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WHAT IS AN IRREGULAR-SHAPED CORNEA?
An irregular-shaped cornea has no defi nite symmetrical shape. 
Furthermore, an irregular-shaped cornea cannot be adequately 
fi tted with soft lenses and spectacles since they do not provide 
eff ective vision.
 

Figure 1. Topography of an irregular cornea. 
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Quite often, advanced contact lens designs are necessary in irregularly/

abnormally shaped corneas. Great skill and a wealth of experience are required 

in managing these conditions.  In-depth knowledge of corneal topography, 

lens dynamics, software designs and specialised fi tting techniques ensure 

success in these visually compromised eyes. In addition, novel ideas such as 

aberration-controlled lenses and the use of evidence-based new cutting edge 

technology have contributed to the dramatic improvement of the results 

recently both in irregular and visually compromised eyes such as ectasias, 

corneal grafts, poor refractive surgery outcomes etc. 

SYMPTOMS OF IRREGULAR ASTIGMATISM
Symptoms of irregular astigmatism include blurred vision, diplopia and dissat-

isfaction with regular spectacles and contact lenses over the years. The blurred 

vision is simply defocus arising from refractive error.
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The double vision is not true binocular diplopia. Rather, it results from large 

diff erences between many meridians. A secondary “shadow” image may be 

reported. This can easily be distinguished from true binocular diplopia by 

covering one eye to see whether the “diplopia” disappears. 

  

Figure 4. Diplopia                                           Figure 5. Diplopia
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A diffi  cult subjective refraction is the “red fl ag” that should prompt the 

optometrist to conduct a more thorough investigation. After a careful 

refraction that incorporates your best refraction and unsatisfactory pin-hole 

VA, the optometrist must exclude conditions that will not improve visual 

acuity even with specialised contact lens designs such as macular pathology, 

permanent central corneal scars and signifi cant media opacities.
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CONFIRMATION OF IRREGULAR ASTIGMATISM
Once you suspect corneal irregularity, you can confi rm its presence by using 

various techniques and tests. By observing the red refl ex, either with retinos-

copy or ophthalmoscopy you can confi rm irregular astigmatism. 
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The astigmatic fan and clock are useful tools to confi rm irregular astigmatism. 

These tests are present on many chart and electronic projectors. A patient 

with spherical refractive error sees all clock hands equally clear or blur while 

the patient with regular astigmatism after being fogged (to make patient 

myopic) will see a complete line clear( 2 clock hands that form a complete 

line). Patient with irregular astigmatism will see various random lines clearly.
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 lines are seen as clear.

Looking for distortion in keratometry mires can also be helpful. However, 

topography is probably the best way to identify the presence of corneal 

irregularity, its size, location and degree of severity.
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Figure 11. Topography can reveal the exact location and magnitude of 
 the irregularity

�������	
����������������������������������������������������������
irregular astigmatism.

CHARACTERISTICS OF IRREGULAR CORNEA TOPOGRAPHY
These corneas have signifi cantly high (fl at) and low (steep) areas. Where the 

cornea has a high (fl at) elevation, the contact lens will come to rest and where 

the cornea is very low (steep), there will be lift-off , consequently lid interaction. 

In other words, when using fl uorescein, there will be bearing (darkness) at the 

elevated area (fl at fi t) and pooling at the low (steep) area. 

 

 

Figure 12. Inferior cone                    Figure 13.�'()����������������
                 a keratoconic eye

The lack of corneal symmetry will result in lack of lens stability. The diff erence 

between the fl at and steep areas are so great that conventional RGP is very 

unstable. Hence, the contact lens will be poorly tolerated by the patient. 

AXIAL VERSUS ELEVATION MAP
Axial map: Using the axial/sagittal map is an excellent way to qualify and quan-

tify astigmatism. This is because it shows you the exact amount and position of 

astigmatism on the cornea. 

Elevation map: The elevation map provides you with an idea as to how a RGP 

will fi t the cornea. Specifi cally, it displays the diff erence in height of the cornea in 

microns from a reference sphere or best-fi t sphere (based on the average curva-

ture for that particular cornea), in millimeters of radius. Highest point on map is 

where RED is and BLUE is the lowest point. RGP CL will hit the reddest point fi rst 

and rest there.

