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RESUMO

TiTuLo: Comparacao entre o uso de incisdes relaxantes limbares e
lentes intraoculares téricas no tratamento do astigmatismo

corneano pré-existente na facoemulsificagéo.

OBJETIVO: Comparar o uso de incisdes relaxantes limbares (IRL) e
lentes intraoculares (LIO) toéricas, tanto em termos né&o-vetoriais
quanto vetoriais, pelos métodos de Alpins e Thibos, no tratamento
do astigmatismo corneano pré-existente por ocasido da

facoemulsificagéo.

METoODO: Estudo longitudinal, prospectivo e randomizado sessenta
e dois olhos de trinta e um pacientes consecutivos de catarata,
com astigmatismo corneano entre 0,75 e 2,50 dioptrias (D) em
ambos os olhos, foram aleatoriamente distribuidos em dois
grupos: Grupo LIO torica, os pacientes submetidos a implantes de
LIO térica (modelo AcrySof Toric'™, Alcon™, Inc.) em ambos os
olhos; nos do Grupo IRL foram implantadas LIO esférica (modelo
AcrySof Natural™, Alcon™, Inc.), sendo confeccionadas IRL
também em ambos os olhos. Todos os pacientes foram reavaliados
com 1, 3 e 6 meses de pods-operatorio, sendo feitas as analises
nado-vetorial e vetorial do astigmatismo refracional. Variagbes de
resultados entre os grupos e internamente a eles foram
estudadas. A razao entre os vetores astigmaticos pos- e pré-
operatorio de Thibos (VApss/ipre), bem como, as regressdes lineares

dos mesmos com os indices de Alpins também foram avaliadas.

REsuULTADOS: Nado houve diferenca estatistica, considerando-se o
indice de seguranca, entre os grupos IRL e LIO térica. Os indices
de efetividade e eficacia mostraram-se discretamente favoraveis
ora a um grupo, ora ao outro. Dentro de um mesmo grupo, houve

menor variagdo de resultados para o grupo LIO térica. As médias
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das magnitudes dos vetores astigmatismo-alvo foram semelhantes
entre os grupos, mas as médias das magnitudes dos vetores
astigmatismo cirurgicamente induzido mostraram-se vantajosas no
grupo LIO térica. Maior numero de olhos alcangou a corregéao
pretendida no grupo LIO térica, no entanto, casos de
hipercorrecdo também foram mais numerosos nesse grupo.
Correlagdo negativa significativa entre VApss/pre € 0 percentual de
sucesso (%sucesso) de Alpins foi demonstrado (p=-0,93), sendo a
equacao de regressao linear dada por: Yosucesso=(~
VApés/pré+1.00)X100.

CoNcLUSOEs: Nossos dados sugerem que tanto o uso de IRL,
quanto o de LIO térica podem ser consideradas opc¢des efetivas,
seguras e eficientes no tratamento do astigmatismo corneano preé-
existente. Entretanto, o grupo LIO tdérica exibiu estabilidade de
resultados ligeiramente maior ao longo do tempo. Analises
vetoriais do astigmatismo também sdo sugestivas de menores
diferengcas entre a redugdo planejada e efetivamente obtida
favoravelmente ao grupo LIO tdérica. A equacgdo de regressao
linear entre VApssipre © %sucesso cCONstitui-se em instrumento
matematico validado para avaliagcdo do sucesso da cirurgia do

astigmatismo em termos gerais.

DESCRITORES

Facoemulsificagdo. Astigmatismo. Tratamento. Lente intraocular.

Modelo linear.
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ABSTRACT

TITLE: Comparison between the usage of limbal relaxing incisions
and toric intraocular lenses in the treatment of preexisting corneal

astigmatism during phacoemulsification.

OBJECTIVE: To compare limbal relaxing incisions (LRI) and toric
intraocular lenses (IOL) in terms of non-vectorial methods and
both Alpins and Thibos vectorial analises in the treatment of

preexisting corneal astigmatism during phacoemulsification.

METHODS: This longitudinal, randomized, prospective study
assessed 62 eyes of 31 consecutive cataract patients with
preoperative corneal astigmatism between 0.75 and 2.50 diopters
in both eyes. Patients were randomly assorted among two
phacoemulsification groups: one assigned to receive AcrySof
Toric™ IOL in both eyes and another assigned to have AcrySof
Natural™ |OL associated with LRI, also in both eyes. All patients
were evaluated postoperatively at 1, 3 and 6 months, when
refractive astigmatism analysis was performed using non-vectorial
and vectorial methods. Outcomes variability within each group and
between groups was assessed. The ratio between Thibos post-
and preoperative astigmatic power vectors (APV atio) and its linear

regression to Alpins indices were also assessed.

