
Toric intraocular lens implantation in comparison to 

Femto-assisted astigmatic keratotomy to correct 

astigmatism during phacoemulsification cataract surgeries 
Ashraf S. Shaarawy, MD*, Ahmed A. Elmassry, MD*, Hazem M. Elhenawy, MD*, Amr 
M. Elbaz Ibrahim 

 

aDepartment of Ophthalmology, Faculty of 

Medicine at Alexandria University, Egypt  
 

Correspondence to Ahmed A. Elmassry, MD, 

PhD El nour eye center,El Horya road 

Moustafa Kamel, Alexandria 

 
 

The  Egyptian Journal of Cataract and 

Refractive Surgery 2020,    

Background: for the comparison of the visual outcome including visual acuity and target 

refraction, surgical operative difficulties, and the results of the toric intraocular lens (IOL) 

implantation versus Femto-assisted astigmatic keratotomy (AK) in the correction of 

astigmatism during phacoemulsification. 

Subjects & Methods: A randomized comparative interventional study was demonstrated on 

cases with cataract surgical operations who were engaged from Alex Eye Center out-

patient clinic, From May 2017 to January 2019. Forty-four eyes were involved in the 

current work; all of them had visually significant cataracts and mild manifest astigmatism 

(1.25 to 3.00 diopters). Twenty-two eyes had treated by Femto-assisted AK with the usage 

of a planned depth, optical zone, and length of the keratotomy valuated with Bascom 

palmer nomogram and adapted by Donnenfield nomogram and followed by implanting of 

an intraocular lens. A further 22 eyes were treated by Clear corneal 2.4 mm 

phacoemulsification with toric IOL implantation. All cases were followed-up for 6-months. 

Results: UCVA has exhibited a better outcome with a statistically significant change in the 

toric IOL group (mean of 0.73) in comparison to the AK group (mean of 0.57) at the end of 

the follow-up period. Also, BSCVA gives a better outcome in the toric IOL group (mean of 

0.9) in comparison to the AK group (mean of 0.8). The difference has a statistical 

significance. Vector analysis concluded that: no significant change was existing in target-

induced astigmatism (TIA) in the studied groups. The surgically induced astigmatism 

(SIA) was high in the toric group in comparison to the AK group with a mean of 1.23 in 

the AK group and 2.17 in the toric group and a P-value of 0.0001. The difference vector 

(DV) mean was 1.16 in the AK group and 0.92 in the toric group, P-value of 0.05 (no 

statistical significance), and the correction index (CI) means in the AK group and the toric 

IOL group were 0.75±0.53, 0.81±0.35 respectively. 

Conclusion: A comparison of astigmatic keratotomy and the toric IOLs in the treatment of 

corneal astigmatism during phacoemulsification showed evidence that both techniques are 

efficient, predictable, and safe in reducing corneal astigmatism with an observed 

superiority of the toric IOLs this superiority of the toric IOL was observed in the better 

UCVA, BCVA, less residual astigmatism, and better indices of vector analysis. 
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Introduction 

For patients, cataract surgery is a unique, once-in-a-

lifetime opportunity to reduce their need for glasses 

along with removing the cataract. Astigmatic 

refractive error correction could be addressed to 

patients with significant cataract and corneal 

astigmatism with the surgery, and it is well accepted 

that more than 72% of people have 0.50 D or more of 

astigmatism. [1]  

 

Unfortunately, postoperative astigmatism is not an 

unusual event. Hoffer KJ et al is a large study of a 

cataract population reported that corneal astigmatism 

between 0.75D and 1.50D was present in more than 

40% of patients, with higher levels in nearly 20%. [2] 

 

The goal of modern cataract surgery is not just to 

remove the cataractous lens, but also to provide the 

patient with good uncorrected vision. When evaluating 

patients for surgery, it is necessary to consider not 

only the spherical equivalent but also the expected 

residual astigmatism. [3] 

Even if the spherical equivalent is exactly on target, the 

quality of vision is compromised by residual 

astigmatism. With approximately 86% of patients with 

cataracts needing some kind of astigmatic 

correction[4], it is not surprising that several different 

treatment options exist. [5] 

