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Abstract 

 
Objective: To evaluate the outcome of phototherapeutic keratectomy (PTK) treatment of 

epithelial basement membrane dystrophy (EBMD) patients and examine clinical and 

morphological signs of recurrent dystrophy. 

Design: Cross-sectional study, clinic-based.   

Participants: 52 eyes of 39 patients diagnosed with EBMD who underwent PTK between the 

years 2001-2008. 

Methods:  Preoperative symptoms, best-spectacle corrected visual acuity (BSCVA) and 

refraction data were collected. At follow-up, refraction and BSCVA were measured, 

symptoms were noted, and slit-lamp biomicroscopy and in vivo confocal microscopy (IVCM) 

were performed. 

Main Outcome Measures: BSCVA and signs of recurrent EBMD based on symptoms and 

morphology. An assessment of EBMD severity post-PTK was additionally considered. 

Results: Mean follow-up time was 43 months (range 7 – 100 months). After PTK, BSCVA 

remained unchanged or improved in 49 of 51 eyes (98%). 24 of 52 eyes (46%) had recurrence 

of some form, and recurrence was positively correlated with postoperative time (P < 0.001). 

Symptomatic recurrence occurred in 7 eyes (13%), while morphological recurrence occurred 

in 21 eyes (40%). Symptoms were coupled with positive IVCM findings in 3 of 7 cases (43%) 

and with slit lamp findings in 1 of 7 cases (14%). Of 17 eyes with morphological recurrence 

by IVCM, 9 eyes (53%) were classified as Grade 1, 8 eyes (47%) were Grade 2, and none 

were Grade 3. Morphological recurrence was associated with epithelial removal by laser 

ablation prior to PTK. 

Conclusions: Although PTK is an effective method of alleviating the clinical symptoms of 

EBMD, the dystrophy can recur with time. The relationship between the postoperative 

development of clinical symptoms and the corneal morphology is complex and requires 

further investigation. 

 

Key words: Epithelial basement membrane dystrophy, Anterior basement membrane 

dystrophy, Map-Dot-Fingerprint, Corneal dystrophy, Excimer laser, Phototherapeutic 

keratectomy, Confocal microscopy 
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Introduction 

 
Epithelial basement membrane dystrophy (EBMD), also known as map-dot-fingerprint,  

Cogan microcystic epithelial, or anterior basement membrane dystrophy, is a common 

disorder of the anterior cornea that may affect at least 2% of the general population.
1-3

 While 

most cases of EBMD are asymptomatic, in about 10%, symptoms of painful recurrent corneal 

erosions (RCE) or degraded vision are present
1
 and require clinical attention. A number of 

these patients, however, are unresponsive to conservative treatment measures (such as 

lubricant ointments and therapeutic contact lenses) and are considered for surgical 

intervention. In recent years, excimer laser phototherapeutic keratectomy (PTK) has become 

an increasingly popular surgical option for the treatment of EBMD, due to successful 

resolution of symptoms documented in a number of studies.
4-14 

While the majority of PTK treatments are successful, postoperative recurrence of symptoms 

has been reported,
6-10, 15-17

 and the reasons for recurrence remain unclear. In a recent study 

examining a small number of EBMD patients longitudinally, we proposed that dystrophic 

recurrence may be related to the depth of laser ablation by PTK and the postoperative 

presence of Bowman’s layer (BL).
18

 Using in vivo confocal microscopy (IVCM), we also 

noted the presence of EMBD morphology in two postoperatively asymptomatic patients.
18

 

Similar observations of EBMD recurrence along both symptomatic (clinical) and 

morphological lines have been reported in retrospective PTK studies with a small number of 

recurrent cases.
8,13 

To gain a better understanding of the outcome of PTK treatment for EBMD and the factors 

influencing outcome, we conducted a cross-sectional study to examine all EBMD patients 

treated in a single clinic during an 8 year period. Of particular interest, we assessed 

postoperative visual outcome and recurrence of both clinical symptoms and morphological 

signs of EBMD, using both slit-lamp biomicroscopy and IVCM to assess morphology. 

Additionally, we used IVCM to document the status of Bowman’s layer and to assess the 

morphological severity of EBMD by using a grading system. 

 

Patients and Methods 

 
Patients – inclusion/exclusion 

 

A cross-sectional study was performed on all patients with EBMD operated by PTK in our 

clinic between the years 2001-2008 inclusive, after obtaining approval from the Linköping 
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Regional Ethics Committee. All patients included in the study gave informed consent to 

participate, and the study adhered to the tenets of the Declaration of Helsinki. 

