
in the management of periocular scarring and cicatricial 
ectropion. The introduction of these innovative thera-
peutic modalities offers ophthalmologists a greater 
range of possible effective treatments to address peri-
ocular scar tissue and the resultant cicatricial ectropion.
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Core tip: There is a broad range of conservative as 
well as more invasive treatment modalities for cicatri-
cial ectropion. Ablative lasers can be used alone or in 
conjunction with nonablative lasers in the treatment of 
periocular scarring and cicatricial ectropion. Additional-
ly, they may be used to assist the transdermal delivery 
of antifibrotic agents. This treatment modality, although 
still uncommonly used to treat periocular scarring, is a 
promising new technique that offers many advantages. 
Ophthalmologists may utilize this technique to manage 
cicatricial ectropion.
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INTRODUCTION
Cicatricial ectropion presents a formidable clinical chal-
lenge; sequelae range from redness, tearing and foreign 
body sensation to potentially devastating complications, 
including corneal scarring, ulceration, perforation, and 
permanent vision loss.

Eyelid eversion is usually secondary to relative short-
ening of  the anterior lamella. A broad range of  etiologies 
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Abstract
A variety of surgical techniques have traditionally been 
used to manage cicatricial ectropion. These techniques 
primarily aim at vertical lengthening of the anterior 
lamella and include a variety of skin flaps and grafts. 
Alternative techniques such as dermal filler injection 
to support the eyelid margin may also be used in the 
management of select patients with cicatricial ectro-
pion. The application of different types of laser for 
scar revision throughout the body has rapidly evolved; 
similar mechanisms, principles and treatment rationale 
can be applied to the use of lasers in the management 
of cicatricial ectropion. Additionally, ablative lasers, 
such as Carbon Dioxide and Erbium:yttrium-aluminum-
garnet lasers, may be used in the transdermal delivery 
of antifibrotic agents, such as interferon gamma, inter-
feron alpha, vitamin D, triamcinolone and 5-fluorouracil, 
resulting in efficient target tissue penetration, limitation 
of systemic drug toxicity and decreased degradation. 
Although the combination of ablative fractional resur-
facing and topical antifibrotic agents is a new treatment 
modality, there is a great potential for its efficient utility 
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has been reported, but the most common include exci-
sion of  cutaneous malignancy, prior lower lid blepharo-
plasty, thermal or chemical burns, and actinic damage in 
fair-skinned Caucasians[1,2]. Less commonly, cicatrizing 
skin diseases such as lamellar ichthyosis, scleroderma, 
neurodermatitis, pyoderma gangrenosum, and Grzy-
bowski-type keratoacanthoma may be implicated[3-5]. 
Drug related cicatricial changes, including those caused 
by glaucoma drops and chemotherapeutic agents, gener-
ally resolve following discontinuation of  the offending 
agent, but occasionally require additional interventions[6,7]. 
Tethering within the middle lid lamella, which includes 
the orbital septum, retractors and preaponeurotic fat, is 
also a potential cause of  cicatricial ectropion, and usually 
occurs as the result of  trauma or prior surgery.

When treating cicatricial ectropion, it is necessary 
to understand the fundamentals of  the wound healing 
process. Scar formation results from mechanical, chemi-
cal or thermal insults to the deep dermis. This initiates 
a wound-healing cascade that progresses through in-
flammatory, proliferative and remodeling/maturation 
phases[8,9]. During the inflammatory phase, platelet acti-
vation and degranulation releases cytokines and growth 
factors that result in the formation of  a fibrin clot, which 
acts as an initial scaffold for repair. This is followed by 
chemotaxis of  macrophages, neutrophils and fibroblasts. 
Fibroblast growth factor 2 (FGF-2), transforming growth 
factor (TGF)-β and insulin like growth factor produced 
by macrophages then induce neocollagenesis. Fibroblasts 
synthesize extracellular matrix (ECM), which permits 
vascular ingrowth. Myofibroblasts participate in wound 
contracture. During the maturation phase, which can take 
up to two years, the ECM is degraded by matrix metallo-
proteinases (MMPs) and type Ⅲ collagen is replaced by a 
more orderly array of  type Ⅰ collagen[8].

There is little systematic documentation in the oph-
thalmic literature regarding the demographic characteris-
tics of  patients with clinically significant cicatricial ectro-
pion. Reviewing the records of  145 patients undergoing 
skin grafts at the Duke Eye center, Ehrlich et al[10] found 
a male preponderance and a mean age of  75 years. Thirty 
five percent had undergone prior transcutaneous lower 
eyelid blepharoplasty, 20% had a history of  Mohs recon-
struction, 10% a history of  facial trauma, and 5% had 
systemic cicatrizing diseases such as scleroderma. In 45% 
of  patients, however, the etiology was unknown.

TRADITIONAL SURGICAL MANAGEMENT
Management typically begins with conservative measures 
such as massage, topical emollients or steroids, and ag-
gressive lubrication of  the ocular surface. Even if  further 
interventions are anticipated, it can be helpful to moisten 
the dry and keratinized palpebral conjunctiva for a few 
weeks prior to restoring contact with the ocular surface.

