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With the increasing use of advanced technology intraocular lenses 

(ATIOLs), the need for careful preoperative assessment is critical for both 

determination of a patient’s candidacy for an ATIOL and the identification 

of patients who are not appropriate candidates.1 Currently, topography 

is not considered part of the official standard preoperative workup for 

cataract surgery patients and is not reimbursed by insurances in the US 

when performed without a known corneal condition.2 Unfortunately for 

cataract surgery patients, there are a number of corneal pathologies that 

cannot be identified with keratometry, biometry, and slit lamp exam, which 

are considered the standard, insurance-covered preoperative tests. With 

corneal topography, critical information on corneal shape can be obtained. 

Conditions such as irregular corneal astigmatism, early or moderate 

keratoconus (KCN), and pellucid marginal degeneration can be identified.3 

Placido disc corneal topography can also provide details on the status of 

the ocular surface. In particular, common ocular surface conditions, which 

can be virtually invisible on slit lamp exam, such as ocular surface disease 

or epithelial basement corneal dystrophy, can be identified.4 Treating these 

ocular surface conditions prior to proceeding with cataract surgery can 

improve visual outcomes. In addition, corneal topography is especially 

important in patients with a history of previous corneal refractive surgery, 

as topography will show whether a patient underwent previous myopic 

or hyperopic corneal laser refractive surgery, and will show whether the 

optical zone is centered or decentered.5 Topography also aids surgeons 

in the decision as to whether a patient is an appropriate candidate for 

an ATIOL. For instance, patients with irregular or skewed astigmatism 

are often not good candidates for presbyopic IOLs, and may also not be 

appropriate candidates for a toric IOL. Overall, corneal topography can 

provide essential information for patients scheduled for cataract surgery 

and surgeons should consider performing corneal topography for all 

patients prior to surgery.6

Dry Eye/Blepharitis/Ocular Surface Disease
Ocular surface disease, including dry eye and blepharitis, are common 

in patients scheduled for cataract surgery. The Prospective Health 

Assessment of Cataract Patients Ocular Surface (PHACO) Study 

evaluated the incidence of dry eye prior to cataract surgery,7 and was 

conducted at nine centers across the US, and surprisingly found that 

most patients scheduled for cataract surgery did not report the typical 

dry eye symptoms, such as ocular irritation of foreign body sensation. 

However, more than 75 % of patients had signs consistent with dry eye. 

Of particular concern, more than 62.9 % had a tear break-up time (TBUT) 

of less than 5 seconds. Rapid TBUT is of great concern, as automated 

keratometry with the LENSTAR® (Haag Streit, Koeniz, Switzerland) and 

IOLMaster® (Carl Zeiss Meditec AG, Jena, Germany), expect that the tear 

film will be stable when the tests are conducted. A rapid TBUT will lead to 

inaccurate keratometry readings, which will impact the IOL calculations, 

and can result in a poor visual outcome.8,9 Of similar concern is blepharitis/

meibomian gland disease (MGD).8 A study evaluating the incidence of 

blepharitis in patients scheduled for cataract surgery found that 59 % of 

patients had this condition.10 As it is also associated with a rapid TBUT, 

identifying and treating MGD can potentially make a difference in surgical 

planning and visual outcomes.
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While most patients may not be aware preoperatively that they  

have symptoms of ocular irritation, dry eye can lead to reported 

postoperative symptoms of ocular irritation, refractive surprises based 

upon IOL miscalculations, and even cataract surgery being inappropriately 

performed on patients whose symptomatic visual complaints are more 

due to dry eye than actual cataract.7 If patients are not aware that they 

have dry eye preoperatively, then they will likely attribute the cataract 

surgery as the cause of their dry eye. An abnormal ocular surface can lead 

to inaccurate keratometry that will result in inaccurate IOL calculations.9,11 

In addition to the wrong spherical power selection, an error in magnitude 

of axis and magnitude of cylinder power can occur when selecting 

a toric IOL or planning for a limbal relaxing incision (LRI). With these 

concerns in mind, it is important to effectively treat dry eye prior to the 

final preoperative testing.8 For example, in Figure 1, a patient underwent 

IOLMaster, which suggested that a 20.0 diopter lens should have yielded 

the desired refractive outcome. However, upon closer examination of the 

associated topography, dry eye can be diagnosed based upon the multiple 

areas of irregularity.

 

Upon treatment of the patient’s dry eye with topical cyclosporine, a 

repeat topography and optical biometry was performed. As can be seen 

in Figure 2, the previously selected 20.0 diopter lens would have resulted 

in a hyperopic surprise. 

