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Purpose: To investigate if topography-guided laser in situ keratomileusis (LASIK) depend
ing on the topographic astigmatism which is measured using the Topolyzer leads to a better 
refractive outcome when compared to treatment of the manifest refractive astigmatism in 
cases of myopic astigmatism.
Methods: This was a prospective non-masked, randomized study (block randomization) of 
postoperative vision and refraction of patients with myopic astigmatism that had LASIK 
using Contoura vision software. They were divided into three groups according to the 
treatment strategy, treating the manifest astigmatism in one group, the topographic astigma
tism with compensation for the spherical power in the second group and treating the 
topographic astigmatism without changing the spherical power in the third group. It was 
conducted at Kasr Alainy Hospital and Dar Eloyon Hospital.
Results: The postoperative uncorrected distant visual acuity (UDVA) in each group sepa
rately was better than the preoperative corrected distant visual acuity (CDVA) (58% (n=35) 
had UDVA better than 20/20 and gained 1 line or more); however, eyes treated with the 
topographic astigmatism without changing the spherical power showed the statistically best 
results (75% (n=15) had UDVA better than 20/20). The residual anterior corneal astigmatism 
was lower in this group (the mean 0.47 vs 0.95 and 0.59). No significant difference was 
noted in the residual refractive astigmatism, but it was also the least in that group.
Conclusion: Topography-guided LASIK is a safe and effective ablation profile for treatment 
of myopic astigmatism. Treating according to the topographic astigmatism shows the best 
outcome as regards the vision and residual astigmatism.
Keywords: LASIK, Contoura, TMR

Introduction
The clinically measured refractive astigmatism (RA) and topography-measured ante
rior corneal astigmatism (ACA) are rarely similar in the magnitude and axis.1 The 
vectorial difference between both is termed the ocular residual astigmatism (ORA).1 

Corneal higher-order aberrations (HOAs) are thought to contribute to the ORA.2,3

According to Motwani hypothesis, corneal higher order aberrations are not 
included separately in the manifest refraction.4 These aberrations sum up to an 
astigmatic equivalent, which has an amount and axis and adds to the anterior 
corneal astigmatism to result in the manifest astigmatism.4

Topography-guided ablation uses high-resolution corneal topographic maps to gen
erate a customized ablation profile consisting of anterior corneal higher order aberrations 
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(HOAs) and an accurate measurement of the anterior corneal 
astigmatism (ACA).4 They address the irregularities of the 
corneal elevation in an effort to reshape the cornea into an 
ideal curve and achieve a regular surface postoperatively.

The US Food and Drug Administration (FDA) approved 
the “WaveLight Contoura topography-guided platform 
(Alcon Laboratories, Inc., Fort Worth, TX)”5 for the primary 
treatment of myopic astigmatism and they used the manifest 
refraction as the treatment input.5

Most of the laser vision correction strategies depends on 
the manifest refraction in the treatment which depends on the 
subjective interaction between the clinician and the patient. 
However data obtained from the Topolyzer (the value and axis 
of astigmatism) is often different from the manifest refraction.

The current debate is how to deal with patient refrac
tion if there is a difference between manifest refraction and 
Topolyzer measured astigmatism. Thus, the idea of adjust
ment of the manifest refraction with topographic data 
came to mind and the LYRA protocol was introduced.4

Patients’ Materials and Methods
Ethical Committee
The study received approval from the ethics committee of Kasr 
Alainy medical school and registered at clinical trial.gov under 
the title of (Topography-guided LASIK by different protocols 
for treatment of astigmatism) with an ID NCT03597906. All 
procedures fulfilled the Declaration of Helsinki. Written 
informed consent was obtained from each subject undergoing 
the procedure at the time of the intervention. Informed consent 
was also taken from each participant, stating that their preo
perative and postoperative unidentified data and scans will be 
used for scientific publication. All medical data are available 
for 5 years. They are accessible to any researcher upon his 
request by contacting the author. The regulations in our country 
state to keep a copy of medical records for 5 years.

Study Design
This was a prospective, comparative, randomized, non- 
masked, interventional study. It was conducted on 60 eyes of 
30 patients with myopic astigmatism of 1.5 diopters or more in 
both eyes who were randomized with stratified randomization 
(each subject is included in a group). They underwent uncom
plicated primary bilateral topography-guided LASIK on the 
same refractive surgery platform (FS200 femtosecond and 
EX500 excimer lasers). The study was performed at Kasr 
Alainy Hospital and Dar Eloyon Hospital by the same surgeon 
(MH).

