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Background: Keloids are an abnormal proliferation of scars that can involve large
areas of tissue beyond the original injury site. Hypertrophic scars are similar clini-
cally, but do not exceed the original scar limits. These scarring abnormalities can
cause noxious symptoms such as pain, tenderness, itching, and ulcerations. The
aim of this review is to discuss current therapies for both types of abnormal scar-
ring, and to determine if guidelines can be provided for excisional treatment with
adjuvant therapies versus non-excisional methods.

Methods: A systematic literature search was performed through the Web of Science
database. The search revolved around keywords such as “keloid,” “hypertrophic
scars,” and “treatment.” Articles were reviewed and screened for inclusion and
exclusion criteria. The review focuses on an analysis and summarization of ran-
domized control trials regarding keloid or hypertrophic scar treatments.

Results: The original searches produced 1161 and 1275 articles for keloid and
hypertrophic scars, respectively. In total, 316 duplicates were found. After account-
ing for 2014-2019 publication time, 655 keloid and 893 hypertrophic scar articles
were reviewed. This resulted in 15 articles that pertained to treatment and ran-
domized control trials.

Conclusions: Keloids and hypertrophic scars present a clinical challenge. Based on
qualitative review of recurrence, neither excision plus adjuvant therapy or nonsur-
gical treatments can be recommended preferentially at this time. More research
is needed to determine if recurrence rate bias exists between the treatment regi-
mens, as excisional treatment plus adjuvant therapy is reserved for refractory scars.
(Plast Reconstr Surg Glob Open 2021;9:¢3469; doi: 10.1097/GOX.0000000000003469;
Published online 22 March 2021.)

Scars may be caused by a variety of conditions. When
the normal physiological response is distorted, a keloid or
hypertrophic scar may result. A keloidal scar can appear
within weeks of an injury or years later, whereas hypertro-
phic scars (HTS) typically develop in 4-8 weeks. Keloids are
elevated, bulky, and extend beyond the edges of the injury.
Due to the pain, tightness, pruritus, and disfigurement,
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keloids can have a significant impact on a patient’s quality
of life. HTS, on the other hand, remain within the boundar-
ies of the injury and tend to regress over years. In this scop-
ing review, we aim to provide an up-to-date list on various
treatments and explore recommendations for excisional
therapy combined with adjuvant treatments.

Criteria for Article Inclusion

Articles published within the last 5 years (2014-2019)
that characterized keloid or HTS treatment were included
in this scoping review. Randomized control trials (RCTs)
were sought to guide possible surgical guidelines regard-
ing keloids and HTS.

Criteria for Article Exclusion

Articles with keywords such as “burn,” “thermal,”
or “pathogenesis,” or with “case studies” in the title or
abstract were removed. Through title and abstract review,
epidemiology studies and scars resulting from side effects
of other treatments were also excluded.
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Search Methodology

Aliterature search for articles using the Web of Science
was completed in October 2020. The language of articles
was limited to English. Two separate searches were com-
pleted for “keloid” and “HTS.” The exact search termi-
nology used can be found in Table 1. The search initially
yielded 1161 and 1275 articles pertaining to keloids and
HTS, respectively, for a combined total of 2436 articles. In
total, 1548 articles were reviewed by title and abstract for
exclusion criteria. To increase consistency among review-
ers, this search was conducted independently by 2 of the
authors. Both searches yielded the same results.

An estimated 398 articles remained to be reviewed
by full text. All RCT articles (n = 11) were included in
the review at this eligibility point. Non-RCT articles with
<8 citations were excluded. A total of 15 articles were
included in this scoping review. The selection process for
included articles is shown in Figure 1 (see also Table 2).

Nonsurgical Treatments

In this section, we describe the nonsurgical treatments
for keloid and HTS. We include the proposed mechanism
of action, typical dosage recommendations, rates of recur-
rence, and possible side effects of treatment.