The PTK treatments had been performed by three surgeons at the Linköping University 

Hospital. A total of 73 eyes from 54 patients underwent excimer laser PTK. 12 patients (15 

eyes) were lost to follow-up. One eye was excluded because of reoperation with PTK due to 

persistent sub-epithelial haze in the absence of recurrent erosive episodes or slit-lamp 

dystrophy findings. Three patients (5 eyes) were excluded because of combined operations 

with PTK and photorefractive keratectomy (PRK). 52 eyes of 39 patients were included in the 

study. There were 21 female and 18 male patients. 26 patients had unilateral surgery and 13 

had bilateral surgery. Patient age at the time of surgery ranged between 25-75 years (median 

55 years). 

 

Diagnosis 

The original diagnosis of EBMD was made after positive slit lamp findings for map, dot, or 

fingerprint corneal features. The indication for PTK treatment in all cases was visible signs of 

EBMD at slit-lamp examination combined with at least one of the following: i) symptoms of 

RCE, or ii) reduced or fluctuating visual acuity. All eyes with recurrent erosions had failed to 

respond to one or more conventional methods of treatment including topical medication with 

hyperosmotic agents or lubricants, or the use of therapeutic contact lenses.  

 

Surgery and initial postoperative management 

The Technolas 217 excimer laser system from Bausch and Lomb was used for all 

treatments. The laser system is an Argon-Fluoride 193-nm laser with a repetition rate of 50Hz 

and a fluence of 120mJ/cm
2
. After topical local anesthesia (tetracaine 1.0%, Novartis 

Ophthalmics), an eyelid speculum was positioned. The epithelium was removed 

mechanically with a Beaver blade when the surface was uneven, or by laser plano-ablation set 

to a fixed depth of 55m when the corneal surface was smooth. The PTK ablation depth was 

set thereafter. The treatment zone was set at 7.0mm diameter in all eyes. Postoperative 

treatment consisted of immediate application of Cincain (Cinkokain 0,5%, Ipex) and 

Chloromycetin  (Chloramphenicol 1%, Pfizer) ointment and an eye patch. During the first 

24 hours, Cincain ointment was applied every four hours and 1 tablet Dexofen 

(Dextropropoxifen 50mg, AstraZeneca) was taken 3 times. Chloromycetin  ointment was 

prescribed 4 times daily for the five days following PTK. Patients were examined 

postoperatively 1-2 months after treatment. 
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Follow-up examination  

The pre- and 1 – 2 month postoperative data collected included a general and ophthalmic 

history, characterization of symptoms, best corrected Snellen visual acuity (BSCVA), and 

refraction. Data were collected from medical records and from the excimer laser surgery data 

sheets.  

For this study, all patients received an additional follow-up examination, which occurred 

between Dec 2008 and May 2009. At the latest follow-up visit, refraction and BSCVA were 

determined, and postoperative episodes of recurrent erosions or diminished vision were noted. 

A thorough slit-lamp examination and in-vivo confocal microscopy examination were 

additionally conducted. 

 

In-vivo confocal microscopy 

Patient corneas were examined using laser-scanning in-vivo confocal microscopy (IVCM; 

Heidelberg Retinal Tomograph 3 with Rostock Corneal Module, Heidelberg Engineering, 

Heidelberg, Germany). The examination procedure has been described in detail elsewhere.
18

 

All patients were examined bilaterally. For each cornea, images were acquired at 8 frames/s 

while the focal plane was manually adjusted from the corneal surface through the epithelium, 

Bowman’s layer, and into the anterior stroma. Additionally, each cornea was examined at 

fixed depths corresponding to the intermediate epithelium (wing cell layers), basal epithelium 

and subbasal nerve plexus, and BL. At each fixed depth, images were acquired at 8 frames/s 

while the microscope field of view was manually scanned over a plane parallel to the corneal 

surface to search for pathological morphology, in a region of central cornea approximately 

5mm in diameter. Specifically, with the patient cornea fixated on a light source placed on a 

horizontal trajectory extending outward from the corneal apex, a central, en face corneal 

image was first obtained at the relevant depth location. The microscope objective was then 

translated laterally both nasally and temporally towards the corneal periphery. To compensate 

for the curvature of the cornea, the depth was adjusted slightly during lateral translation to 

maintain the location in the same corneal layer (i.e., subbasal nerve plexus). When a 

peripheral region was reached such that the images became oblique due to excessive corneal 

curvature, the lateral translation was stopped. The central cornea was then re-located, the 

microscope objective was translated approximately one image frame in the superior or 

inferior direction, and the lateral translation process was repeated. In this manner, a region of 

approximately 5mm in diameter of the central cornea was manually scanned. Images were 

recorded during scanning, and a typical examination consisted of 1000 images. 
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Criteria for recurrence 