Surgical repair is aimed at vertical lengthening of  the 
deficient anterior lamella, but may also incorporate an-
cillary measures to reduce the likelihood of  recurrence, 
such as horizontal tightening, lid retractor reinsertion, 

and suborbicularis oculi lift[2,11]. Depending on the etiol-
ogy of  ectropion, lysis of  middle lamellar adhesions may 
also be necessary. Traditional techniques include transpo-
sition flaps from the opposing eyelid, full-thickness skin 
grafts (FTSGs), W- and Z-plasty with scar excision, and 
island flaps based on the superficial temporal artery[12].

Bipedicle myocutaneous upper to lower eyelid trans-
position flaps generally offer the best color and texture 
match. They have been subject to multiple refinements 
since introduced by Landolt in 1885[11,13]. A bipedicle flap 
has several distinct advantages over a temporally hinged 
unbipedicle flap including improved blood supply and 
improved structural support as it acts as a sling from the 
upper eyelid[11,13].

FTSGs are also a popular option for anterior lamel-
lar augmentation. Matching of  skin color, texture and 
thickness is critical to optimizing cosmetic and functional 
outcomes. The suitability of  tissues, in descending order, 
includes the upper eyelid, preauricular area, postauricu-
lar area, and supraclavicular region[14]. Lack of  suitable 
donor tissue remains the primary contraindication; burn 
patients and those with systemic cicatrizing conditions 
may be poor candidates. Given the prevalence of  robust 
collaterals in the eyelids, necrosis and infection are rare 
complications. Careful hemostasis and use of  postopera-
tive bolsters, however, are necessary to reduce the risk of  
hematoma formation, which can rapidly devitalize a graft. 

Z-plasty is useful for addressing cicatricial ectropion, 
but is limited to cases resulting from focal scarring. It is 
typically combined with scar excision or minimization. 
W-plasty is a related revision technique that creates a regu-
larly irregular wound in lieu of  a straight one, lengthening 
parallel to the original scar. Increased skin tension contrib-
utes to further hypertrophic scarring, creating a vicious 
cycle that can be broken by these revision techniques[9].

ALTERNATIVE TECHNIQUES
Systemic cicatrizing disease may limit the availability of  
viable autograft tissues. Some authors report use of  groin 
or even penile foreskin in the setting of  limited donor 
sites[4,15,16]. More radical departures, such as grafting mu-
cus membranes, maternal skin, and even human skin re-
placements, have been described[15,17,18].

Hyaluronic acid fillers have also been used to treat 
select cases of  cicatricial ectropion. It is thought that the 
filler volume physically supports the eyelid margin and 
acts as an injectable tissue expander, stretching the teth-
ered anterior lamella[1]. It may be an attractive alternative 
in older, debilitated patients and those not desiring fur-
ther surgical intervention.

APPLICATION OF LASERS FOR SCAR 
REVISION AND CICATRICIAL RELEASE
Laser therapy has rapidly evolved into a valuable treat-
ment modality to improve the appearance and physical 
properties of  cutaneous scar tissue throughout the body. 

Ko AC et al . Treatment of cicatricial ectropion with laser delivered antifibrotics

� May 12, 2014|Volume 4|Issue 2|WJO|www.wjgnet.com



The principles and treatment rationale for laser treatment 
of  scars can also be extended to the treatment of  cicatri-
cial ectropion.

Selection of treatment candidates
Prior to proceeding with laser therapy for scar revision, 
several factors that are individual to each patient need to 
be considered. First, the patient’s skin type is determined-
with a classification scheme such as the Fitzpatrick scale 
(Table 1)-in order to stratify the patient in terms of  ap-
propriate laser settings and possible risks and side effects 
of  laser therapy[19]. Greater skin pigmentation results in 
increased interference of  the energy delivered by the la-
ser, thus decreasing the amount delivered to the targeted 
hemoglobin and therefore the dermal scar tissue. Addi-
tionally, patients with darker skin types are at greater risk 
of  melanin destruction which leads to postoperative skin 
dyspigmentation[20-22].

Caution should also be taken in patients with in-
flammatory, autoimmune, or infectious skin disorders. 
Dermal inflammation of  any etiology may interfere with 
postoperative healing and therefore decrease the overall 
effectiveness of  the laser treatment. Patients may experi-
ence exacerbation or dissemination of  autoimmune (e.g., 
vitiligo, lupus) or inflammatory (e.g., psoriasis, eczema) 
conditions after laser therapy. Additionally, 0.5% to 4.5% 
of  patients undergoing ablative laser treatment can expe-
rience exacerbation of  disseminated skin infections (e.g., 
herpes simplex virus, impetigo, mollusum, verruca)[20-22]. 
It has been recommended that prophylactic oral antiviral 
agents be administered in patients with a history of  peri-
oral herpes simplex one day before treatment and contin-
ued one week after treatment[20,22], although most physi-
cians treat patients regardless of  history if  using ablative 
therapy.