Intralesional Triamcinolone Acetonide

The most widely used treatment for both pathologic
scar types is intralesional triamcinolone acetonide (TAC)
at concentrations of 10-40mg/mL."" Recurrence rates
with TAC can be as high as 50%, in 5 years."? TAC reduces
collagen synthesis and, thus, can lead to a softening and
reduction in the scar size. Adverse effects are common
and include skin atrophy, hypopigmentation, and telangi-
ectasias at the injection site.

An RCT by Khalid et al compared the use of intral-
esional TAC with that of intralesional TAC/5-Fluorouracil
(5-FU) combination. The treatment arm that received the
combination therapy of TAC/5-FU (a weekly injection of
4mg of TAC and 45mg of 5-FU) had a lower recurrence
rate of 17.5% at 10 months versus 39.2% at 10 months
with the use of 10-mg intralesional TAC alone.” Scar
height in the combination treatment group was signifi-
cantly improved compared with that in the only TAC injec-
tions group, and both treatments resulted in a scar height
reduction of >50%.°

Intralesional Fluorouracil

5-FU is the second line injectable for resistant scarring."”
Concentrations of 5-FU used for injections are 50 mg/mL.
Recurrence rates between 25% and 47% are reported."

Table 1. Search Strategies for the Web of Science Database

1. TS = (keloid or keloidal scar) AND TS = (treatment)
PY = (2014-2019) AND LANGUAGE: (English) AND
DOCUMENT TYPES (Article)

2. TS (hypertrophic scars) AND TS = (treatment) PY = (2014-2019)
AND LANGUAGE: (English) AND DOCUMENT TYPES (Article)
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5-FU is thought to induce apoptosis and reduce TGF-beta
signaling, limiting the amount of collagen type 1 forma-
tion."” Reported side effects of 5-FU injection include skin
necrosis, pain, wound dehiscence, and ulcerations.'”'’

Hietanen et al performed an RCT comparing treat-
ment of keloids with intralesional TAC versus 5-FU injec-
tions. The TAC treatment group had a remission rate of
60% at 6 months compared with a remission rate of 46%
at 6 months after 5-FU injections.” On average, lesions
were 1400 mm?, but the degree of flattening was not mea-
sured. Limitations of this study are the follow-up time of 6
months and the fact that 60% of the treatment groups had
received TAC treatment previously.®

Verapamil

Verapamil is a calcium channel blocker commonly
used for controlling hypertension and migraines, and pos-
sibly has an expanded role in scar treatment. Verapamil
was shown to increase procollagenases but reduce the
expression of collagen and fibronectin, as well as the depo-
lymerization of actin fibers.'”!* Many studies indicate little
to no side effects from the use of verapamil compared with
other treatments, other than pain at the injection site or
marked recurrence.” Its efficacy as an agent for treating
keloids and HTS, has varied across several studies.

In a 2018 RCT by Abedini et al, verapamil was com-
pared with intralesional corticosteroids. Keloids and HTS
were included in this study. It was found that verapamil
barely improved Vancouver Scar Scale (VSS) scores by
7.33% compared with TAC, which showed a VSS score
improvement of 68.81% for both scar types. In conclu-
sion, verapamil did not appear to be capable of treating
either HTS or keloidal scars.”

Cryotherapy

Cryotherapy is the delivery of liquid nitrogen to the
scar tissue without damaging the epidermis or surround-
ing areas, via an uninsulated cannula through the length
of the scar."” Treatment consists of freeze and thaw cycles
lasting 10-30 seconds that are repeated 3 times per ses-
sion and occur every 4-6 weeks.”” Mechanism of action
involves cellular damage and local ischemic necrosis. Side
effects of cryotherapy include skin atrophy and hyper-
pigmentation.”’ One hospital-based uncontrolled study
by Barara et al, with a sample of 30 patients, showed that
after 3 or 6 sessions of cryotherapy, the lesions flattened
by 30.76% or 58.13%, respectively. It was concluded that
cryotherapy treatments are best suited for treating newly
formed keloids and smaller lesions.”” An RCT by Bijlard et
al compared intralesional cryotherapy versus excision with
brachytherapy, and found that cryotherapy was inferior to
this treatment, leading to termination of the study.?

