
Mædica  - a Journal of Clinical Medicine

Case reportCase report

872 Maedica
  

A Journal of Clinical Medicine, Volume 20, No. 4, 2025

https://doi.org/10.26574/maedica.2025.20.4.872

MAEDICA – a Journal of Clinical Medicine

Bilateral Keratoconus: a Cataract 
Preoperative Assessment Incidental 
Finding. Role of Tomography in 
Biometry and Multifocality of  
Cone Effect
Efthymios KARMIRISa, Evita Evangelia CHRISTOUb, Maria SPYROPOULOUa,  
Evangelia PAPACONSTANTINOUc, Panagiotis STAVRAKASd

aHellenic Air Force General Hospital, Ophthalmology Department, Athens, Greece
bOxford Eye Hospital, Oxford University Hospitals NHS Foundation Trust, Oxford, 
United Kingdom
cDepartment of Ophthalmology, National and Kapodistrian University of Athens,  
1st University Eye Clinic, G. Gennimatas General Hospital of Athens, Athens, Greece
dDepartment of Ophthalmology, School of Medicine, University of Patras, Rio, Greece

Address for correspondence:
Evita Evangelia Christou 
Oxford Eye Hospital, Oxford University Hospitals NHS Foundation Trust, Oxford, United Kingdom
Tel.: 00306944368633; email: evitachristou@gmail.com

Article received on the 16th of September 2025 and accepted for publication on the 17th of November 2025

ABSTRACT
Background: Implantation of intraocular lenses (IOLs) for full refractive correction at all distances is the ideal 

goal for cataract surgery. A comprehensive examination is pivotal to identify corneal pathology such as keratoconus, 
in order to achieve optimal outcomes with selection of premium or monofocal IOLs.

Case report: A 57-year-old male presented for cataract surgery preoperative assessment. Ophthalmological 
examination indicated an unremarkable condition, while his files did not report any previous ocular pathology. 
The patient had high expectations for optimal refractive outcomes without spectacles and therefore, implantation 
of premium IOLs was considered. Preoperative biometric measurements using IOL Master 700 demonstrated 
a non-significant anterior corneal astigmatism in both eyes. The central corneal topography maps revealed 
an asymmetric colour appearance indicative of irregular astigmatism in the right eye, while colour gradation 
towards higher dioptres was present in the left eye. Despite not being pathognomonic for clinical ectasia, these 
visually relevant asymmetries warranted further investigation. Additional corneal tomography using Pentacam 
Scheimpflug imaging revealed an inferior symmetrical well-delineated mild keratoconus. Therefore, the selection 
of monofocal spherical IOL was decided. The patient had uneventful phacoemulsification bilaterally. At one month 
postoperatively, his unaided visual acuity at distance was 20/20 in both eyes, he could perform a Jaeger 2 scale for 
near vision, while subjectively had no complaints of unwanted photic phenomena.

Conclusion: Our case highlights that a detailed corneal evaluation may add value to appropriate decision 
making concerning the selection of IOL implant for optimal visual outcomes. In addition, an enhance depth of 
focus might be provided postoperatively in selected mild keratoconic cases.
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BACKGROUND

Variable types of intraocular lenses 
(IOLs) are widely used to offer satisfac-
tory visual outcomes and achieve spec-
tacle independence after cataract sur-
gery (1). Several types are available at 

present; conventional IOLs are monofocal, while 
premium IOLs have been designed to allow full 
refractive correction at near, intermediate and dis-
tance vision. Indeed, the ideal goal for cataract 
surgery would be implantation of IOLs that pro-
vide optimal outcomes to patients concerning 
their vision (2, 3).   

Given the high sensitivity of premium IOLs to 
ocular aberrations, preoperative selection of pa-
tients is crucial to patient satisfaction. Corneal pa-
thology such as keratoconus, peripheral corneal 
degenerations, corneal scarring, irregular corneal 
surface (Fuchs dystrophy), dry eye or macular dys-
function (epiretinal membrane, macular degene
ration) are relative contraindications to premium 
IOL implantation because visual expectations 
may not be met. A comprehensive examination 
with corneal topography or tomography would 
contribute to clinical decision making for the opti-
mal choice of IOL implant. Nonetheless, access to 
this equipment may be limited and, in that case, 
cataract surgery with premium IOLs may be com-
promised (2, 3).

