
is commonly used as a topical therapy for 8
weeks after surgery in clinical practice. It is
cost effective, easy to use and safe.
Hyperpigmentation, erythema, irritation
and secondary infections are all common
imiquimod side effects that usually resolve
upon suspending the therapy [41, 62, 66].
As a result of these factors, it is widely
regarded as a useful adjuvant treatment
option for the prevention of recurrence in
excised keloids. Larger controlled research,
on the other hand, is required for future

investigation.

4.5 Topical Mitomycin C.
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Mitomycin C (MMC) is a Streptomyces
caespitosus antineoplastic compound. It’s
been employed as a chemotherapeutic drug
and, more recently, in ophthalmologic and
otorhinolaryngologic surgery as an anti-
scarring agent [67]. MMC inhibits nucleic
acid and protein synthesis, preventing cell
MMC has been
inhibit  fibroblast

proliferation  [68].
demonstrated  to
proliferation in adult dermal fibroblasts in-
vitro at dosages of 0.4 mh/ml and 0.1
mg/ml [69]. A one week continuous
treatment to mitomycin C resulted in
complete cell death, but a single five
minute exposure resulted in cellular
multiplication three weeks later [69].
MMC has been used to treat keloids
topically and intralesionally, with different
degrees of efficacy [70]. Clinical therapy
regimens include soaking an absorbent
material in 1 mg/ml mitomycin C for 3 to 5
minutes, then replying for three weeks,
according to the literature [68]. In terms of
keloid recurrence, one study discovered
that treating keloid recurrence after surgery
topically or in combination with
intralesional TAC was successful in
avoiding recurrence [70]. MMC has the
potential to be employed in the treatment of
keloids, according to the findings of these
studies. Hypopigmentation and post -

treatment pain have been associated with

mitomycin C [71].

4.6 Intralesional and

fluorouracil (SFU).

topical 5-

5-fluorouracil is a pyrimidine analogue that
acts as an antimetabolite to inhibit nucleic
acid formation and cell proliferation. It
suppresses fibroblast proliferation,
angiogenesis and TGF-B induced collagen
type 1 expression while improving
fibroblast apoptosis without necrosis [51].
In-vitro, 5-FU has been found to inhibit
fibroblast apoptosis, and decreases TGF-B
induced collagen synthesis [72]. When
used as single therapy for keloids, 5-FU has
been shown to have a 21- 35 percent risk of
recurrence after 3 months and to sustain
keloid volume reduction for at least 6
months after the final therapy session in
58-65 percent of patient [39]. In one trial,
intralesional injections of 5-FU (50mg/ml)
once a week for 12 weeks were found to be
effective [73]. Studies have shown that 5-
fluorouracil is a successful treatment for
keloid scars that have failed at least one
other treatment, with a 19-47 percent risk
of recurrence after at least 6 months and a
remission of painful and itchy scar
symptoms [39, 74]. Other studies have
found that combining intralesional 5- FU
and TAC injections with a combination
treatment approach enhanced clinical
outcomes [54]. In a study conducted by
Asilian et al, 69 patients with keloids and

hypertrophic scars were treated with a
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combination of 5-FU (50 mg/ml), TAC
(40mg/ml) and a 585 nm flashlamp-
pumped pulsed dye laser (PDL) at 5-
7.5)/cm square, indicating that it was more
efficient than the TAC and TAC plus 5-FU
[75]. When compared to baseline, all
groups had a statistically significant
reduction in length, height, and width at
week 12 (P<05) [76]. One study found that
96 percent of female patients with ear
keloids after excision had at least a 75%
scar volume reduction and a 3.57%
recurrence rate [39]. Anemia, leukopenia,
and thrombocytopenia are known systemic
adverse effects of 5- FU, although none
have been reported following intralesional
injection [57].

