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Introduction
Pellucid Marginal Degeneration (PMD) is a rare form of corneal ectasia [1]. It mainly affects the 

inferior cornea leading to corresponding steepening and thinning, which explains the manifestation 
of “against-the-rule” astigmatism [2-5]. Nevertheless, there are other reports of PMD cases, where the 
other three quadrants of the cornea (superior, nasal and temporal) were affected and not the inferior 
[5-10]. Acute hydrops and corneal perforation, though rare, may still occur [1].

PMD is usually a condition that affects both eyes [1,2,5], however there are reports describing 
unilateral cases of PMD [11-14].

The term “pellucid” (meaning clear) was given for the first time by Schlaeppi in 1957 [1,15] 
to highlight that the cornea remained clear despite the fact that it was getting progressively more 
ectatic [1,15]. Around the same time, there were also other early publications describing the same 
condition [16-19].

In this review, the aim is to provide an overview of the clinical features and the management of 
PMD. This review also aims to highlight this rare form of corneal ectasia to junior 
ophthalmologists, refractive surgeons and optometrists, as it may be missed in the early stages. 
Therefore, all relevant professionals need to be able to detect it during the work-up of patients who 
present as potential candidates for corneal refractive surgery.

Pathophysiology
To date, there is no unanimity with regards to the underlying pathophysiological mechanism 

that leads to the manifestation of PMD [1]. It has been postulated by some authorities that PMD 
along with other corneal ectasias such as keratoconus and keratoglobus are not separate clinical 
entities but they all represent variations of the same clinical entity [1-4]. Other reports agreeing 
with the aforementioned hypothesis describe the simultaneous presence of PMD with keratoconus 
[9,20,21] and simultaneous presence of PMD with keratoglobus [22].
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Abstract
Purpose: To describe the clinical features of Pellucid Marginal Degeneration (PMD) and to give an 
overview of current treatment options.

Materials and Methods: Literature review via PubMed, Mendeley, Scopus and Google Scholar.

Results: PMD is a rare ectatic disorder of the cornea that may resemble keratoconus especially at 
the early stages. It mainly affects the inferior cornea and induces against the rule irregular corneal 
astigmatism. Acute hydrops rarely occurs. PMD patients are at risk of corneal perforation after 
minimal ocular trauma or even spontaneously. Management of PMD includes the use of contact 
lenses, spectacles and a wide range of surgical techniques with variable results. To date, there are no 
large prospective interventional studies to elucidate the optimum surgical approach for advanced 
PMD, only case reports or case series.

Conclusion: Eye care practitioners need to be aware of the clinical and topographic findings of this 
disease, since laser refractive surgery is a contraindication. At the moment, there is no unanimity 
with regards to the optimum surgical treatment of PMD and larger prospective studies will be 
required to form a more robust algorithm for the surgical approach of PMD individuals whose 
vision cannot be corrected with spectacles or contact lenses.
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Induction of PMD has been reported after the completion of 
LASIK refractive surgery [23]. It is proposed that there are inherent 
weaknesses in the biomechanical features of the corneal stroma that 
led to the manifestation of corneal ectasia [23-26].

Histology and electron microscopy findings may be able to shed 
some light into the underlying pathophysiological mechanisms that 
lead to PMD. In the first histological study performed by Zucchini, 
it was noted that the Bowman’s layer was absent but the corneal 
epithelium remained intact [16]. Zucchini also reported an increase 
in the presence of mucopolysaccharides in the corneal stroma and 
that the Descemet’s membrane and corneal endothelium were also 
unaffected [16]. The presence of an increased concentration of 
mucopolysaccharides was also described by Francois et al. [17] in 
their light microscopy. Francois et al. [17] reported that the Bowman’s 
layer was present but exhibited focal breaks. Contrary to Zucchini’s 
report, where the corneal epithelium and Descemet’s membrane 
were unaffected, Francois et al. [17] described epithelial edema and 
Descemet’s membrane folds. The breaks in the Bowman’s layer were 
also confirmed by Pouliquen et al. [27] on electron microscopy. 
Pouliquen et al. [27] also described the presence of irregularly 
arranged corneal stroma and granular deposits. Of note, Zucchini, 
Francois et al and Pouliquen et al. [27] report that in their corneal 
specimens with PMD, no inflammatory cells were present [16,17,27].

Another electron microscopy report that assessed PMD corneal 
specimens described the presence of areas of Fibrous Long Spacing 
(FLS) collagen with a periodicity of 100 nm to 110 nm in the 
peripherally thinned areas, scattered within regions of mostly 
normal collagen which had a periodicity of 60 nm to 64 nm [1,28]. 
The same report mentioned that FLS collagen fibrils were also 
observed in corneal specimens of patients with advanced 
keratoconus and corneal scarring [28].

All the above histological data may be in agreement with the 
postulation proposed by other authorities that there are inherent 
weaknesses in the biomechanical features of the corneal stroma that 
may result in the development of PMD [23-26].

Epidemiology
Due to the rarity of the condition, no large prospective 

epidemiological studies are currently available. Reports from 
different authorities report that PMD seems to be less frequently 
seen compared to keratoconus [2-4], but PMD is more frequent than 
posterior keratoconus [29] or keratoglobus [29].

With regards to the frequency of PMD between males and 
females, there is no consensus. Older reports advocate that PMD 
exhibits no gender predilection [2-4,30], whereas more recent reports 
describe a slightly increased frequency in males [5,31,32].

There is also no unanimity with regards to the age that the 
symptoms of PMD start. Krachmer et al., Sridhar et al., Kompella et 
al., report that PMD starts usually between the second and fifth 
decade of life. However, Tzelikis et al. [31] postulates an older 
average age for the manifestation of the initial PMD symptoms. 
Finally, it appears that PMD affects equally all ethnicities and shows 
no geographical predilection [2-4,29,30].

