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Cataract surgery in patients 
with keratoconus presents 
multiple challenges. To begin 
with, the decision of whether 
to perform surgery is not 
clear-cut, as it is often difficult 
to evaluate the cataract’s 
influence on the patient’s 

visual acuity. For this reason, surgeons may 
delay the decision to operate in many cases. 

To determine whether cataract extraction will 
offer substantial visual benefit, a diagnostic con-
tact lens trial with rigid lenses may assist, if the 
patient does not present with significant scars 
on the visual axis. This test regularizes irregular 
astigmatism, showing the real limitation placed 

on the patient’s vision by other factors such as cataract.
Once the decision to operate is made, IOL calculation and 

selection is the next challenge. The distortion of the cornea 
in keratoconic eyes makes IOL calculation more complex. 
However, the IOL calculation formulas applied are still the 
same as those used in nonkeratoconic eyes. The measure-
ment of high keratometry (K) values in keratoconic eyes is 
not always reliable, and results can vary depending on the 
technology used to calculate the value and where on the 
cornea the measurement is taken. 

TORIC IOL CONSIDERATIONS
Patients with keratoconus may be candidates for toric IOL 

implantation, which presents a further challenge due to the 
presence of high amounts of irregular astigmatism associated 
with corneal toricity. The challenge increases when such eyes 
have undergone previous corneal surgeries, such as intrastro-
mal corneal ring segment (ICRS) implantation or CXL.

Modern toric IOLs have shown excellent efficacy, predictabil-
ity, and safety in correcting astigmatism at the time of cataract 
surgery in eyes with normal corneas and regular astigmatism. 

Clinical studies have shown significantly better UDVA and 
refractive astigmatism outcomes after toric IOL implantation 
compared with spherical IOL implantation in eyes with cylin-
der powers of 1.50 D or higher. However, there are few pub-
lished articles on toric IOL performance in keratoconic eyes.1-10

The cornea in a keratoconic eye is multifocal, and the visual 
axis is not at the apex of the cornea but on the slope of the 
cone.11 Thus, K readings may be artificially high for the purposes 
of IOL calculation. It is necessary to remember that the software 
used in the various toric IOL calculators is calibrated and vali-
dated based on data from normal nonkeratoconic eyes with 
regular astigmatism, in which the apex of the cornea in most 
cases is almost or totally coincidental with the visual axis.8 

Considering this, toric IOL implantation should be used 
mainly in eyes with mild to moderate nonprogressive kera-
toconus with adequately regular astigmatism in the central 
4 mm of the cornea.2,8-10 

GRADING SYSTEM
Our research group has devised a keratoconus grading sys-

tem called Redes Temáticas de Investigación Cooperativa en 
Salud (RETICS; Thematic Networks of Cooperative Research 
in Health). This classification is mainly based on CDVA but also 
includes some aberrometric parameters such as root-mean-
square, coma-like, internal astigmatism, and asphericity.12 
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• The distortion of the cornea in keratoconic eyes 
makes IOL calculation more complex.

• For cataract surgery in keratoconic eyes, the best 
approach includes proper patient selection, IOL 
calculation with use of topography and optical 
biometry, use of a MICS technique, and toric IOL 
implantation in well-selected cases.
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The RETICS grading system provides functional classifica-
tion of visual acuity. According to this system, illustrated 
above, cataract surgery with toric IOL implantation can be 
performed in grade 1 eyes and selected grade 2 eyes (Figures 
1 and 2). For eyes with other grades, a corneal reshaping 
procedure such as ICRS implantation should be attempted 
before cataract surgery.  