4.7 Interferons

Interferons (IFN) are a class of cytokines
with immunoregulatory, antifibrotic, and
antiproliferative capabilities that mediate
complicated cellular interactions [77]. IFN-
alpha, IFN-B, and IFN- gamma are 3 IFN
isoforms that have been found to decrease
collagen and ECM expression while
boosting collagenase activity [51, 78].
Invitro and Invivo, IFN-gamma has been
shown to have antiproliferative effects [79].
IFN-alpha and IFN-gamma have been
demonstrated to help in keloid recurrence
and regressions [80,81,82]. In fibroblasts,
both IFN- alpha-2b and IFN - alpha

have been shown to decrease collagen

synthesis and scar contraction [50, 60, 77].
IFN-alpha-2b has been described as being
injected into keloids at least twice, with
doses ranging from 500,000 to 6 million
units [60, 81, 83-85]. IFN- alpha-2b
treatment was found to be ineffective as a
post excisional adjuvant therapy for keloids
in prospective controlled clinical research,
with a 54% recurrence rate [86]. In
comparison to placebo, there is limited
evidence for the efficacy of either IFN -
alpha-2b or IFN-gamma [60, 81, 83, 84,
85]. One study revealed 18.7% keloid
recurrence after keloid excision with
postoperative interferon after a mean
follow-up of 7.9 months, whereas
numerous others found no significant
difference in scar volume recurrence rates
when compared to placebo [81, 83, 84, 85].
For 3-10 weeks, evaluators administered
either 0.1 mg or 0.01 mg at a frequency of
1-3 times per week [86, 87, 88].
Intralesional IFN injections of 1.5 million
IU twice daily for four days are routinely
used in the treatment of keloids [89]. Pain
at the injection site, flu-like symptoms [82],
myalgia, [78], local erythema, and edema
are all possible side effects [52].
Acetaminophen has been successfully
utilized as a prophylactic treatment for flu-
like symptoms and myalgia [81, 85, 87,
88].

4.8 Bleomycin
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Bleomycin is a chemotherapeutic drug
having antiviral and antibacterial activities
that is derived from a glycopeptide isolate
of streptomyces verticillus [90]. Bleomycin
functions as a chemotherapeutic by
cleaving single- stranded and double-
stranded aDNA [91], and has been
demonstrated to reduce TGF-f1- induced
collagen expression and enhance collagen
production [52, 92]. Bleomysin has been
demonstrated to inhibit collagen turnover
and lower lysyl- oxidase levels, both of
which are necessary for collagen
maturation [92, 93]. It has been used to
treat keloids and hypertrophic scars in
recent decades. To avoid toxicity hazards,
the suggested dose for intralesional
bleomycin injections starts at 0.1ml (1.5
IU/ml) and can be increased to a maximum
of 6 ml for 2-6 sessions per month [52].
Bleomycins effectiveness in reducing
keloid load has been explored using a
variety of procedures, including tattooing,
dermoget intralesional injection, and
intralesional injection plus or minus in
combination with electroporation therapy.
The bleomycin tattooing procedure is
characterised as dropping a bleomycin
solution onto the area, then puncturing the
treated area using a 22-to-25 gauge needle
[94]. Bleomycin concentrations 30U/ cm
square and 61U/cm square were dropped

on patient scars at 1.5 IU/ml, followed by

40 punctures per 1 cm square of S5cm
square in studies [94]. With 66-77 % of
patients receiving greater than 70% scar
flattening, bleomycin tattooing for keloids
has shown some success across all
tattooing protocols [94]. Recurrence rates
after bleomycin tattooing varied from 14-
28.6% at 10-18 months after treatment
[94]. In 69.4% of 36 patients with keloids
and hypertrophic scars, Bodokh Bru
reported full flattening [95]. After
administering jet intralesional injections of
bleomycin to 15 patients, Saray el at
observed complete flattening in 73.3
percent, highly significant flattening in 6.7
percent, and moderate flattening in 6.7
percent of lesions [96]. Huu et @/ studied
the effectiveness of bleomycin injections
on 55 patients with an average of 4
injections.70.8 percent of scars were
entirely flat, 8.3 percent were reasonably
flat, 17.5 percent were comparably flat, 3.3
percent were averagely flat,3.3 percent
were averagely flat, and there were scars
that were poorly flat scars. However, up to
18 months after therapy, a substantial
prevalence of recurrence was seen [97].
Bleomycin in conjunction with
intralesional steroids like triamcinolone has
consistently produced positive outcomes.
Camacho martinez et al. designed a two-
part investigation more recently. They

