
One of the most important refractive problems 
following penetrating keratoplasty (PK) is astigma-
tism. Despite a clear graft, post-PK high astigmatism 
may significantly deteriorate the refractive outcomes. 

Studies have reported regular astigmatism in 24% 
and irregular astigmatism in 72% after PK.1 One 
study revealed that cylindrical refractive errors more 
than 3-4 diopters were not tolerated by patients and 
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ABS TRACT Phacoemulsification and implantation of a customized 
toric intraocular lens (IOL) Acriva BB T UDM 611 was performed in 
3 eyes of 3 patients with cataract and more than 13 diopters of astig-
matism after penetrating keratoplasty at least 6 months after complete 
suture removal. Pre- and postoperative uncorrected and corrected vi-
sual acuity, manifest refractions, corneal topographies, autorefracto-
metric keratometry values, posterior segment examinations and 
intraocular pressure measurements were performed in all patients. The 
corneal astigmatism was a relatively regular bow-tie pattern in all three 
patients. Astigmatic changes were also evaluated. No complications 
were observed during surgery or at follow-up. Customized toric IOL 
implantation seems to be a predictable and safe procedure in patients 
with cataract and high astigmatism after penetrating keratoplasty. 
Longer follow-up is required to confirm these predictable clinical re-
sults, particularly with regard to IOL misalignment and bag stability. 
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ÖZET Penetran keratoplasti sonrası kataraktı ve 13 diyoptriden fazla 
astigmatizması olan 3 hastanın 3 gözüne, sütürlerin tamamen alınma-
sından en az 6 ay sonra fakoemülsifikasyon ve kişiye özelleştirilmiş 
torik göz içi lensi (GİL) “Acriva BB T UDM 611” implantasyonu ya-
pıldı. Tüm hastaların ameliyat öncesi ve sonrası düzeltilmemiş ve dü-
zeltilmiş görme keskinlikleri, manifest refraksiyonları, kornea 
topografileri, otorefraktometrik keratometri değerleri, arka segment 
muayeneleri ve göz içi basınç ölçümleri yapıldı. Ameliyat sonrası öl-
çümler ve komplikasyonlar kaydedildi. Korneal astigmatizma her üç 
hastada da nispeten düzenli bir papyon modeliydi. Astigmatik değişik-
likler de değerlendirildi. Ameliyat sırasında veya takipte herhangi bir 
komplikasyon gözlenmedi. Penetran keratoplasti sonrası katarakt ve 
yüksek astigmatizması olan hastalarda özelleştirilmiş torik GİL im-
plantasyonu öngörülebilir ve güvenli bir prosedür gibi görünmektedir. 
Bu öngörülebilir klinik sonuçların, özellikle de GİL rotasyonu ve kap-
süler bag stabilitesi açısından doğrulanması için daha uzun süreli ta-
kiplere ihtiyacı vardır. 
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that binocular vision was affected as a result of high 
anisometropia.2 Many refractive methods such as 
laser in situ keratomileusis, photorefractive keratec-
tomy, astigmatic keratotomy, wedge resection, 
corneal ring, traction suture have been described for 
the treatment of astigmatism after PK.3-9 However, 
these methods have low predictability and can cause 
serious complications. Although there are a limited 
number of publications in the literature on cylindrical 
toric intraocular lens (IOL) implantations of more 
than 13 diopters, there are no publications regarding 
the plate haptic foldable IOL implantation in these 
values, which we used in our cases. 

 CASE REPORT 
Three patients with cataract who had previously un-
dergone PK were included. All participants gave in-
formed consent before the study and the tenets of the 
Declaration of Helsinki were followed. In all three 
cases the grafts were clear. None of the cases had un-
dergone refractive or other ophthalmic surgery after 
PK. Complete suture removal took at least 6 months. 
The corneal astigmatism was a relatively regular 
bow-tie pattern (Figure 1). 