Silicone Gel

Silicone gel sheets or silicone gel may be placed over
the scars to assist with wound healing. This is accom-
plished by maintaining the moisture content of the stra-
tum corneum or by possibly reducing the infiltration of
mast cells.”** Reported side effects of silicone include skin
itching, skin maceration, and skin irritation.**
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u PRISMA 2009 Flow Diagram

Fig. 1. PRISMA flow diagram of systematic review.

In a 1999 study by Berman et al with a sample of 32
patients, using silicone gel cushions and silicone gel sheets
to treat keloids and HTS, the lesion volumes of both scar
types decreased up to 53.0% using gel cushions, but there
was no statistical difference between the 2 silicone treat-
ments. These were smaller lesions measuring between 0.44
and 1.35 mm®.*” The use of silicone in this study appeared
to improve moderate to severe pruritus.”’” An RCT to pre-
vent HTS with silicone gel, published in 2004 by Chan et
al, showed that sternotomy scars treated with silicone gel
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scored lower on VSS, with statistically significant improve-
ments in all parameters.”

Pressure Therapy

Pressure therapy may be used independently or in
conjunction with surgical removal. Pressure therapy is
thought to reduce oxygenation of the wound through ves-
sel obstruction, leading to less fibroblast proliferation and
sequential reduction in collagen deposition.”® Anatomical
locations where the pressure therapy is the most suitable
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Table 2. Summary of RCTs in the Last 5 Years (between 2014 and 2019) Discovered in this Literature Search

Study Median
Reference Intervention Size (n) Scar Type Scar Location  Follow-up Outcomes
Surgical and adjuvant treatment
Khalid et al’ Excision followed by 60 Keloid Ear 20 mo 5-FU/TAC: recurrence 26.67%
5-FU/TAC or radio- at 7 mo
therapy Radiotherapy: recurrence 56.6%
at 6 mo
Bijlard et al* Primary keloid or 26 Keloid Thorax, ear, ly Primary TAC: 80% recurrence
resistant keloid extremities, Primary cryotherapy: 25% recur-
excision followed by back, abdo- rence
TAG, intralesional men, cheek, Resistant brachytherapy: 0%
cryotherapy, or and neck recurrence
brachy therapy Resistant cryotherapy: 22%
Jensen et al’ Excision followed by 21 Hypertrophic Breast 24wk  86% reduced scar severity by
anti-CTGF oligo- Patient and Observer Scar
nucleotide injection Assessment Scale
(EXC 001) or
placebo injection
Lin et al* Excision followed by 32 Non-pathologic Cesarean 12mo  Keloid and hypertrophic scar
silicon sheets or incision subgroup (n = 7) had no statisti-
silicone gel cal difference in VSS for either
treatment
Nonsurgical treatment
Khalid et al’ Intralesional TAC 69 Keloid and Pre-sternal, head, 22mo  TAC: recurrence 39.2% at 10 mo
or intralesional hypertrophic neck, ears TAC/5-FU: recurrence 17.5% at
TAC/5-FU 10 mo
Hietanen et al® Intralesional TAC or 50 Keloid Chest, shoulder, 6 mo TAC: remission rate 60% at 6 mo
intralesional 5-FU back, abdomen 5-FU: remission rate 46% at 6 mo
Abedini etal ’ Intralesional 50 Keloid and Chest, extremities, 3 mo  VSS scores did not change sig-
verapamil or hypertrophic back nificantly with the use of either
intralesional corti- therapy after 3 mo; verapamil
costeroids not considered an effective
alternative to TAC
Karmisholt etal ® AFXL or no laser 11 Normotrophic and Cesarean 6 mo Erythema with AFXL peaks at 1
treatment hypertrophic incision mo, pigmentation is still appar-
ent at 3 mo, and improvement
witnessed after 6 mo
Keaney et al’ KTP laser or PDL laser 20 Erythematous and ~ Abdomen, breast, 12wk  KTP treatment: statistically signifi-
hypertrophic back, extremi- cant improvement of vascularity
ties, and chest of VSS score; overall KTP laser
safe and as effective as PDL
laser for surgical scars
van Drogee et al'  Ablative fractional 25 Atrophic and Breast, extremities, 6 mo Ablative fractional CO2 laser not
CO, laser or no hypertrophic back, and facial effective for every scar type;

