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Abstract
Purpose: Pellucid marginal degeneration (PMD) is a rare non-inflammatory corneal ectasia that progresses, making visual rehabili-
tation challenging. Since PMD is unique and different from keratoconus, the effect of collagen cross-linking might be different. This

study aims to evaluate the efficacy of accelerated corneal collagen crosslinking (CXL) over a 5-year follow-up period in patients with
PMD.

Methods: A retrospective interventional case series study was conducted on 43 eyes of 24 patients with PMD who underwent accel-
erated CXL. Visual acuity, refraction, topographic keratometry, pachymetry, and topometric indices were measured before and after

the procedure.

Results: The study found an improvement in visual acuity from LogMAR 0.36 + 0.22 before CXL to LogMAR 0.21 + 0.12 after CXL (P <
0.001). The study also observed a reduction in the sphere from -2.46 + 1.81 D before CXL to -1.7 + 1.63 after CXL (P < 0.001). However,
there was no significant difference in cylindrical value (P = 0.83). Flat keratometry decreased from 45.11 + 1.75 D preoperatively to
44.30 + 1.75 postoperatively (P < 0.001), but steep keratometry did not change significantly (preoperative 47.92 + 1.74D, postopera-
tive 47.53 £ 1.70, P = 0.081). Additionally, maximum keratometry reduced from 51.03 + 3.21 D before CXL to 50.53 + 3.42 after CXL
(P=0.005).

Conclusions: The results of this study suggest that accelerated CXL can be effective in treating PMD, as it was found to improve visual

acuity and reduce spherical and maximum keratometry values.
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Abbreviations

BCVA: Best Corrected Visual Acuity; SE: Spherical Equivalent;
ISV: Index of Surface Variance; IVA: Index of Vertical Asymmetry;
IHD: Index of Height Decentration; IHA: Index of Height Asymme-
try; R min: Minimum Cornea Curvature; D: Pentacam Belin-Ambro-

sio Total Deviation

Introduction
Pellucid marginal degeneration (PMD) is a rare, non-inflam-
matory corneal ectasia characterized by an inferiorly banded thin

cornea with slight steepening superior to the thin zone [1-3]. De-

spite ectasia, Schlaeppi has described this as a “clear thin zone of
the cornea named pellucid” to emphasize its clarity and lack of
scarring, lipid accumulation, or vascularisation [4]. While some
studies have reported the involvement of the superior, nasal, and
even temporal zones, the thin zone is generally located inferiorly,

extending from 4 to 8 o’clock [5-8].

As mentioned, PMD is characterized by inferior band corneal
thinning 1-2 mm from the inferior limbus, causing vertical merid-
ian flattening and generating against the rule astigmatism [9]. In

PMD patients, protrusion of the cornea above the thin portion can
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significantly reduce visual acuity [10]. The crab claw pattern seen
on corneal topography is a hallmark of PMD, indicating inferior
steepening with a much flatter vertical meridian [3,11]. However,
since this pattern is also typical in eyes with inferiorly decentered

keratoconus, it is inconclusive to diagnose PMD [12].

PMD patients usually seek treatment later in life, between the
[5,13,14]. Although there are several

ways to distinguish PMD from keratoconus, telling the two apart

second and fifth decades

can still be challenging [12,15]. PMD appears to be a unique entity

based on its corneal characteristics [16,17].

PMD can be visually rehabilitated through surgical procedures
such as intrastromal corneal ring segment, deep anterior lamellar
keratoplasty, and penetrating keratoplasty. However, these proce-
dures are associated with a higher risk of astigmatism and graft re-
jection [5,18,19]. Since PMD visual rehabilitation is complex [11],
it is crucial to slow down its progression. In keratoconus, collagen
crosslinking prevents corneal ectasia progression [20]. However,
PMD is a unique entity from keratoconus, and the impact of CXL on

PMD patients may vary.

To the best of our knowledge, there are only a few studies on the
effect of CXL on PMD, and they have yet to investigate the long-term
outcome of the pure accelerated CXL protocol [21-23]. Therefore,
this study aims to assess the effect of the accelerated CXL protocol

over an extended period.

Materials and Methods

This retrospective interventional case series study was ap-
proved by the institutional review board of Shiraz University of
Medical Sciences and conducted by the Declaration of Helsinki
and its subsequent revisions. Informed consent was obtained from
all patients before their surgical intervention after explaining the
procedure and potential risks in compliance with institutional and

legal standards.

