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Cataract in keratoconus: Six‑month results and a comparison of 
standard intraocular lens power calculation formulas
Reeda B. Said1,2, Chahid Farah1,2, Wassef Chanbour3, Elias Jarade1,2,4

Abstract:
PURPOSE: To report the results of cataract surgeries in keratoconus patients at 1 and 6 months postoperatively, 
and to compare the standard intraocular lens (IOL) calculation formulas in this population.

METHODS: This is a retrospective study, carried out in 44 eyes of 26 patients known to have keratoconus who 
underwent cataract surgery at Beirut Eye and ENT Specialist Hospital between 2010 and 2021. The patients were 
divided into groups based on Dr Jarade updated algorithm. Visual acuities before and after cataract surgery, at 
1 and 6 months were recorded, as well as spherical equivalent. The difference between the expected spherical 
equivalent with each formula was subtracted from the actual resultant refraction, and its absolute value deduced. 
The means of the values were calculated and the 4 standard formulas (SRK/T, SRK/II, Holladay, and Hoffer 
Q) were compared.

RESULTS: Six eyes had similar topographic and manifest axes (category 1) and underwent toric IOL 
implantation. Corrected distance visual acuity (CDVA) at 1 and 6 months was 0.2 and 0.1 logMAR, respectively. 
26 eyes had mismatching axes and had monofocal IOL placement. CDVA at 1 and 6 months was 0.3. Six eyes 
required intrastromal corneal ring placement before operating (category 3). CDVA was 0.3 and 0.2 at 1 and 
6 months, respectively. Regarding category 4, requiring keratoplasty and cataract extraction, CDVA was 0.4 at 
both follow‑ups. No statistically significant difference was found between the different formulas.

CONCLUSION: Categorization of keratoconus patients gave favorable results after cataract surgery. No 
superior IOL formula was found.
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IntRoductIon

Keratoconus is a progressive form of corneal 
ectasia for which an etiology has not been 

fully elucidated.[1] And as the name implies, it’s 
characterized by conical changes to the shape of 
the cornea, with associated thinning and irregular 
astigmatism and resultant visual disturbances. It 
affects both eyes, though commonly in variable 
proportion. It affects both males and females, 
with predilection for the Asian population relative 
to Caucasians.[1] Different modalities have been 
employed for stabilization, most notably collagen 
crosslinking,[2] and visual rehabilitation. The latter 
have classically ranged from the least invasive 
to the most, including spectacles, contact lenses, 

intrastromal corneal ring segments (ICRS),[3] 
implantable collamer lenses,[4] refractive cataract 
surgery (clear lens extraction), and penetrating 
keratoplasty (PKP)[5] in advanced disease.

As life expectancy has increased,[6] and with 
advancement in the techniques of cataract 
extraction, the incidence of cataract surgery has 
steadily surged.[7,8] With this, the postoperative 
refractive expectations have also increased.[9] 
Keratoconus patients are no strangers to this. 
In fact, it has been shown that cataract occurs 
earlier and more frequently in this population.[10] 
It’s more challenging, however, to achieve target 
results for these patients for multiple reasons. 
These have included abnormality in the tear film 
and corneal mutifocality[11] that may affect the 
topographic measurement, which is paradigm 
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in the preoperative evaluation. It can also be affected by 
previous surgical manipulation of the cornea as mentioned 
before. Moreover, the relationship between the anterior and 
posterior corneal surfaces differs from the norm.[12] This affects 
the calculation of lens power, which is also determined by 
estimated lens position, affected in turn by the longer axial 
length and anterior chamber depth in keratoconic patients.[13] 
Therefore, standard intraocular lens (IOL) calculation formulas 
have given variable results, leading to hyperopic surprises in 
many cases.[13]

This study was conducted to report the results of cataract 
surgeries in keratoconus patients at 1 and 6 months 
postoperatively, and to compare the standard IOL formulas 
in this population.

Methods

This is a retrospective study, carried out in patients known to 
have keratoconus who underwent cataract surgery at Beirut Eye 
and ENT Specialist Hospital (Beirut, Lebanon). The database 
was accessed for patients with stable keratoconus undergoing 
surgery between January 2010 and January 2021. To note that 
all patients were older than 18 years of age and had cataract 
surgery in one or both eyes.