Patients were assessed for any sign of recurrence of pathology at the latest follow-up. For the 

purposes of this study, recurrence was subdivided into clinical recurrence (symptoms of 

reduced visual acuity or recurrent corneal erosions) or morphological recurrence (EBMD 

features seen either under slit-lamp or confocal microscopic examination).  

 

Confocal image analysis  

Following bilateral confocal image acquisition for all patients in this study, images were 

randomized and examined for characteristic features of EBMD: maps, dots, or fingerprint 

lines, based on previously published in-vivo classification criteria.
18,19

 In addition, in corneas 

where map, dot, or fingerprint features were present, a three-point grading scale was used to 

classify the severity of EBMD morphology as observed by IVCM (1 = mild, 2 = intermediate, 

3 = severe). The mild grade was defined by the presence of isolated, cell-sized dot opacities 

and/or small (< 250m) isolated regions with folding of basement membrane. Intermediate 

morphology was characterized by larger dots or confluent dot features, map-like regions, and 

inhomogeneous epithelial cells. Severe morphology consisted of features such as extensive 

basement membrane folds, large map regions (with dimensions exceeding 1mm), and large, 

extensive dot opacities. The grading of morphology was undertaken by two independent, 

experienced observers, blinded to the patient data. Images were also analyzed for the presence 

or partial presence of BL, defined as a diffusely reflective, acellular region present at a depth 

location between the basal epithelium and most anterior stroma, often observed with 

characteristic underlying ridges corresponding to nerve fiber bundles of the subepithelial 

space.
18

 In cases where basal epithelial cells and anterior stromal keratocyte nuclei were 

visible in the same en face confocal image frame, BL was deemed to be absent. 

 

Quantitative analysis and statistics 

The cross-sectional nature of this study, with variable follow-up times, precluded the use of 

simple statistics to examine the relationship between dystrophic recurrence and the various 

clinical and morphological variables.
20,21

  Moreover, the inclusion of bilateral data from 

thirteen patients necessitated a statistical correction for potential inter-eye correlation within a 

subject.
22,23

 To account for variable follow-up time and inter-eye correlation, an exact logistic 

regression analysis was performed. Using this method, a correction for bilateral cases was 

applied by explicitly identifying these cases and setting the case number as a conditional 
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variable during the entire regression analysis. Initially, the degree of correlation between 

recurrence (of any form, and morphological only) and follow-up time was determined. Exact 

logistic regression was then performed with recurrence as dependent variable, case number 

and follow-up time as conditional variables, and age, sex, ablation depth, epithelial removal 

method, and presence of Bowman’s layer as independent variables. Visual outcomes were 

reported using a single eye per patient, and the relationship of vision and refractive change to 

follow-up time was investigated by Pearson correlation with time as an independent variable. 

Statistics were performed using commercial software (Stata 11.0, StataCorp, College Station, 

TX, USA and Sigma Stat 3.5, Systat Inc., Chicago, IL, USA), and in all cases a two-tailed P-

value of < 0.05 was considered significant.  

 

Results 
 

Patient Characteristics. 

 

Characteristics of the patients included in this study are given in Table 1 (available at 

http://aaojournal.org). The mean follow up time was 43 months (range 7 – 100). The number 

of eyes examined for each year of operation (2001 – 2008) were 4, 6, 5, 2, 5, 12, 10, 8. Of the 

operated eyes, 18 of 52 (35%) were treated for recurrent erosions, 26 of 52 (50%) for reduced 

vision, and 8 of 52 (15%) for both symptoms. Epithelial removal was manual in 30 of 52 eyes 

(58%) and by laser in 22 of 52 (42%). 51.9% of eyes were treated with a 15m ablation, 

36.5% with less than 15m and 11.5% with greater than 15m. Standard protocol in our 

clinic today for treatment of EBMD patients is a 15m ablation depth following epithelial 

removal. 

 

Visual Outcome. 

 

Visual outcome in a single treated eye from all patients (right eye where bilateral) was 

assessed by the improvement of BSCVA at follow-up examination, relative to the 

preoperative level (Figure 1). Only one eye had reduced vision postoperatively (patient with 

endothelial guttata), while of the 11 eyes with no change in vision, 8 had a BSCVA of 20/20. 

