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Purpose: Phototherapeutic keratectomy (PTK) with 193-nm excimer laser is a safe 41 

and effective procedure for the treatment of superficial corneal pathology. We aimed 42 

to review the use of PTK for the treatment of corneal macular dystrophy (MCD).  43 

Methods: Case report and literature review 44 

Results: A 16-year-old boy presented to an ophthalmologist with a 4-year history of 45 

reduced vision, glare and photophobia in his left eye. He was diagnosed with corneal 46 

macular dystrophy and underwent sequencing of the CHST6 gene. Left excimer PTK 47 

with mitomycin C was performed. He remained relapse free until 18 months post 48 

procedure when his visual acuity declined and the stroma appeared more “milky”. He 49 

underwent a penetrating keratoplasty in his left eye 24 month following the initial 50 

PTK. 51 

Conclusion: Phototherapeutic keratectomy is an effective means of visual 52 

restoration in patients with macular corneal dystrophy and may delay penetrating 53 

keratoplasty. Patients should be counselled regarding the high risk of recurrence. 54 

This is the first reported case of a CHST6 gene positive patient with MCD that was 55 

treated with phototherapeutic keratoplasty. 56 

57 

58 
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Phototherapeutic keratectomy (PTK) with 193-nm excimer laser is a safe and 59 

effective procedure for the treatment of superficial corneal pathology including 60 

corneal scars, recurrent corneal erosions, corneal surface irregularities, central 61 

corneal irregular astigmatism and some corneal dystrophies.1,2 For suitable 62 

indications, PTK allows visual restoration and may delay or avert the need for 63 

invasive surgical procedures including lamellar or penetrating keratoplasty, or re-64 

transplantation. This is especially critical in corneal dystrophies that have their onset 65 

in childhood and adolescence, including macular corneal dystrophy (MCD). While 66 

less common in the United States than some stromal dystrophies including granular 67 

or lattice dystrophies, MCD patients develop corneal changes at an earlier age, 68 

usually between 3 and 9 years.3 Delaying time to first corneal transplantation is 69 

desirable as penetrating keratoplasty (PK) in children is associated with poorer 70 

outcomes and post-operative visual rehabilitation can be complex.4  71 

While PTK is recommended for anterior corneal dystrophies, it is currently unclear 72 

whether macular corneal dystrophy should consistently be treated with PTK in the 73 

first instance. The relative rarity of MCD cases make large scale clinical studies of 74 

treatment outcomes challenging. Several case reports and small retrospective case 75 

series present varying rates of recurrence.1, 5-12  76 

We present the first reported case of a CHST6 gene positive patient with MCD that 77 

was treated with PTK. We have also conducted a comprehensive English literature 78 

review of outcomes and recurrence rates for all MCD cases managed with PTK to 79 

October 2018.  80 

 81 

 82 

 83 

 84 
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Case report 85 

A 16-year-old boy presented to an ophthalmologist with a 4-year history of reduced 86 

vision, glare and photophobia in his left eye. He had no previous ophthalmic 87 

problems and there was no relevant family history.  88 

Uncorrected distance visual acuity (UCVA) in the left eye was 6/30, correcting to 89 

6/24 with refraction (0.25/-2.75 x 140). UCVA in the right eye was 6/15 which could 90 

not be improved with refraction. Pre-op Ks were 44.00 x 10, 48.00 x 100 in the right 91 

eye and 46.50 x 132, 50.00 x 42 in the left eye. 92 

Slit lamp examination revealed white eyes with multiple irregular grey-white 93 

opacities in the central anterior stroma bilaterally. The opacities had indistinct 94 

borders and extended outwards radially towards the limbus. Mild intervening haze 95 

was present between lesions. Occasional deep stromal lesions were also noted. 96 

(Figures 1a-c).  97 

The patient was diagnosed with corneal macular dystrophy and underwent 98 

sequencing of the CHST6 gene. Genetic testing identified compound heterozygosity 99 

for two deleterious variants in CHTS6 (p.Glu283Ter and p.Cys102Gly), inherited 100 

from one parent each. Following extensive counselling with the boy and his parents 101 

regarding treatment options, he underwent left excimer phototherapeutic 102 

keratectomy with mitomycin C. 103 

The treatment was performed using a transepithelial ablation technique using the 104 

epithelium as a masking agent. A 50-micron epithelial ablation with a zone size of 105 

6.5mm was performed with a Wavelight® EX500 (Alcon, Fort Worth, Texas) 193-106 

nm excimer laser, using a wavefront optimised ablation profile. This was followed by 107 

another 35 microns stromal ablation of the same zone. A compensatory refractive 108 

treatment of -1.25D (21 microns) was further added. A clear stroma was achieved. 109 

Mitomycin C 0.02% was applied after the ablation for a duration of 30 seconds. 110 
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Following the procedure, the patient was treated with Ciloxan and Fluoromethalone 111 