Patients with ocular diseases as a history of herpetic 
eye disease or corneal dystrophy, keratoconus (as evi
denced by Placido topography) or contact lens warpage, 
corneal scaring, severe ocular surface disease, glaucoma, 
and collagen vascular diseases and patients less than 18 
years were excluded from the study.

Image Acquisition
An average of six corneal topographic images was captured 
with the WaveLight Topolyzer VARIO (Alcon Laboratories, 
Inc.) without dilatation in each eye. Criteria for image accep
tance included adequate recognition of pupil and mire edge 
by the software, with minimal mire breaks, absence of miss
ing data (due to shadow from the eyelids or eyelashes), the 
analyzed area should be greater than 90% in the 6.5-mm 
zone. The reproducibility of data as the axis of astigmatism, 
the keratometry, and the Q value were assessed by comparing 
the median of absolute deviation variability score below 0.10 
maps. Images not meeting the criteria were excluded. The 
remaining correct images were exported to the Contoura 
software to generate the ablation profiles.

T-CAT Surgical Planning
The eyes were divided into three groups:

● Group A [Manifest group]: 20 eyes of 10 patients 
were treated with the standard manifest refraction, as 
in Figure 1.

Example: In a patient with manifest refraction −1.00/- 
2.50×130 and the anterior corneal astigmatism (Topolyzer) 
−3.00×120, the treatment refraction is: −1.00/-2.50×130.

● Group B [Full TMR]: 20 eyes were treated using the 
topographic astigmatic power and axis and modify
ing the spherical power to obtain the same spherical 
equivalent as the manifest refraction. This was done 
by subtracting half of the difference between topo
graphic astigmatic power and the manifest astigmatic 
power from the spherical power (topography- 
modified refraction treatment), as in Figure 2.

Example: In a patient with manifest refraction −2.00/- 
2.00×160 and the anterior corneal astigmatism (Topolyzer) 
−3.00×175, the treatment refraction is: −1.50/-3.00×175.

● Group C [partial TMR]: 20 eyes were treated with 
Contoura vision using the topographic astigmatic power 
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and axis and without change in the spherical power 
(using the same spherical power as the manifest 
refraction).

Example: In a patient with manifest refraction −3.00/- 
2.00×110 and the anterior corneal astigmatism (Topolyzer) 
−3.00×120, the treatment refraction is −3.00/-3.00×120.

LASIK Surgical Technique
All patients underwent the same refractive platform (FS200 
femtosecond laser; Alcon Laboratories, Inc.) to create a flap 
between 90– 110 μm with diameter 8:9 mm oval flaps with side 
cuts 135°. The flap is then lifted and the EX500 excimer laser 
(Alcon Laboratories, Inc.) is applied to perform corneal abla
tion. The target was emmetropia in all eyes. A postoperative 
regimen of artificial tears, gatifloxacin 0.3% antibiotics, and 
prednisolone acetate 1.0% eye drops was given.6

Statistical Analysis
The patients were examined preoperatively and at 1 day, 1 
week, 1 month, and 3 months postoperatively. The data col
lected included logMAR uncorrected and corrected distance 
visual acuity (UDVA and CDVA), manifest cylindrical refrac
tion, manifest spherical equivalent (SEQ), and anterior corneal 

astigmatism obtained from the Topolyzer. Astigmatism cor
rection was assessed using the Alpins vector analysis method.7 

We did not consider posterior corneal astigmatism because, as 
most researchers found, the posterior corneal astigmatism 
contribution does not exceed 0.5 D in 87% of the population.

Data were coded and entered using the statistical package 
for the Social Sciences (SPSS) version 25 (IBM Corp., 
Armonk, NY, USA). Data were summarized using mean, 
standard deviation, minimum and maximum in quantitative 
data and using frequency (count) and relative frequency (per
centage) for categorical data. Comparisons between quantita
tive variables were done using the non-parametric Kruskal– 
Wallis and Mann–Whitney tests. For comparison of serial 
measurements within each patient, the non-parametric 
Wilcoxon signed rank test was used. For comparing categori
cal data, Chi square (Χ2) test was performed. Exact test was 
used instead when the expected frequency is less than 5. 
P-values less than 0.05 were considered as statistically 
significant.