Genetic Background and Other Systemic 
Associations

Based on an extensive literature search, there is no established 

association of PMD with a specific gene [1]. However, there are 
reports of familial cases of PMD in asymptomatic family members, 
who exhibited a significant astigmatic error in their refraction 
[18,22,33-35].

Despite the lack of association with a specific gene, there are 
numerous reports in the literature, where the authors describe 
the simultaneous presence of other ocular or systemic clinical 
conditions in PMD patients including retinitis pigmentosa [32], 
lattice degeneration [32], primary open angle glaucoma [36], 
hyperthyroidism [15,37], eczema [17,19], scleroderma [38] and atopic 
keratoconjunctivitis [39]. Nevertheless, none of the aforementioned 
conditions has exhibited a clear cut association with PMD.

Signs and Symptoms
As mentioned previously in the manuscript, PMD is typically a 

bilateral condition [1,2,5], however unilateral cases have also been 
described in the literature [11-14]. Another typical clinical sign is 
the involvement of the inferior cornea in the vast majority of cases 
[1-5], although there are reports of PMD patients in the literature, 
where the other three quadrants were affected [5-10]. The inferior 
corneal thinning follows a crescent pattern and extends from the 4 
o’clock to the 8 o’clock position [1]. In addition, the band of corneal 
thinning is clear with an average width of approximately 1 mm to 
2 mm [3-5]. The thinning is severe, leading to a significant stromal 
tissue loss [1,4]. The limbus is usually spared with a 1 mm to 2 mm 
zone of clear cornea being present between the limbus and the area 
of thinning [1,4,28,30]. Another very important detail that needs to 
be highlighted is that the area of maximal thinning in PMD lies just 
below the area of maximal corneal protrusion [1]. This is a major 
difference between PMD and keratoconus; in keratoconus the area 
of maximal protrusion coincides with the area of maximal corneal 
thinning [1].

Corneal topography is the cornerstone investigation for the 
detection and observation of any form of corneal ectasia including 
PMD. There are different types of instruments to serve this purpose. 
The first computer-based topographer was the TMS-1 device (Tomey 
Technology, Waltham, MA, US), which used the Placido rings 
method [1]. The corneal topography instruments have evolved after 
the release of TMS-1 with more modern devices being available in 
the market, such as the Orbscan II (Bausch & Lomb, Rochester, NY, 
US), the Pentacam (OCULUS, Wetzlar, Germany) and the Visante 
Omni (Carl Zeiss Meditec, Dublin California, USA). The Orbscan II 
relies on combination of Placido disks and slit scanning to provide 
topographic details about the cornea [1]. The Pentacam device uses 
the Scheimpflug technology to give meticulous details about the 
corneal topography and thickness [1]. Finally, the Visante device uses 
a combination of anterior segment Optical Coherence Tomography 
(OCT) and Placido disks [1]. Given the extensive amount of 
information provided by these devices, it can be easily assumed that 
the use of corneal topography is of paramount importance in modern 
corneal refractive surgery, as it serves as a screening tool for the 
detection of subclinical or manifest corneal ectasias including form 
fruste keratoconus, keratoconus and PMD [1,23,40]. Failure to detect 
such pathological entities may lead to a progression of the ectasia and 
compromise the result of corneal refractive surgery [1,23,40].

One of the most striking features of corneal topography is PMD 
is the flattening of the superior cornea at the 90 degree meridian, 
which results in the manifestation of “against-the-rule” astigmatism 
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of variable severity [1-4]. In addition, due to the ectatic changes, 
when viewed from the lateral side, the cornea adopts a “beer-
belly” configuration [1,41-44] (Figure 1A). Nevertheless, different 
authorities iterate that the “beer-belly’ configuration on its own is 
not pathognomonic of PMD and other details including the history, 
clinical examination and corneal topography must be taken into 
consideration before diagnosing a patient with PMD [1]. The hallmark 
pattern in corneal topography is described by different reports with 
different terms either as “crab claw”, “butterfly” and “kissing doves” 
[1,5,22,38,44-47] (Figure 1B). However, as with the “beer-belly” 
configuration, it must be noted that this corneal topographic pattern 
is not pathognomonic of PMD by itself and other important factors 
must be taken into account (e.g. clinical examination, pachymetry, 
clinical history, refraction) in order to achieve an accurate diagnosis 
of PMD in a patient with some form of corneal ectasia [1,44,48]. The 
most common symptom of PMD is the gradual worsening of the 
vision due to the manifestation of significant amount of irregular 
“against-the-rule” astigmatism [1-4]. Acute hydrops with sudden 
onset pain, redness and blurring of vision may rarely occur in a similar 
fashion as with keratoconus [1,49-60]. Hydrops occurs due to breaks 
in the Descemet’s membrane, which in turn leads to shifting of fluid 
into the corneal stroma and subsequent corneal haze and edema [1]. 
Perforation due to an episode of acute hydrops or spontaneously may 
also occur [1,49-60]. In cases of superior PMD with acute hydrops, 
the authors describe that the inferior cornea perforated [6,52]. After 
the resolution of the episode of acute hydrops, corneal scarring with 
neovascularization may ensue [1].