Limbal relaxing incisions (LRI) are perhaps the most 

common technique to correct small amounts of 

astigmatism at the time of cataract surgery; it has been 

performed for many years. Providing this treatment is 

relatively inexpensive, and the procedure is quite 

reliable for reducing astigmatism of 1.25 D or less, 

which is sufficient for the majority of patients. [6] 
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LRIs are based on the same principle as all-incisional 

refractive surgery; that is, a partial-thickness corneal 

incision leads to flattening of the cornea. [7] Technically, 

LRI is a tissue addition procedure like other incisional 

refractive surgeries; as the gaped wound heals, it fills 

with scar tissue and results in a flattening of that 

meridian. [7] 

By comparison, in astigmatic keratotomy, the incisions 

are placed within the central corneal zone, which leads to 

greater refractive impact per incision size, but also 

greater refractive instability. [8] 

The strength of LRI is its simplicity and ease of use: It’s 

a comparatively non-invasive procedure that can safely 

correct corneal astigmatism, and the flexibility of 

incision placement allows the correction of some amount 

of irregular astigmatism as well. [9] 

However, LRIs with a diamond blade does have 

limitations. Since the incision is made manually, skip 

lesions can occur and there is always a potential for 

perforation. Also, there is more variability in results 

when attempting to treat higher levels of astigmatism. 

[10, 11] 

With femtosecond lasers becoming more common, 

femtosecond astigmatic keratotomy is a newly 

developing surgical procedure that has enormous 

potential. The ability to program the laser power, length 

of the incision arc, depth, and even optical zone makes 

the cuts highly precise and repeatable. There are no skip 

lesions and a minimized risk of perforation. [12, 13] 

An alternate method to address preoperative corneal 

astigmatism is the implantation of toric IOLs. Toric IOL 

implantation allows management of corneal astigmatism, 

leading to spectacle independence for increasing 

numbers of cataract surgery patients. [14, 15] 

The ideal patients for toric IOL implantation are those 

with regular astigmatism; however, good outcomes have 

been reported in cases of mild to moderate irregular 

astigmatism with fairly symmetrical preoperative 

readings within the central 4mm cornea. It is important 

to take into account the vector sum of the pre-existing 

corneal astigmatism and surgeon-induced astigmatism 

when determining the power and meridian of a toric 

IOL. [14, 15] 

Another factor to consider is the impact of effective 

lens position and the sphero-equivalent power of the 

IOL on the effective toricity of the IOL at the corneal 

plane. The effective toricity diminishes with increasing 

anterior chamber depth and lower IOL spherical power. 

Some of the nomograms like the Holladay IOL 

Consultant Program (Holladay Consulting) take these 

factors into account when calculating toric IOL power. 

[16]  

Correct intra-operative alignment of the IOL and good 

postoperative rotational stability are critical factors for 

achieving the desired astigmatic correction. When a 

toric IOL is misaligned, there is a reduction in the 

cylinder correction along the desired meridian and 

induction of the cylinder at a new meridian. Bench 

studies suggest a 33% loss of astigmatic correction if 

the optic rotates 10 degrees. [17] 

Postoperatively, the orientation axis of the toric IOL 

can be verified to confirm that no IOL rotation has 

occurred. Toric IOL misalignment can be determined 

by using the slit lamp biomicroscope (with rotating slit 

and full mydriasis), the postoperative residual 

refraction and keratometry values, and wavefront 

aberrometry. [14-15] 

Misalignment is determined by using postoperative 

manifest refraction, the amount of astigmatism at the 

corneal plane, and the IOL axis to determine the 

magnitude of misalignment, the direction of rotation 

needed, and residual astigmatism after IOL rotation. 

[19] 

Realignment of a rotated toric IOL should be performed 

as soon as possible because adhesions form between the 

capsular bag and the IOL optic. Also, it is reasonable to 

allow enough time for refraction to stabilize but before 

fibrotic adhesion between the anterior and posterior 

capsules and IOL haptics. [20] 
 

 

Patients and methods 

A randomized comparative interventional investigation 

was demonstrated on cataractous cases employed from 

the Alex Eye Center out-patient clinic. From May 2017 

to January 2019. 44 eyes were involved in the study. 22 

eyes were treated by Femto-assisted AK using planned 

depth, optical zone, and length of the keratotomy 

estimated with Bascom palmer nomogram and adapted 

Donnenfield nomogram followed by the intraocular 

lens implantation and 22 eyes managed by Clear 

corneal 2.4 mm phacoemulsification with implantation 

of toric IOL. The Whole cases were followed up for 6 

months. 