Preoperative uncorrected and corrected visual 
acuity, manifest refractions, corneal topographies 

(Obscan 2, Bausch & Lomb Surgical), autorefrac-
tometry keratometry values, IOL master 500 (Carl Zeiss 
Meditec, Germany) keratometry values, posterior seg-
ment examinations and intraocular pressure measure-
ments were performed in all patients. Pre- and 
postoperative cylinder magnitudes and axes were used 
to calculate vectorial analyses including target induced 
astigmatism vector, surgically induced astigmatism vec-
tor, difference vector and correction index of the cases 
using the AstigMATIC software program (Figure 2).10 

The spherical calculation of the toric IOL was 
performed using the IOL Master 500, and the cylindri-
cal and axial calculations were performed using the rec-
ommended calculation formula on the IOL 
manufacturer’s website (www.easytoriccalculator.com-
AcrivaUD Easy Toric Calculator software for calcula-
tion of refractive power recommended by VSY 
Biotechnology BV). Customized intraocular lenses 
manufactured by the same company were implanted 
in all cases (Acriva BB T UDM 611, VSY Biotech-
nology, Türkiye). IOL power was calculated using 
the Haigis and SRK-T formulae together with ker-
atometry values obtained from the IOL Master 500 
and corneal topography. 

All surgeries were performed by a single sur-
geon through a 2.2 mm clear corneal incision using a 

FIGURE 1: Preoperative corneal topography of the case 1, case 2 and case 3, respectively.

FIGURE 2: Vectorial analysis of the case 1, case 2 and case 3, respectively.
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standard phaco procedure under topical anaesthesia. The limbus was 
marked at 3-9 and 6-12 o’clock with a coloured edge spatula using the slit 
lamp light just before surgery. Fourteen, 17 and 16 dioptres Acriva BB T 
UDM 611 (VSY Biotechnology, Türkiye) intraocular lenses were im-
planted at 25, 120 and 60 degrees axis, respectively. Cataract surgery was 
performed without any complications.  

Pre- and postoperative ocular measurements, demographic character-
istics and anterior segment photographs of the patients are shown in Table 
1 and Figure 3. 

A total of 3 patients with a mean age of 43±12.5 years were included 
in the study. Pre- and postoperative demographic and ocular characteristics 
of the patients are shown in Table 1. Mean BCVA was logMAR 1.2±0.17 
preoperatively and increased to logMAR 0 postoperatively. The mean 
spherical equivalent was 1.8±0.66 diopters at 1 month postoperatively. The 
mean corneal astigmatism was 2.2±1.04 diopters and the mean manifest 
refraction was 0.8±0.14 diopters in the first postoperative month. In the 
first postoperative month, near vision was at J1 level with +1.00 diopter 
correction in 2 cases and at J1 level without correction in the other case. 
The mean IOL rotation at 1 month was 6.0±2.0 degrees. These rotation val-
ues were measured with the toriCAM (Apple iOS) smartphone application 
at 1 month postoperatively. 

 DISCUSSION  
In the treatment of high astigmatism after PK, both ciliary sulcus-placed 
toric IOLs in pseudophakic cases and customized foldable IOLs combined 
with cataract surgery have been reported to be safe and effective. In the 
same study, the authors reported successful results with the use of a fold-
able three-piece silicone IOL with Z-shaped haptics and sharp-edged optic 
(Torica-s IOL, Humanoptics, Erlangen, Germany) for 12.63 and 12.67 
diopters of corneal astigmatism in 2 of the cases.11 However, this IOL re-
quires a 3.5 mm corneal incision due to its design and has the potential to 
cause surgical astigmatism. However, these toric intraocular lenses are now 
available in a foldable C-loop shape and hydrophilic acrylic one-piece 
cylinder up to 30 diopters and it has become possible to implant them 
through smaller incisions. The toric IOL used in our study has a plate hap-
tic shape and can be implanted into the capsule through a 2.2 mm corneal 
incision using an injector system. Therefore, surgical astigmatism was min-
imised with a 2.2 mm corneal incision. 