The patient’s current and previous medication usage 
should also be reviewed prior to initiating laser therapy. 
Isotretinoin and other common medications may lead to 
development of  hypertrophic scars. Anticoagulants and 
antiplatelet agents should be discontinued one week prior 
to treatment to decrease the amount of  post-treatment 
bruising[21].

Additional caution should be exercised in patients 
who have undergone previous treatments such as chemi-
cal peels, dermabrasion, or dermal filler injections[21].

Selection of laser and application
In general, lasers used for scar tissue remodeling can be 
divided into two major categories: ablative and nonabla-

tive (Table 2)[23,24]. Ablative lasers [e.g., Erbium:yttrium-
aluminum-garnet (Er:YAG) 2940 nm, CO2 10600 nm] 
have a high affinity for water and causes thermal necrosis 
as the energy is absorbed by scar tissue. Application of  
this type of  laser also results in an increased level of  
basic FGF and reduces TGF-β1, which theoretically de-
creases re-contraction of  scars[25,26]. Treatment with this 
laser induces scar remodeling and improves atrophy, con-
tracture, and texture of  existing scar tissue. Commonly 
experienced side effects after treatment include pain, 
post-treatment erythema, transient and permanent hyper-
pigmentation, and infection[26,27]. The Er:YAG laser has a 
higher affinity for water than the CO2 laser, and therefore 
patients typically experience less severe side effects[27].

Nonablative lasers [e.g., 532-nm or 1064-nm neodym-
ium:YAG (Nd:YAG), 585-nm pulsed-dye laser (PDL)] 
are chromophore-selective (e.g., hemoglobin and mela-
nin), and are thus selectively absorbed without inflicting 
widespread damage to surrounding tissues[27,28]. Applica-
tion of  the 532-nm neodymium YAG laser and 585-nm 
PDL results in absorption of  energy by the hemoglobin, 
which has an absorption peak of  542-nm, that is present 
within the scar microvasculature. This results in isch-
emia, thrombosis, coagulation necrosis, and decreased 
collagen within the scar. At this wavelength, the laser en-
ergy is also selectively absorbed by melanin, which causes 
decreased scar hyperpigmentation. Additional benefits 
include decreased proliferation of  fibroblasts[29] and de-
position of  collagen Ⅲ. Similar to ablative lasers, PDL 
also decreases TGF-β1. Nd:YAG laser treatments also 
causes suppression of  collagen production. Treatment 
with nonablative lasers results in improvement of  scar 
texture and pliability[29]. Commonly experienced side ef-
fects after treatment include post-treatment purpura and 
skin dyspigmentation[27].

Although there are no standard algorithms for laser 
treatment of  cicatricial ectropion, a general approach 
similar to that used in treating scar tissue present in other 
areas of  the body may be followed. In general, scar tissue 
is first treated with a laser that targets the microvascular 
component of  scar tissue, which destroys the vessels and 
decreases the inflammation.

Next, laser energy that targets water is used to destroy 
and remodel the abnormal collagen fibers. Previously, 
ablative lasers were used to vaporize tissues at a consis-
tent and superficial depth. However, these lasers are now 
typically applied in a fractional pattern, which results in 
the ablation of  deep columns of  abnormal scar tissue 
[microscopic thermal zones (MTZ)] that are intermixed 
within islands of  untreated normal tissue[20]. This not only 
allows for a quicker recovery through rapid reepitheliza-
tion and cell migration from the surrounding tissue with 
retained adnexal structures[30,31], it also changes collagen 
by modulating interleukin-1, tumor necrosis factor, TGF, 
heat shock proteins, and MMP. This results in the clear-
ance of  damaged collagen and the proliferation, migra-
tion, and differentiation of  keratinocytes in wounds that 
result in the formation of  new healthy collagen, resulting 
in more organized scar tissue with physical properties 
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Table 1  Fitzpatrick sun reactive skin types

Skin phototypes Sunburn Tan

Type Ⅰ Yes No
Type Ⅱ Yes Minimal
Type Ⅲ Yes Yes
Type Ⅳ No Yes
Type Ⅴ No Yes
Type Ⅵ No Yes
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decreased drug degradation, and bypass of  metabolism by 
the gastrointestinal and hepatic system. In order to achieve 
effect, the agent must penetrate the epidermis. The main 
barrier and rate-limiting step to drug penetration into the 
skin is the stratum corneum of  the epidermis, which is 
composed of  hydrophilic corneocytes arranged within 
lamellar sheets of  hydrophobic lipid matrix. Once pen-
etration is achieved, diffusion of  the therapeutic agent 
encounters less resistance through the dermis (which is 
composed of  collagen, glycosaminoglycans, and elastic 
fibers) and underlying subcutaneous tissue[36,37].