REsuLTs: There was no statistical difference in safety index
between LRI and toric IOL groups. Predictability and efficacy
index seldom exhibited differences, favorable to one or another
group. Within each group, toric IOL group showed slightly greater
outcomes  stability. Mean magnitudes of target induced
astigmatism vectors were similiar between groups, but mean
magnitudes of surgically induced astigmatism, difference vectors

and indices derived from such vectors were advantageous in the
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toric IOL group. A greater number of eyes achieved the intended
correction in the toric IOL group. Overcorrection cases occured
more often in the toric IOL group. Significant negative correlation
between the ratio of post- and preoperative Thibos APV;aii, and
Alpins percentage of success (%success) Was found (Spearman’s
p=-0.93); linear regression we found is given by the following
equation: %success=(-APV atio+1.00)x100.

CoNcLUSsIONS: Our data suggest that both LRI and toric IOL are
predictable, safe and efficient options in the treatment of
preexisting astigmatism. However, toric IOLs exhibited a slightly
greater stability in outcomes over time. Vectorial analisys also
suggests lesser differences between planned and achieved
reductions were observed more often in toric IOL group. Linear
regression we found between APViatio and %success permits a
validated mathematical inference concerning the overall success

of astigmatic surgery.

KEYWORDS

Phacoemulsification. Astigmatism. Treatment. Intraocular lens.

Linear model.
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1 INTRODUGAO

O astigmatismo € um erro refracional que acarreta prejuizos
a visao, podendo acometer a populagdo geral, em especial na
faixa de idade para a qual a catarata assume relevancia. Ao
menos, 15 a 20% dos pacientes com catarata tém 1,50 dioptrias
(D), ou mais, de astigmatismo corneano. Com o aumento das
expectativas por bons resultados refracionais, por parte dos
pacientes, a tendéncia atual é de nao somente remover a
catarata, mas também, de eliminar o problema do astigmatismo
pré-existente, por ocasidao da facoemulsificacdo. Por isso, a
facoemulsificagcdo vem sendo considerada como procedimento
verdadeiramente refrativo. (1)

Um modo de abordar o astigmatismo, simultaneamente a
cirurgia da catarata, consiste no tratamento do cilindro corneano
pré-existente por meio da confeccdao de incisbes relaxantes
limbares (IRL). (2, 3) No entanto, é possivel que fatores
biomecanicos da cérnea comprometam, ao menos parcialmente, os
resultados refracionais a longo prazo. (4)

O implante de lente intraocular (LIO) térica constitui-se em
alternativa as IRL para a corregdo do astigmatismo corneano pré-
existente em pacientes candidatos a facoemulsificagdo. Diversos
estudos tém analisado os resultados da implantacdo de diferentes
modelos de LIO tdéricas, mostrando bons resultados na correcao
do astigmatismo. Rotagdo indesejada da LIO torica, apo6s a
implantacao, tem sido o principal problema associado a esta
estratégia. Estima-se que, para cada grau de rotagcdo da LIO
térica, haja perda de cerca de 3,3% da corregdao cilindrica
pretendida. (5)

Considerando-se vantagens e limitagdes inerentes a cada
técnica, afirmar que uma opg¢ado € inequivocamente superior a
outra, para a corregdo do astigmatismo corneano pré-existente

durante a facoemulsificagdo, permanece controverso. (6)
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2 OBJETIVOS

Comparar o emprego de IRL e LIO térica no tratamento do
astigmatismo corneano pré-existente por ocasiao da
facoemulsificagcdo, ndo-vetorialmente em termos de efetividade,
seguranga e eficacia, bem como, vetorialmente, tanto pelos
métodos de Alpins quanto de Thibos, buscando correlacionar

ambos os métodos de analise vetorial.
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3 REVISAO DA LITERATURA

Apresentada sob a forma de artigo de revisdo, aceito para
publicagdo, em inglés, pela Revista Brasileira de Oftalmologia
(RBO), como pode ser visto na secdo: “PRIMEIRO TRABALHO -
TRATAMENTO DO ASTIGMATISMO POR OCASIAO DA FACOEMULSIFICAGAO:
REVISAO E EMBASAMENTO DAS ESTRATEGIAS CIRURGICAS ATUAIS” a

partir da pagina 36.
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4 METODO