Unlike keratoconus, no obvious cone or lipid deposition are 
recognized on clinical examination [1-3]. In addition, Fleischer ring 
is not seen in PMD [1]. Munson’s sign (V-shaped deformity of the 
lower eyelid on downgaze) and Rizzuti sign (conical reflection of light 
at the nasal limbus when a beam of light is cast temporally) are not 
seen in PMD, but they can be seen quite frequently in keratoconus 
[1]. Patients with keratoconus may exhibit scissoring of the red 
reflex on retinoscopy, whereas PMD patients do not typically exhibit 
such changes in their red reflex [1]. As mentioned previously in the 
manuscript, the area of maximal thinning and the area of maximal 
protrusion coincide in keratoconus, whereas in PMD the area of 
maximal thinning  lies just below the area of maximal corneal 
protrusion [1]. Finally, the “crab-claw” pattern seen in PMD may 
also be present in keratoconus, but in keratoconus other patterns 
may be observed : 1) An increased area of corneal power surrounded 
by concentric areas of decreasing power or 2) Inferior-superior 
power asymmetry or 3) Skewing of the steepest radial axes above 

and below the horizontal meridian [1].  All the above details are very 
useful in order to distinguish PMD from keratoconus.

Grading Scale for the Severity of PMD
Due to the rarity of PMD, to date, there is no formal grading 

system to assess the different stages of its severity. Nevertheless, 
there are reports describing early [26,42,61], moderate [13,62,63] and 
advanced [5,64,65]. Progression of one stage to the other may ensue 
over time [1].

Differential Diagnosis
There are a wide range of other ocular clinical entities that need 

to be considered prior to the diagnosis of PMD, as they may share 
similar signs and symptoms with PMD. The most important ones 
are keratoconus, keratoglobus, Mooren’s ulcer and Terrien marginal 
degeneration.

In a previous section of the manuscript, the differences between 
PMD and keratoconus were briefly discussed. There are also 
additional important details that may facilitate the distinction between 
PMD and keratoconus. In moderate cases of PMD, the distinction 
from keratoconus can be achieved by slit lamp examination due to the 
very typical location of the corneal thinning [1,66]. However, 
recognizing early cases of PMD may be challenging because the 
cornea may look normal and that can trick the examiner [1]. In 
addition, it is challenging to distinguish advanced PMD from 
keratoconus, because the thinning is so extensive [1,4]. This is where 
the corneal topography comes into play, because the two clinical 
entities usually exhibit different topographic patterns [1,22,45,67]. 
Usually, keratoconic eyes demonstrate the presence of a cone which is 
displaced inferiorly with a more profound steepening of the inferior 
cornea compared to the superior that extends towards the inferior 
limbus [1,67]. The inferior temporal cornea seems to be more 
profoundly affected [1,68]. In conjunction with the corneal 
topography, the use of pachymetry maps has also been advocated 
[1,48]. In summary, an accurate distinction between PMD and 
keratoconus is crucial, because this will affect the management and 
subsequent prognosis [1,69].

Keratoglobus is another important form of corneal ectasia that 
needs to be distinguished from PMD. Keratoglobus is usually present 
at birth [44], whereas PMD manifests later in life. In keratoglobus, 
the cornea adopts a spherical shape (as the name of the entity 
implies) [70] and the thinning is universal, spreading from limbus to 
limbus, whereas in PMD usually the thinning is located inferiorly 
with the typical “beer-belly” appearance. Furthermore, the limbus 

Figure 1: Pellucid Marginal Degeneration. A) Clinical image showing significant thinning of the inferior cornea and the typical “beer-belly” configuration. B) Corneal 
topography showing the typical “crab claw” configuration of the inferior cornea.
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is usually spared with a 1 mm to 2 mm zone of clear cornea being 
present between the limbus and the area of thinning [1,4,28,30]. The 
classical topographic “crab claw” pattern seen in PMD is not seen in 
keratoglobus. The typical finding in the corneal topography in a patient 
with keratoglobus is generalized steepening [44]. The generalized 
steepening results in very high keratometry values ranging from 60 
to 70 diopters [71]. Eyes with keratoglobus may rarely demonstrate 
clinical features usually seen in keratoconus such as Vogt’s striae, 
sub-epithelial scarring, Fleischer’s ring, lipid deposition and corneal 
vascularization [1,71,72]. Corneal neovascularization and scarring 
may be rarely seen in PMD after an episode of acute hydrops, but 
the rest of the aforementioned signs are not seen in PMD [1]. Acute 
hydrops may rarely present in both conditions [1,29].

Another important clinical entity that must be distinguished from 
PMD is Mooren’s ulcer. This condition represents a type of 
inflammatory peripheral ulcerative keratitis, which gradually spreads 
centrally [73]. As the name of the condition implies, there is presence 
of a variable size epithelial defect with peripheral corneal infiltrates and 
ulcer [1,73-75]. This is a very striking difference with PMD, which is a 
non-inflammatory condition, where the epithelium in PMD remains 
intact [1,16,17,27]. In addition, corneal neovascularization occurs quite 
frequently in cases of Mooren’s ulcer, whereas in PMD this seldom 
occurs (usually after an episode of acute hydrops).  [1]. To date, the 
etiology of PMD remains unclear, whereas there are reports suggesting 
potential association of Mooren’s ulcer with hepatitis C and other 
factors including surgery, trauma and other infections [76- 84]. Finally, 
the main similarity of both conditions is the subsequent corneal 
thinning [1,85]. Nevertheless, the area of thinning in PMD contains 
intact corneal epithelium without the presence of lipid deposition and 
new vessels and remains transparent [1,4,66].

