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Abstract

Background Precise IOL calculation in post-refractive sur-
gery patients is still a challenge for the cataract surgeon. The
purpose of this study is to test whether adding Orbscan II
values into the double-K method improves IOL calculation
in this group of patients.

Methods A prospective study with 43 eyes previously sub-
mitted to refractive surgery that underwent cataract extrac-
tion. IOL calculation was performed with double-K method.
Post-K value was derived from Orbscan total-mean power
map. The average corneal curvature of the general popula-
tion (43.8D) was used as the pre-K value. Refraction results
30 days after surgery were compared with refraction that
would be obtained if we used: (1) post-K values from
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keratometry, (2) post-K values from topography, and (3)
pre-K values from Orbscan total-mean power. Anterior
chamber depth measures obtained with the IOL Master
and Orbscan II were compared.

Results Mean postoperative spherical equivalent (SE) was
—0.25+1.10 D in eyes submitted to radial keratotomy , —
1.04+1.42 D in eyes previously submitted to myopic Lasik,
and +0.05+1.76 D in those submitted to hyperopic surger-
ies. Had we inputted post-K values derived from keratom-
eter and from topography, we would have obtained
significantly higher postoperative refractive errors in eyes
previously submitted to myopic refractive surgery (p<0.05).
Refractions using pre-K derived from the central 8§ mm
Orbscan instead of 43.8 D were similar in all studied groups
(»>0.05). Anterior chamber depth measured with [OL Master
or Orbscan were similar.

Conclusions Orbscan measurements used as the post-K val-
ues into the double-K method provide a precise IOL calcula-
tion, especially in post myopic refractive surgery patients.

Keywords IOL calculation post-refractive surgery - Cataract
surgery after radial keratotomy - Cataract surgery after
excimer laser surgery

Introduction

One of the great challenges in performing cataract surgery in
post-refractive surgery patients is obtaining an accurate re-
fractive outcome, especially in previously myopic patients.
Intraocular lens (IOL) calculation is less reliable in these
cases, generally inducing hyperopic errors after cataract
surgery [1-3]. The two main sources of biometric errors
are the IOL formulas and the inaccuracy of post-refractive
surgery central corneal curvature measurements [4].
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First and second generation formulas were developed for
normal corneas where a constant relationship exists between
anterior and posterior curvatures. In non-operated corneas,
this ratio is approximately 82%; that is, posterior curvature
radio is 1.2 mm less than the anterior, which leads to a
corneal refractive index of 1.3375. After refractive surgery,
this relationship is not constant anymore, which leads to a
change in corneal refractive index [4—6]. Furthermore, these
formulas consider the corneal curvature to calculate the
effective lens position, and flat corneal measurements erro-
neously estimate the effective lens position [4].

In 2003, Aramberri described a method that considers a
double keratometry, where original pre-refractive surgery
cornea curvature (pre-K) is used to obtain the effective
IOL position, and the post-refractive corneal curvature
(post-K) for the vergence formula. This method has consid-
erably improved IOL calculation after refractive surgery [7].

The other important source of error is the improper cen-
tral corneal curvature measurement after refractive surgery.
Keratometers and Placido ring topographers usually gener-
ate a measure that is steeper than the real central corneal
curvature, because they calculate an average of the inner
reflected ring on the cornea, not reflecting the real central
corneal curvature [5, 6]. Adjusted keratometry, contact lens
and clinical history methods are other alternatives, but also
with poor predictability [1-3, &, 9].

Corneal tomography with Orbscan II (Bausch & Lomb,
USA), Pentacam (Oculus, Germany) or Galilei (Ziemer
Group, Switzerland), on the other hand, have been shown
to be more precise for evaluating central corneal curvature
after refractive surgery, because they analyze corneal eleva-
tion, including the central area [4—6, 9-13]. Furthermore,
the total corneal power assessed by these equipments
includes data from the corneal thickness, from both corneal
surfaces instead of only from the anterior surface, and phys-
iologic refraction indices instead of a fictitious keratometric
refractive index [9, 12, 13].

Finally, another problem is that many times we don’t
have the corneal curvature before refractive surgery (pre-K)
to input into the double-K method. An alternative is to use the
general population mean keratometry (43.8D), which is usu-
ally precise enough for this method [14].

We present herein the refractive results of 43 eyes sub-
mitted to cataract surgery which had previously been sub-
mitted to refractive surgery, in which we used the double-K
method, where the post-K value was obtained from the
Orbscan II and 43.8D considered as pre-K value.

Methods

A prospective study was performed in 43 eyes of 30 patients
previously submitted to radial keratotomy (26 eyes), myopic
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Lasik (eight eyes), and hyperopic Lasik or PRK (nine eyes)
who underwent cataract surgery. Table 1 provides detailed
preoperative information of each case. None of the patients
had precise information about their corneal measurements
before the refractive surgery.

