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Phototherapeutic keratectomy: Indications, methods and decision making
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Phototherapeutic keratectomy (PTK) involves treating anterior corneal lesions by superficial corneal ablation 
using an excimer laser  (193 nm). Some of the commonly treated conditions include recurrent corneal 
erosions  (RCE), corneal dystrophies, spheroidal degeneration, keratoconus, and corneal scars. We discuss 
various techniques of PTK including large area PTK, focal PTK, and multifocal PTK and alternatives to PTK. 
Masking agents like hyaluronate, methylcellulose, and dextran are recommended to help achieve a better 
outcome when ablating irregular corneal surfaces. Antifibrotic agents like mitomycin C reduce the chances of 
recurrence of the disease, apart from minimizing the postoperative scarring. Some of the complications include 
induced hyperopia and irregular astigmatism, haze, recurrence, and corneal thinning. However, earlier 
postoperative recovery, possibility of a repeat procedure, and ability to control the depth of ablation make 
PTK a promising, minimally invasive alternative to keratoplasty in cases with anterior corneal pathologies.
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The dominant clinical interest in technology and outcomes of 
excimer laser surgery has primarily been for the precision and 
accuracy of the superficial corneal photoablation, leaving the 
underlying stroma clear and undisturbed. It was introduced by 
Munnerlyn et al. for corneal reshaping and correcting refractive 
errors, with the procedure being termed as photorefractive 
keratectomy (PRK).[1] The use of the laser was further explored 
in the treatment of corneal pathologies, which was termed as 
phototherapeutic keratectomy (PTK). This procedure received 
United States Food and Drug Administration (FDA) approval 
in 1995 when both Visx Inc.  (Santa Clara, CA) and Summit 
Technology, Inc. (Waltham, MA) excimer lasers were approved 
for the treatment of corneal pathologies in the anterior 
one‑third of the cornea. The FDA guidelines required at least 
250 microns of residual bed thickness after the PTK.[2] It has 
been suggested that the excimer laser PTK is best suited for the 
corneal pathologies in the anterior 10‑20% of the stroma.[3] As 
such, it has been successfully used in the treatment of recurrent 
corneal erosions  (RCE),[4,5] corneal dystrophies,[6] superficial 
corneal opacities and corneal degenerations.[7,8]

PTK offers a less invasive and extraocular alternative to avoid 
or delay the need for lamellar or penetrating keratoplasties.[7,9] 
Earlier recovery and possibility of repeat procedures are some 
of the other advantages. However, recurrence of the disease, 
hyperopic shift, post‑operative discomfort, and corneal haze 
are some of the known complications.[9] In this review, we 
discuss the indications, techniques, adjunctive treatments, and 
management of complications of PTK.

Principle
The term excimer is derived from “excited dimer” which are 
molecules bound at high energy state. These highly unstable 
molecules emit high energy ultraviolet (UV) radiation when 
they decay to the ground state. The high energy UV light thus 
released can be used to etch certain materials with precision. 
Srinivasan and Leigh described the process of ablative 
photodecomposition where irradiated polymers break into 
smaller molecules released into the surrounding atmosphere.[10]

Typically, lasers with longer wavelengths, when used 
to vaporize tissues, are known to cause adjacent tissue 
damage. However, far‑ultraviolet lasers with shorter 
wavelengths (200‑150 nm) cause sharply defined photoablation 
with minimal to no thermal damage to the adjacent tissue. 
Argon‑fluoride (ArF) is a dimer that emits far UV light (193 nm) 
and can be used for controlled ablation of the cornea preserving 
the adjacent tissue.[11] Each pulse of the excimer laser is known 
to ablate about 0.25 µ of corneal tissue. This extreme precision 
is the basis for the use of excimer laser as a surgical tool.

Pre‑Operative Considerations
Preoperative decision making includes determining whether 
the candidate is likely to benefit from PTK in the first place, 
and if so, careful and meticulous planning of the procedure 
needs to be done. The efficacy of PTK varies with patients’ 
symptoms, nature‑depth‑pattern of the corneal lesions, location 

Cite this article as: Deshmukh R, Reddy JC, Rapuano CJ, Vaddavalli PK. 
Phototherapeutic keratectomy: Indications, methods and decision making. 
Indian J Ophthalmol 2020;68:2856-66.

This is an open access journal, and articles are distributed under the terms of 
the Creative Commons Attribution‑NonCommercial‑ShareAlike 4.0 License, 
which allows others to remix, tweak, and build upon the work non‑commercially, 
as long as appropriate credit is given and the new creations are licensed under 
the identical terms.

For reprints contact: WKHLRPMedknow_reprints@wolterskluwer.com

Preferred Practice



December 2020	 Deshmukh, et al.: Phototherapeutic keratectomy	 2857

of the corneal lesions, planning of the procedure, and refractive 
status of the eye.