0.1% drops and bandage contact lens until epithelial closure. A further course of 112 

Fluorometholone drops was used, at 4 times/day and tapering over 4 weeks. 113 

Preservative free lubricating drops were also used.  114 

The patient had no post-operative complications such as infection or delay in 115 

epithelial healing. Three months post-operative his left UCVA was 6/9.6 BCVA was 116 

6/9.6 (+1.00/-0.50 x 150). At 6 months follow up his left BCVA was 6/12 (+0.75/-117 

0.75x149).  He reported no decline in vision and there was no recurrence, haze or 118 

new lesions.  119 

He presented for follow up after 18 months reporting visual deterioration. His UCVA 120 

and BCVA had dropped to 6/30 in the left eye and 6/24 in the right eye. Whilst no 121 

new lesions were noted the stroma appeared more “milky”. It was not consistent with 122 

post-PRK haze but progression of stromal MCD in both eyes. More recently, at 2 123 

years post PTK, he underwent a penetrating keratoplasty in his left eye.  124 

 125 

Discussion 126 

Macular corneal dystrophy (MCD) is a recessively inherited stromal dystrophy that is 127 

characterised by diffuse ill-defined stromal opacities that spread peripherally 128 

towards the limbus with intervening haze. The opacities may also extend anteriorly 129 

and disrupt the integrity of the epithelial surface. As the disease progresses, the 130 

haziness extends deeper into the stroma and lesions enlarge and coalesce. Symptoms 131 

include glare, recurrent erosions and progressive visual loss resulting in severe visual 132 

impairment by early adulthood, usually necessitating PK.13  133 

While the diagnosis of MCD was historically made by the typical clinical appearance 134 

of stromal deposits, advances in molecular genetics have identified causative variants 135 

in the carbohydrate sulfotransferase 6 gene (CHST6)3. CHST6 encodes for the 136 
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enzyme catalysing the sulfation of N-acetyl glucosamine residues which are critical 137 

for the formation keratan sulfate in corneal keratocytes. There is resulting irregular 138 

collagen fibrillar arrangement, accumulation of unsulfated keratin sulfate in 139 

keratocytes and corneal stroma, and progressive corneal opacification. Heterozygous 140 

variant carriers do not exhibit corneal pathology.  141 

PTK can be utilised as a refractive or curative tool. Current indications for PTK, 142 

which may coexist in the same patient, include the treatment of; (1) Corneal 143 

opacities; (2) Irregular corneal surface and astigmatism; and, (3) Epithelial 144 

dysadherence.14 In MCD, opacities affecting visual acuity are removed to create a 145 

clear visual axis and a smooth corneal surface to minimise abnormal epithelial 146 

adhesion.   147 

A Medline search was conducted for MCD cases who had undergone PTK to October 148 

2018. Keywords included phototherapeutic keratectomy, PTK, macular dystrophy, 149 

excimer laser keratectomy and corneal dystrophy. Articles were excluded if there 150 

were no patients with MCD, if the article was written in a language other than 151 

English, or if there were no individual visual results presented for a patient with 152 

MCD.  153 

The search revealed 4 case reports and 5 small retrospective single centre case series 154 

(range = 2 - 10 eyes) (Table 1).  32 eyes were included in the results. Gender 155 

information was presented for 25 (78.1%) patients. 64% (n=16) were male. No 156 

articles mentioned patients had undergone genetic testing for the CHST6 gene to 157 

confirm a molecular diagnosis.  158 

Mean age at the time of PTK was 32.9 years (n=25). This is consistent with MCD 159 

patients typically developing severe visual loss by their third decade. Only one 160 

patient was reported to have undergone PTK to an existing corneal graft.  161 
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Pre-PTK uncorrected distance visual acuity presented in case series by Yuksel et al 162 

and Hafner et al and was 0.70.3 and 0.2 0.04 respectively. No other report or 163 

series presented pre-PTK uncorrected VA information.  164 

Best-corrected distance visual acuity (BCVA) was available for 28 (87.5%) patients. 165 

Reporting methods were a combination of LogMAR and Snellen acuity. One case 166 

series (Reddy et al) reporting three MCD cases utilised Snellen acuity brackets to 167 

record VA. The upper bracket limit was taken in all cases. All Snellen acuities were 168 

converted to LogMAR for ease of analysis. Median pre-procedure BCVA was 169 

LogMAR 0.4 (n=28). Median best recorded post-procedure BCVA was 0.2 (n=28), 170 

while the median BCVA at recurrence was 0.5 (n=21).  171 

PTK has potential to induce refractive error. Central tissue ablation causes central 172 

corneal thinning and flattening, inducing hyperopia.15 Conversely, peripheral 173 

ablations may induce myopia. PTK for MCD classically results in hyperopic shift 174 

which may give unsatisfactory results despite a clearer visual axis, particularly in 175 