Principles of ablative laser use in conjunction with 
topical therapeutic agents
Ablative lasers applied in a fractional pattern [i.e., abla-
tive fractional resurfacing (AFR)] can be used to create 
vertical columns of  ablated tissue at various depths. The 
two main lasers used for this task include the CO2 laser 
and Er:YAG lasers mentioned previously in this article. 
The CO2 laser creates a thicker MTZ when compared 
to the Er:YAG, but for both lasers the end result is the 
creation of  regular strips of  MTZs interspersed between 
areas of  untreated skin containing appendageal units[38]. 
Histological studies of  treated tissue have demonstrated 
MTZs with diameters up to 100 μm and depths up to 
300 μm[39], but laser channels can be set to reach  depths 
much greater than this. Therefore, AFR enhances trans-
dermal delivery of  therapeutic agents by disrupting the 
barrier function of  the epidermis while allowing for rapid 
recovery through migration of  epithelial cells from the 
surrounding untreated areas of  skin.

The delivery of  topical therapeutic agents can be 
augmented by adjustment of  variables such as channel 
density and depth. Cumulative permeability of  different 

and function that is more comparable to the surrounding 
healthy tissue[32-34].

An alternative method of  treatment using the ablative 
CO2 laser includes the pinhole method, where multiple 
small holes are made in regular intervals within the scar 
tissue. The delivery of  focal laser energy results in a 
softening effect by breaking down the thick and irregular 
collagen bundles and may promote to more structured 
deposition of  collagen and elastin[35]. Similar to the frac-
tional pattern method, there is also migration of  epithe-
lial cells from surrounding viable tissue.

When using laser for the treatment of  cicatricial ec-
tropion, one should keep in mind that the eyelid skin 
is very thin and fragile so treatment density and power 
need to be greatly reduced[26] to avoid further damage 
of  periorbital skin. In fact, cicatricial ectropion has also 
been reported as a complication of  fractional CO2 laser 
treatment and it should be used with caution in patients 
with a history of  previous eyelid surgery or limited skin 
elasticity[22].

LASER ASSISTED DRUG DELIVERY
In addition to being used alone or in conjunction with 
nonablative lasers for treatment of  cicatricial ectropion, 
ablative lasers may also be used in the delivery of  thera-
peutic molecules. Although this is not a common treat-
ment for cicatricial ectropion, the application of  prin-
ciples and treatment rationale for treatment of  scar tissue 
present in other areas of  the body can be used to guide 
treatment of  periocular scar tissue.

Compared to systemic therapy, transdermal delivery 
of  therapeutic agents has the advantages of  directly tar-
geting the affected organ, limitation of  systemic toxicity, 
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Table 2  Common types of ablative and non-ablative lasers

Wavelength Manufacturer Product name

Ablative laser
   CO2 10600 nm Sandstone medical technologies Matrix LS-40

Lumenis UltraPulse
Lumenis AcuPulse

   Er:YAG 2940 nm Focus medical NaturaLase ER
Alma lasers gmbh/quantel derma Burane
Sandstone medical technologies Whisper 3-G

Sciton Contour TRL
Syneron and candela SmoothPeel

   Combined CO2 Er:YAG laser 10600 nm/2940 nm Sandstone medical technologies Sandstone medical technologies cortex resurfacing work station
Nonablative laser
   Infrared range
      Pulsed energy 1319 nm Sciton Thermascan
      Nd:YAG 1320 nm CoolTouch CT3Plus

Alma lasers Harmony XL
      Diode 1450 nm Syneron and candela Smoothbeam
      Er:Glass 1540 nm Alma lasers ARAMIS
   Visible range
      Pulsed dye laser 585 nm/532 nm Chromogenex Regenlite

Cynosure V-Star
      Long pulsed 532 nm Laserscope aura StarPulse

Lumenis VersaPulse

CO2: Carbon dioxide; Er:YAG: Erbium:yttrium-aluminum-garnet; Nd:YAG: Neodymium:yttrium-aluminum-garnet; Er:Glass: Erbium:Glass.
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therapeutic agents has been studied and shows that for a 
fixed area of  skin and fluence, an increase in the number 
of  channels resulted in increased cumulative permeation. 
However, there was a nonlinear relationship between cu-
mulative permeation and the number of  MTZ channels. 
Within a given dosing time interval, there is a minimum 
number of  channels required to achieve a targeted drug 
permeation and creating a greater number of  channels 
will not exert a greater clinical effect[40,41].

MTZ channel depth is controlled by adjusting fluence. 
As expected, a greater fluence results in greater energy 
delivered per unit area, which results in a greater depth of  
penetration[40]. Thus, modulation of  fluence can be used 
to target more superficial vs deeper areas of  the skin. 
Although one would expect that cumulative permeation 
is directly proportional to depth of  penetration due to in-
creased exposed surface area for absorption, this has not 
been shown to be true in in vivo studies[41,42]. Oni et al[42] 
used a porcine model to demonstrate that serum levels of  
lidocaine and its metabolite monoethylglycinexylidide did 
not show a positive correlation with channel depth. At 
given time intervals, peak levels were significantly higher 
at a depth of  250 μm compared to 25, 50, and 500 μm. 
It has been hypothesized that the depth at which vascular 
plexuses are located within the tissue play a significant 
role in drug absorption[42]. Therefore, treatment should 
be tailored to the anatomical locations of  vascular plexus 
contained within different areas of  the skin.