     Cases involved in the study had visually significant 

cataract and astigmatism ranging from 1.25 to 3.00 

diopters 

      All patients with underlying ocular pathology were 

excluded from the study. 

● A complete examination of (UCVA), (BCVA). 

Calculation of corneal clarity as well as the cataract 

grade according to the LOCS III system. IOP. Dilated 

fundus examination. If the media hinders proper 

visualization of the posterior segment due to dense 

cataracts, B-scan ultrasound was used for the 

detection of any posterior segment anomalies. 

Biometry using optical biometry (IOL Master, Carl 

Zeiss Meditec). The intraocular lens was selected 

following the estimates from biometry utilizing 

predominantly the SRK-T formula, but occasionally 

other third-generation formulae were employed when 

significant axial length variation occurred. A scan 

was employed to calculate the axial length in cases 
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with dense cataracts and the measurements are 

introduced in the (IOL Master, Carl Zeiss Meditec) to 

obtain the IOL calculation. 

1. In group 1 corneal astigmatisms were obtained 

from the (IOL Master, Carl Zeiss Meditec, and the 

length, depth, and site of the astigmatic keratotomies 

were designed according to Bascom Palmer 

nomogram for femtosecond laser- supported 

astigmatic keratotomy that is in turn modified from 

Lindstrom nomogram and adopted by Donnenfield 

nomogram. [21] 

2. In group 2, enVista® Toric Intraocular Lens 

biometry and design were performed using the 

specific online IOL calculator for Bausch + Lomb 

(envista. Toric calculator. com) 

A Written Clear agreement was got from all cases 

following the Declaration of Helsinki with a 

clarification of advantages and possible risks and 

complications. Ethics approval was obtained from the 

faculty of medicine, University of Alexandria Human 

Research Ethics Committee for the assessment of the 

safety and refractive results of the two operative 

procedures. 

Preoperative preparation: 

The marking of all patients was performed just 

preoperative in an upright position on a slit lamp in the 

vertical and horizontal axis. Marking will be double-

checked in an upright position using a portable 

electronic marker (ASICO AXsys one-step electronic 

marker). 

In group 1, Femto assisted cataract with astigmatic 

keratotomy 

The femtosecond laser system, Victus ® by Bausch and 

Lomb (Rochester, New York, USA) was used in the 

femtosecond laser studied group. The software version 

was updated at the time of the study.  

Surgical Steps of FLACS: 

Corneal incisions: the principal wound and two side-

port were created then capsulotomy and Lens 

fragmentation with grid patterns. 

-In single arcuate astigmatic keratotomy. A single 

arcuate keratotomy cut was paired on the contrary 

meridian with the principal corneal cut for 

phacoemulsification. 

-In double arcuate astigmatic keratotomy double arcuate 

keratotomy incisions were located on the steep axis 

-The design of the AK was set according to the Bascom 

Palmer nomogram for femtosecond laser-assisted 

astigmatic keratotomy that is turn modified from 

Lindstrom nomogram and modified donnenfield 

nomogram [21] 

-The deepness of astigmatic keratotomy was adjusted at 

80-90 percent of the depth (according to the 

nomogram) which is measured intra-operative after 

docking to perform corneal incision guided with the 

live OCT included in the victus platform, the side-cut 

angled at 90-degrees. The optical region diameter was 

adjusted at 8-9 mm. The extent of the angular arc 

length of the keratotomy incision was ranging from 

45o to 90o. 

-Parameters of the AK were used as high energy and 

slight spot spacing as possible to keep the AK 

wound opened without tissue bridges to make it 

close as possible to the nomogram.  

In group 2, enVista® Toric Intraocular Lens 

 Corneal incisions were made utilizing a 2.4 mm 

keratome for principle incision located in all patients 

on the planned axis calculated by the online calculator 

(envista.toriccalculator.com) and a 1.2 mm blade for 

the side ports. The front chamber was full of 

viscoelastic. In group-1, the continuous curvilinear 

capsulorhexis (CCC) was made by capsulorhexis 

forceps. Lens segmentation was done via a divide-and-

conquer method.  