Terrien’s marginal degeneration is a bilateral condition with 
prominent male predilection described in the literature [1,86-89]. On 
the other hand, the gender predilection of PMD is still controversial 
with older published reports advocating no gender predilection [2- 
4,30] and more recent ones suggesting a slight male predilection 
[5,31,32]. Usually, patients with Terrien’s marginal degeneration 
are usually younger than PMD ones [1,2,5,31,32,87]. Unlike PMD, 
the corneal thinning in Terrien’s marginal degeneration starts 
superiorly and spreads circumferentially [1,4,86-89]. As the disease 
progresses, a “gutter-like furrow” is formed [1,4,86-89]. There is 
no epithelial defect in the furrow in a similar fashion to PMD, but 
there is lipid deposition that renders the cornea opaque, whereas in 
PMD the affected cornea remains transparent (as the word pellucid 
implies) [1,4,15,66]. Another clinical feature of Terrien’s marginal 
degeneration is the development of pseudopterygia adjacent to the 
area of the furrow, which on the other hand is not a feature of PMD 
[1,90,91]. The corneal thinning in Terrien’s marginal degeneration 
may affect the inferior cornea but usually spares the interpalpebral 
corneal region [1,4]. There are a few cases of central corneal ectasia 
associated with Terrien’s marginal degeneration [1,92,93]. The 
corneal topography exhibits flattening of the areas that are becoming 
thinner and at the same time this induces profound steepening of the 
meridian located 90 degrees away from the area of thinning [1,92,93]. 
As a result, significant amount of “against-the-rule” astigmatism will 
appear causing significant blurring of the vision [1,94]. “Against-the-
rule” astigmatism may be a sign of PMD but, unlike PMD, the typical 
crab claw pattern is not a corneal topographic feature of Terrien’s 
marginal degeneration. Spontaneous or trauma induced corneal 
perforation may rarely occur in both conditions [1,4]. Another feature 
that may facilitate the distinction between PMD and Terrien’s marginal

PMD and Terrien’s marginal degeneration is that PMD is a non-
inflammatory corneal ectasia, whereas Terrien’s marginal 
degeneration may seldom present with eye redness, pain and ocular 
irritation [1,95,96]. Finally, PMD has not been proven to be associated 
with a specific systemic condition [1]. On the other hand, there are 
very few reports in the literature suggesting that Terrien’s marginal 
degeneration may be associated with other ocular or systemic 
conditions [91, 97-100]. Table 1 summarizes the clinical features of the 
three most common corneal ectasias.

In chronic cases, the management of PMD can be divided into 
conservative and surgical. Conservative management mainly focuses 
on the correction of refractive errors (mainly astigmatism) with 
spectacles or with contact lenses. Surgical methods are used when 
the conservative measures have failed. As mentioned previously, 
PMD can present very rarely with acute hydrops or perforation 
which must be managed accordingly as well. Below, the 
management of PMD will be discussed in greater depth.
Conservative management

In early stages, PMD can be managed with the use of spectacles as 
an attempt to correct the refractive errors [1, 13, 69, 101, 102].

In addition to spectacles, soft toric contact lenses are an alternative 
viable option in the early stages of the disease, mainly before the 
manifestation and progression of irregular astigmatism [1,5,32,103].

Hybrid lenses can also be used to optimize the visual acuity in 
PMD patients at the early stages of the disease. They are formed by 
Rigid Gas Permeable lenses (RGPs). In the literature, different 
brands of hybrid lenses have been described including Saturn II 
lenses (Pilkington Barnes-Hind Inc., Sunnyvale, CA, US), SoftPerm 
lenses (Pilkington Barnes-Hind Inc., Sunnyvale, CA, US), 
SynergEyes lenses (SynergEyes Inc., Carlsbad CA, US) [104-109]. 
Saturn II lenses were the first generation of hybrid lenses [1] 
followed by the second generation SoftPerm hybrid lenses [1]. 
SynergEyes represented the third generation of hybrid lenses [1].

Saturn II hybrid lenses were successful in the optimization of the 
visual acuity in PMD patients [1,104]. However, they were found to 
become tighter with prolonged wearing periods. [1,109]. The 
tightening in combination with the low oxygen permeability of 
Saturn II lenses (Dk=14 × 10-11 (cm2/s) (mlO2/ml × mmHg)) led to 
the manifestation of corneal edema and subsequent 
neovascularization [1,110].

SoftPerm hybrid lenses were manufactured by the same materials 
as the first generation of hybrid lenses but there was a modification 
[1]. The second generation hybrid lenses had a larger diameter with 
modified edge to avoid the tight fitting of the Saturn II lenses and 
facilitate the tear circulation [1]. This prevented the complications 
of corneal ischemia. However, the use of SoftPerm lenses was not 
free of problems. Two main problems were the fragility at the 
junction between the soft and the rigid gas permeable lenses and the 
increased frequency of giant papillary conjunctivitis [1,111-113].

SynergEyes hybrid lenses were the evolution of the previous two 
generation hybrid lenses and held better properties. The junction 
between the soft and the RGP lens was more robust. Furthermore, 
the lens exhibited increased oxygen permeability (Dk=100 (cm2/s) 
(mlO2/ml × mmHg)). [1]. Nonetheless, giant papillary 
conjunctivitis, allergies and fitting issues were reported [1,107,108].

Management of PMD



Georgios Tsokolas Journal of Clinical Ophthalmology and Eye Disorders

Remedy Publications LLC. 2020 | Volume 4 | Issue 1 | Article 10315

hybrid lenses cannot be used. The changes in the corneal shape prevent 
the attachment of the soft lens on the corneal surface. Therefore, 
single cut/spherical RGP lenses alone can be used to optimize the 
visual acuity. A main issue is the adequate fitting and stability on the 
corneal surface. This can be addressed by a step by step increase of 
the diameter of the RGP lens, which in turn facilitates a better fit and 
simultaneous improvement in the visual acuity as described in some 
reports in the literature [1,31,32,64,103].

A more evolved type of RGP lenses are known as “bi-toric” RGPs. 
These lenses contain two different curves, one for the front and the 
other for the back corneal surface. There are three reports in the 
literature, which described satisfactory outcomes in the correction of 
visual acuity and adequate level of tolerance with the use of the “bi-
toric” RGPs [1,46,114,115]. The main weakness of these three reports 
was that they failed to determine a clear wearing duration pattern for 
these special lenses [1].

