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Abstract

Keloids are an overgrowth of fibrotic tissue outside the original boundaries of an injury and occur 

secondary to defective wound healing. Keloids often have a functional, aesthetic, or psychosocial 

impact on patients as highlighted by quality-of-life studies. Our goal is to provide clinicians and 

scientists an overview of the data available on laser and light-based therapies for treatment of 

keloids, and highlight emerging light-based therapeutic technologies and the evidence available to 

support their use. We employed the following search strategy to identify the clinical evidence 

reported in the biomedical literature: in November 2012, we searched PubMed.gov, Ovid 

MEDLINE, Embase, and Cochrane Reviews (1980-present) for published randomized clinical 

trials, clinical studies, case series, and case reports related to the treatment of keloids. The search 

terms we utilized were ‘keloid(s)’ AND ‘laser’ OR ‘light-emitting diode’ OR ‘photodynamic 

therapy’ OR ‘intense pulsed light’ OR ‘low level light’ OR ‘phototherapy.’ Our search yielded 

347 unique articles. Of these, 33 articles met our inclusion and exclusion criteria. We qualitatively 

conclude that laser and light-based treatment modalities may achieve favorable patient outcomes. 

Clinical studies using CO2 laser are more prevalent in current literature and a combination 

regimen may be an adequate ablative approach. Adding light-based treatments, such as LED 

phototherapy or photodynamic therapy, to laser treatment regimens may enhance patient 

outcomes. Lasers and other light-based technology have introduced new ways to manage keloids 

that may result in improved aesthetic and symptomatic outcomes and decreased keloid recurrence.

INTRODUCTION

Keloids are an overgrowth of fibrotic tissue outside the original boundaries of an injury and 

occur secondary to defective wound healing.1 Keloids vary in size, density, demarcation, 

and site. The exact pathogenesis of keloids is not elucidated and the lack of adequate animal 

models hinders keloid research.

Keloids often have a functional, aesthetic, or psychosocial impact on patients as highlighted 

by quality-of-life studies.2 Individuals of African, Hispanic, or Asian descent appear at 

Corresponding Author: Jared R. Jagdeo, MD, MS, Department of Dermatology, UC Davis, 3301 C Street, Suite 1400, Sacramento, 
CA 95816, USA, jrjagdeo@gmail.com. 

Disclosures: None declared

HHS Public Access
Author manuscript
J Eur Acad Dermatol Venereol. Author manuscript; available in PMC 2015 June 01.

Published in final edited form as:
J Eur Acad Dermatol Venereol. 2014 June ; 28(6): 689–699. doi:10.1111/jdv.12253.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://PubMed.gov


increased risk for the development of keloids.3 It is estimated that 4.5–16.0% of people of 

African or Hispanic descent suffer from keloids or hypertrophic scars.3 In addition, keloid 

prevalence ranging from 0.3–0.6% has been reported in Taiwanese children.4,5

Treatments for keloids include surgical excision, intralesional or topical corticosteroids, 

other intralesional therapies: 5-fluorouracil (5-FU), bleomycin, and interferon, topical 

imiquimod, compression, cryotherapy, radiation, silicon sheeting, and laser or light-based 

therapies. Recurrence is common, even with combination therapy.1 Lasers and other light-

based technology have introduced new ways to manage keloids that may result in improved 

aesthetic and symptomatic outcomes and decreased keloid recurrence. Laser and light-based 

therapies for keloids can be grouped into three categories: ablative lasers, non-ablative 

lasers, and non-coherent light sources.

Ablative lasers, such as the 2,940-nm erbium-doped: yttrium, aluminum, and garnet 

(Er:YAG) laser and the 10,600-nm carbon dioxide (CO2) laser, emit beams absorbed by 

water in skin resulting in local tissue destruction.6,7

Non-ablative lasers target hemoglobin or melanin. 585 or 595-nm pulsed-dye lasers (PDL) 

are non-ablative and the major chromophore is oxyhemoglobin.8 PDL also targets melanin, 

therefore, care must be taken to avoid pigmentary alterations.8 PDL is hypothesized to treat 

keloids by selective damage of blood vessels that supply the scar.9 The 980-nm diode laser 

targets hemoglobin and melanin.10 The 1064-nm neodymium-doped:yttrium, aluminum and 

garnet (Nd:YAG) laser and the 532-nm neodymium-doped:vanadate (Nd:Van) laser are 

hypothesized to primarily treat keloids by damaging deep dermal blood vessels.11 Nd:YAG 

may directly suppress fibroblast collagen expression.11,12 Therefore, it is plausible that non-

ablative lasers may interact directly with and affect the biological function of keloidal 

fibroblasts.