Forty‑four eyes of 26 patients fulfilled these criteria. Visual 
acuity before and after cataract surgery, at 1 and 6 months 
were recorded, as well as spherical equivalent. Preoperatively, 
topgraphic findings were recorded from the WaveLight® 
Allegro Oculyzer™ (WaveLight, GmbH, Erlangen, Germany), 
and biometric findings from the IOL Master 700 (Carl Zeiss 
Meditec AG). The Amsler‑Krumeich classification was used 
to help classify the patients. History of previous keratoconus 
treatment was recorded.

In adherence with Dr. Jarade’s algorithm[14] for cataract 
management in keratoconus, eyes with advanced ectasia and/or 
scarring underwent combined cataract surgery with PKP or 
deep anterior lamellar keratectomy (DALK). On the other hand, 
eyes with a history of good preoperative corrected distance 
visual acuity (CDVA) before the development of catarctous 
changes, underwent cataract surgery with implantation of 
an aspheric monofocal IOL, in case of significant difference 
between the astigmatism axes of the manifest refraction and the 
topography, or a toric IOL if these axes match. Other patients 
with low CDVA that could benefit from ICRS, underwent ring 
segment implantation ahead of cataract surgery.

All surgeries were performed by a single surgeon (E. J.) and 
the cataract surgeries were either performed through a clear 
corneal wound by phacoemulsification or open‑sky when 
combined with PKP. Location of IOL and any complications 
were noted. In cases of suboptimal visualization during cataract 
surgery, a customized rigid gas permeable lens was used to 
decrease distortions.[15]

Uncorrected distance visual acuity (UDVA) and CDVA were 
recorded using the logMAR scale and compared at 1 and 

6 months with preoperative VA. Statistical calculations for 
means were performed using descriptive statistics on MS Excel 
2016. The difference between the expected spherical equivalent 
with each formula was subtracted from the actual resultant 
refraction, and its absolute value deduced. The means of the 
values were calculated (mean predictive error and mean absolute 
error, respectively). The four standard formulas (SRK/T, SRK/II, 
Holladay, and Hoffer Q) were compared based on these results 
using the Welch analysis on IBM SPSS Statistics for Windows, 
version XX (IBM Corp., Armonk, N.Y., USA).

Results

Forty‑four eyes of 26 patients were included in this study. The 
overall average patient age at time of surgery was 60.3 years. 
Average axial length, mean keratometry (Km), and central 
corneal thickness are recorded in Table 1. Preoperatively, 
UDVA mean was 1.2, and the mean CDVA was 0.6. After 
cataract surgery, UDVA improved significantly to 0.6 at 
1 month and remained as such at 6 months. Similarly, CDVA 
improved postoperatively at 1 and 6 months to 0.3. The average 
spherical equivalent also improved from − 6.51 before surgery 
to − 0.53 at 1 month and − 0.83 at 6 months. The average 
corneal preoperative astigmatism was 3.81. The average 
postoperative astigmatism at 6 months was 2.84. Moreover, 
the more prevalent astigmatism was with the rule (20 eyes, 
45.4%), whereas 16 eyes (36.4%) had against‑the‑rule, 
and 8 eyes (18.2%) had oblique astigmatism. No surgical 
complications were reported.

Patients  were divided according to Dr.  Jarade’s 
algorithm (updated), as shown in Figure 1. Visual acuity at 1 
and 6 months is reported in Table 2 for the different categories.

Mild keratoconus and stable topography
Thirty‑two eyes had stable topography with good CDVA. Of 
these, six fulfilled the criterion of category 1 having similar 
topographic and manifest axes. They underwent cataract 
extraction with toric IOL implantation. CDVA at 1 and 
6 months was 0.2 and 0.1, respectively. The remaining 26 eyes 
included eyes in the 4 Amsler stages. These had mismatching 
axes and thus cataract extraction was accompanied by 
monofocal IOL placement. CDVA at 1 and 6 months was 0.3, 
improving from 0.5 before surgery.

