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Abstract

Corneal topography is a useful investigation in the preoperative 
cataract surgery planning, becoming mandatory when full refractive 
outcome is required. Evaluation of corneal power, corneal astigma-
tism and its management are pivotal to both exclude ectasia, assess 
the corneal shape and for patient selection. This paper reviews the 
principles of successive generations of topographers and illustrates 
several normal and abnormal corneal topographies giving useful in-
dications for refractive cataract surgery.
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Background

The cornea is the most important positive lens to be evalu-
ated during cataract surgery planning and the acquisition of its 
optical measurements, needed to optimize Intraocular Lens 
(IOL) selection, still betrays the ophthalmologist. Main factors 
causing errors were the effective lens position, the ocular axial 
length and the corneal measurements. However, while advanc-
es in optical biometrics have increased the accuracy of axial 
length measurements reaching errors smaller than 0.05 Diop-
ters (D), the effective lens position cannot currently be mea-
sured prior to surgery, despite improvements in its estimation 
have been achieved thanks to the inclusion of new parameters 
in the IOL calculation formulas [1]. What ophthalmologists can 
do to increase the accuracy in the IOL calculation and conse-
quently the refractive outcome is to obtain more accurate and 
complete measurements of corneal power [2].

However, currently the topography is not included in the 
official standard preoperative workup for cataract surgery [3] 
leading to the potential misdiagnosis of several corneal diseas-
es (irregular corneal shape, not advanced keratoconus, pellucid 
marginal degeneration, etc.) which are generally not identified 
with keratometry, biometry and slit lamp (standard preopera-
tive tests). Only by topography the shape of corneas underwent 

to previous surgery (refractive, transplants or other incisions) is 
properly detected. Failure in these evaluations and the follow-
ing errors in the corneal power calculation led to even consider-
able refractive errors [4]. 

Furthermore, the cornea acts for two thirds of the eye's to-
tal focusing power, so very small changes in the corneal shape 
induce an amplified effect on the light deflection and so on the 
refraction. Since that, the incisions performed during cataract 
extraction can modify the corneal refraction. To take it in con-
sideration when performing refractive pseudophakic surgery 
is mandatory. Corneal topography assessments can be used to 
minimize the negative results of these incisions and even use 
their effects to advantage [5].

Last but not least, the increasing use of Advanced Technol-
ogy Intraocular Lenses (ATIOLs), stressed the need for careful 
preoperative corneal evaluation for both IOL determination 
and a patient's selection [5].

Objectives

The aim of this review is to focus on the role of the topogra-
phy in the planning of cataract surgery.
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Methods

The systematic review was performed using databases: 
PubMed (National Center for Biotechnology Information; 
https://www.ncbi.nlm.nih.gov/pubmed,), and Cochrane library 
(latest search conducted on September 30, 2022). Using meSH 
words linked by AND “Cornea” “Topography” “Cataract” “Re-
fractive”; The Pubmed and Cochrane library searches yielded 
1432 + 42 records. Filter between 2010 and 2022 (707 + 21) 
including clinical trial, meta-Analysis, randomized controlled tri-
als, review and systematic review was applied and finally the 
search yielded 85+ 21 records.

Pubmed results, already obtained from the previous data-
base, were excluded from the Cochraine research. Case series, 
pilot studies and studies with inadequate sample sizes were ex-
cluded. Articles were selected for review on the basis of content 
and referenced articles. Pertinent data and information were 
integrated into this review.