Non-laser light sources are also used to treat keloids. These techniques include intense 

pulsed light therapy (IPL), light-emitting diode (LED) phototherapy, also known as low-

level light therapy, and photodynamic therapy (PDT). These modalities utilize light energy 

that may cause keloid fibroblast functional modification.13–16 IPL emits non-coherent, 

broadband wavelength, pulsed light and targets pigmentation and vasculature.14 LED 

phototherapy is hypothesized to photomodulate mitochondrial cytochrome C oxidase 

altering intracellular signaling.15 PDT requires application of a photosensitizer, commonly 

5-aminolevulinic acid (5-ALA) or methyl aminolevulinic acid (MAL), that is preferentially 

absorbed by highly vascularized or metabolically active tissue and converted to 

protoporphyrin IX (PpIX).16 Upon exposure to light, PpIX causes the generation of reactive 

oxygen species free radicals that have a cytotoxic effect.16 PDT may also cause alterations 

in extracellular matrix synthesis and degradation, and modulate cytokine and growth factor 

expression.13

Our goal is to provide clinicians and scientists an overview of the current data available on 

laser and light-based therapies for treatment of keloids in humans, and highlight emerging 

light-based therapeutic technologies and the basic science evidence available to support their 

use.
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METHODS

Search Strategy

We employed the following search strategy to identify the clinical evidence reported in the 

biomedical literature: in November 2012, we searched PubMed.gov, Ovid MEDLINE, 

Embase, and Cochrane Reviews (1980-present) for published randomized clinical trials 

(RCT), clinical studies, case series, and case reports related to the treatment of keloids. The 

search terms we utilized were ‘keloid(s)’ AND ‘laser’ OR ‘light-emitting diode’ OR 

‘photodynamic therapy’ OR ‘intense pulsed light’ OR ‘low level light’ OR ‘phototherapy.’

Selection Procedure and Inclusion and Exclusion Criteria

Published manuscripts, case series, case reports, and letters reporting on keloid treatment 

using ablative lasers, non-ablative lasers, photodynamic therapy, or light-based modalities 

from January 1980 to November 2012 were included. Only human studies and English 

language articles were included. Articles about other skin conditions or scar types, including 

those that focused on hypertrophic scars without addressing keloids, were excluded. 

Reviews, abstracts, posters, oral presentations, editorials, and studies that did not 

specifically evaluate or comment on the efficacy of the treatment modality were excluded.

RESULTS

Our search yielded 347 unique articles. Of these, 33 articles met our inclusion and exclusion 

criteria (Figure 1). We found 13 articles on ablative lasers: CO2 (12), Er:YAG (1). We found 

12 articles on non-ablative lasers: 908-nm diode (1), Nd:YAG (5), Nd:Van (1), pulsed-dye 

laser (5). We found 8 articles on light source therapies: IPL (4), LED (1), PDT (3). Table 1 

summarizes the characteristics of the 33 studies.

DISCUSSION

Many of the articles were methodologically limited (no control-arm, non-blinded, non-

randomized). The lack of double-blind RCTs is demonstrated in the following discussion 

and Table 1. The challenge of conducting double-blind RCTs for keloid laser treatment is 

the inherent difficulty in blinding patients and laser operators.

In the studies reviewed, keloid outcomes after treatment were sometimes measured using 

scar-rating systems, such as the Vancouver Scar Scale (VSS), or a modified version thereof. 

The VSS grades vascularity, thickness, pliability, and pigmentation.17 However, non-

universal usage of this assessment scale limits the usefulness in comparing study outcomes. 

Other scar scales exist, but were not utilized in the studies we reviewed.17

Ablative laser treatment results in keloid tissue destruction and therefore recurrence rate is 

an appropriate outcome measure. Non-ablative lasers and light-based therapies alter keloid 

milieu and result in reduction in size, erythema, pliability, and symptomatology making 

clinical assessment of these parameters a more appropriate measure. In studies utilizing the 

same laser class, we found that differences in efficacy and/or recurrence were sometimes 
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reported. These different outcome conclusions are likely due to variations in lasers, settings, 

and treatment protocols.