There was no significant trend toward BSCVA improvement with longer follow-up time in 

the group (Pearson correlation, P = 0.41, Figure 2). BSCVA was 20/20 in 31 eyes, between 

20/20 and 20/40 in 5 eyes and worse than 20/40 in 2 eyes. Spherical equivalent refraction did 

not change significantly with follow-up time (Pearson correlation P = 0.17, Figure 3 available 
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at http://aaojournal.org). Measurement of refraction at follow-up revealed a mean hyperopic 

shift of 0.49 diopters.   

 

Clinical and Morphological Recurrence. 

 

Findings of recurrent EBMD in PTK treated eyes are summarized in Table 2 (available at 

http://aaojournal.org). Of the eyes in this study, 24 of 52 (46%) had recurrence of any form 

when examined from 1-8 years postoperatively. Clinical (symptomatic) recurrence occurred 

less frequently than morphological recurrence. Clinical recurrence was confirmed by positive 

IVCM findings (map, dot, or fingerprint features) in 3 of 7 cases (43%) and by slit lamp 

findings in only 1 of 7 cases (14%). Of the 10 eyes with morphological recurrence by slit 

lamp biomicroscopy, 6 eyes had map features, 6 had dots, and two had both. In 6 of 10 cases, 

a recurrence of EBMD morphology observed with the slit lamp was confirmed by IVCM (an 

example is shown in Figure 4). 

The proportion of patients with recurrence of EBMD morphology (relative to all patients 

operated in that year) tended to be higher than those with recurrence of clinical symptoms 

(Figure 5). By exact logistic regression, the chance of recurrence (any form) significantly 

increased with follow-up time (odds ratio (OR) 1.81, P < 0.001), and a similar effect was 

noted with morphological recurrence only (OR 1.04, P = 0.003). Because of the significant 

time dependence of recurrence, follow-up time was included as a conditional variable in the 

regression analysis.  

Recurrence of any form was not significantly correlated with age, sex or ablation depth. A 

weak association, however, of any form of recurrence with the postoperative presence of BL 

(OR 4.19; confidence interval (CI): 0.75 – 30.5; P = 0.12, Figure 6 available at 

http://aaojournal.org) and with laser epithelial removal (OR 3.13, CI: 0.71 – 14.3; P=0.15) 

was found.  Additionally, associations between morphologic recurrence and the presence of 

BL (OR 3.71; CI: 0.76 – 20.8; P = 0.12) and laser epithelial removal (OR 4.07; CI: 0.97 – 

18.3; P = 0.055) were found. The variables of age and sex did not affect the borderline 

significant association of morphologic recurrence with laser epithelial removal in a 

multivariate analysis. 

A depiction of the EBMD morphology grading in Table 2 is given in Figure 7. Inter-observer 

comparison of grading in all eyes in the study (operated and unoperated) revealed a difference 

of one grade in 6 of 78 eyes, with the same grade given in the remaining cases. Of the 17 

operated eyes positive for morphological recurrence by IVCM, 9 eyes (53%) were classified 
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as Grade 1, 8 eyes (47%) were Grade 2, and no operated eye had severe (Grade 3) 

morphology by IVCM. By IVCM, 15 of 17 eyes (88%) had map features, 13 of 17 (76%) had 

dots, and 11 of 17 (65%) had both. No fingerprint lines were observed postoperatively.  

 

Discussion  

 

In this cross-sectional study, we examined 52 eyes with EBMD treated by PTK, with follow-

up of up to 100 months postoperatively. To our knowledge this is the largest series of EBMD 

eyes treated with PTK reported to date. Of the eyes examined, only two had reduced BSCVA 

at follow-up, which may have resulted from an unrelated cataract in one (bilateral) case and 

endothelial guttata in the other. The improvement in BSCVA after PTK noted in this study 

has also been reported by others treating EBMD patients.
5-7,9,13,14,16,24

 No patient required a 

second treatment during the entire follow-up period (the single eye excluded from this study 

due to reoperation did not have any clinical or slit-lamp signs of recurrent dystrophy). The 

majority (82%) of eyes treated by PTK had BSCVA of 20/20 at final follow-up, indicating the 

degree of success that can be achieved with PTK, but also the good level of preoperative 

BSCVA in many EBMD patients. Patients with reduced or fluctuating vision preoperatively 

generally experienced a quick improvement in vision postoperatively, and patients without 

vision problems preoperatively maintained good vision after PTK. These factors combined to 

result in a poor correlation of BSCVA with postoperative follow-up time. Stability of 

refraction was additionally evidenced by a poor correlation of spherical equivalent change 

with postoperative time.   