IOL CALCULATION IN THE KERATOCONIC EYE
The SRK II formula has been used for IOL power calcula-

tion in patients with keratoconus.9 Some surgeons choose K 
values obtained with the Pentacam (Oculus Optikgeräte) for 
IOL calculation; however, for these eyes, manual keratometry 
(Javal-Schiotz) may be used to obtain accurate determination 
of the axis of corneal astigmatism, and the SRK/T may be the 
preferred formula.2 

In the largest series of refractive lens exchange in patients 
with keratoconus,13 IOL power was calculated using ultra-
sound biometry with the Humphrey 820 (Allergan) and the 
Holladay 2 formula, targeting residual myopic astigmatism. 
K readings were obtained using axial topographic maps. The 
dioptric power of the steepest meridian over the central  
3 mm of the cornea was considered K2, and the dioptric 
power of the flattest meridian over the central 3 mm of the 
cornea was considered K1. Each meridian power was calculat-
ed by averaging its two semi-meridian values, always consider-
ing the central 3 mm.13 

In a series of two eyes with forme frustre keratoconus, 
IOL calculation was performed using axial length measured 
by IOLMaster (Carl Zeiss Meditec), K readings from the 
Orbscan II (Bausch + Lomb), and the SRK II formula.8,14 

Clearly, there is disparity among authors regarding the 
best method for IOL calculation in patients with keratoco-
nus. In any case, the preferred measurement instruments 
are optical interferometry for axial length measurement and 
corneal topography for K readings. 

In our own study,10 we had the impression that, when 
corneal shape is greatly altered, the deformity of the anterior 
and posterior cornea is likely similar; therefore, the posterior 
cornea may not influence IOL calculation as much as was pre-
viously thought. 

In this case series, the SRK/T formula seemed to provide 
better results than the Hoffer Q.10 By contrast, another 

Figure 1.  Topography maps of the right (A) and left (B) eyes of a patient with bilateral moderate stable keratoconus. The right eye 

refraction is -4.50 -4.00 X 45º with a historical CDVA of 0.98 (decimal scale). The left eye refraction is -4.25 -3.00 X 155º with a historical 

CDVA of 1.0. According to the RETICS grading system, this patient is a good candidate for cataract surgery with toric IOL implantation. 

RETICS 
GRADING 
SYSTEM

Grade 1: Eyes with a decimal CDVA better than 0.9

Grade 2: Eyes with CDVA >0.6 and ≤0.9

Grade 3: Eyes with CDVA >0.4 and ≤0.6

Grade 4: Eyes with CDVA ≤0.4 

Grade plus: Eyes with CDVA <0.2

A B



ED
IT

O
R

IA
L 

SP
O

TL
IG

H
T

20 CATARACT & REFRACTIVE SURGERY TODAY EUROPE | MARCH 2017

group of authors analyzed the difference between the ideal 
and the calculated IOL power with the SRK, SRK II, and 
SRK/T formulas, and the most accurate IOL power was 
found with the SRK II.1 

Formulas that take into consideration axial length and other 
factors that help to predict effective lens position (ELP), such 
as the Holladay 2, should be more accurate. It is hoped that 
new ray-tracing formulas that assess total corneal power, tak-
ing into account posterior corneal surface astigmatism, will 
help us to improve predictability in these difficult eyes even 
more in the future. However, recent studies have not dem-
onstrated better outcomes using these formulas in nonkera-
toconic eyes.15,16 Larger series are needed to help elucidate 
which formula performs best. 

LENS SURGERY IN KERATOCONIC EYES
It is extremely important to avoid surgically induced astig-

matism (SIA) in keratoconic eyes. Microincision cataract sur-
gery (MICS) may be the preferred approach in these eyes, as 
incisions larger than 2.2 mm may induce variable amounts of 
SIA, leading to more unpredictable outcomes.17-19 Other fac-
tors that can affect SIA are preoperative corneal astigmatism, 
suture use, and patient age.20,21

Our research group recently published the results of MICS 
in a series of keratoconic eyes.10 Surprisingly, in most papers 
published to date, the incisions used to perform surgery have 
been larger than 2.2 mm, and only two studies used an inci-
sion size of 2.2 mm or smaller.2,10 Other authors have reported 
use of 2.7- and 3.2-mm scleral tunnel incisions8,12 and 2.8- and 
3.2-mm corneal incisions.9,14 However, it is important to 
emphasize that large corneal incisions must be avoided in ker-
atoconus due to their weakening effect in these already-weak 
corneas. The smaller the corneal incision, the better. 