Vector analysis for astigmatism 

Pre-operative and 6-months post-operative records for 

keratometric astigmatism were evaluated by the Alpins 

technique [22] in addition to the SIA calculator 

program version2.1 [23] in which the preoperative and 

postoperative K-readings and their axes were utilized 

to assess the actual variation in astigmatism record 

with attention to the modification in the astigmatic 

axis. Three essential factors of the vector analysis: 

Target-induced astigmatism (TIA), which is astigmatic 

alter (magnitude and axis) the operation is planned to 

encourage. The surgically-induced-astigmatism (SIA) 

was the amount and axis of astigmatism the operation 

has previously encouraged. The difference-vector (DV) 

was represented as the vector that permits the attained 

astigmatic result to reach the goal of astigmatism. This 

is an absolute count of achievement and is preferably 

zero. The correction-index (CI) was estimated as the 

ratio of the value of SIA to the value of TIA. The CI is 

preferably 1.0. It is greater than 1.0 if an over-

correction happened and less than 1.0 if an under-

correction happened. Coefficient of adjustment (CA is 

the inverse of the CI, the CA counts the alteration 

wanted for the primary operative plan to achieve a CI 

of 1. The CA could be utilized to improve nomograms 

for upcoming operations. The index of success was 

estimated by dividing the value of DV by the value of 

TIA. This is a relative count of success and is 

preferably zero. The total mean value of residual 

astigmatism and residual astigmatism at the meridian 

of intervention were estimated. The power vector 

components of Jackson cross-cylinder with the axis at 

J45 (or135o) and J0(or180o) were also evaluated per the 

next equations: J0 = −(C/2) × Cos (2α) and J45 = 

−(C/2) × Sin (2α), where J0 is the Jackson cross-

cylinder power at axis 90° and 180°, J45 is the Jackson 

cross-cylinder power at axis 45° and 135°, C is the 

negative cylinder, and α is the steep axis. [24]  

 Astigmatism correction during phacoemulsification  Shaarawy et al   18 
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Results 

Patients’ age had a mean of 68.31±8.73 and 65.88±10.02 

in AK and Toric IOL groups respectively. AK group had 

12 right eyes and 10 left eyes with 9 males and 13 

females). Toric IOL group had 9 eyes on the right side 

and 13 on the left side with 14 eyes of males and 8 

females. This age and sex difference was not statistically 

significant. 
 

UCVA pre-operative was statistically of no difference 

in the studied groups also no statistical change was 

existing among the two groups on the first day post-

operative, but the UCVA was improved in the toric IOL 

group (group-2) and that shown to be of a statistical 

difference in the 3rd month and the 6th month 

postoperative. In the AK group (group-1) UCVA was 

of mean 0.09 pre-operative then become 0.51 on the 1st 

day follow up, 0.57 after 3 months, and 0.57 in the 6th 

month. In group-2 UCVA was of mean 0.08 pre-

operative then become 0.61 on the 1st day follow up, 

0.69 after 3 months, and 0.73 in the 6th month. 
 

BCVA pre-operative was statistically of no difference in 

the studied groups also no statistical change was found 

among the studied groups on the first day post-

operative, but the BCVA was better in group-2 and that 

shown to be of a statistical difference in the 3rd month 

and the 6th month. In the group-1 BCVA was of mean 

0.08 pre-operative then become 0.77 on the 1st-day 

follow-up, 0.79 after 3 months, and 0.8 in the 6th month. 

In group 2 BCVA was of mean 0.09 pre-operative then 

become 0.8 on the 1st-day follow-up, 0.89 after 3 

months, and 0.9 in the 6th months. 

Figure 1  

 

 
Group 1 pre and operative astigmatism showed as J0, J45 
 

Figure 2 
 

 
Group 2 pre and operative astigmatism showed as J0, J45 

Figure (1.2): Indicates the scatterplot of the astigmatic 

constituent of the refractive power vector (J0, J45) 

earlier and afterward operation. The two groups 

exhibited an amplified concentration of points around 

the origin reflecting total upgrading succeeding 

operation. Anecdotally, the concentration of the points 

was tighter in group-2. 

Table (1): Percentages of cases accomplishing refractive Astigmatism amounts at end of follow up in the two studied groups.  