History taking is crucial to understand the visual disturbance 
that the patient is experiencing. It must be ascertained whether 
the symptoms can be attributed to corneal pathology and 
whether PTK might help alleviate those symptoms. Previous 
ocular history must be taken into account as well. Recurrence 
of latent herpetic infection has been reported after excimer laser 
treatments.[12,13] Corneal neurotrophicity and post‑operative 
healing problems must be anticipated in patients with tumors 
of the central nervous system, cranial nerve palsies, or 
herpetic keratitis, due to corneal neuropathy. Severe dry eye, 
ocular surface disease, and eyelid malfunction can also delay 
epithelial healing.[3,9] Systemic diseases including diabetes 
mellitus and collagen vascular diseases are considered relative 
contraindications to PTK.[9,14]

A detailed slit‑lamp examination is of utmost importance 
in determining the size and the extent of the corneal lesion 
and its distance from the visual axis. For example, an elevated 
lesion in the periphery, away from the visual axis, causing local 
tear breakdown, might benefit with a focal PTK smoothening 
procedure. On the other hand, similar lesions in the central 
cornea affecting the optical zone might need a large area PTK 
with the use of masking agents. Particular attention is to be paid 
to the level of the lesion and its depth. PTK is most effective in 
lesions in the anterior 10–20% of the cornea.

The refractive status of the eye also must be taken into 
account, especially in unilateral cases. PTK is known to 
cause a post‑operative hyperopic shift and could lead to 
anisometropia.[15] In cases of corneal opacity and irregularity, 
a rigid gas permeable  (RGP) lens could help determine the 
effect of the opacity versus corneal irregularity on the visual 
acuity.[3] Finally, the status of the limbal stem cells is important 
for post‑operative epithelial healing.

Once it is established that the patient will likely benefit 
from PTK, certain pre‑operative investigations might help in 
planning the procedure.

a.	 Pachymetry
The depth of the corneal lesion and the expected residual 

corneal thickness can be judged using optical or ultrasound 
pachymetry.[16] It is recommended that only superficial 
opacities that are within the anterior 100 µ of the cornea, 
be treated. Patients having deeper lesions are not ideal 
candidates for PTK.[14] In cases where the cornea is thin, 
minimal ablation is done to avoid the worsening of irregular 
astigmatism.[17] Although the FDA guidelines require a residual 
stromal thickness of 250 µ after PTK,[2] authors have suggested 
aiming for a residual corneal thickness of 350‑400 µ to avoid 
the risk of ectasia.[15]

b.	 Corneal Topography
Topography helps in diagnosing corneal ectasias and 

also assessing the status of the corneal surface. Obvious 
irregularities are noted on topography alone while subtle 
Irregularities might require epithelial mapping. A decision 
can then be made regarding the removal of epithelium during 
PTK. In post‑refractive surgery cases, decentred ablation zones 
and central islands can be demarcated using topography.[18] 
Use of intra‑operative topography after epithelial removal to 
customize the PTK has also been described.[19]

c.	 Optical Coherence Tomography
Anterior segment optical coherence tomography (AS‑OCT) 

allows accurate localization of the lesions and assessment of 
the lesion depth for planning the size and depth of ablation. 
AS‑OCT‑based PTK simulation algorithms have been described 
to predict the postoperative refractive outcomes.[20,21] AS‑OCT has 
also been used in cases of recurrent corneal erosions (RCE) to 
measure central corneal thickness and epithelial thickness before 
and after PTK and assess the wound healing response.[22] Jung 
et al. have described the use of AS‑OCT in predicting the depth 
of PTK required in the planning for effective removal of diffuse 
haze in patients with granular corneal dystrophy (GCD) type 2.[23]

Surgical Techniques
a.	 Standard guidelines
Typically, PTK is performed under topical anesthesia. 

Planning of the spot size and ablation depth is done appropriately 
before the start of the procedure. In general, each pulse of a broad 
beam excimer laser ablates 0.25 µ of the normal corneal tissue, 
and 50 pulses of the excimer laser induce about 1D of hyperopic 
shift.[15] Ayres and Rapuano[3] also suggested using the Munnerlyn 
formula to estimate the refractive error induced after PTK:

Dioptre change = �3  (ablation depth in microns/ablation 
diameter in mm) 2

This formula implies more refractive error change when 
ablation depth is deeper.[24] Also, the change in refractive error 
is inversely proportional to the diameter of optic zone (OZ). For 
example, in cases of diffuse corneal opacities or corneal stromal 
dystrophies, a larger OZ (5‑6.5 mm) is chosen, whereas, in cases 
where focal smoothening of a Salzmann’s lesion or keratoconus 
nodule is attempted, a smaller OZ, enough to cover the elevated 
lesion is programmed.[17]

Many laser platforms have a PTK mode, but they each have 
different features. On the Visx laser  (Johnson and Johnson 
Vision, Santa Ana, CA), the circular ablation spot can be changed 
from 2.0‑6.5 mm diameter. In the slit mode, a rectangular 
ablation spot can be programmed from 0.6 to 6.5 mm in length 
and width, at any axis. When an ablation spot less than 2.0 mm is 
desired, the slit mode is used and programmed to a small square 
spot. The default repetition rate is 10 Hz, but many surgeons use 
5‑6 Hz as that makes it easier to observe the effect of the laser 
treatment intraoperatively. More recent excimer platforms such 
as the WaveLight EX 500 (Alcon, Fort Worth, TX) have faster 
repetition rates and may result in a myopic shift in refraction 
due to increased compensatory peripheral ablation.