Results
Out of the 30 patients, 15 were females. Mean age at the 
time of the operation was 27.5±5.6 years, ranging from 
19–45 years. The preoperative refractive variables are 

Figure 1 Contoura planning of the manifest refraction correction (group A).
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reported in Table 1. The postoperative refractive variables 
are reported in Table 2.

Statistical data were analyzed at 3 months postopera
tively showing the following regarding:

Efficacy
The postoperative UDVA was −0.06±0.11 logMAR in the 
manifest group [A], −0.05±0.12 logMAR in the full TMR 
group [B], and −0.13±0.13 logMAR in the partial TMR 
group [C] (Figure 3A). Cumulative postoperative UDVA 
in the manifest group was 20/20, 20/25, and 20/30 in 85% 
(n=17), 95% (n=19), and 100% (n=20) of eyes, compared 
80% (n=16), 95% (n=19), and100% (n=20) in the full TMR 

group, and 80% (n=16), 100% (n=20), and 100% (n=20) of 
eyes in the partial TMR Group (Figure 3B). The mean 
postoperative UDVA was significantly better than the pre
operative CDVA in the three groups (Figure 3C–E) with 
a P-value<0.05.

Refractive Accuracy
Preoperatively and postoperatively, the mean SEQ was 
−2.79±2.21 and −0.06±0.15 D in the manifest group 
(P-value<0.001), compared to −3.16±1.89 and −0.09 
±0.20 D in the full TMR group (P-value<0.001) and 
−3.07±1.68 and −0.06±0.16 D in the partial TMR group 
(P-value<0.001). When comparing the postoperative SEQ 

Figure 2 Contoura planning of the full topography modified refraction correction (group B).

Table 1 Preoperative Refractive Variables

Parameter Manifest Group (A) Full TMR (B) Partial TMR (C)

Mean SD Range Mean SD Range Mean SD Range

CDVA [logMAR] 0.01 0.08 −0.10 0.30 0.04 0.07 −0.10 0.10 0.01 0.06 −0.10 0.20
RA [D] −2.33 0.60 −3.00 −1.50 −2.75 0.90 −4.50 −1.50 −2.20 0.85 −5.25 −1.50

ACA [D] 2.47 0.78 1.00 3.57 2.97 1.09 1.00 4.75 2.31 0.65 1.25 4.50

SE [D] −2.79 2.21 −1.00 −6.25 −3.16 1.89 −0.50 −7.50 −3.07 1.68 −0.50 −5.75

Abbreviations: SD, standard deviation; D, diopters; RA, refractive astigmatism; ACA, anterior corneal astigmatism; CDVA, corrected distance visual acuity; SE, spherical 
equivalent.
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between the three groups, the difference was not statisti
cally significant (P-value=0.8). About 70% of eyes (n=14) 
in each group A and C have postoperative spherical 
equivalent −0.2 to 0 and about 55% of eyes (n=11) in 
group B have spherical equivalent −0.2 to 0 (Figure 4A).

The Accuracy of Refractive Astigmatism 
and Anterior Corneal Astigmatism
Preoperatively and postoperatively, the mean refractive 
astigmatism was −2.33±0.60 and −0.23±0.33 D in the man
ifest group (P-value<0.001), compared to −2.75±0.90 and 
−0.25±0.29 D in the full TMR group (P-value<0.001) and 
−2.20±0.85 and −0.16±0.31 D in the partial TMR group 
(P-value<0.001). When comparing the postoperative refrac
tive astigmatism between the three groups, the difference 

was not statistically significant (P-value=0.541), but it was 
the least in the partial TMR group.

As regards the anterior corneal astigmatism, the mean 
preoperative and postoperative values were 2.47±0.78 and 
0.94±0.43 D in the manifest group (P-value<0.001), com
pared to 2.97±1.09 and 0.59±0.28 D in the full TMR group 
(P-value<0.001) and 2.31±0.65 and 0.47±0.22 D in the 
partial TMR group (P-value<0.001). When comparing 
the postoperative anterior corneal astigmatism between 
the three groups, the difference was statistically significant 
(P-value=0.001) (Figure 4B).