While maintenance or improvement of BSCVA is one clinical goal of PTK treatment in 

EBMD, prevention of recurrent erosive episodes is in many cases equally important. In 5 of 

52 (9.6%) of PTK treated eyes, at least one erosive event was noted postoperatively, but 

erosions were mild or infrequent and did not warrant re-operation. The original indication for 

operation in this study was RCE in only 50% of the cases, whereas in a number of earlier 

reports, the majority of EBMD patients had RCE symptoms.
7-10,12-17

 In one report, however, 

67% of 30 EBMD eyes treated by PTK did not have RCE,
6
 and in another series of 74 EBMD 

eyes, 82% were without RCE.
25

 It is important to recognize that EBMD is a condition that can 

lead to visual disturbances, RCE, or both. Of particular importance, there is a large group of 

EBMD patients without symptoms of RCE, who experience decreased vision and are non-

responsive to conservative, non-surgical treatments. It is therefore important to conduct a 
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thorough examination to identify signs of EBMD based on corneal morphology in the absence 

of RCE.
26,27

  

In PTK treated eyes, epithelial removal was performed with a laser in 22 cases (42%) where 

the epithelium was smooth, similar to the method reported by Dinh et al.
8
 While there are a 

few reports of laser epithelial removal prior to PTK for EBMD,
5,6,8,24,28

 the number of patients 

in these studies was small and the effect of epithelial removal method on outcome could not 

be examined. In this study, we found a borderline-significant trend towards a greater chance 

of recurrence with laser epithelial removal. In cases of laser epithelial removal, a standard 

ablation depth of 55m was used to remove the epithelium prior to treatment, but because BL 

remained at least partially present in 50% of these cases following PTK, it is suspected that 

the epithelium may have been thicker than 55m. It is plausible that the epithelium may be 

thickened in a large proportion of EBMD patients, as suggested by others.
6
 Moreover, the 

localized nature of basement membrane abnormalities in EBMD may result in focal areas of 

thinned or thickened epithelium, despite the appearance of a smooth epithelial surface. In such 

cases, patches of BL may have remained present following PTK, potentially leading to 

recurrence. In this study, however, only a weak association of recurrence with the partial 

presence of BL was noted. While our earlier assertion
18

 that total BL removal may be 

necessary to prevent dystrophic recurrence could not be supported by the results of this study, 

several factors such as the method of epithelial removal, potential focal variations in epithelial 

thickness, ablation depth, and follow-up time may have confounded the detection of such a 

relationship. Similarly, although ablation depth did not correlate with recurrence, most 

ablations in this study were performed to a fixed depth of 15µm, making detection of such a 

relationship difficult. Additionally, although we endeavoured to obtain a complete mapping of 

the central cornea by IVCM, the microscopic field of view was manually scanned over the 

treated zone, resulting in the possibility of missing a pathologic area.
19,29

 Due to practical 

limitations, only a 5mm central corneal region was examined by IVCM, whereas the PTK 

treated zone was 7mm in diameter. Microscopic areas that may have been missed may have 

revealed a portion of BL in an otherwise BL-free treated zone, and conversely, BL may have 

been absent in missed regions of a cornea where BL was otherwise present. Another 

consideration that may have influenced our findings is a possible variation in the thickness of 

BL among patients. While our current PTK treatment strategy assumes a uniform BL 

thickness across patients and within a single cornea, this assumption (as with the assumption 

of constant epithelial thickness), requires objective confirmation. A detailed study 

documenting BL thickness (ideally in-vivo) is needed in order to properly evaluate the PTK 
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treatment strategy. In this context, IVCM could provide a unique means to document BL in 

EBMD patients, but must first be validated against standard methods of BL measurement ex-

vivo, such as light microscopy or transmission electron microscopy. 

Earlier clinical evidence in the form of a number of published case series appears to support 

an association of recurrence with the presence of BL. Poor visual outcome (a form of clinical 

recurrence) in some EBMD patients has been noted after PTK
10,17

 with one study using a 

shallow ablation of 6m
17

 while the actual ablation depth was not given in the other study.
10

 

In a number of studies, however, recurrent erosions were reported following partial ablation 

of BL by PTK,
 7-9,15-17

 and resolution of symptoms only after re-treatment.
9,15,17 

We noted in our study almost half of the operated eyes had signs of recurrence in some form. 