 

 Group I “AK” 

“n=22” 

Group II “Toric 

IOL” “n=22” 

X2-test  P-value  

No % No. % 

Eye within 0.25  12 54.5 15 68.2 0.98 0.385 

Eye within 0.5  14 63.6 17 77.3 1.96 0.045* 

Eyes within 1 d  16 72.7 20 90.9 2.01 0.013* 

Eyes within 1.5 D  20 90.9 22 100.0 1.97 0.043* 

Eyes within 2D  22 100.0 22 100.0 - - 

X2 = Chi square test .P is significant if < 0.05 * Significant difference  
Figure 3  

  
Attempted versus achieved J0, J45 in group 1 

 

Figure 4 
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Attempted versus achieved J0, J45 in group 2 

 

 
 

 

 

Figure (3.4) Indicates the tried against the 

accomplished astigmatic components J0 and J45 of 

the power vector analysis in group-1 and group2. 

Group-2 had a greater correlation among the tried 

and accomplished parameters 

Table (2) illustrates the vector analysis parameters 

TIA, SIA, DV, and CI. TIA means in group-1 is 1.84 

and 2.61 in group-2 with a P-value of 0.001 and no 

significant difference. The SIA mean is 1.23 in 

group-1 and 2.17 in group-2, the higher number of 

group-2 is of significant difference with a P-value of 

0.0001. The DV mean is 1.16 in group-1 and 0.92 in 

group-2, the higher number of group-1 is not 

statistically significant with a P-value of 0.05. The CI 

mean is 0.75 in group-1 and 0.81 in group-2, the 

higher number of group-2 is not a statistically 

significant difference with a P-value of 0. 322. The 

angle of error is positive in both groups denoting that 

the achieved correction is counterclockwise to the 

intended axis. 
 

 

 

Table (2): Comparison between the two studied groups regarding TIA, SIA, DV, and CI. 
 

 Group I “AK” 

“n=22” 

Group II “Toric 

IOL” “n=22” 

t-test  P-value  

TIA Mag.  1.84±0.81 2.61±0.81 5.25 0.001 

TIA. Axis  103.52±49.80 86.24±38.78 1.36 0.103 

SIA Mag.  1.23±0.85 2.17±0.71 6.11 0.0001* 

SIA axis  100.27±51.93 86.89±42.73 0.98 0.178 

DV Mag.  1.16±0.57 0.92±0.40 1.94 0.057 

DV axis  105.44±39.86 93.72±24.83 0.89 0.124 

CI  0.75±0.53 0.81±0.35 0.79 0.322 

ME  -0.58±0.76 -0.44±0.70 0.821 0.261 

The angle of error in degrees 

Absolute Angle 

16.18±14.33 5.00±3.91 1.01 0.104 

Arithmetic Angle 6.73±21.56 0.60±6.41 6.22 0.0001* 

T= student t-test .ANOVA = Analysis of variance test to compare between different periods of follow-up. P is significant if < 

0.05,* Significant difference. 

 

Figure 5 

  
shows TIA and SIA in group 1 
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Figure 6 

 
shows TIA and SIA in group 2 

 

Figure 7 

 
shows CI and DV in group 1 

 

Figure 8 

 
shows CI and DV in group 2 

 
 

Discussion 
Modern cataract surgical operations aim to reach the finest 

vision quality and maximum spectacle independence. Un-

corrected astigmatism stays the main optical aberration 

afterward myopia and hypermetropia producing a decreased 

uncorrected vision afterward cataract operation.  

Corneal relaxing incisions were utilized in combination with 

non-toric IOLs to decrease or remove astigmatism; however, 

these methods were restricted by induced high order 

aberrations, the degree of astigmatism that could be 

operated, and the long-term mechanical stability of the 

cornea after relaxing cuts. [27] 

Arcuate keratotomy is a well-known technique for the 

treatment of astigmatism, and femtosecond laser technology 

delivers a modern operative modality. Femtosecond laser-

assisted arcuate keratotomy [FS-AK) was lately stated as a 

successful choice for decreasing the naturally happening 

astigmatism and high astigmatism afterward keratoplasty. 

[28,29] 

This study had a minimum follow-up interval of 6-months to 

record the possible dynamic corneal variations in the 

incisional group. Utilizing the Lindstrom nomogram and the 

improved Donnenfeld nomogram [21] either single or paired 

arcuate relaxing incisions. 

