Revista Médica del
Hospital General de México

=

PERMANYER

‘ '.) Check for updates

ORIGINAL ARTICLE

Refractive error with the Barrett True-K No History versus
Panacea formula in cataract operated patients with a history of
radial keratotomy
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Abstract

Introduction: The challenge of calculating intraocular lens (IOL) power after refractive surgery such as radial keratotomy
(RK) remains unresolved after two decades. At present, there is an increase in patients with this history. Objectives: The
objectives of the study were to determine the difference in refractive error after surgery between the Barrett True-K No His-
tory and Panacea formulas, for the calculation of IOL in cataract operated patients with a history of RK. Materials and methods: An
observational, analytical, cross-sectional, and retrospective study was conducted. The power of the IOL was calculated, with
the Barrett True-K No History and Panacea formulas, and the IOLMaster 500 biometer. Two groups were studied. The predict-
ed spherical equivalent was adjusted to obtain the power of the final implanted lens. The result of the predicted spherical
equivalent was subtracted from the actual spherical equivalent, thus the refractive error was obtained for each formula.
Student’s t-test was used for independent groups. Results: The error with the Barrett True-K No History formula was -0.16
+ 112, whereas the error with the Panacea formula was -0.93 + 1.22. p = 0.346. Conclusion: There was no statistically
significant difference when comparing these two formulas, which showed that Panacea is as effective as Barrett True-K No
History in cataract-operated patients with a history of RK.
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refractive result, biometric measurements of the eye

are crucial for the proper calculation of the intraocular
lens (IOL)2. The challenge of properly calculating IOL

Introduction

About 90% of blind people in the world live in coun-

tries with emerging economies and more than 80%
are over 50 years of age. According to an epidemio-
logical study on cataract carried out in our country, it
was identified that in the northern part of the country,
the prevalence of cataract in people over 50 years of
age is 1.53% and 2.3% in the southern part of the
country'. Cataract surgery is the most frequent oph-
thalmological surgery, and to achieve the desired
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power after refractive surgery such as radial keratot-
omy (RK) remains unresolved after two decades?®. At
present, the number of eyes that have had previous
refractive surgery before cataract surgery has in-
creased. Perhaps, even more important than proper
biometry of the human eye is employing the appropri-
ate calculation scheme to improve refractive outcomes
and predictability after cataract surgery*. Instruments
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for measuring the eyeball have been constantly evolv-
ing, initially using ultrasound by contact or immersion
technique®. Subsequently, non-contact optical biome-
try was used and became very popular as an easy,
fast, and accurate method of assessing axial length®.
The IOLMaster 500 (Carl Zeiss Meditec, Germany) is
a non-contact optical biometer based on dual-beam
partial coherence interferometry, which works by re-
flecting an infrared laser with a wavelength of 780 nm
from the cornea to the retinal pigment epithelium®.
Biometry based on partial coherence interferometry
has been positioned as the gold standard for its high
accuracy and repeatability. This technology is consid-
ered less operator dependent compared to biometers
based on contact flattening’.

Automated keratometry is used to measure anterior
corneal curvature. Six points of light are projected
onto the cornea in a hexagonal pattern within a
2.3 mm diameter optical zone. A refractive index of
1.3375 is used to convert the radius of anterior cur-
vature (mm) into a corneal power in diopters (D)2. As
biometers have evolved, so have calculation schemes
too. Formulas are classified based on the method
used to determine IOL power and by the number of
biometric variables used for calculation®. According
to the method used, they are divided into two groups:
using the principle of paraxial approximation or
Gaussian optics and using the pathway of light in the
optical system of the eye, also called geometric optics
or ray optics'. Vergence-based IOL calculation for-
mulas have traditionally been classified by generation
from the first generation up to the fourth generation.
There are formulas that work differently and are out-
side this generational pattern, such as ray optics and
artificial intelligence formulas'. The use of formulas
such as Barrett I, Haigis, Hoffer H-5, Holladay 2, and
Olsen has brought a new level of accuracy and has
allowed cataract surgery to become a refractive pro-
cedure’®. The Panacea formula developed by David
Flikier is a vergence formula that has the character-
istic of including the value of the anterior and poste-
rior corneal curvature'?, thus determining the actual
measurement of the anterior and posterior corneal
surface to obtain the total corneal astigmatism'®. This
formula can be accessed from the Panacea IOL and
Toric calculator software (www.panaceaiolandtoric-
calculator.com)'®. The Barrett Universal Il formula es-
timates posterior corneal surface power based on
anterior corneal surface measurements'. The Barrett
True-K formula (true keratometry) is based on the
Barrett Universal Il formula, which calculates a