applied 0.3751 U of bleomycin and 4 mg of
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triamcinolone 1 acetonide to a 1 cm square
and found that it was an effective treatment
for keloid [98]. Manca et al used
intralesional bleomycin injections
combined with electroporation therapy to
cure keloids. Electroporation therapy
increases cellular permeability by passing a
current through the keloid region [99]. At
12 months after treatment, Manca et al
observed that 94% of patients had a greater
than 50% reduction in erythema, pain, and
pruritus, and 83% of patients had a
reduction in erythema, pain, and pruritus
[99]. Pain at the injection site, cutaneous
problems, hyperpigmentations, ulceration,
and dermal atrophy are all possible side
effects of the medicine, despite its safety
[90].
4.9 Surgical techniques

Traditional keloids removal involves
surgical excision [100]. Excision, on the
other hand, causes a new wound and can
result in a keloid that is identical to or
greater than the original [102]. As a result,
surgical excision is not suggested as a
single treatment option [103, 104]. Because
recurrence rates for surgical excision range
from 45-100%, simple complete or razor
excision of a keloid is rarely utilized as a
monotherapy  [41, 101]. Incomplete
surgical margins have been postulated as a

possible reason for high recurrence rates

after excision [105]. Surgical excision is

frequently combined with various forms of

treatment, including as radiotherapy,
pressure therapy, IVF injection,
intralesional ~ corticosteroid  injections,

cryotherapy, bleomycin, and silicone gel or
sheeting, to improve postoperative surgical
outcomes [35, 44, 89]. Gently tissue
handling, prevention of wound bed tension,
eversion of wound edges, through
approximation of wound margins, the
sufficient infection and bleeding control or
all general guidelines for initial wound
closure following full excision [41,109].
The wuse of dermal replacement and
epidermal skin grafting with keloid
excision has also been reported as a
variable alternative to primary closure of
full keloid excision [106]. At 6 months,
ziccardi et al reported no recurrence after
using a full thickness skin transplant from
removed keloid skin a [107]. Burm et al
[108] investigated the use of complete
thickness of skin grafts in the treatment of
helical rim keloids defects with exposed
cartilage. After the wound bed had de-
epithelialized 2-3mm beyond the actual
keloid border, these skin grafts were
inserted. Burm et al observed no recurrence
with no extra medication for all patients
over a 9-month to 6-year follow up period
[108]. In a recent case series investigation,
141 patients with anterolateral chest wall

keloids had treatment that comprised full
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excision Z-plasty, post- operative adjuvant
radiotherapy, and post operative wound
self-management. ~ The results were
excellent, with an incidence rate of only
10.6% [109]. The usage of steroid tape and
injections helped to prevent keloids from
reappearing [109]. The surgical excision of
keloids can be done in a variety of ways,
depending on the anatomical position, skin
type and patient age. Linear closure with
flap covering, excision with grafting, Z-
plasty and W-plasty are some of them
[111]. The surgeon doing the excision
should use tension - free wound closure to
limit the chance of keloid [112, 113]. The
end prognosis is frequently linked to the
operating surgeon’s skill and technique, as
well as the patient's active involvement in
their wound care [110].

4.10 Verapamil

Verapamil is a calcium channel blocker
that was initially proposed for keloid
treatment because of its potential to
suppress fibrosis in invitro tests [114]. This
changes the morphology of fibroblasts,
promotes TGF-B1 apoptosis, renders ECM
synthesis and depolymerizes actin filament
[115]. Intralesional verapamil is a safe drug
that has been used to treat keloid scars
[116]. However, the results of this
treatment have been varied. Verapamil was
found to be an appropriate treatment with a