Toric IOLs were initiated in 1994; though, initial outcomes 

were un-predictable owing to the rotational instability, with 

about 20 percent of IOLs rotating greater than 30o. [30] The 

introduction of toric IOLs with suitable rotational constancy 

makes them a feasible option for several doctors as the 

necessity for further costly instrumentations or special 

operative skills is removed. 

The enVista toric (Model MX-60T) is a foldable, single-

piece, 6.0-mm aspheric optic IOL, intended for implantation 

in the capsular. It is obtainable in powers from 1.25 to 5.75 

D; at the period of the work, the existing powers ranging 

from +6.0 D to +30 D.[31] 

22 eyes are treated with Femto-assisted AK utilizing 

(VICTUS femtosecond laser platform Bausch + Lomb's ), 

planned with Bascom palmer nomogram and improved 

Donnenfield nomogram with implanting of (Akreos Adapt 

AO lens Bausch + Lomb's ) and 22 eyes treated by Clear 

corneal 2.4 mm phacoemulsification with toric IOL 

implanting (enVista® Toric Intraocular Lens). [32] 

The UCVA and BCVA results in this study preoperative and 

on the first day postoperative were shown to be of no 

significant difference and on follow up in the third month. 

UCVA is revealed to be improved with a statistical change 

in the toric IOL group with a mean of 0.73 and a mean of 

0.57 in the AK group at the end of the follow-up. BCVA as 

well is shown to be better in the toric OL group with a mean 

of 0.9 and 0.8 in the AK group. The change was statistically 

significant.  
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Mingo-Botı´n et al,[33] made a comparable investigation but 

with marginal instead of corneal relaxing cuts. They 

recorded that 3 months post-operatively, UDVA with a toric 

IOL was 20/40 or larger in 95% of eyes and 20/30 or larger 

in 75% of eyes; mean residual refractive astigmatism was 

0.61 +_ 0.41 D with a toric IOL and 1.32 +_ 0.60 D with 

relaxing cuts.  

Visser et al [34] investigated the toric IOL 67 eyes with 

previous corneal astigmatism of at least 2.25 D; the mean 

postoperative UDVA was 0.61 +_ 0.26, with 83% of eyes 

having a UDVA of 20/40 or higher and a mean residual 

refractive cylinder of 0.75 +_ 0.49 D. Carey et al[35] 

investigated the toric IOL in eyes with preexisting corneal 

astigmatism of at least 1.5 D and reported that 88% of eyes 

had UDVA of 20/40 or higher with a 65% mean decrease in 

astigmatism. 

Theresa Ruckl et al [36] operated on 16 eyes with Femto- 

assisted intrastromal AK and after 6-month corneal 

astigmatism reduced from 2.68 D to 0.58 D afterward 6-

months next intrastromal arcuate keratotomy. The mean 

UDVA enhanced significantly from pre-operatively to six 

months next intrastromal arcuate keratotomy (P0.009). 5-

eyes (31.3%) had unaffected UDVA, and 11-eyes (68.8%) 

had a mean improvement of 2.8 ±1.47 lines   

Timothy V. Roberts et al [37] compared the astigmatic 

keratotomy and the toric IOL to correct astigmatism during 

phacoemulsification respectively; 44.4% and 82.2%  of eyes 

were 1.00 D or less (P = 0.000), and 16.7%, 35.7%, and of 

eyes were 0.50 D or less (P = 0.000), respectively. As 

aforementioned in the table (1) in this study 90.9% of the 

toric group 72.7% of the AK group were within 1 D (P 

=0.013*) and 77.3% of the toric group 63.6 % of the AK 

group were within 0.5 D and less (P =0. 0.043*) 

For the vector analysis, the refractive and corneal 

astigmatism were transformed from the sphero-cylinder 

representation to power vector notation with the application 

of Fourier transformation. The power vector components of 

Jackson cross-cylinder with the axis at J45 (or135o) and 

J0(or180o) were also estimated in accordance to the next 

functions: J0 = −(C/2) × Cos (2α) and J45 = −(C/2) × Sin 

(2α), whereas J0 is the Jackson cross-cylinder power at axis 

90° and 180°, J45 is the Jackson cross-cylinder power at axis 

45° and 135°, C is the negative cylinder, and α is the steep 

axis. [38] 