This high rate of recurrence may be a result of the long follow-up time and the use of 

sensitive detection methods such as IVCM. A broad definition of recurrence was adopted to 

include both morphologic and clinical types, but recurrences were considered to be clinically 

significant only when patients presented with symptoms of RCE or disturbed vision at the 

latest follow-up. We could only find a few reports where both clinical and morphologic (slit-

lamp) measures were considered in the assessment of recurrence
6,8,13,14

 and no reports using 

IVCM to asses recurrence. Dinh et al. defined the criteria for significant recurrence as the 

presence of RCE or significant visual loss combined with slit-lamp evidence of recurrent 

dystrophy.
8
 In 12 cases of EBMD, Dinh and co-workers found a 50% recurrence rate of any 

type and 42% with significant recurrences following PTK within the first postoperative year.
8
 

The depth of ablation in that study however was shallower (5-8m) than we have used. Our 

recurrences of any form agree with the results of Dinh and suggest that pathological 

morphology may recur prior to the onset of clinical symptoms in some patients and may not 

have clinical relevance in others. Interestingly, incidence of recurrence (all forms) and 

morphological recurrence both significantly increased with increasing postoperative time. 

This result indicates that PTK may not be sufficient to abolish pathological morphology in the 

long term in some patients. Eventual re-establishment of the pathology, perhaps through cues 

from untreated peripheral tissue, seems plausible in some cases. 

The reason for recurrence of EBMD morphology and of clinical symptoms after PTK is not 

well understood. The synthesis of abnormal epithelial basement membrane is believed to be 

the primary disorder in EBMD, and it is thought that poor adhesion of basal epithelial cells to 

abnormal basement membrane predisposes the eye to RCE.
1,2,30,31

 At the microscopic level, 

the regeneration of a folded, multi-laminar basement membrane after PTK treatment is 

evident by IVCM, but appears to only occur in some patients. Earlier ultrastructural 
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examinations of PTK-treated human corneas (non-EBMD) similarly revealed discontinuous 

and multi-laminar regenerated basement membrane.
32,33

 The process of basement membrane 

regeneration in EBMD and following PTK treatment, however, requires further study.  

The rationale for partial BL removal in PTK is derived from evidence of renewed adhesion 

complexes after removal of the original basement membrane,
34,35

 combined with a desire to 

minimize the depth of ablation to reduce the possibility of scar formation and the induction of 

a hyperopic refractive shift from corneal flattening. We noted a mean hyperopic shift of 0.49 

diopters after PTK treatment, but could not detect any relationship between ablation depth in 

this study and refractive change, possibly because the majority of ablations were performed 

with a single standard 15m depth. Several studies in EBMD patients with shallower ablation 

depths either noted no change
9,13,14,16

 or a slight hyperopic shift
6,10

 after PTK. Although in our 

patient group a small overall hyperopic shift was noted, PTK did not result in refractive errors 

requiring correction in initially emmetropic patients, as was reported in one case in an earlier 

study.
6
  

 

Interestingly, in this study IVCM confirmed slit-lamp findings of recurrent morphology in 

only 6 of 10 cases. Although IVCM provides higher magnification and better resolution, the 

broad-area illumination of the slit-lamp aids in examining the entire treated region. By IVCM, 

wide-area scanning must be done manually, with the possibility of operator error and patient 

eye motion during image acquisition resulting in an incomplete scan. Conversely, however, 

we also noted that recurrent morphology was detected by IVCM in 11 cases where no slit-

lamp features could be found, even when morphology of grade 2 severity was present. This 

echoes the findings of our earlier study
18

 and those of Labbé and co-workers who reported 3 

patients with negative slit-lamp findings who were later diagnosed with EBMD only after 

IVCM examination.
19

 IVCM appears to be a sensitive tool to detect morphologic 

abnormalities, present at a sub-clinical level. Given that initial diagnoses for patients in this 

study (and EBMD diagnosis in general) were made without the aid of IVCM, it is likely that a 

substantial proportion of patients presenting with symptoms may go undiagnosed. Future 

clinical studies are required to determine the sensitivity and specificity of IVCM for the 

diagnosis of EBMD. It is emphasized, however, that patients presenting with symptoms after 

PTK treatment with negative slit-lamp findings be examined by IVCM if possible, to guide 

the ophthalmologist in decisions relating to further treatment. In addition, follow-up after 