 

Figure 14. A patient with PMD showing the difference between axial and 
 elevation map and how an RGP comes to rest

CONDITIONS ASSOCIATED WITH IRREGULAR ASTIGMATISM
• Corneal trauma

• Keratoconus

• PMD

• Post keratoplasty (corneal graft)

• Refractive surgery(RK,PRK,Lasik)

• Post HSV

• Ocular surface disease

OCULAR SURFACE DISEASE ASSOCIATED WITH IRREGULAR 
ASTIGMATISM
• Steven Johnson syndrome

• Neurotrophic disease

• Ocular pemphigoid

• Graft versus host disease

• Exposure keratitis

• Persistent epithelial defect

• Severe Dry eye(Sjogrens, Filamentary K, Limbal stem 

cell defi ciency)

LENS DESIGN OPTIONS
• RGPs (conventional)

• Piggyback

• Hybrid

• Scleral

• Reverse Geometry

• Quadrant-specifi c

Many diff erent clinical philosophies have been proposed on how to 

manage GP contact lens fi tting for irregular corneas, for example, 

keratoconus. These include: fl at (to fl atten the corneal apex into a more 

normal shape), steep (to vault and thereby spare the corneal apex, 

eg FDACL in CLEK Study), and divided support (three-point touch). 

My approach: Vault the corneal apex/irregularity. The optimum 

diameter should be large enough to stabilise the lens along the 

horizontal meridian while smaller than the visible iris diameter to allow 

for 1mm of movement vertically. ). Large-diameter GP lenses are very 

stable on the eye and rotate minimally. Consequently, visual acuity 

remains sharp and stable.

In modern piggyback systems, a low-minus silicone hydrogel lens is 

typically placed beneath a well-fi tted RGP lens. If there are issues with 

centration, a plus-powered soft lens can help centre the RGP. Keep in 

mind that the eff ective power of the soft lens under the rigid lens is 

expected to have about 20 percent of its original power, and using 

a plus-powered soft lens may necessitate a refi tting of the RGP for 

mechanical as well as for optical reasons.

Quadrant-specifi c design takes into account the diff erent e-values 

of the abnormal cornea. The major drawback is that few labs can 

manufacture this design well. Reverse geometry and Hybrid lenses 

are designed to vault the corneal apex. 

 

Figure 15. Reverse Geometry lens vaulting the cone
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NEW ANTERIOR OCULAR ANATOMY INFORMATION
The cornea at a chord diameter of 10mm has a curvature, thereafter, there

is a tangent even after the limbus. Only after 20mm chord is there a radius 

of curvature.

 

Figure 16. Anterior Ocular anatomy using OCT

Since the limbal-scleral zone is a tangent, to ensure that there is indeed 

clearance, we can use a scleral design that incorporates a 5 degree angle 

which increases the sagittal height by 125 microns. Nasal side of sclera is 

slightly elevated because of muscle insertion, so when assessing fi t of scleral 

lens consider this. For a 15mm chord, the average normal eye has a sag of 3680 

microns, while the average keratoconic eye has a sag of 3940 microns. Use the 

CL thickness of 350 microns as a yardstick. If you can see the pupil then there 

is insuffi  cient vault.
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We need 300 to 400 microns of apical clearance for an optimal fi t. Bulbar 

conjunctiva has goblet cells that are compressible. As a result, a scleral lens 

that has 250microns of apical clearance at dispensing has 150 microns of apical 

clearance after 8hours.

Tentative scleral lens sag:
• Normal depth: 4200 microns sag

• Medium Depth(keratoconus,PMD):4500microns sag

• High depth(corneal transplants):4800 microns sag

Lens to have concave radius at edge for good profi le and reduce blanching.

There are two ways to measure the vault of a scleral lens. One involves using 

a slit beam from a biomicroscope to compare the fl uorescein-stained reservoir 

between the lens and the cornea with the known thickness of the lens. 

The other is to measure the vault using optical coherence tomography 

(OCT) imaging.
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One of the major advantages of scleral lenses is that their limbus-to-limbus 

clearance allows the lens to vault over corneal elevations, and their fl uid 

dynamics allow the post-lens fl uid to “fi ll in” corneal depressions.

CONCLUSION
The diffi  cult issues with respect to fi tting conventional 
corneal GP lenses on irregular corneas are achieving proper 
lens centration and stability. A lens that decenters not only 
degrades visual acuity, but is uncomfortable to wear. 
Therefore, special designs and knowledge are required.
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