recurrence rate of 28.6% in a single arm

research employing intralesional
administration of the drug intra and post
operatively (every 2 weeks for 1 month,
then once per month for 3 more months)
[117]. The use of verapamil in the
treatment of scars after abdominoplasty and
mammoplasty has been found to inhibit the
development of keloids and hypertrophic
scars [116]. Another study comparing
efficacy of intralesional TAC and
verapamil, recognised that postoperative
sites injected monthly with 2.5mh/ml
verapamil had a larger recurrence rate than
those injected with 10 mg/ml triamcinolone
(hazard ratio=8.44, p=0.01). Because of the
study’s intra-patient control, half of the
scar was injected with verapamil and the
other half with triamcinolone, the findings
seem to be very significant [114].
Furthermore, recent randomised controlled
research found that verapamil was not as
effective as TAC in minimizing keloid
recurrence following surgical excision
[114]. Another study found no evidence of
efficacy for intralesional verapamil
treatment, which did not diminish non
pigmentation height and had a modest
reduction in pliability [118]. Verapamil has
been proven effective when taken in
conjunction with other medications such as
pressure treatment [119], PDL [120], TAC
[121], nifedipine [122] and others. With a

combination of verapamil and pressure
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therapy, the pigmentation, vascularity,
elevation, flexibility, and pruritis of keloid
originating from burn injuries improve
[114]. A recent study by Khattab et al,
which used a combination of verapamil and
PDL to treat keloids, indicated that the
combined therapeutic technique was more
effective than intralesional verapamil alone
in terms of improving the height and length
of the lesion [120]. Morelli et al also
showed that using TAC and verapamil
together was effective in treating keloid
scars over time, but using TAC alone had a
faster and more effective response but a
higher complication rate than using
verapamil alone [48]. These studies showed
that when administered as part of a
combinational therapy, intralesional
verapamil, which is safe to use and has few
side effects, is more successful and
provides long term stable results.

4.11 Cryotherapy

Cryotherapy is a low- temperature
treatment that produces tissue necrosis by
causing vascular injury [123]. It’s been
used to treat keloids as a monotherapy or in
conjunction with other therapies including
intralesional steroid injections [124].
Cryotherapy has rapidly gained popularity
in the keloid literature; when used to treat
keloids, cryotherapy reduces inflammation

while also increasing collagen organisation

[125]. Cryotherapy is the process of

freezing keloids to minimize scar volume
and recurrence [126]. Cryotherapy is
commonly delivered using Spray and
contact probes, however the intralesional
needle cryoprobe has been shown to be the
most effective in healing keloid scars
[127]. The temperature of keloid scar is
reduced to below- 22 degrees °C during
cryotherapy [126]. Cell anoxia, cryo
necrosis and coagulative necrosis have all
been related to reduced temperature
inducing vascular damage [123, 127].
hypopigmentation, blistering, discomfort,
delayed healing and infection have all been
reported as a side effect of external
cryotherapy [126]. Intralesional
cryotherapy was introduced to reduce side
effects, and there are now a number of
nitrogen-based cryo devices described for
the treatment of keloid scars, including two
commercially available: a liquid nitrogen-
based device [123] and an argon gas-based
device [128]. Intralesional cryotherapy
involves inserting a needle with or without
a cryoprobe into the long axis of the keloid
scar to allow liquid nitrogen vapour to pass
through and freeze the tissue [129].
External cryotherapy induced
hypopigmentation in dark- skinned people,
hence intralesional cryotherapy was
proposed to overcome this [127]. This is
accompanied by findings of another study
which

indicated that patients with
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Fitzpatrick type 1-11 to experience
hypopigmentation and recurrence after
[130].

cryotherapy destroys the

intralesional cryotherapy
Intralesional
keloid’s core while leaving the superficial
epithelial cells, including melanocytes,
unharmed [127]. As a result, volume loss is
enhanced while the risk of
hypopigmentation and other surface
responses is reduced [126]. According to
research, intralesional cryotherapy can
reduce keloid volume by 51.4-67.4% after
12 months following the last treatment,
according to studies [123, 127, 128, 130].
While comparing intralesional and spray
cryotherapy, the former appeared to be
most effective, although both exhibited
good outcomes [125]. The results of a
smaller  research  involving  spray
cryotherapy by park et al confirmed the
requirement for sessions every two weeks
to sustain effects. Furthermore, they found
that spray treatment was ineffective in a
percentage of cases, particularly for thicker
keloids, and recommended that it should
not be used as a monotherapy [131]. In
Conclusion, while Cryotherapy is known to
be painful, intralesional cryotherapy,
especially with younger lesions is effective
[125].