Swampillai et al. reported very successful results in patients with more 
than 3 dioptres of astigmatism after PK and also with ocular comorbidi-
ties.12 de Sanctis et al. reported successful results using a customized fold-
able hydrophilic T-flex 623T toric IOL in three patients with astigmatism 
between 6.75 and 8.75 diopters after PK.13 As mentioned above, success-
ful results can be achieved both after PK surgery and with high regular 
astigmatism occurring for any reason with the use of customized toric in-
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traocular lenses produced by some companies in dif-
ferent designs and materials. In our study, we ob-
tained very successful results in 3 post-PK cases with 
regular corneal astigmatism using a plate-haptic toric 
IOL made of hydrophilic acrylic material (Acriva 
UDM T 611, cylindrical values of the cases were 
15,5, 13,5 and 14,5 diopters, respectively). In the 
range of intraocular lenses we use, there is a cylin-
drical production of up to 10 dioptres. The company 
has made these lenses for our cases in a special pro-
duction. 

The rotation that can occur after implantation of 
a toric IOL can cause a change in cylindrical power. 
Small rotations do not affect the astigmatic power, 
but larger rotations reduce the power of the IOL, for 
example, the correction effect is eliminated when the 
IOL is rotated more than 30 degrees.14 Therefore, 
larger rotations, generally 10 degrees, require surgi-
cal intervention to reposition the IOL.15 In our cases 
an average rotation of 6° on the axis was observed 
during the follow-up periods. The plate haptic struc-
ture of the lens and its contact with the capsule at 4 
points may have been effective in this condition. 

Pellegrini et al. reported a mean BCVA of 20/25 
after cataract and toric IOL implantation in a series of 
37 patients who underwent DALK and PK.16 In the 
study by Lackington et al, 20/40 BCVA was achieved 
in 93.3% of patients after cataract and toric IOL im-
plantation in patients performed DALK and PK, 
while in the study by Wade et al, 20/30 BCVA was 
achieved in 90% of patients after PK.17,18 In our case 
report study, although the number of patients was 
much smaller, 20/20 BCVA was achieved in the post-
operative period. 

There are increasingly effective techniques for 
managing corneal astigmatism at the time of cataract 
surgery. Careful preoperative and intraoperative as-
sessment of corneal astigmatism using new tech-
nologies is likely to improve surgical outcomes for 
astigmatic correction in cataract surgery. The role of 
toric IOLs will become more important with time. In 
conclusion, we believe that in cases of high, relatively 
regular astigmatism and cataract after PK, customized 
toric intraocular lenses are a good option for postoper-
ative refractive status. Considering that our results 
were obtained at 1 month postoperatively, it should 
be known that longer follow-up periods are needed, 
in particular for IOL rotation and capsular stability. 

Source of Finance 

During this study, no financial or spiritual support was received 
neither from any pharmaceutical company that has a direct con-
nection with the research subject, nor from a company that pro-
vides or produces medical instruments and materials which may 
negatively affect the evaluation process of this study. 

Conflict of Interest 

No conflicts of interest between the authors and / or family members 
of the scientific and medical committee members or members of the 
potential conflicts of interest, counseling, expertise, working condi-
tions, share holding and similar situations in any firm. 

Authorship Contributions 

Idea/Concept: Selim Doğanay; Design: Derya Doğanay; Con-
trol/Supervision: Selim Doğanay, Cem Çankaya; Data Collec-
tion and/or Processing: Derya Doğanay, Cem Çankaya; Analysis 
and/or Interpretation: Derya Doğanay; Literature Review: 
Derya Doğanay, Cem Çankaya; Writing the Article: Derya 
Doğanay; Critical Review: Selim Doğanay; References and 
Fundings: Derya Doğanay, Cem Çankaya.

FIGURE 3: Anterior segment photograph of the case 1, case 2 and case 3 with toric intraocular lens, respectively.
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