Reverse geometry lenses are special lenses, in which the second 
curve (known as the reverse curve) is steeper than the base curve with 
the rest of the curves becoming gradually flatter. They are widely used 
in the field of orthokeratology. Only one case report was found in the 
literature, where the authors used successfully reverse geometry lens in 
a male patient of Hispanic origin with early PMD in order to optimize 
the vision [1,37]. However, reverse geometry lenses are more useful 
in patients with corneas that exhibit generalized negative 
eccentricities, whereas in PMD the negative eccentricities are 
localized mainly at the inferior cornea [1,46]. Therefore, reverse 
geometry lenses may cause tight binding to the superior cornea 
affecting the tear distribution causing dry eyes and subsequent 
compromise of the corneal epithelial integrity [1].

In the advanced stages of PMD, fitting RGP lenses can be very 
difficult, because the protrusion of the inferior ectatic cornea will pose 
problems with lens centration and induce an easy dislodging of the 
lens with blinking [1]. There are reports in the literature describing the 
use of scleral contact lenses in advanced PMD [1,13,116-119]. Scleral 

contact lenses provide numerous advantages. They are supported by 
the scleral coat and this minimizes lid sensation and also the chance 
of dislocation upon blinking [1]. They provide good centration and 
exhibit very small chance of foreign body entrapment [1]. In addition, 
they form a frame around the affected corneal area achieving the 
smoothing of the corneal irregularities in order to facilitate a better 
fitting of the lens [1]. On the other hand, scleral contact lenses 
exhibit low oxygen permeability and their manufacturing process is 
very tedious [1]. Moreover, they are more difficult to apply on the 
eye compared to the conventional corneal RGP lenses [1]. Finally, 
there are very few experts who know how to fit these special lenses, 
restricting the potential for wider view [1].

The reviewed literature points out that the majority of PMD 
patients (approximately 88%) are managed conservatively either with 
spectacles or with contact lenses [1,32,102]. The rest 12% is managed 
surgically [1,32,102]. The surgical treatment of PMD will be discussed 
in greater detail below.

Surgical treatment
The surgical treatment can be divided into four subcategories: 

i) Structural/Mechanical interventions, ii) Partial thickness
interventions, iii) Full thickness interventions, iv) Toric Intraocular 
Lens Implantation, v) Combination of the above. All subcategories 
will be discussed separately below.

Structural/mechanical interventions: Intrastromal Corneal 
Rings (ICRS) are devices made of Polymethylmethacrylate (PMMA) 
[44]. They are inserted in the mid-peripheral corneal stroma away 
from the visual axis at approximately two thirds of depth [1,44,120]. 
The insertion of such a device alters the distance between the collagen 
bundles within the corneal stroma [1,44,120]. The ring produces 
an arc shortening which is proportional to the thickness of the ring 
[1,44,120]. As a result, there is a reconfiguration of the structure of 
the anterior corneal surface and at the same time, there is also a 
modification in the positive asphericity (prolate profile) of the 
cornea. [1]. The insertion of the ring is achieved either by a manual 

Clinical Feature Pellucid Marginal 
Degeneration Keratoconus Keratoglobus

Age of onset Between 2nd and 5th decade 
of life Puberty Birth

Etiology Unknown Unknown Unknown
Location of maximal 
thinning

Inferior cornea from 4 to 8 
o’ clock Central and Paracentral Generalized

Location of maximal 
protrusion

Above the area of maximal 
thinning Coincides with area of maximal thinning Generalized, spherical 

shaped cornea
Presentation Blurred vision Blurred vision Blurred vision

Scarring Rarely may occur after 
hydrops Common Rarely may occur

Hydrops May seldom occur Common May seldom occur

Corneal Topography Typically Crab Claw 
Appearance

An increased area of corneal power surrounded by concentric areas of 
decreasing power or inferior–superior power asymmetry or skewing of the 
steepest radial axes above and below the horizontal meridian)

Generalized Steepening

Corneal Thickness Usually normal Reduced Reduced

Munson Sign Absent Present Absent

Rizzuti Sign Absent Present Absent

Fleischer Ring Absent Present Very rarely present
Scissoring of retinoscopy 
reflex

Present only in advanced 
cases Present in all stages of the disease Absent

Oil droplet red reflex Absent Present Absent

Table 1: Summary of the differences between the three most common corneal ectasias.

Table 1 Cumulative table summarizing the clinical features of the three most common corneal ectasias. The table is an amalgamation of the information provided by 
Jinabhai et al. [1], Krachmer et al. [2], Moshirfar et al. [44] and Romero-Jimenez et al. [101]

When PMD progresses from the mild to the moderate stage, 
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incision with a keratome on the cornea or by a femtosecond laser 
assisted incision [44]. The ICRS were originally used for the correction 
of myopia [1,44,120], but in spite of the original promising results, 
their use for the correction of shortsightedness was abandoned mainly 
because of limited range of correction, induced astigmatism, and slow 
visual recovery [121]. In this modern era of corneal surgery, ICRS still 
have their role in the treatment of corneal ectasias including 
keratoconus, PMD and post refractive corneal ectasias 
[61,62,122-131]. Mularoni et al. [62] suggests that ICRS are a viable 
option for the treatment of early and moderate PMD. Nevertheless, 
there are significant shortcomings with the use of IRCS, namely 
regression over time, unpredictability in the visual outcome and 
corneal melting [1,44,124-126,132,133]. Another important 
disadvantage of ICRS is their inability to halt the progression of PMD 
[1,44,62,127-129].