keratometry (K) that is modified for patients with pre-
vious LASIK refractive surgery, PRK, or RK. It re-
quires keratometric measurements before and after
laser refractive treatment. In addition, the formula can
predict lens power when no Barrett True-K No History
formula is available for eyes with no historical data'.
This formula can be accessed from the Asia-Pacific
Association of Cataract and Refractive Surgeons
(www.apacrs.org) and the American Society of Cata-
ract and Refractive Surgery (www.ascrs.org) web-
sites’. Even with the development of biometers and
highly accurate formulas, calculating the power of a
lens in patients undergoing RK is a challenge, as
corneas are often irregular with multiple curved and
flat areas, making it difficult to determine the meridian
axis and refractive power'®. RK alters the anterior
corneal curvature and posterior anterior relationship
in a different way than that caused by laser refractive
surgery. The optical zone is usually < 3 mm, which
means that standard keratometry taken by the biom-
eter will measure the region representing the inflec-
tion point between the incised cornea and the
indirectly flattened central zone. This leads to an
overestimation of corneal power and consequently to
a risk of hypermetropic refractive error after cataract
surgery'”. Reduction of astigmatism during cataract
surgery can result in a significant improvement in
visual quality. However, induced or residual astigma-
tism after surgery decreases visual acuity and visual
quality. Therefore, reliable correction of corneal astig-
matism is of utmost importance'®. Cataract is the
most common cause of reversible blindness in the
world. The General Hospital of Mexico is a hospital
of national reach with institutional programs that favor
access to cataract surgery for elderly people from
different parts of the country. At present, patients
have high expectations of visual recovery after sur-
gery, as they look for a significant visual quality that
allows them to regain independence and avoid the
use of glasses for most of their activities, which has
become feasible thanks to the use of biometers and
formulas that allow a very accurate calculation. Pa-
tients with a history of RK usually have poor results
due to corneal instability and difficulty in obtaining the
effective lens position. The aim of the study was to
determine the difference in refractive error after sur-
gery between the Barrett True-K No History and Pan-
acea formulas, for the calculation of IOL in cataract
patients with a history of RK, at the General Hospital
of Mexico from March 1, 2017, to August 30, 2020.
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Materials and methods

An observational, analytical, cross-sectional, and ret-
rospective study was conducted. We reviewed the re-
cords of patients who underwent cataract surgery by
phacoemulsification plus IOL fitting, model and brand
of lens provided at the hospital: AcrySof IQ SN6OWF,
AcrySof SN60AT, and AcrySof MA60AC by Alcon,
Tecnis ZCBOO and Tecnis Z9000 by Johnson and John-
son. Calculation was performed using the Barrett
True-K No History formula and the Panacea formula in
the anterior segment microsurgery clinic of the ophthal-
mology department. GPower statistical software ver-
sion 3.1.9.2 was used, taking into account, the sample
size calculation based on differences between means
of two independent groups and a two-tailed alpha zeta,
effect size of 0.8, 95% power, and significance level of
5%. A sample size of 23 files was obtained for each
formula. Records of patients between 45 and 80 years
of age were included, who had been operated by
phacoemulsification technique with post-operative re-
fraction record, and underwent IOL calculation using
IOLMaster 500 and Barrett True-K No History and Pan-
acea formulas, without associated ophthalmologic pa-
thology. Patients with infectious or inflammatory
keratopathy, corneal opacity, retinal pathology, patients
who underwent penetrating keratoplasty, records of pa-
tients with cataract extraction requiring another surgical
technique, and use of other biometry methods for I0OL
calculation were excluded from the study. The variables
were analyzed using the IBM SPSS V.22 statistical
package for Windows. The result of the predicted
spherical equivalent was subtracted from the actual
spherical equivalent after surgery to obtain the refrac-
tive error for each formula, and measures of central
tendency were performed. Student’s t-test for indepen-
dent groups was used to detect the difference in means,
with an effect size of 0.8.