laser treatment

efficacy of this treatment could
not be determined

AFXL, ablative fractional laser; POSAS, Patient and Observer Scar Assessment Scale.
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Fig. 2. Schematic of Keloid Treatment Protocol employed by the University of Colorado School of Medicine Plastic and Reconstructive Surgery.

are the limbs and the trunk, but areas of flexion or concav-
ity such as the abdomen do not achieve the optimal pres-
sures needed for treatment benefits.”” Pressure (in mm
Hg) has not been scientifically determined for best scar
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outcomes, but most articles indicate a capillary pressure
of 25 mm Hg or greater.”” A 2011 RCT comparing pres-
sure therapy alone or in combination with silicone sheets
showed that pressure alone therapy was equivalent to the
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combination therapy.” More research is required to deter-
mine the adequate pressures required and efficacy of this
treatment.

Radiotherapy

Radiotherapy as a solo treatment is controversial.
Modalities for radiation therapy administration range
from x-rays, electron beam, to brachytherapy.” No spe-
cific radiation dosage or administration type has been
accepted as the gold standard. Recurrence rates of radio-
therapy as a single treatment modality range from 50% to
100%." Side effects of radiation therapy include dermati-
tis, fibrosis, and telangiectasias, but the most concerning is
malignancies, which can occur years later.”

Laser Therapy

The lasers that are commonly used for keloids and HTS
are the pulsed dye laser (PDL), 1064-nm Neodym:YAG
laser, and Fractional carbon dioxide lasers.” PDLs are the
gold standard treatment for treating HTS and provide
improvement to erythema, thickness, and pruritus.” The
mechanism of action involves collagen remodeling and
decreased fibroblasts in the tissue treated.** Fractional car-
bon dioxide lasers function through photothermolysis to
further wound healing and help replace old disorganized
collagen with physiologically normal collagen.” Collagen
remodeling is hypothesized to occur due to increased
levels of Matrix metallopeptidases-9. Side effect pro-
files from lasers range from mild erythema, purpura,
hypopigmentation, or hyperpigmentation, to possible
ulceration.”'”

Keaney et al performed an RCT comparing the 532-nm
Potassium Titanyl Phosphate (KTP) laser with the 595nm
PDL laser for erythematous and HTS. Patients received
both treatments to different scar areas or to separate areas
of 1 scar if its length was >5cm. The study showed that
KTP was as effective as PDL for surgical scars. However,
the KTP had limitations such as a higher likelihood of
hypopigmentation due to its ability to affect melanin and
was a more painful modality. KTP laser did outperform
the PDL in terms of VSS score with a statistically signifi-
cant improvement in vascularity.’

Three studies were reviewed regarding fractional car-
bon dioxide (CO,) lasers. Van Drooge et al reviewed the
ablative fractional CO2 laser versus no laser treatment in
an intra—individual split-lesion RCT to determine its effi-
cacy for various types of scars. HTS represented 48% of
the sample size, and keloidal scars were excluded. From
the study, the efficacy of ablative fractional CO, laser could
not be concluded."’

Karmisholt et al completed an RCT comparing abla-
tive fractional CO2 laser with no laser treatment in an
intra-individual splitscar study of cesarean scars. In this
study, 36.4% of scars were hypertrophic in character. They
concluded that laser-related skin color changes mask the
overall scar improvement compared with no treatment up
to 3 months after laser therapy.®

Azzam et al performed a prospective randomized intra-
individual comparative clinical trial to explore the effects
of fractional CO, lasers on keloids and HTS through
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histology. Laser treatment induced collagen remodeling
and reduced mean collagen percentages.”