4.12 Radiation therapy

researchers have been evaluating several

radiation treatments to determine the best

protocols for treating keloids since the
beginning of the 20th century [132]. Since
then, it’s been used less frequently as a
monotherapy and more commonly as an
effective adjuvant treatment following
surgical excision [134, 135, 136] with
effectiveness rates ranging from 67 to 98
percent and  recurrence rates  of
approximately 22 percent. When compared
to monotherapy radiation therapy has been
demonstrated to be most successful as
adjuvant therapy to surgical excision [134,
137]. Though the mechanism of action of
radiation therapy is unknown, in-vitro
studies have shown increased rates of
premature cellular senescence and reduced
proliferation of keloid fibroblasts in a dose
dependent manner [136,132] and acts by
strangling angiogenesis and obstructing
fibroblast activity [S1]. Reduced fibroblast
proliferation, increased cell senescence and
apoptosis, all of which leading to reduced
collagen production and keloid suppression
have also been described [138]. In order to
avoid postoperative recurrence, Surgical
excision followed by radiation has become
a basis of keloid treatment [139]. After
surgical excision, various radiotherapy
methods, namely electron beam
radiotherapy, have been used. with varied
degrees of  success, brachytherapy
superficial, and orthovoltage radiation have

been used [140]. Brachytherapy is a
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modern radiation treatment that has mixed
success. Following the use of perioperative
high dosage brachytherapy in patients who
had failed earlier therapies, researchers
discovered a 6% recurrence rate. All
previously  afflicted  patients  their
symptoms totally removed [144]. Low
dose rate (LDR) or high dose rate (HDR)
intralesional brachytherapy can be used
[141]. HDR brachytherapy has been
extensively explored in compression to
LDR  brachytherapy  because @ LDR
treatment times range from 20-72 hrs but
HDR treatment varied from 5-10 minutes
[142, 143]. In a study of 72 papers,
Mankowski et al examined the clinical
outcomes of various types of radiation
treatment for the management of keloids
[137]. When subjected to combinational
therapy  with  post-surgery  excision,
radiation used as monotherapy resulted in
greater rates of recurrence (37%) according
to the meta-analysis (27%). When
comparing the various radiation-based
therapies, brachytherapy had the lowest
recurrence rate (15%), followed by x-ray
(23%) and electron beam (23%) [135].
Finally, due to the introduction of new in-
office  devices, superficial  photon
radiotherapy has gained popularity [145].
Acute skin reactions and late problems are
2 types of radiotherapy side effects that are

generally linked to the dose of radiation

employed. oedema, ulceration, erythema,
necrosis, desquamation and pigmentary
changes are the most typical acute reactions
that occur as soon as 7 days post keloid
treatment. changes in pigmentation
atrophy are among the late consequences.
A few weeks after radiation for
telangiectasia [146].

4.13 Botulinum Toxin Type A (BTA)
Botulinum toxin type A (BTA), is a potent
neurotoxin  derived from  bacterium
clostridium botulinum that produces local
muscle flaccid paralysis and reduces skin
tension. It has been shown to improve scar
cosmesis by reducing stress on healing
edges, [147],  aggregating
fibroblasts in GO and G1 Phases of the cell

cycle [148] and decreasing TGF-f1

wound

expression [149]. In a prospective,
uncontrolled study, 12 patients with keloids
were treated with translesional botulinum
toxin type A injection at a concentration of
35 units/ml, with a dosage of 70-140 units
per session, at 3month intervals for 3-9
months [150]. This resulted in successful
therapy, great patient satisfaction, and no
major side effects or symptoms of keloid
recurrence [150]. Despite the fact that a
subsequent study (n=4) demonstrated no
clinical advantages from botulinum toxin
therapy in keloids, following research has
been broadly supportive of this therapeutic

response [151]. In a case study, 12 patients
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(n=01 chinese, n=10 whites, and n=01
south asian) with keloids in various areas
of the body (n=9 presternal, n=3 neck,
thigh, and face) treated between 20 and 100
units of BTA on each session over the past
5 years (no frequency specified). Eight
individuals received alternating intradermal
triamcinolone injections at the same time.
After a range of 2-43 months of frequent
injections, the keloids were completely
flattened. @Two of the twelve patients
experienced recurrences near previously
treated regions.l  patient's condition
worsened, resulting in ulceration and
recurrence [151]. Botulinum toxin has a
number of advantages to triamcinolone,
including less side effects and a more rapid
relief in symptoms [152].