Additional factors that may affect topical drug deliv-
ery include diffusion area of  each drug from the MTZ 
channel in which it initially penetrated. This would re-
quire a calculation of  the number and spacing of  chan-
nels needed to cover any given area. For example, in vitro 
studies showed that methyl 5-aminolevulinate, a sensitizer 
in photodynamic therapy, diffuses 1.5 mm from each la-
ser channel[38]. However, the distance of  diffusion is likely 
related to physical properties (such as molecular weight, 
molecular size, and lipophilicity) of  the drug molecule 
itself, and would need to be empirically determined for 
each therapeutic agent[37,43].

Candidate drugs for ablative laser assisted topical 
delivery
The use of  antifibrotics in the management and treat-
ment of  cicatricial ectropion is still in its infancy and not 
widely practiced. Conceptually, it is a promising treatment 
option and warrants further investigation. Antifibrotic 
agents used to treat scar tissue in other areas of  the body, 
such as interferon gamma, interferon alpha, corticoste-
roids, and vitamin D are theoretically good candidates 
for AFR assisted topical delivery[36]. Waibel et al[44] dem-
onstrated that AFR assisted topical delivery of  triam-
cinolone (TAC) greatly improved texture in hypertrophic 
cutaneous scars. It is likely that similar effects would be 
achieved with cicatricial ectropion.

The technique of  AFR assisted topical delivery of  
therapeutic agents also opens a unique opportunity for 
localized delivery of  unstable agents such as proteins. Lo-

cal immunosuppressive effects have been shown in both 
in vitro and in vivo studies to deliver therapeutic antibod-
ies that retained biological activity after delivery into the 
skin[45].

Additionally, antimetabolites currently used as inject-
able therapy for periocular scars would be good can-
didates for AFR assisted topical delivery. Intralesional 
corticosteroids such as TAC have been used to treat 
pathological scars since the 1960s. They are thought to 
disrupt inflammatory cell migration, reduce the nutrient 
supply to scar tissue through vasoconstriction, and inter-
fere with the metabolic processes of  fibroblasts[46]. Typi-
cal treatment regimens entail injecting a 10 to 40 mg/mL 
concentration at 3 to 6 wk intervals for several months 
or until scar improvement is noted[8,47]. Most studies re-
port significantly improved pliability and scar volume in 
50% to 100% of  enrolled patients[9,48,49]. Nevertheless, 
recurrence rates are relatively high, ranging from 9% to 
50%, and side effects include hypopigmentation, skin and 
subcutaneous fat atrophy, telangiectasia, necrosis, and de-
layed wound healing[8,46].

5-fluorouracil (5-FU) is a pyrimidine nucleotide ana-
logue first injected off-label for scar therapy by Manuski-
atti et al[48] in 1989[50-52]. It competitively inhibits thymi-
dylate synthase, disrupting DNA synthesis and blocking 
collagen formation[8,53]. Concentrations of  40 to 50 mg/
mL are typically injected at intervals similar to those for 
intralesional steroids, although some authors use formu-
lations as dilute as 1.4 to 3.5 mg/mL[9,54]. Haurani et al[53] 
reported a 50% reduction in scar volume, still maintained 
1 year after the termination of  therapy. Fourteen percent 
of  patients had no significant response[53]. 5-FU has a 
more favorable side-effect profile, with relatively low 
rates of  local erythema, ulceration and transient hyper-
pigmentation[8,46]. Hematologic derangements, pregnancy, 
bone marrow suppression and infection are generally 
considered contraindications, although significant sequel-
ae have not been reported from local injection for scar 
therapy[8,9,51].

Combining intralesional TAC and 5-FU was superior 
to either alone in a prospective, double blinded trial[47]. 
Wang et al[46] reported 62.5% efficacy for hypertrophic scar 
monotherapy and 92% efficacy with combination therapy. 
TAC is generally mixed with 5-FU in a ratio ranging from 
1:3 to 1:9[9,55]. Steroids appear to reduce the inflammation 
caused by injection of  5-FU, minimizing pain and swell-
ing, and the decreased concentration of  TAC significantly 
reduces the risk of  atrophy and hypopigmentation[47].

CONCLUSION
Interest in new treatment options for the functional and 
cosmetic sequelae of  periocular scars, particularly those 
causing cicatricial ectropion, has been growing rapidly 
among ophthalmologists and oculoplastic surgeons. In 
addition to traditional medical management and surgical 
repair, ophthalmologists have drawn ideas from the der-
matology literature for the treatment of  scars, particularly 
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keloids and hypertrophic scars. This has led to the ap-
plication of  topical agents, injectable metabolites, and the 
use of  ablative and nonablative lasers in the treatment of  
periocular scar tissue and cicatricial ectropion. Although 
the combination of  therapeutic agents with laser treat-
ments is in its infancy, it is a promising treatment modal-
ity for periocular scar tissue.