Cylinder Vector Analysis
Although the astigmatism treatment predictability was 
comparable using the three treatment protocols, the R2 
between the target induced astigmatism (TIA) and the 

Figure 3 (A) Comparison between the mean postoperative UDVA in the three groups. (B) The cumulative postoperative UDVA in the three groups in logMAR. (C) The 
mean preoperative and postoperative vision in group (A). (D) The mean preoperative and postoperative vision in group (B). (E) The mean preoperative and postoperative 
vision in group (C).

Table 2 Postoperative Refractive Variables

Parameter Manifest Group (A) Full TMR (B) Partial TMR (C) P-value

Mean SD Range Mean SD Range Mean SD Range

UDVA logMAR −0.06 0.11 −0.20 0.20 −0.05 0.12 −0.20 0.20 −0.13 0.13 −0.20 0.10 0.041*

CDVA logMAR −0.09 0.10 −0.20 0.20 −0.11 0.10 −0.20 0.00 −0.15 0.09 −0.20 0.10 0.072
residual RA [D] −0.23 0.33 −1.00 0.00 −0.25 0.29 −0.75 0.00 −0.16 0.31 −1.00 0.00 0.541

residual ACA [D] 0.94 0.43 0.20 1.50 0.59 0.28 0.20 1.50 0.47 0.22 0.10 0.80 0.001*

SE [D] −0.06 0.15 −0.40 0.25 −0.09 0.20 −0.50 0.25 −0.06 0.16 −0.50 0.25 0.802
Sphere [D] 0.06 0.16 0.00 0.50 0.08 0.18 0.00 0.50 0.03 0.11 0.00 0.50 0.538

Note: *Statistically significant. 
Abbreviations: SD, standard deviation; D, diopters; RA, refractive astigmatism; ACA, anterior corneal astigmatism; CDVA, corrected distance visual acuity; SE, spherical 
equivalent; UDVA, unaided distance visual acuity.
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surgically induced astigmatism (SIA) was close to 0.82 in 
the manifest group and close to 0.62 in the full TMR group 
compared to 0.7 in the partial TMR group (Figure 5). The 
correction index (CI) of eyes was comparable in the three 
groups and close to 1, as shown in Table 3. Additional 
Alpins vectors and parameters are reported in Table 3 and 
graphed as single-angle polar plots in Figure 6.

Safety
In the three groups, no eye had loss of any line of CDVA 
(Figure 4D) and close to 70% of eyes (n=14) in the 
manifest group gained one line and 25% (n=5) gained 
two lines, while 100% of eyes (n=20) in the full TMR 
group gained one line and 45% (n=9) gained two lines, in 
comparison to 90% of eyes (n=18) in the partial TMR 
group which gained one line and 70% (n=14) gained two 
lines (Figure 4C).

Complications
We did not observe any significant complications, and the 
patients did not need any enhancements during the follow-up 
period.

Discussion
Laser-assisted in situ keratomileusis (LASIK) is one of the 
most popular Laser vision correction techniques practiced 
worldwide which has been established over the last two 
decades as a safe and effective procedure.8

Excellent refractive results have been reported when 
a customized ablation pattern by utilizing topographic data 
was adopted.9

The FDA study demonstrated excellent refractive pre
dictability and uncorrected visual acuity (UCVA) results of 
topography-guided LASIK, as well as statistically signifi
cant subjective visual improvement, although they used 

Figure 4 (A) The residual postoperative spherical equivalent in the three groups. (B) The residual anterior corneal astigmatism of the three groups. (C) The postoperative 
line gain in the three groups. (D) The cumulative postoperative CDVA in the three groups in logMAR.
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the manifest refraction in correction.5 UCVA results were 
excellent, with 99% of the eyes seeing 20/32 or better, 
92.7% seeing 20/20 or better, and 68.8% seeing 20/16 or 
better.10 No lines of the best-corrected visual acuity 
(BCVA) were lost, with all patients either maintaining or 
gaining lines of vision.10

These are comparable to our results where we found 
that more than 80% of eyes (n=48) achieved 20/20 or 

better UDVA. About 38% of eyes (n=23) had 20/10 
UDVA. About 46.6% of eyes (n=28) gained two lines 
and about 86.6% (n=52) gained one line and there was 
no visual loss of any line. About 66.6% of eye (n=40) has 
residual spherical equivalent −0.25 to 0.0.

The current debate in treating astigmatic patients is 
whether to use the manifest astigmatism power and axis 
or using the topographic one.