4.14 Pulsed-dye laser (PDL)

The pulsed dye laser (PDL) was among the
first laser treatments for keloids [153]. PDL
is a type of non-ablative laser therapy
which enhances scar appearance by
targeting keloid microvasculature [154].
Because this laser degrades haemoglobin, it
can be used to treat vascular keloids [153].
The PDL was originally designed to treat
vascular lesions by changing the laser's
wavelength from 585 - 600 nm and
targeting oxyhaemoglobin and
haemoglobin as chromatophores [154].

PDL (585 nm) was shown to cause keloid

recurrence after earlier flattening in an

early case report, however subsequent
investigations have proven success in
keloid treatment [157]. PDL therapy is
commonly applied in surrounding non-
overlapping laser pulses throughout the
length of the scar that used a laser
wavelength of 585 nm to 595 nm to
achieve a therapeutic effect [158, 156, 159,
76, 143]. PDL therapy can last anywhere
from 12 to 18 sessions, with 4 to 8 weeks
between sessions [154, 158, 160]. TGF-j
expression was reduced, fibroblast
proliferation was reduced, and fibroblast
death was elevated in keloid biopsies after
PDL treatment, according to Kuo et al
[155]. This backed up histological results
from keloid samples treated with PDL that
showed a decrease in fibroblasts and the
development of looser, less coarse collagen
fibres [156]. PDL treatment can last
anywhere from 12 to 18 sessions, with 4 to
8 weeks each exercise [154, 158, 160].
After 4-6 sessions, Cannarozzo et al [154]
showed a 75 percent improvement in
overall scar colour, pliability, height and
texture in 49 percent of patients with
hypertrophic and keloid scars. After six
treatments, Al- Mohamady et al [159]
reported a 55 percent advancement in the
Vancouver scar scale, with older scars
showing less advancements [76, 160].
There is no recent data on how PDL

treatment affects the recurrence of keloid
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scars, while there is evidence that it can
induce scar recurrence in rare situations
[161]. Crusting,  Dblistering, post-
inflammatory pigmentary and temporary
changes are some of the possible side
effects of PDL treatment for scars [154,
159, 76, 160].

4.15 Ablative laser.

Keloids and hypertrophic scars can be cut
and cauterised with a carbon dioxide laser
(10600 nm), resulting in a dry operation
environment with minimal tissue stress.
When used alone, the carbon dioxide laser
was connected to recurrence rates of 39-
92%, and when combined with

postoperative injectable steroids,
recurrence rates were 25-74 % [161]. All
though ablative carbon dioxide (CO2) and
erbium doped yttrium aluminium garnet
(Er: YAGQG) lasers have long been used to
heal scars, there is no evidence that they
can be used to cure keloids. CO: and Er:
YAG lasers target water molecules,
producing collagen remodelling, increased
levels of basic fibroblast growth factor, and
lower levels of TGF -f in nearby tissue
[162]. 30 patients with hypertrophic scars
were treated with a combination of 3
different therapy modalities: In a korean
study 10600 nm ablative CO2(AFL),
copper (CBL) and

intralesional TAC. CBL had improved

bromide laser

vascularity and pigmentation outcomes at

the end of the research. In terms of
thickness and pliability, AFL and AFL plus
TAC were very beneficial. Epidermal
resurfacing was the outcome of collagen
remodelling. CBL plus TAC did not
worsen  vascularity or pigmentation,
implying that CBL may compensate for
TAC-induced erythema. Lastly, combining
AFL, CBL, and intralesional TAC provides
a cutting-edge treatment strategy for
hypertrophic scars [161]. Edema, erythema
and hyperpigmentation are some of the side
effects of laser therapy for keloids that
have been described in research [162]. A
possible adverse effect of ablative CO»
resurfacing has been identified as
hypertrophic scarring, particularly on the
neck [163].