IRB/Ethics Committee decided approval was not re-
quired for this study, but an informed consent was obtained
for participants.

Patients were submitted to a tomography of the anterior
segment using Orbscan II (Bausch Lomb, Germany) to
obtain the data to insert in the Aramberri double-K method
for IOL calculation [7]. Pre-K value used in the double-K
method was 43.8 D, as the average value for the general
population [14]. Post-K values were assessed from Orbscan 11
average of total-mean power from the central 2 mm for eyes
submitted to myopic correction, and from the central 4 mm for
eyes submitted to hyperopic surgery [4, 5, 9-12].

Axial length and anterior chamber depth (ACD) were
obtained through partial coherence interferometry (IOL Mas-
ter®, Carl Zeiss Meditec, Germany). ACD obtained by Orbs-
can II was compared to the one obtained from IOL Master.

All surgeries were performed without complications with
peribulbar anesthesia and phacoemulsification with a self-
sealing temporal clear corneal 2.75 mm incision, implanting
all IOLs in the bag. The chosen IOL to be implanted was the
one that best matched emmetropia. The formula used in the
study was SRK/T for eyes longer than 22.51 mm and
Hoffer-Q for eyes shorter than 22.50 mm.

IOLs implanted were 20 Tecnis ZA9003 (AMO, USA),
six Acrysof Natural SN60AT (Alcon, USA), four multifocal
Tecnis ZM900 (AMO, USA), three C-Flex 970-C (Rayner,
England), five Sensar AR-40e (AMO, USA), two multifocal
ReZoom (AMO, USA), two Acrysof toric (Alcon, USA),
and one multifocal M-Flex 630F (Rayner, England).

Postoperative spherical equivalent (SE) 30 days after
surgery was compared with the refraction that would be
obtained if we used: (1) post-K values derived from kera-
tometry performed with the Tomey auto-keratometer
(Tomey, USA), (2) post-K values derived from topography
performed with the Tomey TMS-3 topographer (Tomey,
USA), and (3) pre-K average values derived from the central
8 mm area from Orbscan II [7].

Statistical analysis was performed with SPSS version
17.0. Means were compared with the Student’s paired-
samples #-test, at 5% significance. Bland and Altman tech-
nique was performed to evaluate the agreement between our
results and the other methods.

Results

Mean SE after cataract surgery in eyes previously sub-
mitted to radial keratotomy was —0.25 D+1.10 D (range —2.12 D
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Table 1 Preoperative data and postoperative refraction
Eyes Patient  Previous Age Mean Mean Orbscan 11 Orbscan II average SE before SE after
refractive (years)  keratometry  topography average total- total-mean of refractive cataract
surgery (diopters) K1 and K2 mean central central 8.0 mm surgery surgery**
readings corneal power corneal power (diopters) (diopters)
(diopters) * (diopters) (diopters)
1 1 RK 52 39.26 39.16 38.76 44.60 —6.00 -1.22
2 RK 52 38.78 38.17 37.66 44.39 —6.00 -1.37
3 2 RK 76 38.36 39.45 38.45 41.67 —4.00 —1.65
4 3 RK 68 34.78 39.25 37.98 41.65 —4.50 +1.52
5 4 RK 56 33.94 33.79 34.85 40.63 —4.50 -0.77
6 5 RK 64 39.59 40.15 41.16 45.87 -5.75 +0.37
7 6 RK 56 34.52 35.99 38.10 41.04 —4.00 +0.37
8 RK 56 36.70 39.14 37.44 41.67 —4.00 +0.37
9 7 RK 60 48.37 46.80 45.20 45.42 —6.00 +1.13
10 8 RK 57 31.61 31.99 30.86 41.90 -5.00 +1.65
11 9 RK 54 38.16 36.77 34.52 42.56 —-13.00 —-0.70
12 10 RK 57 41.03 41.35 40.32 42.49 -5.00 —0.60
13 11 RK 55 39.42 39.56 37.95 43.20 —4.50 —-1.35
14 12 RK 54 37.67 36.52 34.37 41.89 —11.00 -1.37
15 13 RK 61 34.51 34.27 33.91 38.69 -5.50 +0.52
16 RK 61 36.73 36.30 36.08 40.31 —5.50 —-1.35
17 14 RK 51 34.00 33.50 28.59 45.88 —6.00 —-0.15
18 15 RK 58 40.50 40.20 38.97 41.77 —6.75 —0.20
19 RK 58 39.00 38.95 37.00 41.94 —6.75 +1.70
20 16 RK 60 39.00 38.7 37.26 39.89 —4.00 -2.12
21 RK 60 38.50 38.15 37.69 35.07 —4.00 —0.40
22 17 RK 63 38.34 37.82 37.41 42.01 —6.00 —0.50
23 RK 63 38.33 37.53 38.61 42.96 —4.50 +0.12
24 18 RK 66 39.32 38.89 38.46 41.86 -3.00 -1.00
25 RK 66 39.30 38.64 38.18 41.80 —4.00 —0.50
26 19 RK 48 36.38 35.72 34.83 40.42 —4.00 +1.13
27 20 H-Lasik 60 46.91 46.85 46.09 4532 +1.50 —0.25
28 H-Lasik 60 47.71 47.40 46.26 44.05 +1.50 —0.90
29 21 H-PRK 59 45.65 44.62 4522 41.25 +3.00 —-1.55
30 H-PRK 59 44.41 44.51 44.02 41.60 +3.00 —-1.60
31 22 H-Lasik 53 46.88 48.56 48.34 43.92 +2.00 +1.80
32 23 H-Lasik 49 43.61 43.71 41.04 38.90 +1.25 +2.40
33 H-Lasik 49 43.33 42.95 40.97 38.72 +1.50 +2.15
34 24 H-PRK 64 45.79 45.39 46.60 41.73 +3.00 +0.70
35 H-PRK 64 46.33 45.42 44.95 41.53 +3.00 -2.25
36 25 M-Lasik 64 41.95 41.90 41.31 43.39 —6.50 —0.50
37 M-Lasik 64 41.72 41.45 40.69 43.75 —6.50 0.00
38 26 M-Lasik 60 42.92 42.74 41.19 43.70 -3.37 +0.65
39 27 M-Lasik 48 31.15 30.99 24.78 38.77 -17.12 -2.97
40 28 M-Lasik 63 37.59 38.55 36.05 40.38 —11.00 —-1.35
41 M-Lasik 63 35.18 36.10 32.69 39.23 —11.00 —-1.40
42 29 M-Lasik 64 43.58 43.33 40.35 41.52 —4.25 -3.10
43 30 M-Lasik 58 44.18 43.18 42.51 43.84 -1.00 +0.30
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Table 2 Comparison among