Figure 5 Single-angle polar plots generated using the ASSORT software to illustrate the target induced astigmatism (TIA) vector, the surgically induced astigmatism (SIA) 
vector, the difference vector (DV), and the correction index (CI) in the manifest group (A) vs full TMR group (B) and partial TMR group (C). The vector means are plotted 
as a red diamond.

Table 3 Vector Analysis

Parameter Manifest Group (A) Full TMR (B) Partial TMR (C)

Mean SD Range Mean SD Range Mean SD Range

TIA vector [D] 2.16 0.59 1.31 2.89 2.78 1.04 0.87 4.52 2.14 0.61 1.21 4.24
SIA vector [D] 2.29 0.71 0.88 3.72 2.64 0.77 1.31 4.27 2.01 0.78 1.31 5.01

DV vector [D] 0.20 0.33 0.00 1.00 0.89 0.58 0.25 1.96 0.49 0.18 0.19 0.79

Correction index 1.04 0.16 0.64 1.36 0.99 0.27 0.59 1.50 0.95 0.21 0.70 1.39
AE −1.22 2.55 −10 0 −2.15 8.54 −14 15 −2.78 3.92 −10 5

% with AE within 15º 100% 100% 100%
%with AE>15º 0.0 0.0 0.0

%with AE<-15º 0.0 0.0 0.0

Abbreviations: SD, standard deviation; D, diopters; TIA, target induced astigmatism; SIA, surgically induced astigmatism; DV, difference vector; AE, angle of error.
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Kanellopoulos used the topographic astigmatic power 
and axis (topography-modified treatment refraction) in the 
contralateral eye study found that the average postopera
tive UDVA improved from 20/200 to 20/20 in the manifest 
group vs 20/16 in the TMR group with more lines gain in 
the TMR group.9

Motwani used the topography measured astigmatism 
(LYRA protocol) in treatment of 50 astigmatic patients and 
found that 80.85% of the patients achieved 20/15 vision, 
100% achieved 20/20 vision, and 6.4% achieved 20/10 
vision with the average difference of astigmatic power 
from manifest to measured was 0.55D (with a range of 
0–1.69D), and the average difference of axis was 14.94° 
(with a range of 0°–89°).11

In our study we compared three groups, the first one 
we used the manifest refraction in correction of astigma
tism (group A), the second group we used the LYRA 
protocol (group B) and in the third group used the topo
graphic astigmatism in treatment without change in the 
spherical power (group C).

We found that about 55% of eyes in group (A) had 
UDVA better than 0.00 logMAR, while it was 54% in 
group (B) and 75% in group (C).

We also found that in group (A), about 70% of eyes 
gained one line and about 25% of eyes gained two lines, 
while 30% remained unchanged. In group (B), about 100% 
of eyes gained one line and about 45% of eyes gained two 
lines. In group (C), about 90% of eyes gained one line and 
about 70% of eyes gained two lines, while 10% remained 
unchanged.

We also found no statistically significant difference 
between the three groups in the amount of residual man
ifest refractive astigmatism and the residual spherical 
equivalent as well.

However there was a statistically significant difference 
between the three groups in the residual anterior corneal 
astigmatism, being least in the partial TMR group (C) and 
highest in the manifest group (A).

This could be attributed to the Motwani4 hypothesis that 
the manifest astigmatism is the vectorial sum of the true 
corneal astigmatism and the residual corneal astigmatism 
which results from corneal higher order aberrations, so 
when using topography-guided ablation in treatment of astig
matism, it neutralizes the higher order aberration so the 
resultant true corneal astigmatism should be treated not the 

Figure 6 Target induced astigmatism (TIA) vector vs surgically induced astigmatism 
(SIA) vector (calculated at the corneal plane) of the manifest group (A), the full 
TMR group (B), and the partial TMR group (C).
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manifest astigmatism, this is what we were applying in group 
(C). Changing the spherical power when using the topo
graphic astigmatism as in group (B) means that we are not 
sure of the technology, this explains why we got the best 
results with the partial TMR group.4

In conclusion, adjustment of the power and axis of 
astigmatism treated using the topography when different 
from the clinical refraction without change in the spherical 
power, may offer superior outcomes in topography-guided 
myopic LASIK. This novel treatment strategy may change 
the current clinical paradigm of the optimal subjective 
refraction utilized in laser vision correction.
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