Once the procedure is planned, epithelium, if irregular, is 
debrided using either a blade or 20% alcohol. This is followed 
by using a masking agent (discussed later) to fill the valleys 
and isolate the elevated areas for smoother ablation. In cases 
where the epithelium is smooth but the underlying stroma 
might be irregular, a transepithelial PTK can be performed 
in which case the epithelium itself acts as a natural masking 
agent.[14] Use of masking agent additionally can help limit the 
post‑operative induced hyperopia.[24]

b.	 Use of Masking agents
Excimer laser PTK is used to smoothen the irregular corneal 

surface due to its ability to ablate corneal tissue with submicron 
precision. However, photoablation of an irregular surface leads 
to repetition of the same irregular contour with each pulse 
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resulting eventually in reproducing the same shape in the deeper 
layers [Fig. 1]. This leads to unsatisfactory smoothening of the 
cornea. A masking agent or a modulator is a fluid that is used to 
fill the valleys and cover the deeper tissues while the protruding 
irregular peaks are exposed and ablated preferentially. The 
ideal characteristics of a masking agent include that it should 
be fluid, biocompatible, have ablation characteristics similar 
to that of cornea, and be able to mold itself to the desired 
shape and adhere to anterior surface of cornea.[25] Kornmehl 
et al. compared the different masking agents highlighting the 
importance of viscosity of these fluids. A fluid that is excessively 
viscous, might not level off as desired and cover both peaks 
and valleys resulting in inadequate smoothening. On the other 
hand, a fluid with very low viscosity, might run off not masking 
the irregular areas and may necessitate multiple applications. 
Therefore, fluids with moderate viscosity (between saline and 
1% carboxymethylcellulose) are ideal candidates.[26] Sodium 
hyaluronate,[27] methylcellulose[28] and 0.1% dextran[26] are some 
of the masking agents used.

Collagen gels have also been used as modulators owing to 
their ablation properties being similar to the cornea.[25,29] The 
photo‑ablatable lenticular modulator (PALM) technique was 
described by Katsanevaki et al., where collagen gel is applied on 
the irregular corneal surface, in a liquid form, at a temperature 
of 49°C so that it can be moulded into a lenticule using a RGP 
lens. They found this collagen mold to be effective as a masking 
agent whilst having no adverse effect on epithelial healing.[29] 
Bio mask is another collagen‑derived masking agent which 
has been shown to be effective in achieving good topographic 
results.[30] Other than achieving an excellent smoothening of 
the corneal surface, the use of masking agents also helps limit 
the post‑PTK hyperopic shift.[24]

c.	 Transepithelial PTK
When the epithelium is smooth with an underlying irregular 

stromal surface, it can be left in place to act as a natural masking 

agent [Fig. 2]. Additional masking agent may or may not be 
required. When the epithelium is ablated in PTK, it appears 
as a blue fluorescence which disappears when the stroma is 
reached.[31] The masking fluids like methylcellulose might 
lead to formation of bubbles when exposed to excimer laser.[26] 
Transepithelial PTK has been described in the management of 
flap complications after laser in‑situ keratomileusis (LASIK),[32,33] 
persistent epithelial defects,[34] recurrent corneal erosions,[35] 
corneal ectasias[36,37] and anterior stromal scarring.[38] A 
comparison between mechanical epithelial debridement and 
transepithelial excimer laser ablation revealed no significant 
difference in the epithelial healing post‑operatively.[39]

d.	 Large area PTK
In this technique, specific to certain lasers such as the Visx 

laser, a large spot size (5‑6.5 mm) is chosen. A large ablation zone 
helps in minimizing the post‑operative glare and refractive effect 
over the optical zone.[40] It is used for diffuse corneal opacities, 
scars, dystrophies, superficial keratopathies and irregularities. 
Once the masking agent is applied to the irregular corneal 
surface, the patient is asked to gaze at the fixation light and laser 
treatment is started. The patient’s head can be rotated such that 
the laser beam is applied in an annular fashion. This method 
allows blending of the ablation zones and avoids creation of 
sharp edges causing topographic distortion.[41] Applying more 
treatment to steeper areas helps reduce irregular astigmatism.[42] 
Stark et al. advocated the use of additional laser of spot size 2.0 
mm applied at the circumference around the ablation zone to 
reduce the induced hyperopia.[43] [Fig. 3]

Alternatively, a large (7.0‑7.5 mm) optic zone diameter is 
chosen and centered over the pupil to ablate the epithelium and 
stroma.[2,44] The transition zone must be taken into account as 
in most cases, the laser spots could ablate tissue in additional 
2 mm of the originally planned ablation diameter. Care must 
be taken to avoid damaging the limbus.[44] Additionally, the 
corneal periphery should not be thinned excessively, as that 
makes subsequent keratoplasty less successful. Only some 
lasers have such large ablation zones for PTK.