Another surgical intervention that aims to alter the shape of the 
ectatic cornea is Collagen Cross Linking (CXL). The principle of 
CXL is the induction of covalent bonds between the collagen 
bundles in order to impede the progress of corneal ectasia [44,134]. 
The procedure is done in theatre under sterile condition after written 
consent. The epithelium is debrided with the application of alcohol 
solution and then drops of riboflavin are instilled on the cornea [44]. 
In other studies, the corneal epithelium was not debrided [44,135]. 
After the riboflavin instillation, the eyes are exposed to ultraviolet-A 
light [44,136,137]. The energy used varies between 3 mW/cm2 to 30 
mW/cm2 and the duration of exposure ranges between 3 min to 30 
min [44,136,137].

Based on our literature review, CXL has been used as treatment 
for PMD only in case reports [138-141]. It must be highlighted that 
only in one of these reports CXL was used as treatment modality on its 
own [138], whereas in the rest CXL was combined with other surgical 
treatments [139-141]. One important weakness of this treatment 
modality is the restricted improvement in visual acuity and corneal 
topography [44,136,142]. Another significant issue is the potential 
limbal stem cell deficiency induced by ultraviolet-A light [44,134] 
and this becomes even more significant in PMD due to the proximity 
of the limbus with the area of corneal thinning [44]. Therefore, more 
studies should be conducted in order to elucidate the safety and 
efficacy of CXL in PMD.

Partial thickness interventions: Deep Anterior Lamellar 
Keratoplasty (DALK) is a form of surgical intervention, in which 
the diseased cornea is replaced by healthy donor but the corneal 
endothelium is spared [44,143]. It is a widely accepted surgical 
technique for the management of keratoconus provided there is no 
history of previous episodes of hydrops and it is considered a viable 
alternative to Penetrating Keratoplasty (PK) [144-149]. The main 
advantages of DALK vs. PK are shorter time to suture removal, shorter 
course of topical steroid treatment, reduced endothelial cell loss 
and fewer postoperative complications [44,150]. Other advantages, 
though the data is limited, are reduced rates of rejection and reduced 
refractive astigmatism [148]. However, it is still technically more 
challenging to master compared to PK and also stromal rejection 
may still occur [44]. In addition, there is a significant risk of haze 
between the graft and host interface which may affect the final visual 
outcome [44]. There are different surgical approaches to DALK 
including big bubble technique and femtosecond assisted DALK 
[44,151,152]. Having all the above in mind, only very few 
manuscripts in literature were detected, where the use of DALK in 
treating PMD was used [55,143,153]. In the manuscript by Kodavoor 

et al. [153] only one patient with PMD was included who underwent 
DALK. DALK in this patient was accompanied by the complication 
of double anterior chamber which was successfully managed. Millar 
et al. [55] described the application of bilateral DALK in one patient 
and reported no complications and satisfactory visual outcome. Al-
Torbak [143] has up until the present day the largest case series of 
sixteen eyes suffering from PMD that underwent DALK. Al-Torbak 
[143] reported that two out of sixteen eyes had intraoperative 
perforation, which was managed with injection of air or a mixture of 
perfluoropropane (C3F8) with air (14% C3F8, 86% air). In addition, 
the perforation did not have a significant impact on the final visual 
acuity [143]. Post-operatively, two out of sixteen eyes exhibited graft-
host neovascularization [143]. In summary, as with CXL and ICRS, 
the present data for the use of DALK in treating PMD is very limited 
and therefore larger prospective studies should be conducted in 
order to establish the safety and efficacy of DALK as a means of 
surgical treatment of PMD.

Crescentic Lamellar Keratoplasty (CLK) is another form of 
partial thickness surgical intervention that has been used for the 
treatment of PMD. It involves the surgical removal of unhealthy 
corneal stroma, which is then replaced by a stromal graft [1,5,44,154- 
156]. The benefits of this surgical approach is that the globe remains 
closed and also similar to DALK the endothelium is spared, thus the 
risk of endothelial rejection is minimized [44,154-156]. Two reports 
describe that CLK in combination with contact lenses and spectacles 
can produce good visual outcomes [154-156]. The same technique 
has been used for the treatment of corneal perforation [154-156]. 
The main disadvantages are the post-operative induced astigmatism, 
the potential opacification of the graft-host interface and the 
increased difficulty performing it, which requires a very steep 
learning curve [44]. As with other previously described surgical 
approaches, no larger prospective studies exist for CLK in order to 
establish the long term usefulness and safety of this procedure.

Lamellar thermokeratoplasty (LTK) is a modified version of of 
CLK. In LTK, thermal burns are applied to the host corneal stroma 
prior to the implantation of the grafted stromal tissue [13]. 
However, there is limited data in the literature about the safety and 
efficacy of LTK and no larger prospective studies exist in order to 
establish the long term usefulness and safety of this procedure.

Epikeratoplasty is another type of lamellar surgical approach to 
tackle PMD. The procedure involves the suturing of donor corneal 
lenticule onto the anterior corneal surface as an attempt to alter the 
shape and refractive properties of the cornea [1,44,157]. However, 
only one manuscript in the literature was detected that describes the 
use of epikeratoplasty as a means of surgical treatment for PMD [157]. 
Only two patients were included in the manuscript [157]. The visual 
outcomes reported were very good [157]. The main complication that 
was reported in the manuscript was the formation of folds between the 
donor lenticule and the host cornea [157]. Due to the improvement in 
other surgical techniques, this procedure has been deemed obsolete.