PTK should include IVCM examination where possible, to more completely evaluate the 

success of treatment and to potentially gauge long term prognosis.  
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We adopted for the first time to our knowledge a grading system to quantitatively assess the 

severity of EBMD morphology in-vivo. While such grading has been mentioned in an earlier 

study,
36

 no objective criteria or quantification was attempted. The grading system used in this 

study was developed by a blinded analysis of morphology in operated and unoperated eyes of 

patients in this study. Interestingly, some unoperated, asymptomatic eyes had grade 3 

morphology (data not included), however, all PTK-treated eyes were grade 0, 1, or 2 at 

follow-up, providing evidence of a relationship between treatment and morphology and 

indicating that treatment may reduce severity of morphology but not eliminate it in all eyes. 

Our observations may also indicate that a longer postoperative period is required for severe 

EBMD morphology to develop. Maps and dots were the most common features detected by 

IVCM postoperatively, while no fingerprint features (multiple parallel basement membrane 

folds) were found in operated eyes.  In this study, it was noted that both IVCM and slit-lamp 

findings were only weakly associated with clinical recurrence. We speculate that this result 

may stem in part from practical limitations preventing the scanning of all layers of the entire 

treated zone by IVCM and by the technical limitation of slit lamp biomicroscopy in resolving 

cellular-level detail. Another possibility is that aberrant basement membrane with poor 

adhesion properties may develop in some cases, yet appear morphologically normal by 

IVCM.  The complexity of the clinical-morphological relationship is underscored by our 

observation of severe, grade 3 EBMD morphology in unoperated, asymptomatic eyes of 

patients in this study, echoing earlier observations reported by Labbé et al.
19

  Given the 

prevalence of EBMD in the general population
1,3

 and given the findings in this study, the 

clinical-morphological correlations in EBMD appear to be complex. Further studies are 

required at the morphological, ultrastructural, biochemical, and genetic levels to gain a deeper 

understanding of EBMD, its treatment and the ultimate clinical implications.   
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Table 1. Characteristics of patients with epithelial basement membrane dystrophy operated by 
phototherapeutic keratectomy between the years 2001-2008 in a single clinic. 

Patient 
 

Age/ 
Sex Eye 

Follow-up 
(months) 

Preoperative 
symptoms 

Epithelial 
removal 

Ablation 
Depth (m) 

BL present at 
follow-up 

1 52M L 82 R L 12 N 
2 31M R 86 R M 15 N 
3 68M L 83 V M 10 N 
  70M R 51 V M 10 N 

4 42F L 81 R,V L 20 N 
5 55F L 26 V M 12 N 
6 42F L 84 V L 10 Y 
7 62M R 74 V L 10 Y 
8 62F R ND V ND ND N 
9 55F L 32 R L 15 Y 

10 54M L 52 V M 15 N 
  55M R 47 V M 15 N 

11 62M L 45 R,V L 10 Y 
12 66F R 40 R,V L 15 N 
13 75F L 70 R L 25 Y 
14 70F L 100 R L 10 N 
15 57F L 71 V L 8 N 
16 37M R 32 R,V L 15 N 

  L 29 R,V L 15 N 
17 50M R 25 V M 15 N 

  L 22 V M 15 N 
18 51F R 28 R M 8 N 

  50F L 37 R M 7 N 
19 72M R 18 V M 10 N 

  L 21 V M 15 N 
20 43F R 23 V M 15 N 
21 50M R 20 R M 15 N 

  51M L 7 R,V M 15 N 
22 54M R 83 V L 20 N 
23 54F R 70 V M 12 Y 

  L 68 V M 10 Y 
24 65M L 18 V M 15 N 

  66M R 13 V M 15 N 
25 39F R 22 V L 15 Y 
26 28F R 17 R M 15 N 

  29F L 14 R M 15 N 
27 31F R 13 R M 15 N 
28 58M L 11 R M 15 N 
29 53F L 39 V M 15 N 
30 57F R 51 V L 15 Y 

  58F L 35 V L 35 N 
31 72F R 32 V L 15 N 
32 62M R 66 R,V L 12 N 
33 71F R 93 R M 5 N 

  L 90 R M 5 N 
34 25M L 32 R L 10 Y 
35 44F R 15 R M 15 N 
36 66M R 11 R,V M 15 N 
37 46M R 30 R L 20 Y 

  L 38 R L 20 Y 
38 62M L 10 V L 15 Y 
39 56F L 31 V M 15 N 

 
Age given is at time of PTK surgery. R = recurrent erosions; V = reduced visual acuity; Epithelial removal: M 
= manual debridement, L = laser; BL = Bowman’s Layer as assessed by IVCM (Y = present, N = not present); 
ND = no data. 
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Table 2. At follow-up, patients with recurrence of epithelial basement membrane dystrophy detected at a 

clinical or morphological level. 