In this study, J0 pre-operative mean was -0.45 in the AK 

group and -0.08 in the toric IOL group. THE post-operative 

J0 mean was 0.39 in the AK group and -0.04 in the toric IOL 

group. J45 pre-operative mean was -0.06 in group 1 and -0.31 

in group 2. Post-operative J45 mean was -0.15 in group 1 and 

-0.06 in group 2. Figure (1 & 2) illustrates the scatterplot of 

the astigmatic component of the refractive power vector (J0, 

J45) per- and post-operatively. The studied groups exhibited a 

raised data-points concentration near the origin showing a 

total improvement after the operation. Anecdotally, the data-

points concentration was denser in the toric IOL group. The 

results were the same as of Timothy V. Roberts et al [39] 

that compared the (J0, J45) pre and post-operative in the 

patients operated with astigmatic keratotomy and others with 

toric IOL implantation and the scatter-plot of the astigmatic 

component of the refractive power vector (J0, J45) displayed 

a raised data-points concentration near the origin showing a 

total improving after the operation. 

In this study, the attempted versus achieved astigmatic 

components J0 and J45 of the power vector analysis in the AK 

group (group1) and in the AK group (group2) were shown in 

Figures (3 & 4). The toric IOL group has a higher correlation 

among the tried and accomplished parameters. The results 

have an agreement with the data of Theresa Ruckl et al [36] 

In this study, the vector analysis parameters TIA, SIA, DV, 

and correction index are shown in table (2) no significant 

change in the TIA in the studied groups. The results of SIA 

were higher in the toric group in comparison to the AK 

group with a mean of 1.23 in the AK group and 2.17 in the 

toric group and a P-value of 0.0001 the results were shown 

to be of statistical difference. The DV mean is 1.16 in the 

AK group and 0.92 in the toric group, the high number of 

group-1 is not statistically significant with a P-value of 0.05. 

The angle of error is positive in the studied groups denoting 

that the reached correction is counter-clockwise to the 

intended axis and the ME mean error value means in the AK 

group was -0.58 and in the toric IOL group was -0.44 

denoting slight under correction in both groups. 

The basic concept of all the astigmatic keratotomy 

nomograms depends on the coupling effect of the cuts 

placed on the steep axis and induces flatting at the same axis 

and steepening on the counter axis. Rise the influence of the 

astigmatic keratotomy by increasing the depth, length, and 

approaching more to the optical center. The AK cuts can be 

as near to 4 mm to the center or very peripheral at 11 mm as 

limbal relaxing incision LRI.[40,41] a balance between the 

magnitudes of astigmatism could be corrected and the 

possible opposing influences induced by incisions located 

near the visual axis. Any corneal incision can induce higher-

order aberrations. But any incision as well can induce 

higher-order aberrations. 

Navarro R et al [42] investigated the corneal optical and bio-

mechanical variations that the astigmatic keratotomy causes 

utilizing a limited ray-tracing calculation. That work 

reported a raise in optical aberrations caused by arcuate 

keratotomy. High-order deviations like astigmatism, coma, 

and trefoil are the highest frequently happened, [45] but with 

peripheral incisions, the deviations are much fewer expected 

to influence the optical quality of the anterior corneal 

surface. [43,44] 

The hazard of irregular astigmatism and vision fluctuations 

seems to rise with incisions closer to the visual axis, [47] 

with peripheral limbal incisions more possible to under-

correct [46] the refractive advantage from collective 

astigmatic keratotomy and cataract surgical operation has to 

be maintained at 3 years. [47] 

In this study diameter of the astigmatic keratotomy was 

chosen to be fixed at 8-9 mm, to be balanced between the 

efficiency of the astigmatic keratotomy and not to implicate 

high order aberrations. The changes in the other parameters 

such as:  

-The depth of the incision with the safety produced with 

Femto-machine life OCT (VICTUS femtosecond laser 

platform Bausch + Lomb's). 

-The length of the incision following the architecture of the 

design concerning corneal incisions. 

Those parameters consider it safer to be changed other than 

the diameter which may induce high order aberrations if 

approaching the center. 
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Alignment and IOL steadiness are vital to the outcome of 

toric IOLs as misalignment outcomes in residual 

astigmatism, with about 10% of the cylindrical correcting 

lost for every 3o of misalignment of the IOL. This could 

have resulted from 3-factors: imprecise marking of the 

corneal meridian pre-operatively, imprecise alignment of the 

IOL through operation, or postoperative rotation of the IOL. 