Figure  1: Schematic to show the use of masking agent to ablate 
irregular corneal surface. The masking fluid fills the valleys and cover 
the deeper tissues while the protruding irregular peaks are exposed 
and ablated preferentially

Figure 2: Technique of large area PTK. Large spot size used to ablate 
the central cornea. Peripheral small spots used to create a transition 
zone
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Rapuano described the “shoot and check” technique in 
which the cornea is examined at the slit‑lamp after initial 
laser ablation and if more treatment is needed, the patient is 
repositioned under the laser and additional PTK is performed 
until satisfactory results are obtained.[2]

e.	 Focal smoothening
This technique is used to treat focal, elevated lesions with a 

small‑diameter ablation zone (up to 2 mm).[44] It is used to shave 
off proud areas such as Salzmann’s lesions or keratoconus 
nodules in cases where the opacities aren’t able to be easily 
removed with a lamellar keratectomy.[45,46] The amount of 
elevation is measured using pachymeter, AS‑OCT or estimated 
at the slit‑lamp. The number of pulses are approximately 
calculated as Number of pulses = elevation in microns × 4 (since 
each pulse removes 0.25 µ of corneal tissue).[17] Epithelium is 
debrided over the elevated area, leaving behind the epithelium 
in surrounding normal tissue to act as a natural masking agent. 
If desired, additional masking agents can also be used to avoid 
corneal thinning. Using a spot size of 0.6‑2.0 mm diameter, 
depending on the lesion, the laser is fired on the nodular 
area [Fig. 4]. The top of the elevated lesion is ablated more as 
compared to the surrounding area so that it is reduced down 
to the level of the surrounding cornea. Slit‑lamp evaluation is 
done and laser treatment is repeated until the lesion is leveled 
off. Care must be taken to avoid over‑treatment and creating 
a crater in the cornea.[2,41] However, when it comes to choosing 
between having an inadequately shaved lesion above the 
corneal surface versus having a slightly overtreated lesion, the 
latter is preferable as the corneal indentation can be filled with 
epithelium.[14] Once the lesion is focally treated, a large diameter 
ablation zone can be used to create the smoothest possible 
surface taking care not to overtreat the cornea.[2] A customized 
technique of PTK has been described for focal smoothening of 
Salzmann’s nodular degeneration, in which the depth of the 
lesion is measured using OCT, and the horizontal and vertical 
dimensions of the lesion are extrapolated from Scheimpflug 

imaging using a Java‑based image processing program. Once 
all the measurements are obtained, the area to be ablated is 
customized and treated transepithelially using a single pass.[47]

f.	 Multifocal PTK
In cases of persistent epithelial defects (PED), the thickened 

edges are known to prevent normal epithelial healing. Kim 
et al. used excimer laser to smoothen out the elevated, rough 
edges of PED thereby allowing epithelial cell migration 
and promotion of healing.[48] They performed focal ablation 
treatments of small diameter (1 mm) in the area around the 
epithelial defect until a smooth corneal surface was obtained. 
They restricted the ablation depth to 45 µ to prevent damage 
to the Bowman’s membrane. Some of the advantages of this 
technique were less risk of perforation, less refractive change 
and rapid re‑epithelialization. In their study, 13 out of 15 eyes 
were completely epithelialized within one week.

g.	 Use of Mitomycin C
Laser‑induced trauma in the area of Bowman’s membrane 

and stroma can lead to uncontrolled proliferation of stromal 
keratocytes and laying down of collagen, hyaluronic acid 
and proteoglycans. This process of subepithelial fibrosis is 
clinically detectable as haze or scarring and can induce irregular 
astigmatism.[49] Mitomycin C (MMC) is an antimetabolite that 
has been used to prevent and to treat subepithelial fibrosis.[50,51] 
Use of 0.02% MMC for up to 2 minutes has been advocated as 
an adjunct to PTK to reduce haze and scarring. When being 
used to treat corneal surface irregularity and scarring following 
previous refractive surgery, the spherical error is reduced by 
½ to 2/3rd considering the effect of MMC on wound healing. 
In cases where there is no scarring and the corneal surface is 
fairly regular, then the spherical error is reduced by 15‑20%.[32]

In addition, MMC has the potential to prevent recurrences 
in anterior corneal pathologies.[52‑54] PTK along with MMC is 
also useful in treating epithelial ingrowth after LASIK.[55]

Indications
a.	 Recurrent corneal erosions
RCE is a commonly seen condition that develops following 

trauma or epithelial basement membrane dystrophies (EBMD), 
or can be idiopathic.[56] The underlying pathology is a weakening 

Figure 3: Technique of focal smoothening PTK. A spot size of 1‑2 mm 
diameter is used and laser is fired on the nodule. The top of the elevated 
lesion is ablated more as compared to the surrounding area

Figure  4: Flowchart showing algorithm for choosing between PTK 
following epithelial removal versus transepithelial PTK
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of the adhesions between the epithelial cells and basement 
membrane. In case of a traumatic RCE, there is a split between 
the basement membrane and the Bowman’s membrane 
which leads to poor cell adhesion. The hemidesmosomes 
are not impaired.[57] Whereas, in RCE related to EBMD, the 
hemidesmosomes seem to be affected resulting in redundant 
layers of basement membrane with debris of desquamating cells 
underneath, which affect the epithelial adhesions.[58] The initial 
line of management in a case of RCE includes lubricants and 
bandage contact lens. In refractory cases, epithelial debridement, 
anterior stromal puncture, diamond burr polishing, alcohol 
delamination and PTK have been tried.[59]

The loose and unstable corneal epithelium is removed by 
debridement under topical anesthesia.[6] The underlying abnormal 
basement membrane and debris are stripped carefully until a 
smooth Bowman’s membrane is reached. Following this, a large 
area PTK is done with ablation depth of 5‑7 µ.[3,60] Since the depth 
of stromal ablation is minimal, use of MMC is not required.[15] 
Excessive depth of ablation is known to cause post‑operative haze, 
increased hyperopic shift and irregular astigmatism.[4,61]