   Recurrence at follow-up 
    Morphological 

Patient 
Age/ 
Sex 

 
Eye 

Clinical 
Symptoms Slit-lamp 

IVCM 
features 

IVCM 
grade 

2 31M R   M 1 

6 42F L   M,D 2 
7 62M R  M M,D 2 
8 62F R V    

9 55F L  M,D M,D 2 

11 62M L R,V    
13 75F L  D M,D 2 
14 70F L   D 1 
15 57F L  M,D M,D 2 

16 37M R R  M 1 
  L R D   

18 50F L   D 1 
22 54M R  D M,D 2 

23 54F R  M M,D 2 
  L  M   

25 39F R V  M 1 

31 72F R   M,D 1 

32 62M R   M 1 
33 71F R   M,D 1 
  L R    

34 25M L  D   

35 44F R R  M,D 2 
38 62M L   M,D 1 

39 56F L  M   
 

R = recurrent erosions; V = reduced visual acuity; M = map lesions; D = dot opacities; 
IVCM grade: 1 = mild, 2 = intermediate, 3 = severe. 

 

 



19 

Figure legends 

 

 

Figure 1. Vision outcome in a cross-section of 39 eyes from 39 patients with epithelial 

basement membrane dystrophy treated by phototherapeutic keratectomy. Bars indicate the 

number of patients at follow-up with unchanged (0), improved (>0) or decreased (<0) number 

of Snellen lines of best spectacle-corrected visual acuity (BSCVA), relative to preoperative 

BSCVA. Of the 11 eyes with unchanged vision, 8 had a BSCVA of 20/20. 
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Figure 2. Vision outcome in the 39 eyes from Figure 1, as a function of postoperative time. 

The regression line is shown; there was no significant correlation of best spectacle-corrected 

visual acuity (BSCVA) with time (Pearson correlation, P = 0.41).  
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Figure 3. Change in spherical equivalent refraction with treatment as a function of postoperative time in 39 
treated eyes. There was no significant correlation of spherical equivalent change with time (Pearson correlation, P = 
0.17). The horizontal line indicates a mean hyperopic shift of 0.49 diopters. 
 

 

Figure 4. Example of morphological recurrence of epithelial basement membrane dystrophy 

in a 55y old female (patient 9). (A) slit lamp biomicroscopic observation reveals map region 

with prominent borders (arrow) and dot (arrowheads) features in the central cornea. (B) At 

high magnification, in-vivo confocal microscopy (IVCM) reveals a similarly sharp border 

(arrow) of a map feature in the same corneal region, at the level of the subbasal nerve plexus. 

IVCM image is 400 400m. 
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Figure 5. Graphical depiction of the proportion of treated eyes with recurrence in a given year 

after phototherapeutic keratectomy (PTK).  

   
 
Figure 6. Morphological indication of the presence or absence of Bowman’s layer (BL) after phototherapeutic 
keratectomy, analyzed by in vivo confocal microscopy. (A). Partial presence of BL indicated by a subepithelial, 
acellular layer with underlying subepithelial nerve fiber bundles visible as striations (arrow). (B) absence of BL 
indicated by basal epithelial cells (asterisk), subbasal nerves, and anterior stromal keratocyte nuclei (arrows) present 
in the same, en face image frame. Image size: 400 400m. 
 

A B 

* 
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Figure 7. Grading scale used for in vivo confocal microscopy assessment of morphological 

recurrence of epithelial basement membrane dystrophy at follow-up. See Methods section for 

a description of grading criteria. Top row. Left: small, punctate dot-like opacities; middle: 

isolated map lesions; right: intraepithelial basement membrane protrusions. Middle row. Left: 

larger dots and pleomorphic wing cells; middle and right: larger, reflective map regions with 

prominent folds. Bottom row. Left: extensive pleomorphism; middle: large dot-like opacities 

and cyst-like structures; right: extensive basement membrane folding. Note that the first two 

rows were taken from eyes having underwent phototherapeutic keratectomy, whereas the third 

row was taken from an unoperated eye. All images, 400 400m. 
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