different values inserted at Group Double-K Post-K from Post-K from Pre-K from
Double-K formula in each formula keratometry topography Orbscan
group studied
RK (n=26)
Mean=+sd —0.25+1.10 —1.62+3.09 —1.67£2.48 0.08+1.98
P* 0.013 0.002 0.476
H-Lasik/PRK (n=9)
mean=+sd 0.05+1.76 —1.39+0.75 —1.28+1.38 0.10+1.83
pP* 0.025 0.126 0.966
M-Lasik (n=8)
mean=+sd —1.04+1.42 —3.94+2.37 —3.97+2.42 -1.73+1.59
P* 0.001 <0.001 0.124
*Paired-samples #-test
to +1.70D). In patients previously submitted to myopic  Discussion

Lasik, mean postoperative SE was —1.04 D #1.42 D
(range —3.10 D to +0.65 D). In patients previously
submitted to hyperopia surgery, mean postoperative SE
was +0.05 D£1.76 D (range —2.25D to +2.40 D) (Table 2).
Refraction outcomes of each patient after cataract surgery are
listed in Table 1.

Simulation of the postoperative refraction using post-K
values obtained from keratometer and topography, as well as
pre-K values obtained from Orbscan II, is shown in Tables 2
and 4. Table 3 shows the limits of agreement (CI 95 %)
among our refraction results and the others that were simu-
lated (Table 4).

Results obtained using the average value from the
central 2 mm area measured by Orbscan II as the
post-K value in the double-K method were statistically
better than the ones we would have expected using the
post-K values derived from keratometry (p<0.05), in all
eyes that had undergone myopic and hyperopic refractive
surgery.

Using post-K values from topography, we would also
obtain worst refractive results in eyes previously submitted
to myopic refractive surgery (p<0.05). In eyes previously
submitted to hyperopic correction, refractive results were
also better, but there was no statistically significant differ-
ence (p>0.05).

If we had used pre-K values derived from Orbscan (in-
stead of the average corneal curvature of 43.8D), postoper-
ative SE would be similar in all groups studied.

IOL calculations using ACD measurements obtained either
from the Orbscan Il or from the IOL Master were similar in all
groups (p>0.05).

One of the great challenges in calculating IOL power after
refractive surgery is to precisely determine central corneal
curvature. Both keratometry and topography based on re-
flection of Placido rings are not accurate, usually underesti-
mate the actual central curvature of the anterior surface of
the cornea and the total corneal power. As a consequence,
hyperopia is common after cataract surgery in these patients,
especially in eyes previously submitted to myopia correc-
tion [1-3, 7, 8, 15].

Corneal tomography can be used to scan the entire cor-
neal surface, including its geometric center, which provides
real measurements of the corneal central curvature. The
calculation of the central corneal power after refractive
surgery (post-K) by a quantitative area topography using
Orbscan and Pentacam has been shown to provide better
biometric results [4-6, 9—13, 16, 17].