4.1 DESENHO DO ESTUDO

Estudo longitudinal, prospectivo e randomizado, no qual 31
pacientes consecutivos de catarata, com astigmatismo corneano
entre 0,75 e 2,50 D em ambos os olhos (totalizando 62 olhos),
foram aleatoriamente distribuidos em dois grupos: Grupo LIO
térica, com pacientes a serem submetidos a implantes de LIO
téricas (modelo AcrySof Toric™, Alcon™, Inc.) em ambos os olhos
e Grupo IRL, no qual foram confeccionadas IRL e implantadas LIO
esféricas em ambos os olhos (modelo AcrySof Natural™, Alcon™,
Inc.). ldealmente, o numero tedrico de olhos estudados, ao se
considerar o nivel de sensibilidade e especificidade de 80% e
intervalo de confianga de 95% (7), bem como a prevaléncia de
cerca de 28% da faixa de astigmatismo estudada (8), deveria ser
de 318 olhos (159 pacientes). Tal numero, no entanto,
inviabilizaria a realizagcdo do estudo no prazo compativel com a
conclusdo da pods-graduagcao. Estudos semelhantes ao nosso,
publicados em periédicos de alto impacto, contam com amostras
menores ou semelhantes a nossa (1, 3, 5, 6). Todos os pacientes
assinaram um termo de consentimento livre e esclarecido (TCLE),
apo6s serem informados ndao s6 sobre a natureza do estudo, mas
também das complicagcdes potenciais do mesmo, de acordo com as
recomendacdes da Declaracdo de Helsinki, mediante aprovacao
prévia pelo Comité de Etica em Pesquisa da UFMG. As cirurgias
foram realizadas entre maio de 2010 e junho de 2012 no ISO
Olhos, Instituto de Saude Ocular em Uberlandia-MG.

4.2 CRITERIOS DE INCLUSAO

Idade acima de 40 anos, ocorréncia de catarata clinicamente

significativa (melhor acuidade visual corrigida pior que LogMAR
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0,3), astigmatismo corneano regular pré-existente entre 0,75 e
2,50 D, midriase farmacologica de, ao menos, 6,0 milimetros
(mm), em ambos os olhos, para permitir visualizacéo
intraoperatdéria adequada das marcacgdes indicativas do eixo na
L1O torica.

4.3 CRITERIOS DE EXCLUSAO

Cirurgia ocular prévia, pterigio, qualquer condigdo ocular
que pudesse cursar com baixa de acuidade visual no pés-
operatorio (leucoma, uveite, glaucoma avang¢ado, neurite Optica,
maculopatia clinicamente significativa ou retinopatia),
anormalidades zonulares ou pupilares e qualquer astigmatismo

corneano irregular.
4.4 AVALIACAO PRE-OPERATORIA

Cada paciente foi submetido a avaliagdo oftalmica que
incluiu a afericdo da melhor acuidade visual corrigida,
refratometria dinadmica, biomicrosopia a Ilampada de fenda,
tonometria de aplanacao e fundoscopia sob midriase
farmacolégica. Bem como topografia corneana (Orbscan™ I,
Bausch&Lomb™,

(OcuScan™, Alcon™, Inc.).

Inc.) e biometria ultrassdénica de imerséo

4.5 PLANEJAMENTO CIRURGICO

Empregou-se a férmula biométrica Hoffer Q em olhos com
comprimento axial menor que 22 mm e a féormula SRK/T em todos

os demais casos.

A selegdo do grupo ao qual cada paciente pertenceria deu-se
por meio de sorteio conduzido por examinador (G.F.), que nao o
cirurgido, pelo emprego da fungdo “f=RANDBETWEEN(1;2)” do

Microsoft Excel™, sendo 1 = grupo LIO térica e 2 = grupo IRL.
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A selecao do poder cilindrico, bem como o posicionamento
da LIO térica foram determinados pelo software online do

fabricante (www.acrysoftoriccalculator.com). A extensdo e

localizagdo das IRL também foram determinadas via software

online (www.lricalculator.com), conforme o nomograma de

Donnenfeld.

Tanto para o Grupo LIO térica, quanto para o Grupo IRL,
além dos dados biométricos, ceratométricos e localizacao
temporal da incisao principal, também o astigmatismo
cirurgicamente induzido por ela (padronizado em -0,50 D) foram
levados em consideragdo no planejamento cirurgico. A
refratometria desejada para o poés-operatdrio foi a mais proxima
possivel da emetropia, ou seja, ametropia esférica nula (plano),

associada ao menor cilindro residual possivel. (9, 10)
4.6 TECNICA CIRURGICA

Todas as cirurgias foram realizadas pelo mesmo cirurgido
(M.C.), sob sedacé&o leve e anestesia topica. Imediatamente antes
da cirurgia, uma caneta hidrografica estéril foi usada com a
finalidade de marcar o limbo corneano nas posi¢cdes de zero e
180° com o paciente a lampada de fenda, para diminuir os efeitos

da oculotorsao.