Crescentic Lamellar Wedge Resection (CLWR) involves the 
removal of the abnormal corneal stroma and the subsequent 
approximation of the residual stromal edges [44,63,158-161]. It does 
not require donor grafts and during the procedure the globe remains 
closed [44,160]. In all manuscripts that were detected through the 
literature search, the number of eyes was very small. Javadi et al. [63] 
described a series of 15 eyes (9 patients) and reported no significant 
complications with CLWR. Cameron presented his own case series 
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with 5 eyes (4 patients) [158]. In all five patients in that case series in 
that case series, inferior pannus was a universal complication [158]. 
In addition, one eye had recurrence of thinning [158]. Maccheron et 
al. [159] presented 7 eyes (6 patients), who underwent CLWR. 
Intraoperative microperforation was reported in 14% of the treated 
eyes [159]. In addition, suture infiltrates were observed in 34% of the 
treated eyes [159]. In the case report by Andrade et al., CLWR 
delayed the need for PK for over a decade [160]. As with other 
previously described surgical methods, these manuscripts provide a 
limited number of eyes/patients and follow-up and therefore larger 
prospective studies are required to elucidate whether CLWR is a safe 
and effective surgical approach for the treatment of PMD.

Another type of partial thickness surgical approach for PMD is 
known as Tuck-in Lamellar Keratoplasty (TILK). TILK involves the 
formation of a central lamellar keratoplasty with intrastromal tucking 
of the peripheral flange [44,161,162]. It is postulated that an important 
advantage of TILK is the provision of stronger biomechanical support 
to the peripheral cornea [44,161,162]. The literature review that was 
conducted identified three manuscripts describing the application of 
this surgical technique [161-163] and one with a slight modification of 
TILK named “crescentic TILK” [164]. Two of these manuscripts were 
case series of very limited number of eyes [161,163] and the other two 
case reports [162,164]. Kaushal et al. [161] recruited eight patients 
suffering from combined keratoconus and PMD and four patients 
with keratoglobus and reported good visual outcomes with no 
significant complications. Arora et al. [164] described a case of 
“crescentic TILK” in a patient with PMD and reported very good 
visual outcome as well. Nevertheless, the current published data for 
TILK is very limited and therefore larger prospective studies are 
necessary to elucidate the safety and efficacy of TILK and make it 
more popular amongst the corneal surgeons.

Full thickness interventions: Penetrating Keratoplasty (PK) 
is a form of corneal transplant surgery, where all corneal layers are 
replaced by a new healthy donor corneal tissue. It is reserved as the 
last line surgical treatment in advanced PMD [13,20,165]. The case 
series published by Varley et al. [20] provided useful information 
about the application of PMD that underwent PK. This case series 
was published in 1990 and covered a 14 year period from 1974 to 1988 
[20]. Twelve eyes of 11 patients underwent PK with large eccentric 
grafts [20]. One graft failed because of a persistent epithelial defect 
with keratolysis of the wound [20]. Seven out of the residual 11 
eyes exhibited episodes of endothelial rejection which were treated 
successfully [20]. Retinal detachment and bacterial ulcer were reported 
in that case series [20]. Loose sutures and graft neovascularization 
were not significant complications [20]. Overall, the authors suggest 
that PK is a viable means of surgical treatment for advanced PMD. 
However, large eccentric grafts were associated with high degrees of 
irregular astigmatism due to the difference between the donor and 
graft corneal thickness [20,44]. In addition, large eccentric grafts have 
also been associated with other major complications, namely graft 
neovascularization, suture complications, secondary glaucoma due 
to angle structure damage, and graft rejection [20,44,165]. Another 
important consideration is the long term survival of a PK graft, 
especially in younger individuals, who possess a stronger immune 
system which can induce a stronger inflammatory response [44]. 
Finally, in PMD the peripheral cornea is affected, whereas other 
corneal layers (mainly the endothelium) and the central cornea 
preserve their integrity [44]. Hence, it is scientifically challenging to 
provide adequate justification for the replacement of all the corneal 

layers [44]. This is the reason why PK is not opted as first line means 
of surgical treatment for PMD but other forms of partial thickness 
surgical interventions are suggested and these were discussed in 
greater detail previously in this review manuscript.

Full Thickness Wedge Resection (FTWR) is similar to CLWR but 
the difference is that in FTWR the globe is open, whereas in CLWR it 
remains closed [44,166-168]. Similar to CLWR, FTWR does not 
require donor tissue and seems to have shorter recovery time 
compared to PK [44]. MacLean et al published the first case series of 
10 eyes of 9 patients who underwent the procedure [166]. In that case 
series, 3 eyes developed inferior corneal graft pannus, 1 eye developed 
choroidal detachment, 1 eye developed hydrops and 1 eye had wound 
leak [166]. Of note, all eyes in that case series exhibited significant 
astigmatic drift [166]. The author suggested that the technique should 
be modified to address all the aforementioned issues [166]. In 2000, 
Biswas et al. [13] reported no complications in their own case series of 
six eyes. In 2008, Busin et al. [168] performed combined FTWR with 
corneal relaxing incisions in 10 eyes and reported very minimal 
astigmatic drift. To this day, no other publications about the use of 
FTWR in the treatment of PMD were detected. As with previous 
surgical techniques, the aforementioned studies provide limited data 
and therefore larger prospective studies are required in order to make 
FTWR a more mainstream surgical approach for PMD.

Toric intraocular lens implantation: Toric Intraocular Lenses 
(IOLs) can be used for the correction of refractive error and 
astigmatism in individuals with PMD. Toric IOL implantation can be 
implanted either in the anterior or posterior chamber with or without 
simultaneous crystalline lens extraction [44]. If the crystalline lens is 
preserved, then the IOL implant is called toric phakic IOL (tp IOL) 
[44].