While corneal topography can reveal patients who have ocular surface 

disease, one can also review the IOLMaster, which takes three keratometry 

readings for each eye. The multiple automated keratometry readings can 

also provide clues that a patient’s ocular surface is not optimized. For 

example, in Figure 3, the IOLMaster readings show significant variability 

in both the magnitude of astigmatism as well as the axis of astigmatism. 

The three central corneal power measurements should be within 0.25 

diopters in each of the principal meridians in order to be considered 

valid.12 Initiating therapy can help optimize the ocular surface, and result 

in more consistent keratometry readings.13

Corneal Dystrophy
Corneal dystrophies, specifically epithelial basement membrane dystrophy 

(EBMD), can be subtle and easily overlooked during routine examination.1 

The consequences of missing EBMD can yield unwanted refractive results 

and unhappy patients.8 Similar to dry eye, EBMD can be identified by 

irregular astigmatism on topography.14,15 EBMD can also result in inaccurate 

keratometry readings. Furthermore, following refractive surgery, EBMD can 

reduce BCVA.15 Treatment of EBMD, which will improve BCVA, will have the 

unwanted side effect of altering the keratometry power. This can result in 

a significant shift in refractive error.16 

When EBMD is identified, it is important to assess the severity of the 

condition. In many patients, there is limited EBMD that is not in the 

visual axis. In these cases, the condition can be observed and cataract 

surgery can be performed with a standard IOL. Sometimes it may be best 

to avoid ATIOLS. For example, a patient with EBMD who has significant 

astigmatism may benefit from a toric IOL in the short term. However, if 

the EBMD requires removal, the astigmatism may significantly change, 

or in some cases, completely resolve. As well, EBMD can result in mild 

loss of best corrected visual acuity (BCVA) due to irregular astigmatism, 

so multifocal IOLs may not be the best option as studies have shown 

there are limitations with the use of multifocal lenses in astigmatism.17 

Patients with more advanced EBMD, leading to irregular astigmatism 

directly in the visual axis, can benefit from treatment prior to cataract 

surgery.8 Identification of EBMD is made with careful evaluation at the slit 

lamp. Areas of epithelial irregularity and areas of negative staining will 

be identified (see Figure 4). Treatment of EBMD can range from simple 

epithelial debridement at the slit lamp to phototherapeutic keratectomy 

(PTK).18,19 Following these procedures, the corneal epithelium requires 

weeks to months to reach its final shape.20 Once the surface has stabilized, 

repeat biometry should be performed to select the optimal IOL power. 

As can be seen in Figure 5, there can be significant changes in corneal 

topography following treatment of EBMD. 

Figure 1: Preoperative Evaluation

Figure 2: Dry Eye Identified

Figure 3: IOLMaster® Readings

Keratometer values

MV: 43.66/45.61    D

K1: 43.77  D  x 51º
K2: 45.55  D  x 141º
∆K: -1.78   D  x 51º

K1: 43.66  D  x 52º
K2: 45.61  D  x 142º
∆K: -1.95   D  x 52º

K1: 43.49  D  x 53º
K2: 45.73  D  x 143º
∆K: -2.24   D  x 53º

SD:  0.00 mm

7.71 mm 
7.41 mm

7.73 mm
7.40 mm 

7.76 mm
7.38 mm

SD:  0.01 mm

7.96 mm 
7.27 mm

8.00 mm
7.27 mm 

8.04 mm
7.23 mm

MV: 42.19/46.49    D

K1: 42.40  D  x 47º
K2: 46.42  D  x 137º
∆K: -4.02   D  x 47º

K1: 42.19  D  x 49º
K2: 46.42  D  x 139º
∆K: -4.23   D  x 49º

K1: 41.98  D  x 49º
K2: 46.68  D  x 139º
∆K: -4.70   D  x 49º
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In Figure 5, the left side topography is from a patient diagnosed with 

EBMD on cataract surgery evaluation. The condition and treatment 

options were discussed with the patient, who elected to undergo 

superficial keratectomy. The resultant topography on the right side shows 

the improved corneal shape. The new keratometry measurements were 

used when calculating and selecting the IOL and the planned refractive 

outcome was achieved. 