Moderate and severe keratoconus
The remaining 12 eyes were divided equally between category 
3, requiring intrastromal corneal ring placement before 
operating, and category 4 showing advanced disease, with 
or without corneal scars, requiring combined keratoplasty 
and cataract extraction. For category 3, the mean spherical 
equivalent before surgery was − 5.65 and decreased to +0.33 
at 1 month and stabilized at +0.55D at 6 months. This was 
accompanied by an improvement in UCVA from 1 logMAR 
before surgery to 0.6 at 6 months postoperatively, with 
comparable CDVA of 0.2 logMAR before and 6 months 
after surgery. Regarding category 4, spherical equivalent 
postoperatively was +2.15 and +2.35 at 1 and 6 months 
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respectively, with CDVA of 0.4, an increase from 1.2 before 
the “triple procedure.”

Considering the overall values, no statistically significant 
difference was found between the different formulas (P > 0.05) 
with regard to mean predictive [Table 3] and absolute 
error [Table 4]. Most formulas resulted in a hyperopic shift 
postoperatively, except SRK‑2 showing mean myopic results 
after cataract surgery.

Of note, we report a case in category 4, which underwent 
combined cataract surgery with DALK procedure. Preoperative 

UDVA was 1 logMAR with nonmeasurable refraction. 
Standard k readings were employed for IOL calculation. At 
1 and 6 months postoperatively, CDVA was 0.5. The patient 
was followed over a year after which vision improved to 0 
logMAR with only 1 diopter of astigmatism.

dIscussIon

Cataract occurrence in patients with keratoconus presents 
a disturbance in the visual acuity in patients with basic 
suboptimal vision and a challenge to ophthalmologists 

Figure 1: Dr. Jarade’s updated algorithm for the management of cataract in eyes with keratoconus. CVDA: Corrected distance visual acuity, IOL: 
Intraocular lens, ICL: Implantable collamer lens, ICRS: Intrastromal corneal ring segments, PKP: Penetrating keratoplasty

Table 1: Average age at time of surgery, as well as preoperative measured axial length, mean keratometry, and central 
corneal thickness, divided according to the 4 categories of keratoconus and staged based on Amsler classification
Average Category

1 2 3 4
Stage 2 Stage 3 Stage 1 Stage 2 Stage 3 Stage 4 Stage 2 Stage 3 Stage 4 Stage 4

Number of eyes 5 1 9 5 6 6 3 1 2 6
Age at surgery (years) 56.5 62.49 46.5 66.17
AL (mm) 24.49 25.8 24.6 24.7
Preoperative Km (D) 45.37 49.58 49.52 66.73
Central corneal thickness (micons) 492.5 461.2 458.2 399
Km: Keratometry, AL: Axial length
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targeting good refractive outcomes. IOL power calculation 
in this population has multiple hurdles, most importantly 
accurate measurement of k readings, but also of axial length.[16] 
Depending on the stage of keratoconus, ectasia can affect Km 
measurements to a variable degree. Moreover, the assumed 
index of refraction in normal corneas cannot be applied in 
ectatic ones due to different relationships between anterior 
and posterior corneal surfaces.[16]

All four categories, divided as such as per Dr. Jarade’s 
updated algorithm [Figure 1], had favorable visual 
outcomes. Thebpatiphat et al. conducted a retrospective 
case series with 12 eyes in 2007 and found similar results 
when dividing the patients into three categories based on 
mean Km.[17] The mean postoperative CDVA in this study 
was 0.2 logMAR.

Cataract surgery with implantation of toric IOL has been 
previously described in mild keratoconus[18] with good visual 
acuity results. We share these results and recommend toric IOL 
placement in patients with stable topography and matching 
refractive and topographic axes. On the other hand, patients 
with irregular astigmatism, are more likely to benefit from 
spherical monofocal IOL implantation.

ICRS followed by IOL implantation has been described in 70 
eyes with good visual outcomes.[19] We found similar results 
in category 3 of our patients. Moreover, the improvement of 
corneal astigmatism in 1 eye after ICRS, allowed placement 
of a toric IOL.