Results

A total of 22 eyes, from 15 patients, eight males and
seven females, with a mean age of 57 + 7 years (range
47-74 years) were analyzed. Mean axial length was
25.24 + 118 mm (range 22.87-26.93 mm), mean ker-
atometry was 40.88 + 4.55 diopter (range 32.79-51.20
D), mean anterior chamber depth was 3.90 + 0.74 mm
(range 3.21-5.20 mm), mean white-to-white distance
was 10.65 + 0.69 mm (range 10.1-12.5 mm), and mean
lens thickness was 4.34 + 0.68 mm (range 3.51-
6.68 mm) (Table 1).

Table 1. Biometric results based on demographic data

Parameters Mean + SD Range
Age 57 + 7 years 47-74 years
AL 25.24 + 1.18 years mm 22.87-26.93 mm
MK 40.88 + 455 D 37.29a51.20D
ACD 3.90 + 0.74 mm 3.21-5.20 mm
LT 4.34 + 0.68 mm 3.51-6.68 mm
C 10.65 + 0.69 mm 10.1-12.5 mm

AL: axial length; MK: mean keratometry; ACD: anterior chamber depth; LT: lens
thickness; WTW: white-to-white distance.

The lenses implanted were AcrySof IQ SNEOWF in
five eyes, AcrySof SN60AT in seven eyes, and AcrySof
MABOAC by Alcon in one eye, Tecnis ZCBOO in eight
eyes and Tecnis Z9000 by Johnson and Johnson in
one eye. A mean IOL power of + 20.74 + 5.32 (range
+ 12.22-+ 29.50 D) was implanted with Barrett True-K,
while with Panacea, the means IOL power implanted
was + 2010 = 4.65 (range + 12.00-+ 28.50 D)
(Table 2).

The total number of eyes with the Barrett True-K No
History formula that had a predicted spherical equiva-
lent of < 1 D was 13 (59.09%). Regarding the Panacea
formula, the total number of eyes that had a spherical
equivalent of < 1 D was 14 eyes (63.63%), with a spher-
ical equivalent of < 3 D was 100% of eyes with the
Barrett True-K No History formula and 95.45% of eyes
with Panacea formula (Fig. 1).

The total number of eyes with a refractive error of
<1 D was 15 (68.18%) with the Barrett True-K No His-
tory formula and 13 (59.09%) with Panacea formula,
with a 3 D error, 100% of the eyes with the Barrett
True-K No History formula and 95.45% of the eyes with
Panacea formula (Fig. 2).

The predicted spherical equivalent with the Barrett
True-K No History formula was -0.92 + 0.81 and the
predicted spherical equivalent with Panacea formula
was -0.18 + 1.38, p = 0.708. Regarding the formula’s
accuracy, the error with the Barrett True-K No History
formula was -0.16 + 1.12, and the error with the Pana-
cea formula was -0.93 + 1.22. p = 0.346 (Table 2).

Discussion

At present, determining IOL power in patients with a
history of RK remains a challenge.

This has led to several proposals to solve the prob-
lem, Lyle and Jin'® advised subtracting 1.00 D from the
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Table 2. Intraocular lens power, range of intraocular lens powers, refractive error, and predicted spherical equivalent

results

Predicted spherical
equivalent + SD

m I0L Power + SD Range of LIO + SD powers Refractive error + SD

Barrett True-K No History 20.74 + 532D 12.22 + 29.50 D 0.16 + 1.12D 092+081D
Panacea 20.10 + 465D 12 +28.50 D 093+1.22D 0.18 +1.38 D
Barrett True K No History Panacea

100%

@

= Spherical equivalent 1.5 D = Spherical equivalent 1 D

m Spherical equivalent 1 D

Spherical equivalent 3 D

95.45%

-9

= Spherical equivalent 2 D

u Spherical equivalent 1.5 D

Spherical equivalent 3 D

= Spherical equivalent 2 D

Figure 1. Spherical Equivalent results with Barrett True K No History and Panacea formulas, at 1D, 1.5 D, 2 D and 3 D.