Postrefractive Surgery
Patients with a history of corneal laser vision correction or radial 

keratometry benefit from preoperative corneal topography.1,3 Topography 

determines whether the optical zone created with refractive surgery 

Figure 4: Negative Staining in Epithelial Basement 
Membrane Dystrophy

Figure 6: Using Topography to Assess Corneal Shape

Figure 7: Identifying Pellucid Marginal Degeneration 
with Topography

Figure 5: Epithelial Basement Membrane Dystrophy—
Management Options

A. Topography of early pellucid marginal degeneration (PMD). B. A line drawn along one axis of 
the astigmatism showing how the axis should appear if orthogonal. 
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is centered or decentered. With myopic corneal refractive surgery, the 

cornea is flattened to reduce myopia. Topography reveals whether 

the optical zone has remained centered, or has drifted and now is not 

centered. A decentered optical zone can affect quality of vision.21,22 For 

hyperopic corneal refractive surgery, the central cornea is steepened. 

While the apex of the altered cornea typically remains centered, 

topography evaluates the corneal shape and can identify cases where 

the steep apex of the cornea has decentered.23,24 

Preoperative topography is important in patients with previous corneal 

refractive surgery because it allows the cataract surgeon to effectively 

counsel the patient on visual expectations with cataract surgery. With 

corneal refractive surgery, the shape of the cornea is altered to adjust 

the refractive error and reduce the need for glasses. However, over time, 

the cornea can adjust in shape, which can affect the quality of vision.16 

Topography provides important information about the shape of the 

cornea, and can determine whether the optical zone has symmetrical 

astigmatism or has a gradient of astigmatism within the visual axis.23,24 For 

example, this patient who underwent laser-assisted in situ keratomileusis 

in 1999 in Figure 6 presented for cataract surgery. Evaluation of the 

optical zone reveals there is a significant gradient within the visual axis. 

Postoperatively, despite having uncomplicated cataract surgery with a 

monofocal IOL, the BCVA was 20/60. However, with a rigid gas-permeable  

lens, the patient was corrected to 20/20. 

 

Astigmatism Management
Toric IOLs comprise approximately 7.6 % of all IOL procedures.25 Successful 

placement of these IOLs requires accurate measurement of the magnitude 

and axis of astigmatism. While manual and automated keratometers can 

actually be more accurate in this regard than topography,26 the data 

provided by topography about the corneal shape is essential to assess 

whether the astigmatism is truly orthogonal and to also exclude the 

possibility of irregular corneal astigmatism and/or corneal ectasias that 

would contraindicate placement of a toric IOL.12 For example, in Figure 7 

the manual keratometry readings may present as 42.00 x 44.00. Without 

topography, a surgeon may place a toric IOL in the power and axis he 

or she believes to be correct. However, when topography is assessed, 

a pellucid marginal degeneration pattern appears and a skewed axis 

becomes apparent. With this additional information, it is evident that a 

toric IOL, which currently can correct only orthogonal astigmatism, may 

not be effective. Furthermore, over time, if the patient’s corneal condition 

progresses, the astigmatism axis and magnitude can change. In addition, 

when topography identifies patients as having forme fruste keratoconus 

(FFKC), KCN, or pellucid, surgeons should avoid a multifocal IOL.1 

KCN is another condition that must be carefully screened for prior to 

cataract surgery, especially when planning for ATIOLs or any refractive 

corneal incisions.27 In situations where KCN is present, the avoidance of 

toric IOLs and corneal incisions is critical as refractive corneal incisions 

could cause worsened corneal ectasia and unpredictable results.28 Toric 

IOLs are generally avoided in KCN where there is no orthogonal axis of 

astigmatism.28 In addition, multifocal IOLs would also be contraindicated 

as their optical system does not function well with irregular astigmatism 

and any decrease in contrast sensitivity will be magnified by the corneal 

irregularity.1,8 When KCN is identified in patients with cataracts, the surgeon 

may consider corneal cross-linking either prior to cataract surgery or 

following cataract surgery, as this procedure can result in improvement in 

corneal shape, and improvement in quality of vision.29

Summary
Corneal topography is a powerful tool that can be employed prior to 

cataract surgery to assess corneal shape to help with surgical planning. 

Topography can help identify patients with irregular corneal shape 

related to ocular surface disease or EBMD that requires treatment 

prior to cataract surgery. Topography is also important for patients with 

previous corneal refractive surgery, to help determine whether a patient 

is an appropriate candidate for an ATIOL. Furthermore, screening with 

topography can identify patients with FFKC, KCN, or pellucid marginal 

degeneration, which allows the surgeon to properly counsel the patient 

on the expected visual results, as well as help with patient selection. 

While corneal topography is not performed preoperatively in all patients 

prior to cataract surgery, the valuable information provided may lead to 

more widespread adoption of topography as an essential planning tool in 

patients scheduled for surgery. ■
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