Ablative Lasers

Carbon Dioxide Laser—We identified 12 manuscripts on CO2 laser ablation of keloids. 

Three published case series showed little benefit to CO2 laser ablation monotherapy with 

recurrence rates of 88.8% (8/9), 92.3% (12/13), and 73.9% (17/23) within 2 years.18–20 One 

case reported CO2 ablation monotherapy effectively treating a keloid, however, recurrence 

was only assessed for 6 months.21

Another article described 7 keloids excised by CO2 laser followed by treatment every 5 days 

for 3 months with n-butyl cyanoacrylate glue that creates an occlusive pressure-dressing 

over the surgical site and is hypothesized to inhibit keloid regrowth.22 The investigators 

reported 100% patient satisfaction with treatment outcomes at a 1-year follow-up.22 Another 

case series of 50 patients treated with CO2 laser monotherapy followed by silicone-gel 

sheeting over the lesion resulted in long-term clinical and histological improvement at 12-

month follow-up in all patients treated.23 Recurrence rates were not published for either 

study.

Several studies investigating CO2 ablation utilized adjuvant pharmacotherapy such as 

intralesional steroid injections. One case series reported 95.7% (22/23) of patients treated by 

CO2 monotherapy had recurrence, however, the length of the follow-up period was not 

reported.24 All 22 patients who had recurrence were treated with intralesional steroid 

injections and 40.9% (9/22) demonstrated no recurrence following combination CO2 and 

intralesional steroid injection therapy.24 In another study evaluating the effects of CO2 laser 

treatment followed by steroid injections, 35 Keloids from 28 patients were ablated using a 

CO2 laser and injected intralesionally with triamcinolone acetonide (TAC) 40 mg/ml at 

0.050 ml/cm2 immediately following laser surgery and then again every 3 to 4 weeks for 6 

months.25 Outcomes were evaluated at 6 months after the last intralesional steroid injection 

and of the 13 patients that completed the eight steroid injections protocol, 15.4% (2/13 

patients) showed recurrence.25 Of the 10 patients with a total of 12 keloids who did not 

complete all eight steroid injection treatments, 75.0% (9/12 keloids) showed recurrence after 

6 months, and 5 patients were lost to follow-up.25

CO2 laser monotherapy can ablate keloids but is associated with high rates of recurrence 

may be due to incomplete removal of keloidal fibroblasts. The authors hypothesize that CO2 

monotherapy may in fact worsen keloids, however, there is no data in current literature to 

support this hypothesis. CO2 laser combined with adjuvant therapies, such as steroids or 

occlusive agents, holds promise for treatment of keloids without recurrence. Steroid 

injections may cause side effects, including telangiectasias, hypopigmentation, 

depigmentation, and atrophy.25 Of note, we found in our clinical experience that direct 

application of topical steroids to keloid scars immediately after fractionated CO2 treatment 

minimizes side effects associated with intralesional steroid treatment and evenly distributes 

the steroid to the desired tissues.
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Erbium-doped:Yttrium, Aluminum, and Garnet Laser—Only one study evaluated 

Er:YAG laser ablation of keloids.7 In this non-blinded randomized trial, Er:YAG laser 

treatment of 21 patients, with or without silicone gel application, resulted in a decrease of 

51.3% in redness, 50.0% in elevation, and 48.9% hardness of keloids; recurrence of keloids 

was not reported.7 Daily application of silicone gel did not improve the effect of Er:YAG 

laser therapy.7

Non-ablative Lasers

Pulsed-dye Laser—Our search found five articles on PDL treatment for keloids. Alster et 

al first reported successful treatments of scars with 585-nm PDL.26 By splitting each side of 

post-sternotomy scars in 16 patients into a treated or untreated group, they demonstrated that 

PDL monotherapy improved the erythema, height, pliability, and texture of both keloids and 

hypertrophic scars compared to the non-treated side of the same scar.26,27 Since then, PDL 

has become a common laser-based treatment option for keloids and other scars.8

Studies have investigated the use of PDL with adjuvants including topical 5-fluorouracil (5-