REFERENCES
1	 Fezza JP. Nonsurgical treatment of cicatricial ectropion with 

hyaluronic acid filler. Plast Reconstr Surg 2008; 121: 1009-1014 
[PMID: 18317150 DOI: 10.1097/01.prs.0000299382.31856.d8]

2	 O’Donnell BA. Eyelid retractor surgery as an adjunct to 
cicatricial ectropion repair. Clin Experiment Ophthalmol 2000; 
28: 293-297 [PMID: 11021560]

3	 Procianoy F, Barbato MT, Osowski LE, Bocaccio FJ, Bakos L. 
Cicatricial ectropion correction in a patient with pyoderma 
gangrenosum: case report. Arq Bras Oftalmol 2009; 72: 384-386 
[PMID: 19668972]

4	 Uthoff D, Gorney M, Teichmann C. Cicatricial ectropion in 
ichthyosis: a novel approach to treatment. Ophthal Plast Re-
constr Surg 1994; 10: 92-95 [PMID: 8086369]

5	 Mittelviefhaus H. Cicatricial ectropion in progressive skin 
diseases. Orbit 2001; 20: 91-99 [PMID: 12045921]

6	 Garibaldi DC, Adler RA. Cicatricial ectropion associated with 
treatment of metastatic colorectal cancer with cetuximab. Oph-
thal Plast Reconstr Surg 2007; 23: 62-63 [PMID: 17237696]

7	 Hegde V, Robinson R, Dean F, Mulvihill HA, Ahluwalia H. 
Drug-induced ectropion: what is best practice? Ophthalmol-
ogy 2007; 114: 362-366 [PMID: 17270684]

8	 Reish RG, Eriksson E. Scar treatments: preclinical and 
clinical studies. J Am Coll Surg 2008; 206: 719-730 [PMID: 
18387479 DOI: 10.1016/j.jamcollsurg.2007]

9	 Gauglitz GG. Management of keloids and hypertrophic scars: 
current and emerging options. Clin Cosmet Investig Derma-
tol 2013; 6: 103-114 [PMID: 23637546 DOI: 10.2147/CCID.
S35252]

10	 Ehrlich MS, Richard MJ, Woodward JA. Demographic char-
acteristics of patients requiring full-thickness skin grafts for 
cicatricial ectropion at Duke Eye Center from 2000 to 2010. 
Ophthal Plast Reconstr Surg 2012; 28: 476-477 [PMID: 23138221 
DOI: 10.1097/IOP.0b013e3182674085]

11	 Manku K, Leong JK, Ghabrial R. Cicatricial ectropion: repair 
with myocutaneous flaps and canthopexy. Clin Experiment 
Ophthalmol 2006; 34: 677-681 [PMID: 16970762]

12	 Fu S, Fan J, Chen W, Yang Z, Yin Z. Aesthetic correction of 
severe cicatricial upper-eyelid ectropion with a retrograde 
postauricular island flap. Aesthetic Plast Surg 2013; 37: 95-101 
[PMID: 23296769 DOI: 10.1007/s00266-012-0009-9]

13	 Levin ML, Leone CR. Bipedicle myocutaneous flap repair 
of cicatricial ectropion. Ophthal Plast Reconstr Surg 1990; 6: 
119-121 [PMID: 2285661]

14	 Astori IP, Muller MJ, Pegg SP. Cicatricial, postburn ectro-
pion and exposure keratitis. Burns 1998; 24: 64-67 [PMID: 
9601594]

15	 Das S, Honavar SG, Dhepe N, Naik MN. Maternal skin al-
lograft for cicatricial ectropion in congenital icthyosis. Oph-
thal Plast Reconstr Surg 2010; 26: 42-43 [PMID: 20090485 DOI: 
10.1097/IOP.0b013e3181b8e0d4]

16	 Hoşal BM, Abbasogğlu OE, Gürsel E. Surgical treatment of 
cicatricial ectropion in lamellar ichthyosis. Orbit 1999; 19: 
37-40 [PMID: 12045963]

17	 Nayak S, Rath S, Kar BR. Mucous membrane graft for cica-
tricial ectropion in lamellar ichthyosis: an approach revis-
ited. Ophthal Plast Reconstr Surg 2011; 27: e155-e156 [PMID: 
21346670 DOI: 10.1097/IOP.0b013e3182082f4e]

18	 Culican SM, Custer PL. Repair of cicatricial ectropion in an 

infant with harlequin ichthyosis using engineered human 
skin. Am J Ophthalmol 2002; 134: 442-443 [PMID: 12208260]

19	 Fitzpatrick TB. The validity and practicality of sun-reactive 
skin types I through VI. Arch Dermatol 1988; 124: 869-871 
[PMID: 3377516]

20	 Thomas JR, Somenek M. Scar revision review. Arch Facial 
Plast Surg 2012; 14: 162-174 [PMID: 22801760 DOI: 10.1001/
archfacial.2012.223]

21	 Alster T, Zaulyanov L. Laser scar revision: a review. Derma-
tol Surg 2007; 33: 131-140 [PMID: 17300597 DOI: 10.1111/j.15
24-4725.2006.33030.x]

22	 Metelitsa AI, Alster TS. Fractionated laser skin resurfacing 
treatment complications: a review. Dermatol Surg 2010; 36: 
299-306 [PMID: 20100273 DOI: 10.1111/j.1524-4725.2009.0143
4.x]