The removal of abnormal epithelium leads to formation of 
new basement membrane and regeneration of basal epithelial 
cells. In addition, the ablation of Bowman’s membrane 
facilitates direct contact between the epithelial cells and 
stromal keratocytes and stimulates the formation of new 
hemidesmosomes and anchoring fibrils.[60] This process takes 
around 2 weeks to complete and overall improves the epithelial 
adhesion and reduces the chances of erosions.[61] It has been 
shown by studies that PTK works better in cases of traumatic 
RCE as compared to that of non‑traumatic etiology.[5,62] 
Transepithelial PTK has also been tried in case of RCE with 
similar rates of recurrence as compared to conventional PTK, 
the advantage being removal of only superficial epithelial cells 
and lesser induction of hyperopia and induced astigmatism.[63,64]

b.	 Corneal dystrophies
Apart from EBMD causing recurrent erosions, PTK has 

been used in Bowman’s membrane dystrophies such as Thiel–
Behnke dystrophy[65] and Reis‑Bücklers dystrophy.[66]

PTK is also effective in clearing the deposits in stromal 
dystrophies. It has been found to be a less invasive treatment 
option in naïve corneas as well as in grafts with recurrent 
dystrophy.[67]

In lattice dystrophy, the amyloid deposits tend to be more in the 
anterior cornea and hence, can be treated by superficial ablation.
[3] Studies have shown visual improvement and reduced rate of 
RCE in these patients following PTK.[68,69] Granular dystrophy 
is characterized by bread‑crumb like deposits in corneal stroma 
involving the central and paracentral cornea. The deposits are often 
more confluent in the superficial stroma and ablative treatment of 
these lesions is sufficient to improve vision in these patients [Fig. 5].
[3] A diffuse limbus to limbus haze is seen in macular corneal 
dystrophy. Hafner et  al. found moderate improvement in the 
best‑corrected visual acuity (BCVA) of patients with macular dystrophy 
undergoing PTK  [Fig.  6]. However, more than 50% of the patients 
eventually required penetrating keratoplasty due to a high rate of 
recurrence (90%).[70] One of the most important complications of PTK 
in corneal dystrophies is the recurrence of disease (discussed later).

c.	 Corneal degenerations
(i)	 Climatic Droplet Keratopathy

Climatic droplet keratopathy  (CDK) also known as 
spheroidal degeneration, is characterized by superficial 

subepithelial opacities and formation of golden‑yellow 
spherules in superficial cornea in the advanced stages. It 
can be “smooth” or “irregular” type of CDK. PTK has been 
used successfully in treating CDK. A study of 75 eyes of CDK 
treated using PTK, found that smooth CDK was more likely 
to have clearer cornea than irregular CDK. Irregular CDK was 
also found to be associated with delayed epithelial healing.[71]

In cases with coexistent cataract, it is advisable to perform 
PTK before planning the cataract surgery. PTK helps regularise 
the cornea thus providing appropriate biometry and also 
improving visibility during cataract surgery.[72]

(ii)	 Salzmann’s nodular degeneration

Salzmann’s nodules cause decreased vision by inducing 
irregular astigmatism and encroaching directly into the visual 
axis. PTK has been established as an effective treatment modality 
to shave the nodules and regularise the cornea.[18,73] A manual 
keratectomy can be done to debulk the nodular lesions and then 
PTK along with masking agents used to smoothen the underlying 
irregular surface. Alternatively, the epithelium over the nodule 
is removed and small spot sizes used for focal smoothening 
followed by a larger spot size to obtain a regular surface.[3] Use 
of MMC may improve the quality of vision and reduce the 
recurrence rate.[74,75]

(iii)	 Band shaped keratopathy

Band shaped keratopathy (BSK) is a corneal degenerative 
disorder where calcific deposits cover the interpalpebral area 
of the cornea forming a gray‑white band that is denser in the 
center and thins out in the periphery. When the deposits are at 
the level of Bowman’s membrane with a smooth epithelium and 
little involvement of underlying stroma, it is termed as smooth 
BSK. On the other hand, rough BSK is a more severe form 
where thick calcific plaques make the epithelium irregular and 

Figure  5: A  25‑year‑old female presented with decrease in vision 
and recurrent pricking sensation in the right eye, (a) Diffuse slit‑lamp 
photograph of the right eye showing opacities in the anterior corneal 
surface suggestive of Granular Corneal Dystrophy with minimal 
amount of diffuse corneal haze, (a) Diffuse slit‑lamp photograph of 
the right eye showing decrease in density of opacities on the anterior 
corneal surface after PTK.  (c) anterior segment optical coherence 
tomography  (OCT) showing anterior stromal scarring, epithelial 
irregularity and elevated anterior surface with deposits at the level of 
the Bowmans layer