FU) and intralesional steroid injections. A RCT that compared the treatment of keloids and 

hypertrophic sternotomy scars using intralesional TAC or 5-FU, to PDL found significant 

flattening of the scars in the PDL group that was similar to the other treatment cohorts.28 In 

a single-blinded RCT, TAC + 5-FU + PDL combination therapy showed a greater response 

than TAC + 5-FU or TAC alone (5-FU monotherapy was not investigated).29 The authors 

found greater than 50.0% improvement in 70.0% of the TAC + 5-FU + PDL cohort 

indicating that a combination of intralesional therapy plus PDL is more efficacious for 

treatment of keloids than TAC alone.29

Based upon the strength of the reviewed studies, it is reasonable to conclude that PDL is an 

appropriate non-ablative option to enhance the cosmetic appearance and provide 

symptomatic relief for patients with keloid scars.8 Combination intralesional therapy plus 

PDL may be more effective than PDL monotherapy. PDL has an approximate 1.2 mm depth 

of penetration and efficacy in thicker keloids may be limited.16 PDL may also resolve scar-

associated symptoms such as pruritus.8

Neodymium-doped:Yttrium, Aluminum and Garnet Laser—We identified five 

articles on Nd:YAG laser to treat keloids. Two case series both reported observing flattening 

and softening of keloids after Nd:YAG treatment, however, no objective measures were 

reported.30,31 Another case series reported that only 22.7% (5/22) showed persistent 

flattening of keloids or hypertrophic scars 12-months after Nd:YAG treatment.32 In a non-

blinded clinical trial, 36.4% (8/22) of patients treated with Nd:YAG every 3 to 4 weeks had 

a reduction in the size of their scar (10% or greater reduction in size).33 Electron microscopy 

revealed that non-contact mode Nd:YAG does not cause discernible changes to vascular 

endothelial cells or fibroblasts, but may function by inducing plasma protein leakage or 

changes in the collagen fiber fascicles.33 In a case series 1064-nm Q-switched Nd:YAG to 

treat 12 patients with keloids or hypertrophic scars resulted in significant improvement as 

measured by the VSS score.34
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Nd:YAG lasers appear to improve the cosmetic appearance of keloids. Nd:YAG may be a 

superior non-ablative option compared to PDL to treat thicker keloids, as Nd:YAG 

penetrates deeper into the skin. Nd:YAG can also be used interstitially, in large keloids, by 

placing the bare laser fiber inside the keloid.11 This technique may not be useful to many 

practitioners as bare fiber Nd:YAG has limited commercial availability and the use of 

interstitial Nd:YAG is a delicate procedure because under-treating can lead to suboptimal 

results, and over-treating may lead to recurrence or worsening of the keloid.11

Neodymium-doped:Vanadate Laser—We found one study on 532-nm, frequency 

doubled, Nd:Van treatment of keloids. This case series described effective treatment of 

keloids and hypertrophic scars in 37 patients treated with Nd:Van followed by silicone gel 

sheeting.35 Patients required an average of 8.5 treatments 4 weeks apart, but 0% (0/37) 

experienced recurrence at 1-year follow-up.35 These results are promising, however, limited 

commercial availability of Nd:Van laser hinders further study and clinical treatment of 

keloids using this modality.

980-nm diode Laser—One study evaluated interstitial 980-nm diode laser for the 

treatment of keloids.10 This case series reported that 980-nm diode laser and intralesional 

TAC combination therapy resulted in 75% (9/12) success rate at 12-month follow up 

(success characterized by the authors as greater than 75% reduction in scar size) and no 

worsening in 100% (12/12) patients at follow up.10 These results illustrate the need for 

further investigation of the use of 980-nm diode laser in the treatment of keloids.36

Non-coherent Light Source Therapies

Intense Pulsed Light—We found four papers on IPL treatment of keloids. A case report 

on IPL delivered eight treatments at weekly intervals resulting in reduction in the keloid 

length by 30% and width by 60%.37 Another report found five treatments of IPL improved 

size, margins, color, and texture.38

In a case series evaluating IPL in 24 patients with keloids, 83.3% (20/24) self-reported more 

than 50.0% reduction in the size and volume of the treated scar.14 This reporting method is 

susceptible to patient recall bias.14 Another case series evaluated IPL in 109 patients with 

hypertrophic scars or keloids. Each patient received IPL therapy every 2–4 weeks with a 

minimum of six sessions.39 Using clinical appearance, coloring, and scar height as measures 

of clinical improvement, the investigators reported excellent improvement in 31.2% 

(34/109) of patients, good in 25.7% (28/109), moderate in 33.9% (37/109), and minimal in 

9.1% (10/109).39

These results are encouraging and further studies are needed. IPL may cause pigmentary 

alteration and burns and therefore caution is advised when treating skin types IV to VI.