patients who are presbyopic or hyperopic pre-procedure. Post-PTK refractive shift 176 

was documented in the case report by Wagoner & Badr as +1.75 D. Yuksel et at had 177 

mean hyperopic shift of +2.8 3 D in their 9-patient case series, while Hafner et al 178 

had +0.5D in their 10-patient series. Yuksel et al reported a greater mean ablation 179 

depth (117.8 24.4m) than other studies which may account for a greater hyperopic 180 

shift. In our patient we noted a hypermetropic shift of only +0.34/+0.75D. This 181 

could be explained by the use of a wavefront “optimized” profile which results in 182 

increased peripheral corneal ablation.Over the varying periods of follow-up in our 183 

literature review, recurrence was reported in 78.1% (n = 25/32). Mild recurrence was 184 

documented in 8 patients (25%) while significant recurrence was documented in 17 185 

patients (53.13%). Earliest time to mild recurrence was 5 months. Earliest time to 186 
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severe recurrence was 10 months. Neither of these cases utilised MMC. In the case 187 

series by Yuksel that used MMC, the rate of mild recurrence was 55.5% (5 out of 9 188 

eyes) and time to recurrence was 5.6 ± 1.4 months. One patient experienced 189 

significant recurrence at 22 months.  190 

Hafner et al reported a 90% significant recurrence rate without MMC with mean 191 

time to recurrence 40.8 3 months. This period to recurrence is longer than the total 192 

duration of follow-up in all other case reports and series. Thus, reports of no 193 

recurrence with short follow-up periods should be interpreted with caution. In the 194 

series by Hafner et al, 60% progressed to PK at a mean duration of 60 months post 195 

PTK. 196 

Application of intraprocedural mitomycin-C 0.02% (MMC) after laser in PTK may 197 

help modify wound healing, minimise scarring and delay recurrence of new lesions.19 198 

Yuksel et al examined the effect of MMC on PTK in patients with both MCD and 199 

granular corneal dystrophy. 18 eyes (9 with GCD and 9 with MCD) underwent PRK 200 

for removal of diffuse stromal haze, with similar degrees of effectiveness in terms of 201 

recurrence and visual outcome noted between the GCD and MCD cohorts. The use of 202 

MMC with PRK has only been described by Yuknel et al and in this case report, and 203 

more research is needed around the efficacy of MMC as an adjunct in PTK.  204 

Lamellar keratoplasty is another alternative to PK and PTK in patients with MCD 205 

without endothelial involvement. Deep anterior lamellar keratoplasty (DALK) with 206 

the big-bubble technique has been shown to provide comparable visual and optical 207 

results as full-thickness PK in patients with MCD while preserving corneal 208 

endothelial cell density and eliminating the risk of endothelial rejection.17 Other 209 

studies suggest that the recurrence rate is significantly higher in lamellar grafts 210 

versus PK cohorts with MCD, and that proceeding directly to PK may provide 211 
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superior long term outcomes.18,19  Recurrence risk was higher in patients who were 212 

18 years of younger at disease onset and who underwent surgery before the age of 30.  213 

Alzuhairy et al  provide a retrospective histopathological analysis of 180 corneal 214 

specimens with MCD in Saudi Arabia.19 Anterior and mid-stromal deposits, without 215 

significant deep stromal involvement, were present in only 12.78%, leading them to 216 

conclude that PK should be first-line surgical treatment in MCD. We propose that a 217 

subset of these patients may have been suitable to trial PTK ahead of other more 218 

invasive surgical options. PRK has a significantly lower complication profile, is less 219 

invasive, and offers a temporizing measuring in teenagers and young adults prior to 220 

definitive treatment. Our patient developed recurrent deposits in the posterior 221 

stroma and was felt to be a better candidate for PK in terms of minimizing 222 

recurrence in the longer term. The patient and his family also had a strong 223 

preference for definitive treatment. We acknowledge this is a controversial area and 224 

as always, appropriate candidate selection is critical to the success of each procedure. 225 

 226 

Conclusion 227 

PTK is an effective means of visual restoration in patients with macular corneal 228 

dystrophy. It delays a corneal transplant in what is a young cohort of patients. 229 

Patients undergoing PTK for MCD should be counselled regarding the high 230 

recurrence rate and likely need for future penetrating keratoplasty. Genetic testing 231 

for stromal dystrophies enables accurate classification of patients and allows an 232 

evidence base to accumulate.     233 

 234 

  235 
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Figure and table legend 291 
Figures 1a,b. Slit lamp photographs of the right and left eyes demonstrating 292 

anterior stromal deposits with intervening haze.  293 

Figure 2. Left eye with higher power showing anterior stromal deposits. 294 

Table 1. Literature review (English language) of all cases of macular corneal 295 

dystrophy treated with phototherapeutic keratectomy  296 

297 
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