All PMD patients who underwent accelerated CXL from 2013
to 2020 were included in this study. PMD was diagnosed as a crab
claw appearance in corneal topography, inferior displacement
of the cone, and a band of corneal thinning under the cone. Pa-
tients underwent a comprehensive eye examination, including vi-
sual acuity, slit-lamp biomicroscopy, and indirect ophthalmoscopy.
Scheimpflug imaging equipment (Pentacam HR, OCULUS) was used
to collect data on steep and flat meridian keratometry values, aver-

age keratometry value (K mean), corneal thickness at the thinnest

35
point, and topometric indexes such as index of surface variance
(ISV), index of vertical asymmetry (IVA), keratoconus index (KI),
center keratoconus index (CKI), index of height asymmetry (IHA),
index of height decentration (IHD), and minimum radius of curva-

ture (R min).

The inclusion criteria were mild to moderate PMD and a mini-
mum corneal thickness of 400 pm or higher at the thinnest point
with progression, defined as a 1D increase in K value after one year
of follow-up. Patients with a history of herpetic keratitis, hard con-
tact lens usage, autoimmune disease, and ocular surgery were ex-
cluded. Only one eye was treated with accelerated CXL per session,
and the procedure was performed by a single surgeon using the

accelerated CXL protocol.

Surgical technique

Topical 1% tetracaine hydrochloride anesthetized the patient’s
eye under sterile conditions. The middle 9.0 mm corneal epithe-
lium was carefully removed using a Hocky knife. Next, 0.1% ribo-
flavin with hydroxypropyl methylcellulose (HPMC; VibeX Rapid,
Avedro, Waltham, MA) was administered every 3 minutes for 30
minutes in the accelerated protocol. The cornea was then exposed
to 9 mW/cm? continuous irradiation for 10 minutes, resulting in a
total irradiation dosage of 5.4 J/cm? After the procedure, the cor-
nea was rinsed with a balanced salt solution, and a drop of 0.5% le-
vofloxacin was administered. A silicone hydrogel bandage contact
lens was used, and 0.5% levofloxacin combined with 0.1% beta-
methasone was administered four times daily. The bandage contact
lens was removed after the epithelium healed, and postoperative

drugs were gradually reduced over a month.

Statistical analysis

Statistical analysis was performed using SPSS software (version
26.0, SPSS Inc, Chicago, IL). Continuous variables were presented
as mean and standard deviation. The Kolmogorov-Smirnov test
was used to assess normal distribution. The paired t-test was used
for parametric data, and the Wilcoxon signed-rank test was used
for nonparametric data to compare preoperative vs postoperative
measurements. A p-value of less than 0.05 was considered statisti-

cally significant.

Results

A total of 43 eyes from 24 patients (13 males and 11 females)
were included in this study. The average age of the patients who re-
ceived accelerated CXL was 36 + 7 years, and the average follow-up

time was 5.1 0.6 years. Visual acuity significantly improved from
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LogMAR 0.36 * 0.22 to LogMAR 0.21 + 0.12 (P < 0.001). In terms
of refractive error, the sphere improved from -2.46 + 1.81 to -1.7
1.63 (P < 0.001), but there was no significant change in cylindrical
value (p = 0.83). The spherical equivalent increased from -4.41 *
1.61to0-3.20 £ 2.1 (P < 0.001).

Although the flat keratometry decreased from 45.11 + 1.75 to
4430 + 1.75 (P < 0.001), there was no significant change in steep
keratometry (preoperative: 47.92 * 1.74; postoperative: 47.53 *
1.70; P = 0.081). Maximum keratometry was significantly reduced
from 51.03 + 3.21 to 50.53 + 3.42 (P = 0.005). Although the thin-
nest corneal thickness was decreased by about 12 micrometers, it
was statistically insignificant (preoperative 470 + 34 postoperative
458 + 36 P = 0.057) (Figure 1). There was no significant change in
corneal prolateness, as measured by the Q value (P = 0.11). The
topometric indexes, including ISV, IVA, KI, CKI, [HA, IHD, and R min,
did not change significantly (Table 1).