Light-emitting Diode Phototherapy—We found one case series that evaluated the 

prophylactic use of LED phototherapy using near-infrared 805-nm light as a method to 

prevent or attenuate the development of hypertrophic scars or keloids in three patients that 

underwent surgical excision or CO2 laser ablation of keloids or hypertrophic scars.40 

Following initial treatment, one scar from each patient was treated for 15-minutes daily for 
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30 days with a infrared LED device (805-nm at 30 mW/cm2) and showed significant 

improvement with no associated side effects as evidenced by improvements in VSS score, 

measurement of scar height by quantitative skin topography, and blinded clinical assessment 

of photographs.40 In vitro studies demonstrate that LED phototherapy, at both red and near-

infrared wavelengths, can suppress fibroblast proliferation and may provide a mechanistic 

foundation for future treatment of keloids.41,42 The use of LED phototherapy as an 

adjunctive therapy may prove to be a safe, cost-effective, and convenient method for at-

home care of keloid scars.

Photodynamic Therapy—PDT is an emerging treatment option for keloids. We found a 

total of three PDT studies; one study on ALA-PDT and two studies on MAL-PDT. A case 

report described 5 MAL-PDT treatments of a recurrent keloid that resulted in gradual 

reduction in keloid size and a significant reduction in overall volume.43 In a case series, 

keloids that received 3 treatments of topical MAL-PDT at weekly intervals showed no 

recurrence at 9-month follow-up and also showed significant improvement in pruitis, pain, 

pliability, and collagen and hemoglobin level measured by spectrophotometric 

intracutaneous analysis.44

A retrospective case series that described scar improvement (keloid vs. hypertrophic scar not 

defined) in pre- and post-treatment photographs of 6 patients treated for multiple non-

melanoma skin cancers, showed an improvement in scarring following two or three 

treatments of ALA-PDT or MAL-PDT, but no improvement after one session.45 This study 

did not distinguish between ALA-PDT and MAL-PDT. These results suggest that the use of 

multiple PDT treatments may be important to achieve scar remodeling. Similar findings 

were reported in clinical study in which of 50% of patients (n=14)with keloids who were 

treated with ALA-PDT once monthly for 3 months, showed complete clearance.46

Although data is limited on PDT’s clinical efficacy in keloids, future development of new 

delivery methods, prodrugs, or combination therapy may make PDT an important technique 

for the management of keloids. Penetration depth is a limitation that may need to be 

addressed to effectively treat thick keloids with PDT, as ALA and MAL penetrate 

approximately 3 mm deep.47 PDT may be better utilized as adjuvant therapy following 

surgical excision as a prophylactic measure in patients predisposed to keloids; however, this 

needs to be studied.

Conclusion

We provided a focused review of the available data on laser and light-based therapies for 

treatment of keloids. Laser and light-based keloid therapy continues to evolve; however, 

conclusions on efficacy cannot be made due to the paucity of adequate studies. Fundamental 

keloid parameters such as size, location, and age of the keloid may have significant effect on 

outcomes and thus are valuable information to collect for future studies. The majority of the 

studies reviewed did not report these parameters. In addition, an overwhelming majority of 

identified studies are retrospective reports and therefore more RCT are warranted. 

Development of a universally accepted classification system to evaluate keloid scars and 

outcomes post-treatment may improve quality of studies and allow for better comparison 
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across different studies. Qualitatively, it appears that laser and light-based treatment 

modalities may achieve favorable patient outcomes. In addition, clinical studies using CO2 

laser are more prevalent in current literature and a combination regimen may be an adequate 

ablative approach. PDL plus adjuvant therapy may be an effective non-ablative laser 

regimen. Adding light-based treatments, such as LED phototherapy or photodynamic 

therapy, to laser treatment regimens may enhance patient outcomes.

When treating keloids, it is important to tailor therapy to the patient and practitioner. Patient 

skin type, downtime, and compliance to post-treatment care are key aspects that determine 

treatment regimen. Practitioner laser comfort level and laser access will define treatment 

protocols. We envision that translational research will continue to enhance our 

understanding of keloids and innovation in laser and light-based technology will lead to 

superior treatment outcomes.
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Figure 1. 
Schematic of the search strategy listing the number of articles matching inclusion or 

exclusion criteria. Adapted from Moher et al.48
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