Some manufacturers’ toric IOL calculators consider the 

relation between cylinder power at the IOL plane and at the 
corneal plane as a fixed value.22,23 This is a significant error 
because the effective cylinder power of the IOL at the corneal 
plane is a function of the ELP and the spheroequivalent power 
of the IOL. The IOL cylindrical and spherical powers must first 
be converted into the two principal lens powers, after which 
both lens powers are calculated to the corneal plane using a 
standard vertex formula. The difference between both lens 
powers at the corneal plane should be used to select the most 
appropriate IOL cylinder power.3

Results. Cataract surgery with toric IOL implantation 
in patients with keratoconus can yield good outcomes. 
Nanavaty et al8 reported excellent results, with postoperative 
UDVA of 20/40 or better in 75% of eyes and reduction in 
cylinder from 3.00 ±1.00 D preoperatively to 0.70 ±0.80 D. 

Leccisotti13 reported worse outcomes in his series of clear 
lens extraction and toric IOL implantation: IOL exchange sur-
gery was needed in 11 cases (32%) because the IOL power was 
not accurate due to the limitations of ultrasound biometry. At 
12 months, mean spherical equivalent (SE) was -1.31 ±1.08 D, 
and mean defocus equivalent was 1.94 ±1.57 D. Further, 
22 eyes (65%) were within ±2.00 D of defocus equivalent, 
16 (47%) within ±1.00 D, and three (9%) within ±0.50 D. The 
safety index was 1.38, and the efficacy index was 0.87.

In a series of 19 keratoconic eyes undergoing refractive lens 
exchange, Jaimes et al9 reported that mean sphere decreased 
from -5.25 ±6.40 D preoperatively to 0.22 ±1.01 D postoperative-
ly (P<.001). Mean preoperative cylinder and SE were 3.95 ±1.30 
and -7.10 ±6.42 D, respectively, improving to 1.36 ±1.17 and -0.46 
±1.12 D after surgery (P<.001). Mean UDVA was 1.35 ±0.36 D 
preoperatively and 0.29 ±0.23 D after surgery (P<.001). 

Thepatiphat et al1 reported a mean improvement in CDVA 
of 4 lines and a slight improvement in UDVA from 0.71 ±0.41 
to 0.63 ±0.47 D; most of these patients were rigid contact lens 
wearers both before and after surgery. 

Our research group recently published the largest series of 
MICS with toric IOL implantation in keratoconic eyes (n=17).10 
Statistically significant improvements from pre- to postopera-
tive were seen in cylinder, defocus equivalent, UDVA, and 
CDVA. Keratometry remained stable due to the neutral effect 
of the MICS incisions. Nine eyes (60%) achieved a postopera-
tive UDVA of 20/30 or better. The efficacy and safety indexes 
were 1.17 ±0.66 and 1.38 ±0.58, respectively. Figure 3 shows the 
change in Snellen lines of CDVA versus percentage of eyes and 
the visual efficacy results. In Figure 4, the postoperative SE distri-
bution and the attempted versus achieved refraction are shown. 
The black line corresponds to the fit line of the complete group.

According to the literature reviewed above, toric IOL 
implantation at the time of cataract surgery in keratoconic 
eyes can reduce preoperative cylinder and improve refrac-
tion. However, the predictability achieved is worse than and 
not comparable with the predictability reported in eyes with 
normal corneas.3,4,24-34

Figure 2.  A patient with cataract and steep keratoconus  

with contact lens intolerance. The right eye refraction is  

-1.00 -2.00 X 40º (CDVA: 0.4). In this case and in using the RETICS 

grading system, ICRS implantation to improve corneal regularity 

and decrease the coma aberration, followed by cataract surgery 

with toric IOL implantation, was recommended. 
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CONCLUSION
Cataract surgery in keratoconic eyes can improve patients’ 

refraction and quality of life. To achieve a satisfactory out-
come, proper patient selection, IOL calculation with use of 
topography and optical biometry, use of a MICS technique, 
and toric IOL implantation in well-selected cases comprise 
the best approach. Eyes with posterior keratoconus present 
additional unique challenges.33 n
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Figure 3.  The change in Snellen lines of CDVA versus  

percentage of eyes (A) and the results for visual efficacy (B).

Figure 4.  The postoperative spherical equivalent distribution 

(A) and attempted versus achieved refraction (B). In B, the black 

line corresponds to the fit line of the complete group.
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