4.16 laser-assisted drug delivery (LADD)
Drug penetration beyond the stratum
corneum has been aided by lasers to boost
the bioavailability of topical scar treatment
[164]. CO: and Er: YAG lasers, which are
common ablative lasers, are used in LADD
to form cylindrically shaped micro-ablation
zones of the skin, allowing for topical
medications to penetrate the dermis [165].
Though LADD has been used to study
topical keloid-treating agents there is
insufficient data on the utilization of
LADD for keloid therapy compared to
corticosteroids, SFU, and imiquimod [166].

The use of Er: YAG laser was investigated
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by Cavalie et al [167] every other week in
conjunction with topical [ methasone
cream twice daily until keloids improved
sufficiently. There was a median overall
improvement of 50 percent after nine
treatments, with acne induced keloids
showing the greatest improvement [167].
within the first 2 months after finishing
treatment, 22 percent of individuals had
[235]. The

recurrence efficacy of

intralesional ~ triamcinolone  acetonide
therapy and topical desoxymethasone Er:
YAG LADD was then compared by Park et
al [168]. To compare these two regimens,
this group conducted a split scar trial, in
which each LADD steroid therapy was
given in four sessions at six-week intervals
[168]. The scar halves showed significant
improvement 12 weeks after the last
session, while some degradation was seen
at the conclusion of the study period [168].
Patients assessed their satisfaction with
their treatment outcome as “moderately
satisfied” at the conclusion of the study
[168]. In murine and porcine skin models,
the use of 5-FU and imiquimod in
combination with LADD has been

demonstrated to promote medication
penetration and lower the dosage needed
for maximum efficacy [169]. More
research is needed to determine the efficacy
of these topical LADD for keloid therapies.

4.17 Platelet-rich plasma (PRP)

PRP is a type of autologous plasma that has

been concentrated to contain supra-
physiologic quantities of platelets and
alpha granules, as well as vascular
endothelial growth factor, platelet derived
growth factor, and TGFP which is growth
factors and cytokines [170]. PRP has
become popular as a supplement to other

treatments for a variety of dermatologic

disorders, such as chronic wounds,
alopecia, and scars [171]. PRP’s
effectiveness in  modifying  keloid

pathophysiology has been the subject of
recent research. In an in-vivo study
involving cutaneous fibroblasts, PRP
increased fibroblast proliferation, collagen
expression, and matrix protein production
[172]. Increased TGF-p levels in PRP have
been linked to activation of the TGF-B
signaling pathway [173]. PRP is
Currently being researched as wound bed
injection therapy after surgical excision.
When PRP was used intraoperatively
during surgical excision and
postoperatively for three months in a
monthly regimen, Hersant et al [174]
observed a 29 percent keloid recurrence at
2 years. This research demonstrates that
PRP may be useful in modifying abnormal
healing of keloid wounds that are
frequently found after surgical excision.
According to Jones et al [175], using PRP

as an adjunct to surgical excision and X-ray
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radiation therapy for ear keloids reduces
the recurrence rate to six percent after two
years [175] according to Jones et al [175].
When PRP was used in combination with
surgical excision and cryotherapy, Azzam
et al [176] reported a recurrence rate of 32
percent [176].
CONCLUSION:
Keloid is an abnormal scar which leads to
physical distress and emotional distress
(depending on size and location).
Generally, keloids are formed after surgery
and rarely because of bug bite, tattooing,
burns and piercing. Permanent removal of
the formed keloids is of a great question
among scientists but treatment is available
for subsidising its symptoms like
inflammation, pain, itching and discomfort.
People with black pigmented skin are more
prone for keloid development. TGF- B1 is
the important factor which plays a major
role in the development of keloids.
Treating Keloids doesn't have a standard
protocol but using various drugs like
corticosteroids, mitomycin, Imiquimod,
radiation therapy and cryotherapy are
leading while surgical therapy is rarely
recommended.
Contflict of Interest: None
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