23	 Preissig J, Hamilton K, Markus R. Current Laser Resurfac-
ing Technologies: A Review that Delves Beneath the Surface. 
Semin Plast Surg 2012; 26: 109-116 [PMID: 23904818 DOI: 
10.1055/s-0032-1329413]

24	 Lipozenčić J, Mokos ZB. Will nonablative rejuvenation re-
place ablative lasers? Facts and controversies. Clin Dermatol 
2013; 31: 718-724 [PMID: 24160276 DOI: 10.1016/j.clindermat
ol.2013.05.008]

25	 Cho SB, Lee SJ, Chung WS, Kang JM, Kim YK. Treatment 
of burn scar using a carbon dioxide fractional laser. J Drugs 
Dermatol 2010; 9: 173-175 [PMID: 20214184]

26	 Chapas AM, Brightman L, Sukal S, Hale E, Daniel D, Bern-
stein LJ, Geronemus RG. Successful treatment of acneiform 
scarring with CO2 ablative fractional resurfacing. Lasers 
Surg Med 2008; 40: 381-386 [PMID: 18649382 DOI: 10.1002/
lsm.20659]

27	 Berman B, Viera MH, Amini S, Huo R, Jones IS. Prevention 
and management of hypertrophic scars and keloids after 
burns in children. J Craniofac Surg 2008; 19: 989-1006 [PMID: 
18650721 DOI: 10.1097/SCS.0b013e318175f3a7]

28	 Pham AM, Greene RM, Woolery-Lloyd H, Kaufman J, Gru
nebaum LD. 1550-nm Nonablative Laser Resurfacing for Fa-
cial Surgical Scars. Arch Facial Plast Surg 2011; 3: 3-10 [PMID: 
21576668 DOI: 10.1001/archfacial.2011.28]

29	 Alster TS, Nanni CA. Pulsed dye laser treatment of hyper-
trophic burn scars. Plast Reconstr Surg 1998; 102: 2190-2195 
[PMID: 9811021]

30	 Hultman CS, Edkins RE, Wu C, Calvert CT, Cairns BA. Pro
spective, before-after cohort study to assess the efficacy of 
laser therapy on hypertrophic burn scars. Ann Plast Surg 
2013; 70: 521-526 [PMID: 23542846 DOI: 10.1097/SAP.0b013e
31827eac5e]

31	 Bowen RE. A novel approach to ablative fractional treat-
ment of mature thermal burn scars. J Drugs Dermatol 2010; 9: 
389-392 [PMID: 20514799]

32	 Orringer JS, Voorhees JJ, Hamilton T, Hammerberg C, Kang 
S, Johnson TM, Karimipour DJ, Fisher G. Dermal matrix re-
modeling after nonablative laser therapy. J Am Acad Dermatol 
2005; 53: 775-782 [PMID: 16243125]

33	 Tanzi EL, Alster TS. Laser treatment of scars. Skin Therapy 
Lett 2004; 9: 4-7 [PMID: 14716440]

34	 Laplante AF, Moulin V, Auger FA, Landry J, Li H, Morrow G, 
Tanguay RM, Germain L. Expression of heat shock proteins 
in mouse skin during wound healing. J Histochem Cytochem 
1998; 46: 1291-1301 [PMID: 9774628]

35	 Whang SW, Lee KY, Cho SB, Lee SJ, Kang JM, Kim YK, Nam 
IH, Chung KY. Burn scars treated by pinhole method using 
a carbon dioxide laser. J Dermatol 2006; 33: 869-872 [PMID: 
17169092]

36	 Bloom BS, Brauer JA, Geronemus RG. Ablative fractional 
resurfacing in topical drug delivery: an update and out-
look. Dermatol Surg 2013; 39: 839-848 [PMID: 23294061 DOI: 
10.1111/dsu.12111]

37	 Lee WR, Shen SC, Al-Suwayeh SA, Yang HH, Yuan CY, 
Fang JY. Laser-assisted topical drug delivery by using a low-

12 May 12, 2014|Volume 4|Issue 2|WJO|www.wjgnet.com

Ko AC et al . Treatment of cicatricial ectropion with laser delivered antifibrotics



fluence fractional laser: imiquimod and macromolecules. 
J Control Release 2011; 153: 240-248 [PMID: 21435360 DOI: 
10.1016/j.jconrel.2011.03.015]

38	 Haedersdal M, Sakamoto FH, Farinelli WA, Doukas AG, 
Tam J, Anderson RR. Fractional CO(2) laser-assisted drug 
delivery. Lasers Surg Med 2010; 42: 113-122 [PMID: 20166154 
DOI: 10.1002/lsm.20860]

39	 Manstein D, Herron GS, Sink RK, Tanner H, Anderson RR. 
Fractional photothermolysis: a new concept for cutaneous 
remodeling using microscopic patterns of thermal injury. 
Lasers Surg Med 2004; 34: 426-438 [PMID: 15216537]