IOL Master 700 (Carl Zeiss Meditec AG, Jena, 
Germany) has extensive application in preopera-
tive assessment of cataract surgery. It has been re-
cently upgraded to incorporate central corneal 
topography with a swept-source Optical Cohe
rence Tomography (OCT) based algorithm and 
telecentric keratometry. Based on this, IOL Master 
700 has capability to detect visually relevant 
asymmetries on central corneal shape along with 
the standard biometric measurements (4, 5). 
However, the captured area of corneal topogra-
phy is more limited than that measured by 
Pentacam (Pentacam, Oculus Incorporation, 
Wetzlar, Germany) equipment. Indeed, a detailed 
corneal evaluation would add value to appropri-
ate decision making concerning the selection of 
IOL implant (6, 7).    

The purpose of this paper is to present a typi-
cally suitable patient-candidate for cataract sur-
gery with premium IOL and the subsequent 
change in our management after comprehensive 
preoperative assessment with central topography 

technology and an additional Scheimpflug tomo
graphy exam; preoperative evaluation, choice of 
management and postoperative functional out-
comes are described herein. q 

CASE REPORT

A 57-year-old male presented to 251 Hellenic 
Air Force General Hospital for cataract sur-

gery preoperative assessment. The patient was a 
retired fighter pilot previously flying combat F-16 
aircrafts in Hellenic Air Force. This profession has 
high demanding visual requirements; therefore, 
as a part of a mandatory "fit to fly" waiver, fighter 
pilots undergo a regular annual comprehensive 
ophthalmic examination by the Hellenic Air Force 
Center of Aviation Medicine. Until that point, no 
remarks regarding any previous ocular pathology 
were written in his files.

Ophthalmological examination indicated an 
unremarkable anterior segment apart from the 
developing cataracts and fundoscopy showed a 
healthy appearance of retina, macula and optic 
disc. Optical coherence tomography (OCT) in the 
macular area indicated normal morphological 
structure of retinal layers, photoreceptors and 
retinal pigment epithelium. Given the patient's 
high expectations to achieve the best possible re-
fractive outcome with restoration of vision for 
near and distance without spectacles after cata-
ract surgery, implantation of premium IOLs was 
considered as an appropriate option. Following 
detailed counseling with the patient regarding 
types of IOLs and his requirement to 'enhance his 
range of vision', the use of extended depth of fo-
cus (EDOF) IOL was proposed. This option would 
provide him conceivable high level of satisfaction 
and enhanced depth of focus, as requested, by 
minimizing the effect of adverse optic phenome-
na (8). The patient agreed to proceed with cata-
ract surgery and EDOF IOL implantation and 
therefore, subsequent further assessment was ar-
ranged. 

Preoperative biometric measurements were 
obtained using IOL Master 700 (Carl Zeiss Meidtec 
AG, Jena, Germany) which is used as a gold stan-
dard in our department. In particular, IOL Master 
700 K measurements demonstrated a non-signifi-
cant anterior corneal astigmatism with the dif
ference between Ks (?K) being -0.67 D in the right 
eye and -0.19 D in the left eye. Based on a fairly 
new software, central corneal topography mea-
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surements for the anterior refractive powers, as 
well as the central corneal curvature data were 
displayed utilizing the swept-source OCT-based 
algorithm of the IOL Master 700 to detect visually 
relevant asymmetries on the central corneal mor-
phology. The central corneal topography maps in 
the right eye raised suspicion for an asymmetric 
colour appearance indicative of an irregular astig-
matism (Figure 1a), whereas the left eye image 
was categorised as normal; however, a colour gra-
dation towards higher dioptres was also present 
(Figure 1b). Despite not being pathognomonic for 
specific clinical pathology or clinical ectasia cases, 
the asymmetry captured by the anterior axial 
power corneal topography map was a reason to 
proceed with an additional biometry in order to 
secure an accurate result and avoid any possible 
missing information from the cornea, given the 
fact that premium IOL was planned and the pa-
tient had a demanding nature, which both war-
ranted further investigation. 

Additional corneal tomography evaluation was 
performed using Pentacam Scheimpflug imaging 
(Pentacam AXL, Oculus Incorporation, Wetzlar, 
Germany). The Pentacam map revealed an infe-
rior symmetrical well-delineated mild keratoco
nus, which was identified outside of the central 
zone that is typically evaluated by the standard 
central three-zone telecentric keratometry uti-
lized by IOL Master 700 to calculate Ks (Figures 2a 
and 2b).   