Toric IOLs have been used in patients suffering from corneal 
ectasia, mainly keratoconus [169-172]. They have also been used in 
PMD patients [173,174]. In 2012, Camoriano et al. [173] described a 
retrospective case case series of ten eyes of five patients with PMD, 
where a tp IOL was inserted with preservation of the natural 
crystalline lens. The reported visual outcomes were satisfactory [173]. 
One eye suffered from severe haloes and glare post-operatively, hence 
requiring IOL removal [173]. Based on these findings, the authors 
suggest that tp IOLs seem to be a promising surgical treatment 
modality for the optimization of visual acuity in PMD patients [173]. 
In 2015, Balestrazzi et al. [174] published a prospective case series of 
eleven eyes of 8 patients who suffered from stable PMD and cataract. 
The eyes enrolled in the study underwent standard 
phacoemulsfication with toric IOL insertion [174]. There were no 
intraoperative complications [174]. Moreover, the patients reported 
no significant visual disturbances such as haloes and glare and the 
refractive outcomes were satisfactory [174]. Apart from these two case 
series, no other studies were found about the application of toric IOLs 
for the management of PMD. As with other aforementioned surgical 
techniques, the current data available is limited and larger prospective 
studies are vital to determine the safety and efficacy of toric IOLs. 
Another disadvantage of this surgical technique is that, though 
treating the refractive errors, it does not target the structural and 
biomechanical properties of the ectatic cornea and therefore does not 
prevent the progression of PMD [44]. As a result, the condition 
progresses and this may necessitate the need for spectacles and 
potentially another form of surgery after a while [44].

Combination of surgical interventions: Combination of surgical 
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treatments has been initiated by some authorities, because there is 
currently no surgical approach that can tackle both the refractive 
errors and the modification of the structural properties of the cornea 
at the same time [44].

Kymionis et al. [139] described a prospective case series of 
PMD patients that underwent combined CXL with Photorefractive 
Keratectomy (PRK). The authors used conventional PRK and 
avoided topography based PRK in order to avoid significant loss of 
corneal stromal tissue [139]. The authors reported no intra- or post-
operative complications in their prospective interventional study 
and satisfactory visual outcomes [139]. This study had its own 
limitations, namely the limited number of patients enrolled, the 
absence of control group, the lack of prolonged follow-up [139]. 
However, it was the first study that provided promising results with 
regards to the use of CXL especially in the prevention of post PRK 
corneal ectasia, which is the major concern of every refractive 
corneal surgeon [44,139]. Similar promising results were reported in 
another case series published in 2010 by Stojanovic et al. [175] but 
the differences in that case series was the use of topography-guided 
transepithelial surface ablation and the inclusion of eyes with 
keratoconus and eyes with PMD. Kymionis et al. [139] focused 
solely on PMD and did not include eyes suffering from keratoconus. 
Kymionis et al. [140] reported the use of combined CXL and PRK in 
one patient who underwent ICRS implantation previously. The 
authors combined CXL and PRK in an attempt to halt the 
progression of PMD and improve the visual acuity without 
removing the previously inserted ring from the cornea [140]. The 
patient had a very good outcome. As iterated many times above, 
larger prospective studies assessing the combination of CXL with 
PRK should be conducted in order to make this treatment modality 
more mainstream.

In 2019, Kymionis et al. [141] described the first case of a 53 year-
old male patient who suffered from advanced PMD and underwent 
combined CXL with sectoral lamellar crescentic wedge resection of the 
thinner inferior part of the cornea. The first eye was treated solely with 
sectorial lamellar crescentic wedge excision of the thinner inferior part 
of the cornea affected by the disease. The inferior cornea was then 
sutured [141]. However, despite the initial good result, after the first 
few months regression was observed [141]. In order to tackle 
regression, the authors used the same surgical technique  combined 
with CXL as an attempt to stabilize the biomechanical properties of 
the cornea long term [141]. Eight months after surgery, the authors 
reported that the second eye demonstrated stabilization of the corneal 
structure with absence of regression and good visual acuity [141]. The 
authors suggest that the concomitant use of the two surgical 
techniques may be a viable option for the treatment of PMD. As this 
manuscript is a single case report, the data provided is not sufficient 
enough to make the combination of CXL with sectorial lamellar 
crescentic wedge excision a mainstream treatment modality.

Acute management
PMD can rarely present with acute hydrops or corneal perforation 

[1,49-60]. Hydrops can be managed with cycloplegics, lubricants, 
bandage contact lenses and topical antibiotics in a similar fashion to 
keratoconus [176-179]. Other treatment modalities include injection 
of air and tension sutures [180]. Of note, hydrops cases have also 
been reported after suture removal from a PK graft which was 
performed due to advanced PMD [179]. In cases of perforation, the 
management will depend upon the size and location of the perforation 

[180]. The management of corneal perforation includes gluing, 
amniotic membrane transplantation or corneal transplantation [180].

Conclusions/Final Comments
The literature search did not find any other published 

manuscripts where other combinations of surgical treatments were 
described. Of all the aforementioned treatments, CXL combined with 
another partial thickness surgical intervention seems to be promising. 
Ideally, large multicenter double-blind prospective studies should be 
conducted in order to elucidate the optimum surgical management of 
PMD. It is acknowledged by the author that such a task will be very 
challenging to accomplish due to the rarity of PMD. The paucity in 
numbers of PMD patients prevents the recruitment of large amount 
of participants which would provide enhanced validity to such study 
and also raises doubts about the cost-effectiveness of such project.

In summary, PMD is a rare ectatic disorder of the cornea that may 
resemble keratoconus especially at the early stages. It can be managed 
either conservatively or surgically with a wide range of treatment 
modalities. In the modern rapidly evolving world of refractive surgery, 
junior ophthalmologists, refractive surgeons and optometrists need 
to be aware of this condition, as it may go undetected at early stages 
and may complicate the outcomes of laser refractive surgery. At the 
moment, there is no unanimity with regards to the optimum surgical 
treatment of PMD and larger prospective studies will be required 
to form a more robust algorithm for the surgical approach of PMD 
individuals whose vision cannot be corrected with spectacles or 
contact lenses.
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