Our results also showed a very precise IOL calculation
when using central corneal power derived from Orbscan II
as the post-K value and 43.8D as pre-K value into the
double-K method, especially in eyes previously submitted
to myopic correction. This approach provided a significantly
better refraction outcome than that obtained using post-K
values from either keratometry or corneal topography.

In the eyes previously submitted to hyperopic correc-
tion, we also found significant better SE results when
compared to post-K from keratometry. When comparing
with post-K values derived from topography results
were also better, although without significance, which
could be explained by the small number of patients in this

group.

Table 3 Limits of agreement

Post-K from keratometry

Post-K from topography Pre-K from Orbscan

(CI 95 %) * Group
RK (n=26) —6.64 to 3.88
H-Lasik/PRK -4.60 to 1.70
M-Lasik (n=8) —5.68 t0 0.10

*Bland and Altman

—5.65 t02.80 —4.22 to 4.87
—6.01 to 3.34 —5.65t05.73
—5.45t0 0.40 —2.88 to 1.52
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Table 4 Simulation of results with diferent values into the Double-K
formula

Calculated SE
using simulated Ks
from topography

as post-K (diopters)

Case  Calculated
SE using keratometry
as post-K (diopters)

Calculated SE using
Orbscan II average
total-mean central
corneal power* as
pre-K (diopters)

RK

1 -2.42 -2.55 -1.68
2 -2.82 -2.35 -1.59
3 -2.72 —4.27 -1.16
4 +4.02 -1.21 +2.32
5 -3.00 -2.82 —0.42
6 +2.17 +1.21 —0.96
7 +4.28 +2.63 -0.72
8 +1.22 -1.59 —0.84
9 —6.09 -3.85 -3.51
10 +0.05 —-0.34 -1.17
11 -3.81 -3.97 +0.51
12 -2.10 —2.48 -3.08
13 -6.19 -4.77 +2.34
14 —5.82 -4.12 -0.21
15 —-0.85 -0.58 +1.81
16 -2.69 -2.20 +1.72
17 -5.18 -4.63 -0.29
18 -3.71 -3.34 +1.84
19 -1.35 -1.29 -1.25
20 —4.34 -3.98 +2.62
21 —-1.51 -1.12 —0.11
22 -1.42 -0.82 +1.36
23 +0.58 +1.50 -0.29
24 -2.07 -1.57 +0.39
25 -1.70 -0.93 -1.37
26 +5.25 +6.01 +5.75
H-lasik and PRK

1 -2.01 -2.13 +0.52
2 —-1.55 -1.38 -1.35
3 -0.51 +0.69 +2.40
4 -2.42 -2.53 +2.15
5 —2.00 -3.88 +2.01
6 —-0.50 —-0.61 —2.42
7 —-0.62 -0.18 +0.44
8 -0.98 —-0.53 -1.87
9 -1.94 -0.93 —-1.00
M-lasik

1 -1.34 -1.51 -0.28
2 -1.29 -1.20 +0.40
3 -3.09 —2.88 —-1.06
4 -7.20 =7.01 -1.94
5 -3.95 -5.15 -3.14
6 -3.47 -4,59 -2.03
7 —=7.66 -7.35 —4.60
8 -3.48 -2.08 -1.16

* From 8 mm central area

SE = spherical equivalent

On the other hand, had we used pre-K value derived from
the 8 mm area from Orbscan (instead of 43.8D), we would
probably get similar refractive outcomes in patients previ-
ously submitted to myopic or hyperopic refractive surgery.

As for ACD measurement, we found no difference in the
IOL calculation using the values from IOL Master or from
Orbscan II. Our results revealed a good level of agreement
between these two optical devices, just like the results
reported by Reddy and coauthors [18]. Therefore, we be-
lieve that either one can provide reliable values.

The application of the double-K method [7], which con-
siders the effective position of the IOL, produced refractive
results that are closer to emmetropia, and which are in accor-
dance with those described by other authors [2, 3, 8, 15, 19].

In recent years, many formulas have been described by
several authors always trying to improve IOL power calcu-
lation after refractive surgery, such as Borasio [6], Shammas
[15, 20], Haigis [21], and Masket [22]. They all showed
good results, but their series did not include such a large
number of patients submitted to radial keratotomy, and both
myopic and hyperopic laser procedures.

Conclusion

Our study showed that the post-K value derived from the
Orbscan II is a very good alternative to be inputted into the
double K method to improve IOL power calculation in cata-
ract patients previously submitted to radial keratotomy, myo-
pic Lasik, and hyperopic laser surgeries. Compared to post-K
values derived from keratometry and topography, this method
seems to produce better refractive outcomes, especially in
patients previously submitted to myopic correction.
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