c

ba
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deposits involve the underlying anterior stroma.[76] Superficial 
excimer laser ablation removes the calcific deposits and yields 
a clearer cornea with significant improvement in vision and 
symptoms.[77] In smooth BSK, the epithelium can be left intact 
to act as a masking agent. While in rough BSK, it is advisable 
to debride the epithelium and remove the thick calcific plaques 
manually prior to using masking agents and carrying out 
the photoablation. Ablation of the calcific deposits appears 
to fluoresce brighter than the stromal tissue and this acts as 
an indicator for the surgeon to stop ablating. O’Brart et  al. 
reported success with the use of PTK in both forms of BSK with 
up to 95% patients showing symptomatic improvement.[76] 
Im et al. combined PTK with ethylenediaminetetraacetic acid 
chelation and amniotic membrane transplantation. Around 
27% patients had visual improvement and all patients had 
symptomatic improvement. In 11 months of follow up, none 
of their patients had recurrences.[78]

d.	 Corneal scars
Similar to other anterior corneal pathologies, PTK is useful in 

removing visually disturbing scars in the superficial cornea (<100 
µ). Transepithelial PTK with minimal ablation is preferred to 
avoid perturbation of the postoperative corneal topography 
and avoid significant corneal thinning.[17] The approach is to 
debulk the scar rather than removing it completely. Residual 
irregular astigmatism can be taken care of by RGP contact lenses 
post‑operatively. A study by Dogru et al. showed that PTK could 
treat scars up to mid‑stromal level and visual gain resulted not 
only from corneal regularisation and debulking the scar, but also 
from improved tear film stability.[79]

The etiology of the scar is also important. Scars caused by 
chemical burns often require removal of fibrovascular pannus 
by manual dissection. It has been suggested that in the presence 
of accompanying limbal stem cell deficiency, PTK could 
have advantages over keratoplasty by being a tissue‑sparing 
procedure and inducing minimal surgical trauma.[80] Scars 
secondary to herpetic keratitis can be treated with PTK when 
there is no active inflammation.[80] After the procedure, patients 
must be closely monitored for a possible reactivation of the 
herpetic infection; a short course of prophylactic oral antivirals 
is often used after PTK in these eyes.[12,13]

e.	 Bullous keratopathy
Bullous keratopathy involves corneal endothelial 

decompensation causing stromal hydration and subsequent 
epithelial edema. The swollen epithelium loses the adhesions 
with the underlying basement membrane. Epithelial edematous 
cysts can combine together and form bullae which can later 
rupture and cause pain. PTK has been found to be effective in 
symptomatic bullous keratopathy. The excimer laser ablation 
improves epithelial cell adhesions to the basement membrane 
and reduces formation of bullae.[81] It is also hypothesized 
that the reduced corneal thickness helps reduce the osmotic 
load and the endothelium can better maintain the dehydrated 
state of stroma. After epithelial debridement, a large area PTK 
with 7‑8 mm spot size with around 1 mm of blend zone is 
advisable.[82] Maini et al. studied the effect of depth of ablation 
on symptom alleviation in bullous keratopathy. They observed 
that deeper ablations (25% of the corneal thickness) have better 
results as compared to superficial ablations  (25 µ). Deeper 
photoablation possibly destroys the subepithelial nerve plexus 
more effectively as compared to the superficial PTK. This 

induced neurotrophicity reduced the symptoms in patients 
with persistent epithelial defects. Though there is a theoretical 
risk of infective keratitis, the authors did not report any such 
case in their study.[82] Apart from pain relief, visual gain with a 
more stable tear film has also been reported in these patients.[83]

f.	 Keratitis
PTK has been effectively tried in infective as well as 

non‑infective keratitis. Excimer laser ablation sterilizes 
the infected corneal surface by ablation of the tissue 
and killing the microbes, not by affecting the viability of 
the organisms.[84] PTK not only helps by eradicating the 
microbes, but also regularises the cornea and improves 
vision. In general, it is more effective in superficial infections 
refractory to conventional medical therapy. In case of deeper 
infections, PTK alone is not effective. However, it helps 
by reducing the microbial load in the tissue, improving 
drug penetration potentially improving the recovery 
time.[85,86] The risk of perforation must be kept in mind when 
performing ablative treatments for deeper infections.[84]

Studies have demonstrated the benefits of PTK in treating 
keratomycosis that is refractory to medical management. 
Li et al. reported that up to 83% of patients in their cohort 
improved after PTK.[86] A study by Lin et al. concluded that 
patients having fungal keratitis undergoing PTK had a faster 
recovery time than those who were on antifungals alone.[85] 
Both the studies reported rapid re‑epithelialization and visual 
gain after PTK. However, the benefits of this procedure must 
be balanced with the risks of potential aerosol spread of 
infective material in the laser room.

Apart from fungal keratitis, excimer laser ablation has 
been successfully used in treating infections caused by 
Staphylococcus,[87] Mycobacteria,[88] Pseudomonas[89] and early 
Acanthamoeba keratitis.[90] Apart from infective ulcers, PTK is 
useful in shield ulcers[91] and post‑burn ulcers.[92]