40	 Bachhav YG, Summer S, Heinrich A, Bragagna T, Böhler 
C, Kalia YN. Effect of controlled laser microporation on 
drug transport kinetics into and across the skin. J Control 
Release 2010; 146: 31-36 [PMID: 20678988 DOI: 10.1016/j.jcon-
rel.2010.05.025]

41	 Haak CS, Bhayana B, Farinelli WA, Anderson RR, Haed-
ersdal M. The impact of treatment density and molecular 
weight for fractional laser-assisted drug delivery. J Control 
Release 2012; 163: 335-341 [PMID: 23000695 DOI: 10.1016/j.
jconrel.2012.09.008]

42	 Oni G, Brown SA, Kenkel JM. Can fractional lasers enhance 
transdermal absorption of topical lidocaine in an in vivo 
animal model? Lasers Surg Med 2012; 44: 168-174 [PMID: 
22302761 DOI: 10.1002/lsm.21130]

43	 Haak CS, Farinelli WA, Tam J, Doukas AG, Anderson RR, 
Haedersdal M. Fractional laser-assisted delivery of methyl 
aminolevulinate: Impact of laser channel depth and incuba-
tion time. Lasers Surg Med 2012; 44: 787-795 [PMID: 23212624 
DOI: 10.1002/lsm.22102]

44	 Waibel JS, Wulkan AJ, Shumaker PR. Treatment of hyper-
trophic scars using laser and laser assisted corticosteroid 
delivery. Lasers Surg Med 2013; 45: 135-140 [PMID: 23460557 
DOI: 10.1002/lsm.22120]

45	 Yu J, Kalaria DR, Kalia YN. Erbium: YAG fractional laser 
ablation for the percutaneous delivery of intact functional 
therapeutic antibodies. J Control Release 2011; 156: 53-59 
[PMID: 21803083 DOI: 10.1016/j.jconrel.2011.07.024]

46	 Wang XQ, Liu YK, Qing C, Lu SL. A review of the effective-
ness of antimitotic drug injections for hypertrophic scars and 

keloids. Ann Plast Surg 2009; 63: 688-692 [PMID: 19887927 
DOI: 10.1097/SAP.0b013e3181978753]

47	 Darougheh A, Asilian A, Shariati F. Intralesional triam-
cinolone alone or in combination with 5-fluorouracil for the 
treatment of keloid and hypertrophic scars. Clin Exp Derma-
tol 2009; 34: 219-223 [PMID: 19018794 DOI: 10.1111/j.1365-22
30.2007.02631.x]

48	 Manuskiatti W, Fitzpatrick RE. Treatment response of keloi-
dal and hypertrophic sternotomy scars: comparison among 
intralesional corticosteroid, 5-fluorouracil, and 585-nm flash-
lamp-pumped pulsed-dye laser treatments. Arch Dermatol 
2002; 138: 1149-1155 [PMID: 12224975]

49	 Darzi MA, Chowdri NA, Kaul SK, Khan M. Evaluation of 
various methods of treating keloids and hypertrophic scars: 
a 10-year follow-up study. Br J Plast Surg 1992; 45: 374-379 
[PMID: 1638291]

50	 Shridharani SM, Magarakis M, Manson PN, Singh NK, 
Basdag B, Rosson GD. The emerging role of antineoplastic 
agents in the treatment of keloids and hypertrophic scars: 
a review. Ann Plast Surg 2010; 64: 355-361 [PMID: 20179490 
DOI: 10.1097/SAP.0b013e3181afaab0]

51	 Goldan O, Weissman O, Regev E, Haik J, Winkler E. Treat-
ment of postdermabrasion facial hypertrophic and keloid 
scars with intralesional 5-Fluorouracil injections. Aesthetic 
Plast Surg 2008; 32: 389-392 [PMID: 18185952 DOI: 10.1007/
s00266-007-9109-3]

52	 Naeini FF, Najafian J, Ahmadpour K. Bleomycin tattooing 
as a promising therapeutic modality in large keloids and hy-
pertrophic scars. Dermatol Surg 2006; 32: 1023-1029; discus-
sion 1029-1030 [PMID: 16918564]

53	 Haurani MJ, Foreman K, Yang JJ, Siddiqui A. 5-Fluorouracil 
treatment of problematic scars. Plast Reconstr Surg 2009; 123: 
139-48; discussion 149-51 [PMID: 19116547 DOI: 10.1097/
PRS.0b013e3181904d1b]

54	 Bodokh I, Brun P. [Treatment of keloid with intralesional 
bleomycin]. Ann Dermatol Venereol 1996; 123: 791-794 [PMID: 
9636763]

55	 Fitzpatrick RE. Treatment of inflamed hypertrophic scars 
using intralesional 5-FU. Dermatol Surg 1999; 25: 224-232 
[PMID: 10193972]

P- Reviewers: Chaudhry IA, Dinc E, Rizzo MI    
S- Editor: Song XX    L- Editor: A    E- Editor: Liu SQ 

13 May 12, 2014|Volume 4|Issue 2|WJO|www.wjgnet.com

Ko AC et al . Treatment of cicatricial ectropion with laser delivered antifibrotics



                                      © 2014 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	WJO-4-7
	封底