In cases of very advanced disease (corneal scarring, hydrops), 
combined procedure was done to remove the diseased 

Table 2: Average spherical equivalent, uncorrected distance visual acuity in logarithm minimum angle of resolution, and 
corrected distance visual acuity, at baseline before surgery, and at 1 and 6 months after surgery
Average Category

1 2 3 4
Stage 2 Stage 3 Stage 1 Stage 2 Stage 3 Stage 4 Stage 2 Stage 3 Stage 4 Stage 4

Number of eyes 5 1 9 5 6 6 3 1 2 6
Preoperative means

SE (D) −3.35 −7.06 −5.65 −7.33
UDVA (logMAR) 0.5 1.2 1 1.42
CDVA (logMAR) 0.46 0.5 0.2 1.2

Postoperative means
1 month

SE (D) 0.75 −1.32 0.33 2.15
UDVA (logMAR) 0.2 0.5 0.7 0.7
CDVA (logMAR) 0.1 0.3 0.3 0.4

6 months
SE (D) 0.96 −1.88 0.55 2.35
UDVA (logMAR) 0.2 0.6 0.6 0.7
CDVA (logMAR) 0.1 0.3 0.2 0.4

SE: Spherical equivalent, UDVA: Uncorrected distance visual acuity, CDVA: Corrected distance visual acuity, LogMAR: Logarithm minimum angle of 
resolution

Table 3: Mean predictive error of the 4 formulas at 1 and 6 months with 2 standard deviations, divided according to the 
4 categories of keratoconus
Average Category P

1 2 3 4
Number of eyes 6 26 6 6
Mean predictive error, months (D±2×SD)

SRK/T
1 0.94±2×1.15 0.11±2×2.31 0.85±2×0.88 2.36±2×3.27 0.43
6 1.44±2×1.83 0.17±2×1.88 1.07±2×0.63 2.69±2×3.35 0.64

Srk2
1 0.54±2×1.73 −2.28±2×2.37 0.31±2×0.30 2.03±2×3.59 0.43
6 1.04±2×2.47 −1.94±2×2.16 0.35±2×0.28 2.37±2×3.45 0.37

Hoffer Q
1 1.225±2×0.61 0.59±2×2.39 1.22±2×1.20 2.7±2×3.35 0.22
6 1.73±2×1.24 0.54±2×2.11 1.44±2×0.99 3.03±2×3.54 0.24

Holladay 1
1 1.24±2×1.07 0.53±2×2.55 1.06±2×1.12 2.53±2×3.29 0.23
6 1.74±2×1.62 0.24±2×3.08 1.28±2×0.93 2.86±2×3.43 0.43

No significant difference was found (P>0.05). SD: Standard deviation, SRK II: Sanders‑Retzlaff‑Kraff formula
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cornea (either by penetrating[20] or deep anterior lamellar 
keratoplasty[21]) and cataract. This would be done either by 
open‑sky technique or phacoemulsification. This “triple 
procedure” was preferred over sequential approach for faster 
visual rehab.[20] The six eyes undergoing this procedure had 
good short‑and long‑term results.

Studies have showed that IOL calculation formulas usually 
result in hyperopic error, with less predictability as ectasia 
worsens.[13] This matches with the results of our study except 
for SRK2 which gave a more myopic result. There has been 
some controversy regarding the IOL formula preferred in 
this population.[13,15] Some argued that SRK2 may be more 
accurate in mild disease, others found SRKT to be overall 
more precise in keratoconus. Our study found no statistically 
significant difference between the different formulas in 
the four categories of the disease. A bigger sample would 
be needed to find if one of these formulas is superior in 1 
category or another.

While reports have described complications of clear corneal 
incision in keratoconus,[10,22] including the possibility of 
progression of ectasia, no significant complications were 
reported in our study population. Moreover, at 6 months 
postoperatively, patients had stable visual acuity.

Our study was limited by the number of patients and therefore 
further studies with a bigger sample and longer follow‑up are 
warranted. Despite good visual outcomes, patients should be 
always made well aware of the potential residual ametropia 
postoperatively and the possible need of spectacles, contact 
lenses, or implantable collamer lenses.[14]

conclusIon

We conclude that, in light of the above results in this study 
population, no superior IOL‑calculation formula was found 
in keratoconus patients with cataract. 6‑month follow‑up of 

patients divided according to the aforementioned algorithm 
maintained favorable visual outcomes emphasizing the 
importance of appropriate selection and categorization.
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