g.	 Keratoconus
Conventional crosslinking  (CXL) to halt progression in 

keratoconus required epithelial debridement for adequate 
riboflavin penetration into the stroma. Transepithelial PTK 
can replace the manual epithelial debridement before CXL is 
done.[93] It is known that the epithelium is significantly thinner 
at the apex of the cone and is surrounded by an annular ring 
of thickened epithelium.[94] Transepithelial PTK removes the 
epithelium and part of anterior stroma at the apex of the cone 
in these cases. By using the epithelium as a masking agent, 
it helps regularise the corneal surface. The Cretan protocol 
involves transepithelial ablation in a diameter of 6.5‑7 mm zone 
and depth of 50 µ, followed by enlarging the de‑epithelialized 
zone by mechanical debridement to 9 mm. CXL is then carried 
out.[95] A study of 23 patients treated using this protocol showed 
a significant improvement in corneal astigmatism and visual 
acuity (uncorrected and best‑corrected).[36] Although there is a 
risk of corneal thinning and progression of ectasia, studies have 
not reported complications post‑operatively.[95] Grentzelos et al. 
described Cretan protocol plus where transepithelial PTK 
and conventional PRK was followed by CXL. They reported 
significant flattening of keratometry and improvement of 
visual acuity at one year follow‑up.[96]

PTK is also used in management of keratoconus nodules 
developed in patients with chronic contact lens use. Similar to 
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Salzmann’s nodules, the keratoconus nodules can be manually 
debulked prior to using PTK to achieve corneal surface 
regularisation [Fig. 7].[3]

h.	 Refractive surgery complications
A number of complications of refractive surgeries not 

amenable to medical treatment are successfully managed 
by PTK. Visually significant subepithelial fibrosis may 
develop after several years following radial keratotomy (RK) 
affecting the visual acuity. This could be treated by superficial 
debridement and followed by PTK [Fig. 8].[97,98]

PRK is known to be associated with corneal haze. Sometimes, 
post‑PRK haze fails to resolve spontaneously and may be 
addressed by PTK with MMC [Fig. 9].[15] PTK has also been tried 
in the treatment of flap folds. Following LASIK, a malposition 
in the flap may cause folds to form which, if left untreated for 
a long time, have a tendency to recur. PTK helps by reducing 
the thickness of the Bowman’s membrane and reducing its 
memory, thereby preventing recurrence of these folds.[99] Other 
flap complications where PTK is useful include buttonholing 
of flap or irregular flap. An early treatment with transepithelial 
PTK with MMC deep enough to ablate the interface completely 
is advocated to prevent scarring and epithelial ingrowth.[15]

Central islands and decentred ablation zones can 
be corrected using PTK to achieve a smooth surface. 
Correction of the contour in case of decentred ablation might 
need topography‑guided PTK to prevent worsening.[15,100] 
Photoablation in the management of epithelial ingrowth[54] 
and diffuse lamellar keratitis (DLK)[101] has also been described.

Post‑operative Complications
Recurrence of disease
As mentioned earlier, certain conditions can recur after PTK. 
The Bowman’s layer and stromal dystrophies almost always 
recur, although some more quickly than others, even after 
a keratoplasty. Thiel–Behnke and Reis–Bücklers corneal 
dystrophies recur the fastest, within a few years. Granular 
and lattice corneal dystrophies tend to recur over 3–6 years, 
whereas macular and Schnyder corneal dystrophies often take 
decades to recur. Fortunately, when these dystrophies recur, 
the opacities are often in the anterior stroma, making them quite 
amenable to repeat treatment with PTK.[6] Recurrent erosions 
can also recur after PTK, and repeat PTK may be successful. 
When Salzmann’s nodules recur after PTK, they too can be 
managed with repeat PTK, but the results tend not to be as good 
as initial treatments. MMC should be considered in eyes with 
Salzmann’s nodular degeneration, especially if recurrent.[51]

Refractive error induced by PTK
Induced hyperopia due to central corneal flattening is the most 
commonly seen refractive error after PTK.[43] Ablation of peripheral 
corneal lesions could induce irregular astigmatism or even 
myopia.[3] Munnerlyn’s formula[1] has been used by authors to 
estimate the amount of refractive error induced.[6] Use of masking 
agents, transition zone and using large spot size for treatment are 
some of the measures used to reduce the induced refractive error.[6]

Corneal haze and opacities
Deeper stromal ablations during PTK may lead to post‑operative 
scarring and haze. The haze caused by photoablation is reticular 
in appearance and restricted to the ablation zone. This must be 
differentiated from residual scar that is more deep seated and may 

extend beyond the area treated by PTK.[9] When deep ablations are 
necessary, MMC 0.02% (for 30‑120 seconds) should be considered 
to reduce the chance of visually significant corneal haze.

Keratectasia
Post‑PTK keratectasia is not unknown. Vinciguerra et  al. 
reported iatrogenic keratectasia when PTK was done in thin 
corneas such as in post‑refractive surgery cases. They suggested 