Barrett True K No History Panacea

95.45%

-9

= Refractive error 1.5D

-

= Refractive error 1.5D

m Refractive error 1 D m Refractive error 1 D

m Refractive error 2D Refractive error 3D = Refractive error 2D Refractive error 3D

Figure 2. Refractive error results with the Barrett True K No History and Panacea formulas, at 1 D, 1.5 D, 2 D and 3 D.

New technologies make it possible to estimate

keratometry. Chen et al. advised a refractive target of
lens power more accurately. In 2003, Aramberri

-1.50 D for post-operative refraction?.
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et al.?" introduced the double-K method to improve
accuracy for calculating the effective lens position in
patients with a history of previous corneal refractive
surgery. In 2007, Awwad et al.?? published findings
of the double-K adjusted Holladay 1 formula in pa-
tients undergoing RK surgery, achieving good pre-
diction of IOL power. In 2016, Abulafia et al."*
compared the accuracy of the Barrett True-K formula
of the ASCRS calculator in patients with a history of
myopic LASIK/PRK refractive surgery with other
available methods and found that the Barrett’s cal-
culation was equal to or better than alternative meth-
ods for IOL selection.

Turnbull et al.'”” compared seven formulas in 2020 for
IOL calculation in cataract surgery patients with a his-
tory of RK, with the best results in those using the
Barrett True-K formula.

In 2020, Dawson et al. published a comparison of
refractive error between the Barrett True-K No History
formula and intraoperative aberrometry in eyes with a
history of RK, reporting that the total number of eyes
with a refractive error of + 1 D was 38 (80.8%) of the
sample for both methods?2.

The aim of this study was to compare refractive
error between two formulas, the well-known Barrett
True-K No History and the novel Panacea, in cataract
patients with a history of RK. The total number of
eyes with a refractive error of < 1 D was 15 (68.18%)
with the Barrett True-K No History formula and
13 (59.09%) with Panacea formula. Neither of the
formulas achieved a refractive error of < 1 D after
surgery in 70% of the cases. When Student’s t-test
was performed, no difference was found in the pre-
dicted spherical equivalent or in the refractive error
when comparing both formulas regarding the total
number of eyes.

This may be because the Panacea formula does not
mathematically calculate the posterior corneal surface
from the anterior surface, but takes the actual values
of the anterior and posterior surface to provide the total
corneal astigmatism, which generates more accurate
calculations'.

The Barrett True-K No History formula requires, in
addition to biometric data, the patient’s current refrac-
tion to be input. Another condition to use it is to have
a corneal topography with Atlas or Pentacam equip-
ment or RTVue or Avanti XR optical coherence tomog-
raphy, to be able to calculate the lens power. However,
the Panacea calculator does not require these topog-
raphers or the use of optical coherence tomography to
be able to calculate the lens power.

Regarding the biometric data, when entering the val-
ues in the respective form, we found that there are
certain limitations in the range of values accepted by
both calculators. The Barrett True-K formula has a lim-
itation in the size of the anterior chamber depth, not
accepting values that exceed 5 mm. Conversely, the
Panacea formula does allow so because it is a formula
that uses three standard deviations of the mean, which
allows a wide range of values to be entered?4. With
respect to lens thickness, the situation is reversed. The
Panacea formula does not allow the inclusion of values
exceeding 6 mm in length while Barrett True-K No His-
tory does.

Conclusion

There is no statistically significant difference compar-
ing these two formulas, which demonstrates that Pan-
acea is as effective as Barrett True-K No History in
providing error and predicted spherical equivalent re-
sults in cataract patients with a history of RK. Although
no difference in refractive error and predicted spherical
equivalent outcomes was found between the Barrett
True K No History and Panacea formulas in this study,
further studies with a langer sample size are needed to
corroborate these results and evaluate the differences
between theses two formulas. Further studies with a
larger sample size are needed to corroborate these
results and evaluate the differences between these two
formulas.
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