Figure 1: Pentacam on the left side shows a topographic date
before collagen cross-linking. Pentacam on the right side shows

topographic data after collagen cross-linking.
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Variable Before CXL After CXL | P value
K1 flat 45.12+1.75 | 4430+1.75 | 0.0001
meridian(diopter)
K2 steep 4793+1.74 | 4753+1.71 | 0.081
meeidian(diopter)
Kmax(diopter) 51.03+3.21 | 50.53+3.42 | 0.006
BCVA (log MAR) 0.36+0.22 0.21+0.12 | 0.0001
Thinnest point (micro 470 £ 34 458 + 36 0.059
meter)
Q value -0.66 £ 0.24 -0.63+0.23 | 0.114
Sphere (Diopter) -246+1.81 |-1.7151 +£1.63| 0.0001
Cylinder (Diopter) -3.40 £2.80 -3.38+2.89 | 0.900
SE -4.41+1.61 -3.20+£2.1 | 0.0001
ISV 84.+31 85.37+35 976
IVA 0.92+0.42 0.92+0.51 0.571
IHD 0.50 +2.42 0.12 + 0.06 0.562
[HA 29.2+17.83 |30.40+18.81| 0.789
Rmin 6.66 + 0.41 6.63 +0.42 0911
D 7.17 £5.77 7.04 £ 2.53 0.158

Table 1: Measured mean values for best corrected visual acu-
ity, sphere, cylinder, spherical equivalent, ISV, IVA, IHD, Rmin, D,
keratometry, Q value.

BCVA: Best corrected visual acuity, SE: Spherical Equivalent, ISV:
Index of Surface Variance, IVA: Index of Vertical Asymmetry, IHD:
Index of Height Decentration, IHA: Index of Height Asymmetry,
R min: Minimum cornea curvature, D: Pentacam Belin-Ambrosio

total deviation.

Discussion

Since corneal transplantation for PMD patients is invasive and
does not guarantee a visual return, slowing its progression is vital.
CXL has proven to delay or even prevent corneal transplantation
in keratoconus while stabilizing the condition [24]. However, PMD
is a type of ectasia that differs from keratoconus, and the effects of
CXL on PMD may vary. Only a few studies have examined the effects
of CXL on PMD. In this investigation, we used the Accelerated CXL
technique instead of the conventional Dresden procedure and had
a more extended follow-up period [21-23,25].

Although CXL is not a routine technique for visual rehabilita-
tion, our data suggest a minor improvement in visual acuity. This

finding contrasts Steppat.,, et al. and Irajpour, et al. [21,23], who
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found no change in visual acuity, but our results are consistent with
those of other investigations [22,25]. Our study found an improve-
ment in flat keratometry (K1), which is similar to the findings of
Bikove,, et al. [25]. Similarly, like Irajpour, et al. study, we found no
significant change in cylindrical value [21]. However, our investiga-
tion revealed an improvement in the spherical equivalent, contrary

to Irajpour, et al. opinion [21].

In our study, we found no alterations in steep keratometry (K2),
which is consistent with the findings of Irajpour, et al. [21], but
in contrast to Steppat., et al. study, which detected no changes in
corneal keratometry [23]. We also found reductions in maximum
keratometry, contrary to previous studies that found no difference
in maximal keratometry [21-23,25]. The thickness of the thinnest
part of the cornea was also reduced in our study, which aligns with
earlier investigations [21-23,25]. This transformation was likely
due to corneal reepithelialization during CXL surgery, postopera-
tive keratocyte apoptosis, and structural alterations in corneal col-
lagen fibrils and the extracellular matrix in the anterior stroma
[26].

At the 12-month follow-up, Pricher, et al. stated that the mea-
surement of the cornea’s thinnest point on the inferior vertical
Scheimpflug image would increase. This might be related to the fact
that CXL uses a different form of UV irradiation that is decentered
[22]. Topometric indices, such as the ISV, IVA, KI, CKI, IHA, IHD, and
R min, did not reveal any significant change, consistent with pre-
vious studies [21-23,25]. Several trials have combined CXL with
laser vision correction to treat PMD, showing no ectasia progres-
sion [27,28]. According to Cagil.,, etal. [29], Transepithelial PTK and
Accelerated CXL might be able to stop PMD progression. Cagil., et
al. used the same Accelerated CXL protocol as in our investigation.
They found that although the keratometry data was reduced, there

was no change in best-corrected visual acuity.

To our knowledge, this is the first investigation to reveal the
impact of the pure Accelerated CXL protocol on PMD, with a long-
term (5-year) follow-up. Although this CXL procedure was unique,
the results confirmed other studies’ findings, indicating that this
strategy can be beneficial. However, this study had some limita-
tions due to its retrospective nature, non-comparative design, and
lack of midterm follow-up due to the COVID-19 pandemic. Further-
more, the CXL method was not based on topographic aspects of the

cornea.
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It can be concluded that the Accelerated CXL protocol is a suit-
able therapy method for mild to moderate PMD, leading to stable
corneal keratometry and topometric index over the next five years,

as well as improved visual acuity.
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