Review

Current Corneal Topography Technologies

Placido disc has stood the test of time and the current placi-
do based topographers work on the same principle of assessing 
the reflection of a concentric set of black and white rings from 
the convex anterior surface of the cornea. Indeed, the first- gen-
eration of corneal topographers are devices that project a con-
centric light circles system (the Placido disk) onto the corneal 
surface, measure their angle of reflection and thus calculate the 
corneal curvature at various points, providing information on 
the corneal shape. Second-generation of corneal topographers, 
Orbscan® type (Bausch and Lomb, USA), assesses the corneal 
elevation through optical sections obtained by combining Plac-
ido disc and slit scanning technologies, thus being able to char-
acterize the posterior face of the cornea. Corneal tomographers 
are the third-generation devices, their technology allowing digi-
tal reconstruction of the structures of the anterior segment, 
without using a curvature system. The term “tomography” is 
also derived from the Greek words “tomos” (section) and “gra-
phein” (to write). The technology of corneal tomographers uses 
a Scheimpflug type rotating camera that allows the analysis 
of both anterior and posterior faces of the cornea, by direct 
measurements, not only by mathematical assessments as in 
the case of topographers. In contrast, Scheimpflug technology 
provides less information on possible distortion of the anterior 
corneal face compared to the Placido disc. Modern capture and 
analysis systems that combine the Scheimpflug rotating cam-
era, the Placido disk and the slit scanning, such as the Galilei® 
(Ziemer, Switzerland) and Sirius® (Schwind Eye-Tech-Solutions, 
Germany), were created to combine the advantages of topogra-
phers and tomographers [6,7].

Corneal Refractive Power

Corneal power assessment during preoperative workup for 
refractive cataract surgery is mandatory for IOL power calcula-
tion because it affects the deviation of light rays on the retina 
[8].

The standard corneal power display is sim K (simulated ker-
atometries), which in most devices is calculated as the mean 
between the steeper and flatter corneal curvature values in 3-4 
mm anular zone instead, in Scheimpflug devices the average 
corneal power is calculated using data from all meridians [9].

Causes of intra- and inter-device corneal power measure-

ment variability, including tear film abnormalities, corneal sur-
face irregularities, technician error and device variability could 
reduce the accuracy of IOL calculations. Koch in a recent work 
studied the repeatability of 3 measurements made by four de-
vice/software outputs were tested: Humphrey Atlas (Carl Zeiss) 
SimK, Galilei Dual Scheimpflug Analyzer Sim K (Ziemer, Port, 
Switzerland), IOL Master 500 (Carl Zeiss), and manual keratom-
etry (Bausch & Lomb, Inc, Rochester, New York, USA). He found 
that intra-device standard deviations and coefficients of varia-
tion were low, suggesting acceptable clinical repeatability, while 
the inter-device differences were greater, albeit generally clini-
cally acceptable, with 95% limits of agreement for mean corneal 
power ranging from 0.25 D for Galilei-IOL Master to over 0.5 D 
for Atlas/manual keratometer and Atlas/Galilei. This magnitude 
of variability could certainly reduce the accuracy of IOL calcula-
tions. The commonly employed solution to mitigate errors from 
inter-device differences is to optimize lens constants based on 
corneal data from one device. However, one advantage of using 
more than one device is detection of erroneous measurements 
[2].

For this reason, in case of healthy corneas and with regular 
astigmatism, the small variability of the keratometry readings 
gives an accuracy of IOL power within the 0.5 D step. In the 
same work, Abulafia reports the greater calculation precision 
in healthy corneas with devices that measure both keratometry 
and axial length, as the algorithms within the device are cali-
brated using those [10,11].

On the other hand, in eye showing irregular corneal astigma-
tism, visual results may not be as good as expected, and corneal 
topography is crucial, especially because routine examinations 
with a slit lamp and keratometer are not enough to evaluate 
it [12]. In 2015 Loh J. showed a higher IOL power prediction 
using corneal topography than keratometry in measuring the 
corneal curvature in case of irregular astigmatism [5]. However, 
surgeons meet the difficulty of choose which data to use for the 
IOL power calculations: Keratometric equivalent at the 3 mm 
zone (average of the steepest and flattest meridians) Average 
curvature of the 3 mm ring, Average curvature of the 4 mm ring, 
Mean central corneal power, Centrally weighted mean corneal 
power, Mean pupillary power. ecc. As a general guideline, mea-
surements that use a larger number of data points from the 
area closest to the central cornea are more useful.

Although the anterior corneal surface takes the most refrac-
tive effect, for a correct evaluation of the corneal power it is 
also mandatory to consider its posterior surface [10,13,14].

Corneal Astigmatism 

Astigmatism can be defined as the refractive error in which 
no focal point is achievable after the light deflection through 
the cornea, due to the unequal refraction of light in the differ-
ent meridians. It can result from asymmetry or decentralization 
of the optical surfaces of the eye or irregularities in the refrac-
tive index.