Figure 6: A 18‑year‑old male presented with photophobia and decrease 
in vision.  (a) Diffuse slit‑lamp photograph right cornea showing a 
diffuse corneal haze with elevated nodular deposits in the central 
cornea. (b) Corresponding AS‑OCT of the right eye cornea showing 
focally elevated lesions. (c) Diffuse slit‑lamp photograph of the right 
cornea after PTK demonstrating removal of the nodular deposits. 
(d) Corresponding post‑PTK AS‑OCT of the same area showing a 
slight depression that has been smoothened by epithelium

dc

ba

Figure 7: A 28‑year‑old male patient diagnosed with keratoconus and 
using contact lenses for 2 years presented to the clinic with intolerance 
to CL and decrease in vision. (a) Slit‑lamp photograph of the right eye 
of the patient showing central elevated keratoconus nodule in the 
cornea, (b) Diffuse slit‑lamp photograph of the right eye of the patient 
after PTK showing smooth anterior surface and decrease in density 
of the corneal scarring
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Figure 8: A 53‑year‑old patient with history of radial keratotomy (RK) 
in 1999 presented with decrease in vision for 7 years in the left eye. (a) 
Diffuse slit‑lamp photograph of the left eye showing central anterior 
stromal scarring in the visual axis and RK incisions. (b) Diffuse slit‑lamp 
photograph of the left eye showing minimal anterior stromal scarring 
in the visual axis after PTK

ba
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a wide ablation diameter to avoid focal stress and subsequent 
corneal weakening.[102] Ectasia has also been reported in a 
cornea of normal thickness with band keratopathy.[103]

Infective keratitis after PTK
React ivat ion of  herpetic  kerat i t is  fol lowing PTK 
is well‑documented.[12,104] Corneal trauma induced by 
photoablation and use of topical steroids post‑PTK in 
the presence of viral shedding in the tear fluids are the 
predisposing factors.[12] Bacterial keratitis following PTK for 
spheroidal degeneration[105] and RCE[7] have been reported.

Corneal Transplantation and PTK
There are few studies evaluating the outcomes of grafts in 
corneas that have previously undergone a PTK. A  study 
comparing the outcomes of penetrating keratoplasty in eyes 
which have undergone PTK versus naïve corneas revealed no 
significant difference in keratometric outcomes, complications 
and graft survival between the two groups. However, they 
did not evaluate the rate of recurrence of disease in the 
graft.[106] Another study evaluated the outcomes of deep anterior 
lamellar keratoplasty (DALK) in eyes that have undergone PTK 
for GCD. They concluded that previous PTK was a risk factor 
for recurrence of disease.[107]

PTK has been used successfully to treat recurrence of 
dystrophies in a graft.[54,65] However, chances of graft rejection 
due to inflammation must be borne in mind.[9] PTK following 
endothelial keratoplasties has not shown any adverse effects 
on the graft survival.[108]

Alternatives to PTK
Although PTK is effective in treating the anterior corneal 
pathologies, it is limited by the depth of the lesion, and 
post‑operative induced irregular astigmatism, hyperopia 
and scarring. In cases of deeper lesions, anterior lamellar 

keratoplasties provide a viable option. Superficial anterior 
lamellar keratoplasty  (SALK) is used for lesions restricted to 
the anterior 30‑50% of the corneal stroma.[109] The corneal tissue 
can be dissected either using microkeratome[109] or femtosecond 
laser.[109] The decision regarding the surgical procedure of choice 
depends on the type of lesion, depth of the lesion, and corneal 
topography [Fig. 10]. Microkeratome‑assisted anterior lamellar 
keratoplasty (ALK) can be successfully used when the lesions 
are limited to anterior 250 µ. There is a possibility of donor 
tissue mismatch in terms of size, shape and thickness. Interface 
irregularity leading to visually significant haze is common.[109] 
On the other hand, femtosecond laser‑assisted anterior lamellar 
keratoplasty  (FALK) leads to a smoother interface and better 
visual outcome. The depth of laser dissection can be customized 
based on the depth of the lesion. Owing to better visual results, 
ease of technique and better donor‑to‑recipient fit, FALK may be 
a favorable option in corneas with regular topography. However, 
femtosecond laser penetration is affected in dense scar tissue 
and may prove to be ineffective in such cases.[110] In cases where 
the corneal topography is irregular and depth of corneal scars is 
varied, hemi‑automated lamellar keratoplasty (HALK) is useful, 
where the recipient cornea undergoes a manual dissection and 
the donor cornea is prepared using a microkeratome.[111]

Conclusion
In summary, PTK is an effective method to manage anterior 
corneal pathologies and offers advantages including repeatability, 
faster visual recovery and being minimally invasive. Attention to 
preoperative evaluation and accurate measurement of depth of 
lesion, corneal thickness and topography, may lead to improved 
outcomes. Risk of haze, hyperopic shifts and recurrence of 
disease are the important complications that might need to be 
addressed in the postoperative period.
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Figure  10: Flowchart highlighting the algorithm for selecting the 
appropriate procedure for a lesion in the anterior stroma as an alternative 
to PTK. (PTK – Phototherapeutic Keratectomy, FALK – Femtosecond 
Assisted Anterior Lamellar Keratoplasty, LK – Lamellar Keratoplasty, 
DALK – Deep Anterior Lamellar Keratoplasty)

Figure 9: A 25 year old male was seen 5 months following PRK in both 
eyes with complaints of glare and drop in vision. (a) Diffuse slit‑lamp 
photography in sclerotic scatter demonstrating diffuse cornea haze in 
the central 6.5 mm are of the cornea. (b) Corresponding AS‑OCT of 
the same eye shows dense haze restricted to the sub epithelial zone 
and a saw toothed appearance, the anterior surface of which has been 
smoothened by epithelium.  (c) Diffuse slit‑lamp photograph  1  day 
following PTK for removal of the haze showing a clear cornea. 
(d) Corresponding AS‑OCT of the cornea 1‑day post PTK with clear 
anterior stroma. A bandage contact lens is also seen
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