In view of the above findings, both the type 
and power of IOL implant had to be reconsi
dered. Given the diagnosis of keratoconus, the 
selection of a monofocal spherical IOL was con-
sidered from the perspective that it could provide 
satisfactory postoperative outcomes for vision. A 
spherically neutral IOL with uniform power 
throughout the lens compensating for common 
levels of decentration as well as reducing potential 
optical aberrations would optimize the outcomes 
due to the concomitant diagnosis of underlying 
keratoconus. Therefore, the decision was made 
for enVista (Bausch & Lomb, Rochester, NY, USA) 
IOL as the most suitable option (9). A number of 
IOL formulas were advised, which rendered simi-
lar IOL power numbers for an emmetropic to-
wards the first myopic result. 

Following an informed consent in view of our 
new findings and options, the patient had une
ventful phacoemulsification with monofocal 
enVista IOL implantation bilaterally in a sequen-

tial order. At one month postoperatively, his vision 
was subjectively excellent with no complaints of 
unwanted photic phenomena such as glare, halos 
or dysphotopsia. His unaided visual acuity at dis-
tance was 20/20 in both eyes and, surprisingly, he 
could easily preform a Jaeger 2 scale during his 
near vision test. This outstanding and unanticipa
ted near vision outcome may be possibly attribut-
able to changes in refraction caused by the infe
rior corneal steepening secondary to kerato- 
conus. q

DISCUSSION

The ideal goal for cataract surgery would be im-
plantation of IOLs that offer full refractive cor-

rection for variable distances to achieve the best 
outcomes for postoperative vision (1). Indeed, for 
clinicians, the practical utility of equipment for 
optimal decision making represents a challenging 
need (2, 3). 

FIGURE 1. IOL Master 700 central corneal topography maps:  
(a) right eye asymmetric colour appearance indicative of an irregular 
astigmatism; (b) left eye image fairly normal with a colour gradation 
towards higher dioptres inferiorly

FIGURE 2. Pentacam axial maps. Inferior symmetrical well-delineated 
mild keratoconus in both eyes identified outside of the central zone 
typically evaluated by standard central three-zone telecentric keratometry 
utilized by IOL Master 700; good correspondence with central corneal 
topography maps from Figure 1: (a) right eye; (b) left eye
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IOL Master 700 has been widely used in pre-
operative assessment for cataract surgery by pro-
viding biometric measurements for IOL power 
calculation. It also provides corneal curvature data 
obtained with telecentric keratometry from 18 re
ference points in hexagonal patterns at approxi-
mately 1.5, 2.4 and 3.2 mm optical zones around 
the center of the cornea, also incorporating a 
unique feature of color coded central corneal to-
pography (10). The color scale and hues of the 
central topography provide a useful tool for opti-
mal interpretation of the results. In particular, 
green represents 44 D, while the default color 
scale window for normal cornea ranges from 39 
to 49 D in 0.5-D steps with 21 colors. In cases of 
very steep/flat corneas, as well as highly aberrated 
or irregular cases, the color scale might differ. A 
major benefit of this feature is that central topo
graphy may be obtained during biometry mea-
surements with the same device (11). In our case, 
IOL Master 700 measurements indicated normal 
biometric and keratometric values, while the pa-
tient did not have any astigmatism preoperatively. 
Notably, astigmatism or refractive error had not 
been recorded previously during patient's annual 
thorough clinical evaluation as a fighter pilot as 
well. However, the central topography maps in 
preoperative assessment indicated corneal asym-
metry, and therefore, it alarmed us to proceed 
with a more extensive corneal evaluation. Further 
imaging by utilizing the Pentacam AXL (Pentacam 
AXL, Oculus Incorporation, Wetzlar, Germany) 
tomography maps revealed the underlying bila
teral keratoconus. After detecting the first Purkinje 
image, the rotating Scheimpflug camera of the 
Pentacam AXL (Pentacam AXL, Oculus Incorpora-
tion, Wetzlar, Germany) captures 138000 data 
points from the whole cornea and calculates the 
conventional keratometric values from the central 
3 mm zone, also providing a total cornea tomo-
graphic imaging, being today the reference stan-
dard for diagnosis and monitoring ectatic diseases 
(12). In view of the findings, we reconsidered the 
selection of both the type and power of IOL. 