Its prevalence was estimated to be 86.6%. The 40% of these 
refers to corneal astigmatism higher than 1.0 Diopters (D) and 
20% higher than 1.5 D [15].

To evaluate pre-existing corneal astigmatism is mandatory to 
obtain higher refractive outcome after cataract surgery, and the 
topography is able to evaluate both regularity and the magni-
tude of corneal astigmatism [8].
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In regular astigmatism, corneal topography displays a sym-
metrical bow-tie pattern with the principal meridians (of great-
est and least powers) being located 90 degrees apart. In the 
with-the-rule astigmatism, which is the more common form of 
regular astigmatism, the steepest radius and the bow-tie pat-
tern are located in the vertical meridian. Less frequent types of 
regular astigmatism are the against-the-rule astigmatism, when 
the bow- tie pattern and the steepest meridian are located hori-
zontally and the oblique astigmatism, when both the steepest 
meridian and the bow-tie pattern are diagonally placed.

Irregular astigmatism occurs when two halves of the cor-
nea are consistently different (superior versus inferior or nasal 
versus temporal). The two sides of the bow-tie differ in magni-
tude (asymmetrical bow-tie) or are not orthogonally aligned to 
each other (skew of steepest radial axes) or both [16]. Irregular 
corneal astigmatism can occur both in a healthy cornea and in 
diseased one (corneal dystrophy, keratoconus, leukomas, scars, 
prior keratoplasty or refractive surgery [7].

Furthermore, posterior astigmatism evaluation has to be 
considered. Ignoring posterior corneal astigmatism may yield 
incorrect estimation of total corneal astigmatism leading over-
estimation of with-the-rule astigmatism by 0.5 D and underes-
timation of against-the-rule astigmatism by 0.3 D. Other studies 
have shown that ignoring posterior astigmatism may lead to 
axis errors of 7.4° ± 10.3° [14].

Knowledge of the magnitude, location and regularity of pre-
existing astigmatism is crucial during the planning of cataract 
surgery. 

Vector analysis can be used to calculate the surgical induced 
astigmatism, which needs to be added to the existing astigma-
tism in order to produce the desired result [8].

Regular Astigmatism

The pre-existing regular corneal astigmatism could be man-
aged in different ways to aim satisfactory post-operative results:

 • by using the appropriate placement and construction of 
the incision, by centering the incision on the steep merid-
ian and using a wound construction-closure combination 
that will produce the required astigmatic decay;

 • By Corneal Relaxing Incisions (CRIs) as Astigmatic Keratot-
omy (AK), peripheral limbal relaxing incisions (LRIs) and 
opposite clear corneal incision (OCCI) [17].

 • Thirdly, a toric intraocular lens can be implanted [18].

Planning the incisions

A superior main incision is recommended for with-the-rule 
astigmatism having a steep axis >1.5 D. Temporal incision is rec-
ommended for: against-the-rule astigmatism <0.75 D or negli-
gible astigmatism, an additional nasal incision is recommended 
for >0.75 D [17].

AKs induce flattening of the steeper meridian and stiffen-
ing of the flatter meridian (coupling effect), with 1:1 ratio. AKs 
reduce astigmatism without major changes in the spherical 
equivalent. They can be performed before or during cataract 
surgery, either manually or by femto second laser. LRIs are often 
performed in conjunction with cataract surgery in order to treat 
corneal astigmatism from 0.5 to 1.0 D. They can be used also for 

higher degrees (up to 2.0 D) but they tend to be less accurate. 
LRI can cause a slight farsightedness shift of approximately 0.20 
D, which should be considered when selecting the IOL power 
[17].

OCCI consists in performing an identical, penetrating clear 
corneal incision opposite to the main one, to enhance the flat-
tening effect in reducing the pre-existing corneal astigmatism. 
The OCCI can reduce pre-existing corneal astigmatism up to 2.0 
D [17].

Toric IOL

 Approximately 30% of patients waiting for cataract surgery 
have corneal astigmatism higher than 1.0 D and 22% higher or 
equal to 1.5 D [19].