Surgical Treatments

Surgical excision is currently indicated for keloids
that are resistant to nonsurgical approaches. Surgical
approaches should be combined with another therapy
due to high recurrence rates of 50%-80%." Below we
review the various combinations of excision and adjuvant
therapies found in our literature search, and we discuss
other relevant studies.

Excision Combined with Adjuvant Intralesional TAC
Excision followed by TAC injections is widely used as a
treatment for keloids and HTS. Recurrence rates of exci-
sion followed by postoperative TAC are reported to range
between 8% and 50% over 5 years.” An RCT by Bijlard et
al compared intralesional cryotherapy with excision with
corticosteroid injections for primary keloids (no prior
intervention). The postoperative TAC treatment arm had
a recurrence rate of 80% compared with the intralesional
cryotherapy with a recurrence of 25%. However, the treat-
ment satisfaction with the excision and TAC was higher.”

Excision Combined with Adjuvant Intralesional Fluorouracil

Khalid et al completed an RCT that compared 5-FU in
combination with TAC following excision versus brachy-
therapy following excision to determine the efficacy of
5-FU. This study showed that recurrence rate after surgical
excision of ear keloids treated with the 5-FU/TAC com-
bination was 26.67% at 7 months compared with 56.6%
reoccurrence at 6 months for brachytherapy.' A study by
Kare et al treating 24 ear keloid patients post-excisionally

with 5-FU injections maintained a low recurrence rate of
3.57%."°

Excision Combined with Adjuvant Verapamil

Danielsen et al completed a double-blinded RCT com-
paring excision followed by verapamil or excision followed
by TAC. It was determined that recurrence of keloidal
scars after treatment with verapamil is significantly higher
than with TAC."

Excision Combined with Adjuvant Silicone Gel

A 1994 study with 8 patients used topical silicone gel
following surgical removal of keloids and HTS with a CO,
laser, and compared recurrence with only surgical removal
via CO, laser. The patients who received combination
therapy had keloid recurrence of 12.5% compared with
37.5% who did not receive silicone gel postoperatively.”
In phase III of the study, 80% of keloid patients thought
that there was only a minimal scar thickness change.” In
another study, Lin et al completed an RCT comparing sili-
cone sheets versus silicone gel on scars and indicated no
statistical difference between both treatment for Keloids
and that for HTS.*

Excision Combined with Adjuvant Pressure Therapy
Park et al treated helical rim keloids by surgical exci-
sion followed by pressure therapy of magnets and silicone
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gel sheets, which resulted in a reoccurrence rate of 5%
after 18 months.*

Excision Combined with Radiation Therapy

Electron beam radiotherapy has the ability to pen-
etrate 2-6cm and is ideal for skin treatments. Ogawa et
al studied 370 keloid and HTS excisions with postopera-
tive radiation and recommends varying doses per treat-
ment area. Keloids and resistant HTS at an elevated risk
for recurrence require 20 grays (Gy) x 4 fractions within a
4-day period. Ear keloids can be effectively treated with 10
Gy x 2 for a 2-day period. This study found a total recur-
rence with excision followed by electron beam radiation
of 14.0%."

Bijlard et al treated patients with high-dose-rate
brachytherapy after excision. Patients were treated with
2 x 9 Gy, 3 x 6 Gy or 2 x 6 Gy, and no statistical difference
for recurrence was found between the fractionations of
treatment. Thus, it was concluded that high-dose-rate
brachytherapy (2 x 6 Gy) with a dose of 20 Gy (biologi-
cally equivalent dose) should be recommended based
on an overall recurrence rate of 8.3% and low complica-
tions rates.*’

An RCT by Bijlard et al compared intralesional cryo-
therapy with excision with brachytherapy for resistant
keloids.” With brachytherapy, in this study, none of the
excised keloids recurred within l-year of follow-up. In
summary, from both of the Bijlard et al studies, it was
found that resistant keloids improve with brachytherapy
after excisional treatment.