One of the significant considerations during 
IOL choice in keratoconic eyes is the sphericity of 
both the cornea and IOL. Savini et al show that 
corneal asphericity can influence the refractive 
outcome following IOL implantation (13). Kerato-
conic eyes are steep and aspheric having a large 
negative Q value, hence adding an IOL with a 
negative Q value may not be the best option. In-

stead, adding an IOL with a Q value of 0 or with 
a positive Q value may have better refractive and 
visual outcomes. Patients with keratoconus and 
cataracts present also challenges to IOL calcula-
tions since accurate keratometry (K) and axial 
length measurements are difficult. Optical biome
try in eyes with KCN typically overestimates the 
corneal power and underestimates the IOL target 
power resulting in postoperative hyperopia (14). 
As a result, estimating corneal power and selec
ting IOL power is sometimes inaccurate or unable 
to be performed. In our case, the K values were 
well within normal eye average limits, with any 
corneal tomographic abnormality being away 
from the central 4 mm from the visual axis optical 
zone. So, we used the actual K values that were 
provided by our biometries, which is the advised 
option for eyes with a mean K of ≤ 55 D (14), 
targeting a close to zero towards myopia with 
good results. In addition, the contour of the kera-
toconic cornea renders it multifocal, but the visual 
axis is not at the apex of the cornea, which com-
monly generates asymmetric astigmatism, a chal-
lenge for refractive surgeons. Interestingly, our 
choice of monofocal IOLs in this case indicates 
the optimal visual outcomes postoperatively, thus 
providing evidence that the location of the sym-
metrical bilateral mild inferior keratoconus might 
have given the patient an enhanced depth of vi-
sion.  

A pivotal point to consider is that IOL 
Master 700 has demonstrated an excellent nega-
tive predictive value of 96% as a screening tool for 
selection of suitable corneas for premium IOLs 
(15). These results suggest that IOL Master 700 
may be able to detect a 'normal cornea' and 
hence, one may be able to proceed with a pre-
mium IOL implantation with good reliability. 
However, the relatively average sensitivity of 73% 
may suggest that the instrument may not be 100% 
reliable in diagnosing all cases of corneal irregula
rity or ectasia, as suggested by comparisons with 
the Pentacam map (15). In our case, IOL Master 
700 was able to detect a suspicious cornea and 
provided remarkable information for further eva
luation that could lead to precise details about the 
underlying pathology. However, to the best of our 
knowledge, the fairly new feature of central cor-
neal topography has not been evaluated in the 
screening of corneal pathology. Despite the fact 
that IOL Master 700 was not able to predict the 
accurate diagnosis of keratoconus, it provided 
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certain evidence for further investigation with a 
more thorough corneal assessment, where a Pen-
tacam – in our case – enabled the diagnosis and 
guided further management. Indeed, additional 
preoperative assessment might be useful for selec-
tion of premium IOLs with instruments measuring 
more than the central 3 mm such as a number of 
biometry devices do. On the contrary, Pentacam 
has the capability to provide measurements out-
side the central 3 mm and might be able to dia
gnose mild, otherwise not seen, subclinical kera-
toconus. However, IOL Master 700 central 
topography color mapping may represent a reliable 
additional screening tool for patients with suspi-
cious corneal characteristics that require further 
investigation for corneal pathology, ie, keratoco-
nus. q

CONCLUSION

In conclusion, our case highlights a number of 
points that someone has to consider when as-

sessing the suitability of patients for premium 
IOLs. IOL Master 700 central corneal topogra-
phy seems to be a reliable device in both dia
gnosing appropriate corneas and identifying sus-
picious corneal morphological findings that 
require further investigation. Scheimpflug tomo-

graphic maps, especially in both the version with 
the combined biometry and Pentacam AXL, pro-
vides safe and reliable information for any cor-
neal pathology that may influence premium IOLs 
outcomes. Additional data are warranted to es-
tablish the utility of IOL Master 700 as a scre
ening tool for detection of suspicious corneal 
morphology and ectatic diseases. However, the 
central topography maps certainly provide an 
additional safety toll when evaluating patient's 
eligibility for premium IOLs. In addition, the po-
tential multifocality of cone position merits a 
point in preoperative evaluation and type of IOL 
selection. Certainly, the prediction of potential 
beneficial effect of the cone in depth of focus 
remains difficult. However, in our case, the sym-
metrical off-visual axis and well demarcated 
cones provide a good clinical insight tool for fu-
ture studies and routine evaluation. q
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