Toric IOL surgery requires an accurate analysis of the type 
of corneal pre-existent astigmatism both anterior and posterior, 
and choosing the most suitable technique, depending on the 
type of astigmatism and its magnitude [6]. Mono- and multifo-
cal toric implants are used to treat high degrees of astigmatism, 
up to 12 D, but risk of rotation or misalignment exist. Total cor-
rection of corneal astigmatism is imperative for optimal results 
in multifocal toric implants6and a carefully study of the corneal 
topography is mandatory. For astigmatisms between 0.50 and 
0.75 D, it is possible to perform both a corneal incision on steep-
er meridian and a toric implant. For astigmatism higher than 
0.75 D, a toric implant is recommended avoiding corneal inci-
sion techniques for its unpredictable result. Higher outcomes 
after toric implants have been reported in patients with cataract 
and regular corneal astigmatism [20,21] because toric IOLs only 
provide a symmetrical correction. The same high results cannot 
be usually expected in patients with corneal irregular astigma-
tism [22] for which the toric IOLs goal is to improve the visual 
comfort decreasing spectacle dependence. However, several 
recent works show the efficacy of toric implants in the surgi-
cal management of irregular astigmatism in keratoconus [23], in 
pellucid marginal degeneration [24] or after corneal transplan-
tation [25] (Figure 1). Yi Gao and co-workers found that patients 
having irregular astigmatism with a regular central component 
can be considered for toric IOL implantation [26].

However, it is important to be cautious when selecting a toric 
lens for the management of irregular astigmatism because sur-
gery meets a several troubles: biometric accuracy, astigmatism 
management (corneal topography plays a crucial role in both) 
and IOL calculation.

Toric IOL calculators have also become more sophisticated to 
predict residual postoperative astigmatism. Generally, there are 
2 approaches for toric IOL calculations. The first is to use math-
ematical models (e.g., Barrett Toric Calculator, Abulafia-Koch) 
that estimate the predicted postoperative residual refractive 
astigmatism based on anterior corneal measurements, and the 
second is the use of total corneal astigmatism measurements 
(Scheimpflug imaging with Panacea Toric Calculator, ray tracing 
software such as PhacoOptics, Aarhus Nord, Denmark). Stud-
ies comparing the 2 different approaches found that the direct 
measurement approach was not superior to the estimated 
mathematical approaches. However, subgroup analysis sug-
gests that all calculators still tend to overcorrect with-the-rule 
astigmatism and under correct against the-rule astigmatism 
[27].
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Figure 1: Corneal Regular Astigmatism post PKP. Patient suitable 
for Toric-IOL surgery after sutures removal.

Irregular Astigmatism

In case of irregular astigmatism, it would be advisable to di-
agnose the cause and treat it before performing cataract sur-
gery, because it induces refractive errors and high-order aberra-
tions that would lead to a significant deterioration in the quality 
of vision [28]. Anterior corneal dystrophies or sub-epithelial 
leukomas or scars, could be subtle and easily overlooked dur-
ing routine examination and it can be identified by irregular 
astigmatism on topography (Figure 2). Consequences of the 
missed diagnosis can lead to unwanted refractive results and 
unhappy patients for inaccurate keratometry readings [28]. Fur-
thermore, the topography can assess the severity and stability 
of the condition. If the lesion does not act the visual axis and 
no progression is viewed, a standard IOL with an asymmetri-
cal corneal incision on the steeper side could be performed to 
manage asymmetric astigmatism. Moreover, it can be recom-
mended to avoid ATIOLs. If the lesion leads to significant regular 
astigmatism, the patient may benefit from a toric IOL. However, 
if the lesion acts the visual axis or causes irregular astigmatism, 
its treatment by phototherapeutic keratectomy before cataract 
surgery could lead to either resolving the astigmatism or leaving 
a mild and regular one [29] (Figure 3).

After refractive surgery

The IOL power calculation after corneal refractive surgery 
represents one of the most challenges for the cataract surgeon 
due to the high expectations of visual outcomes and to the dif-
ficulties of IOL power prediction. IOL power calculation can be 
wrong for three reasons: keratometry index, curvature radius 
and effective lens position.