Other Treatments Used Post-surgical Incisions

Other treatment modalities such as injectables and
topicals are emerging in RCTs for various types of scars.
Jensen et al completed a within-subject RCT compar-
ing postexcisional treatment with anti-connective tissue
growth factor oligonucleotide injection versus placebo
injection on breast HTS revision. Patients were treated
with anti-connective tissue growth factor on 1 breast and
placebo injection on the incision site of the other. Per
Patient and Observer Scar Assessment Scale score, scar
severity was reduced by 86% with anti-connective tissue
growth factor.”

Anesthetic for Keloid and HTS Treatment

Injection treatments for keloids and HTS can be excru-
ciatingly painful, which may limit patient compliance and
ability to continue treatment. An RCT by Usanakornkul
and Burusapat” compared the use of topical lidocaine,
injected lidocaine, placebo controls, and a combination
of topical and injected lidocaine in order to determine
the efficacy of each treatment in pain management. The
study concluded that injected lidocaine provided no
relief, and topical lidocaine provided needle stick pain
relief. Vibrational anesthesia for pain reduction during
intralesional steroid injection for keloids was explored by
Park et al. The study concluded that vibrator-assisted anes-
thesia was well tolerated, and patient self-reported pain
score reduced significantly compared with no vibrational
anesthesia.*”
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After reviewing recent RCTs, prospective studies, and
retrospective studies, we cannot recommend any treat-
ment modality over the other: nonsurgical or surgical with
adjuvant therapy. In our review, however, scars treated
with surgical removal are typically secondary or refractory
scars. This may lead to higher recurrence rates in the sur-
gical studies, making recurrence rates appear comparable
to nonsurgical treatments. We speculate that comparing
recurrence rates between nonsurgical and surgical scar
correction may not be entirely accurate. Discretion must
also be utilized when comparing outcome or effective-
ness of treatment. Surgical treatment inherently remove
the scar, whereas nonsurgical treatments result in relative
degrees of flattening, not resolution. This should be taken
into account in nonsurgical studies, as a way to deter-
mine treatment efficacy in addition to recurrence rates.
Therefore, we agree with the conclusions of Khansa et
al in their brief review of keloid treatment, that a multi-
modal treatment is necessary for keloids.*

At the University of Colorado Division of Plastic
Surgery, all keloids are treated aggressively to limit recur-
rence after excision. Excision is followed by intralesional
5-FU injections, which were commenced 2 weeks after
excision and continued weekly up to 7 times. The con-
centration of 5-FU used for injections is 50 mg/mL, with
a dosing of 4-8mg/cm of scar length. If a hypertrophic
scar forms in the excision site, treatment with 5-FU may
be extended. The last treatment provided at the 9-week
mark is a combination of 5-FU and TAC to provide ste-
roidal benefits to the scar bed. TAC is not performed
throughout the weekly treatments due to the high likeli-
hood of skin atrophy, which would lead to an unfavorable
aesthetic outcome. Twenty-six keloids from 15 patients
have been treated with this protocol and returned for a
median follow-up time of 20 months. Four of the keloids
treated developed into hypertrophic scarring, and no
keloid recurrence was noted (Fig. 2).

Here, we propose that further clinical research is
needed to explore treatments for primary keloids with
surgical excision followed by adjuvant 5-FU or brachyther-
apy compared with nonexcisional therapy. Surgical treat-
ments are typically reserved for refractory keloids due to
a concern that keloid excision has high recurrence rates.
Brachytherapy and 5-FU have shown promising results but
have not been compared directly after excisional therapy.
A direct comparison of these surgical regimens with adju-
vant treatment to nonexcisional management may iden-
tify patients who may benefit more from surgery than
from other therapies and may streamline their care.

Tae W. Chong, MD

Plastic and Reconstructive Surgery
University of Colorado School of Medicine
13001 E 17th P1

Aurora, CO 80045
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