[46,48,49] 

For the toric IOL group, no significant rotation was noticed. 

As shown in table (1) there were only two cases of residual 

astigmatism of more than 1 diopter. Also, the follow-ups 

along 6 months were shown to be more stable. The cases of 

the higher residual astigmatism were fully dilated with 

revision of the marking on the slit lamp and no significant 

rotation was exist in all the cases. There was no need for 

secondary surgical intervention. However, the technique we 

utilized to count IOL alignment isn’t so perfect, it is a 

practical and effective technique for routine practice. 

In a US FDA clinical trial, 92% of the cases who received 

the enVista IOL suffered from not greater than 5º of rotation 

from the day of operation to six months after operation; the 

absolute mean rotation at six months was 3 degrees. [50] 

Poll et al [51] that compared the astigmatic keratotomy 

mostly LRI and toric IOL implantation reported that both 

were effective in treating mild to moderate grades of 

astigmatism; with the better outcomes of the use of the toric 

IOL in higher grades of astigmatism. Evidence proposes a 

better refractive result is reached by the toric IOL practice. 

Late literature though would recommend that these 

outcomes might be further improved by refining the pre-

operative examinations in combination with the accessibility 

of updated technologies. 

Koch et al [52] were concluded that posterior corneal 

astigmatism important which can significantly participate in 

corneal astigmatism overall. It is calculated that 10 % of 

eyes might have a whole corneal astigmatism calculation 

errors of more than 0.50 D if the posterior corneal surface is 

not taken into consideration. 

The combination of these values into present IOL formulae 

and online calculators might raise the precision of 

postoperative outcomes. Additional investigations will 

approve these primary results. There is more evidence to 

propose that the existing IOL estimations might need some 

extra calculations. 

In this study, posterior corneal astigmatism was not 

incorporated into measurement, as Koch et al [52] concluded 

that posterior corneal astigmatism is within 0.5 diopters in 

only 10% of the cases, which is shown to be of a minor 

effect on the results. Correspondingly, the new devices that 

are used for the measurements of the posterior corneal 

astigmatism are still questionable and not consistent. 

Another factor is the lack of a solid nomogram to 

incorporate the posterior corneal astigmatism in both groups. 

[52] 

The construction of perfect capsulorhexis: circular, 

curvilinear, and with consisting size within 5 mm diameter 

to overlays the IOL through 360o is essential to maximize 

the stability of IOL, decrease the opportunity of rotation, and 

decreasing the start of posterior capsular opacification. [53]  

The late introduction of femtosecond lasers to cataract 

operations was displayed encouraging outcomes with results 

of higher accuracy, precision, and safety of the anterior 

capsulotomy and extra stable and expectable aligning of the 

IOL.[54,55]  

The new introduction of scanning aligning technologies with 

intra-operative keratometry abilities might finally exceed the 

current methods, but this will be only obvious with 

upcoming comparative trials. [56] 

The principal criticism of our work design is its non-

randomized non-blinded nature. Randomized clinical trials 

(RCTs) are the gold typical in interventional studies since 

they tend to have a balance among the known and unknown 

confounder variables  

The current work is, to our knowledge, the first a largest 

Egyptian database for the comparison of the astigmatic 

keratotomy and the toric IOLs in treating corneal 

astigmatism during phacoemulsification, and the results 

represent strong evidence that both groups are of high 

efficacy, predictability, and safety in reducing corneal 

astigmatism during phacoemulsification with an observed 

superiority to the toric IOLs. In the current work superiority 

of the toric IOL was observed in the better UCVA, BCVA, 

less residual astigmatism, better indices of vector analysis. 
 

Conclusion 

Comparison of astigmatic keratotomy and the toric 

IOLs in treatment of corneal astigmatism during 

phacoemulsification showed strong evidence that both 

groups are of high efficacy, predictability, and safety in 

reducing corneal astigmatism during 

phacoemulsification with an observed superiority to the 

toric IOLs. In this work superiority of the toric IOL was 

observed in the better UCVA, BCVA, less residual 

astigmatism, better indices of vector analysis. 
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