Figure 2: Recurrent Keratoconus detectable by tangential map and 
corneal wave front.

Figure 3: Irregular Astigmatism, due to corneal leukoma, second-
ary to infection. Patient is waiting for PTK before cataract surgery.

 

Figure 4a

 

Figure 4b: Keratoconus patient treated by Intracorneal segment 
Rings (INTACS) before cataract surgery to manage his irregular 
astigmatism.

Figure 5: Management of corneal astigmatism in refractive cataract 
surgery.
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 • Keratometry index: this index used in the cornea 
power formula, assumes a fixed ratio between the anterior and 
posterior corneal curvature. This ratio changes after refractive 
corneal surgery (laser-assisted in situ keratomileusis-LASIK or 
photorefractive keratectomy- PRK), because the anterior cor-
neal curvature changes but not the posterior one, leading to an 
overestimation of corneal power after myopic surgery and an 
underestimation after hypermetropic surgery. For corneas that 
have undergone radial keratotomy, the posterior corneal curva-
tures change, but in unpredictable ways [3,30]. The Scheimp-
flug camera devices are able to measure the total corneal pow-
er evaluating both anterior and posterior corneal surfaces, so 
solves the error due to the keratometry index. The total corneal 
power is measured by ray-tracing and in the not operated eye 
is 0.7 D lower than simK, so using it in classic IOL formulas is 
not possible, unless the constant is optimized. This value is To-
tal Corneal Power in Galilei device (Ziemer); Total Corneal Re-
fractive Power or True Net Power in Pentacam device (Oculus); 
Mean Pupillary Power in Sirius device (CSO) [31].

 • Curvature radius: topography measures the anterior 
corneal curvature not on the visual axis, but in the central an-
nular zone between 2.4 and 3.3 mm. This corneal curvature is 
assumed equal at the central one, considering the anterior cor-
neal surface is a sphere without difference between central and 
paracentral area. This assumption is valid for the not operated 
eye, but not after refractive corneal surgery, especially in sur-
gery involving a small optical zone or large attempted correction 
or both, as well as those with low postoperative keratometry 
readings. These errors are negligible with myopic treatments 
having an optical zone of 6-6.5 mm [32].

 • Predicted lens position: many IOL calculation formulas 
use corneal power values in their calculations to predict the Ef-
fective Lens Position (ELP). Following LASIK, PRK, or RK, corneal 
power is altered, and the predicted ELP would be misleading 
if the postoperative corneal power is used. To avoid the ELP-
related IOL prediction error, the double-K method proposed by 
Aramberriet al. could be used [33].

Ectasia

Detecting an ectatic corneal disease (keratoconus, pellucid 
marginal degeneration, ectasia post corneal refractive surgery, 
recurrence keratoconus [34], apnea syndrome [35] etc.) is cru-
cial before the cataract surgery and it is hardly to diagnose by slit 
lampe especially in their early stage. Topography is essential to 
diagnose corneal ectasia, to assess its stability, to evaluate High-
er-Order Aberrations (HOAs) and to avoid IOL power calculation 
errors [36]. For these reasons, initially keratometricdatas were 
used to differentiate healthy eyes from ectatic eyes [37] demon-
strating 0.80% sensitivity and 0.70% specificity for keratometric 
cutoff [38], however, this parameter is poor for the detection 
of subclinical disease [39]. So, several topographic parameters 
have been developed as a predictor of ectasia [40] as the I–S in-
dex, which represents the amount of steepening of the inferior 
cornea compared with that of the superior cornea; the SAI, sur-
face asymmetry index; SRI, surface regularity index; CIM, cor-
neal irregularity measurement; MTK, mean toric keratometry; 
SRAX, skew of steepest radial axis; CSI, center surround index; 
DSI, different sector index; and OSI, opposite sector index, the 
keratoconus prediction index, to classify subjects according to 
the shape of the anterior corneal surface [41]; the keratoconus 
percentage index (KISA%) value is calculated from a combina-
tion of 4 video keratographic parameters having an accuracy of 
99.6% [42], Keratoconus Index (KCI) able to distinguish between 

keratoconus developed in the central or the peripheral regions, 
Keratoconus Prediction Index (KPI) calculated by a combination 
of 8 topographic indices and the ocular residual astigmatism 
(ORA) (sensitivity 82%, specificity 92%) showing sensitivity of 
68 % and a specificity of 99 % [39,43].

Sources of error in ectatic corneas are IOL power calcula-
tion formulas and HOAs (due tocorneal irregular astigmatism 
and shape) as described above. The visual restore for ectatic 
corneas requires a specific flowchart (when it is possible) ad-
dressing three concerns: halting the ectatic process, improving 
corneal shape and minimizing the residual refractive error.  In 
case of ectasia progression, cross-linking performed at least 
three months before the cataract surgery can halt the disease 
progression. Furthermore, toric IOL implantation cannot guar-
antee high results in patients with corneal irregular astigmatism 
secondary to ectasia and LRI should to be avoided because they 
can worsen the ectasia. In this case using corneal refractive 
power (Mean central corneal power, centrally weighted mean 
corneal power, Mean pupillary power etc) instead of sim-k is 
recommended [42]. 

The intrastromal corneal ring segments are indicated in 
these patients because they can improve the corneal shape reg-
ularizing the astigmatism, reducing the refractive error amount 
thus leading to a better result with toric IOL. Despite all the dif-
ficulties met by the surgeon during cataract planning in patients 
with ectasia, it is well known that these patients generally have 
a better tolerance to defocus than healthy patients so, some 
residual refractive errors after IOL implantation can be better 
tolerated [44] (Figure 4a-b).

Although HOA are a small part of the refractive errors in nor-
mal eyes, they can negatively influence the quality of vision, 
especially in mesopic contrast sensitivity. Since the cornea is 
the most powerful refractive element of the eye, corneal ab-
errometry represents the 70-80% of the total ones of the eye. 
So, corneal wave front evaluation is pivotal in the preoperative 
path of cataract surgery, especially to evaluate the suitability for 
the advanced technology lens implant. Refractive outcomes in 
cataract surgery, indeed, include not only the visual acuity res-
toration but also higher quality of vision. The cornea typically 
induces positive spherical aberration, which in young people is 
offset by the negative spherical aberration of the lens. Getting 
older, spherical aber  ation of the lens shifts to positive values 
which results in a worsening of optical quality [45]. Spherical 
monofocal IOLs can introduce a new positive spherical aber-
ration, adding approximately 0.08 μm (over a 4 mm pupil) to 
the pre-existing corneal ones. Aspheric IOLs, instead, generate 
negative spherical aberration, leading to a smaller amount of 
postoperative spherical aberration as compared to spherical 
IOLs, increasing visual quality outcomes [45].

While, the finding of a negative spherical corneal aberration 
should discourage the choice of anegative aspherical intraocu-
lar lens. Corneal refractive surgery leads to modification in the 
anterior surface asphericity. A positive spherical aberration is 
induced in cornea undergoing myopia treatments and aspheric 
IOLs are recommended, whereas a negative spherical aberra-
tion is induced in hyperopic treatments so the best choice is 
the classic spherical IOL or ones with free aspherical aberrations 
[45].

Unfortunately, the other corneal HOAs (coma, trefoil, pentaf-
oil, coma II and III etc) cannot be corrected, and they negatively 
affect the quality of vision so, their presence must be evalu-
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ated especially when considering an advanced implant. Several 
studies found that values up to 0.3 µm cut off of HOA, based 
on pupil diameter of 3-4 mm, produce 0.5 D of defocus which 
theoretically corresponds to the root mean square (RMS, μm) 
value of 0.29 μm. Values higher than 0.3 µm cut off  of HOA in-μm. Values higher than 0.3 µm cut off  of HOA in-m. Values higher than 0.3 µm cut off of HOA in-
dicated that implantation of advanced technologies IOL should 
be avoided for low satisfaction outcomes and intolerable dys-
photopsia furthermore should prompt the surgeon to investi-
gate for corneal pathologies causing irregular astigmatism (KCN, 
scars, dystrophies etc) [46,47]. 

Given the essential information that the topography pro-
vides to the cataract surgeons, his absence from the official 
standard preoperative workup for cataract is to be considered 
and a serious gap.
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