Em ambos o0s grupos, empregou-se incisdo principal
temporal, limbar e monoplanar com 2,75 mm de largura. Para o
Grupo LIO torica, a LIO foi alinhada com o eixo planejado. No
Grupo IRL, as incisbes foram confeccionadas no Ilimbo,
empregando-se bisturi especifico de diamante, ajustado para 600

micrémetros (um) de profundidade.
4.7 ACOMPANHAMENTO POS-OPERATORIO

Todos os pacientes foram reavaliados aos um, trés e seis

meses de pos-operatério, por outro examinador, que nao o
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cirurgido (G.F.). Nova refratometria dinédmica (ametropias esférica
e cilinrica, a partir das quais, calculou-se o equivalente esférico)
acuidade visual sem corregcdo para longe (AVSC) e melhor
acuidade visual corrigida, ao refrator, para longe (AVCC) foram
aferidas. Efetividade, expressa pelo percentual de olhos entre
+1,00 D ou entre 0,50 D do equivalente esférico pretendido;
indice de segurancga, determinado pela razdo entre AVCC pods-
operatdoria e a AVCC pré-operatdoria e, ainda, o indice de eficacia,
calculado pela razao entre AVSC pds-operatoria e a AVCC pré-
operatoria. (11) Os calculos dos parametros de Alpins (12) e dos
vetores de Thibos (13, 14), para o astigmatismo refracional, foram
feitos, para cada reavaliagdo, empregando-se planilhas do
Microsoft Excel™ (versdao 12.2.7, Microsoft para Maclintosh™).
Testes do normalidade de Shapiro-Wilk foram realizados por meio
do software IBM™ SPSS™ (versdo 20.0.0 para Microsoft
Windows™). Valores de p < 0,05 foram considerados
estatisticamente significativos. (15) Coeficientes de correlacéao
linear (R?) de Pearson’s ou (p) de Spearman, para regressdes
paramétricas e nao-paramétricas respectivamente, foram usadas
conforme o caso. (16) Bootstrapping (com intervalo de confianga
de 95%) foi empregado a cada regressdo. (17) O teste de
Wilcoxon foi utilizado para analises estatisticas nao-paramétricas
entre diferengcas dentro de um mesmo grupo ao longo de periodo
estudado. O teste U de Mann-Whitney foi empregado na
determinacdo de diferengcas entre os grupos LIO térica e IRL a

cada reavaliacéao. (3)
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5 RESULTADOS, DISCUSSAO E CONCLUSOES

Apresentacdo e analise, em profundidade, dos resultados,
bem como, as conclusdes advindas dessas analises sdo expostas
ao longo de trés trabalhos originais aceitos para publicagéao,
apresentados na segao “ARTIGOS ORIGINAIS”, do segundo ao quarto

trabalho, a partir da pagina 57.
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Abstract

Preexisting corneal astigmatism, present at the time of
cataract surgery, is reviewed in detail throughout this article
on its most important aspects such as occurrence rates,
clinical relevance and current treatment options. Special
emphasis is given to the latter aspect. Each method’s
rationale, advantage and limitation is highlightened.
Comparisons between treatment options, whenever possible,

are also provided.

Key-words

Astigmatism; cataract; phacoemulsification; opposed
clear corneal incisions; limbal relaxing incisions; toric

intraocular lenses.
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Resumo

O astigmatismo corneano pré-existente, por ocasido da
cirurgia de catarata, é detalhadamente revisado neste artigo
sob aspectos como: ocorréncia, relevancia clinica e opcgodes
de tratamento atualmente disponiveis. Enfase é dada a este
ultimo critério. O embasamento téorico de cada método, bem
como vantagens e imitagdes foram destacados. Comparacgdes
ente as opcdbes terapéuticas, sempre que possivel, sao

oferecidas.

Descritores

Astigmatismo; catarata; facoemulsificacado; incisbes clear
cornea opostas; incisdes relaxantes limbares; lentes

intraoculares toéricas.
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Introduction

Cataract surgery has evolved over the past few years
with new surgical techniques, devices and improvements in
the design of intraocular lenses, shifting from traditional
spheric-monofocal lenses to aspheric, toric,
pseudoaccomodative, accomodative or a combination of these
features. (1, 2) It is, currently, among the most performed
planned surgical procedures worldwide, positively impacting
over patients’ quality of life. (3, 4)

Astigmatism is a visually disabling refractive error
affecting the general population, specially those with
cataracts. (5) With increased patients’ expectations, the trend
is not only to remove the cataract, but also to address the
problem of preexisting astigmatism at the time of
phacoemulsification. In addition to being a therapeutic
procedure, cataract surgery is currently considered as a
surgical approach for refractive errors. (5) The amount of
techniques available to correct astigmatism during
phacoemulsification suggests that the issue of astigmatism
treatment by the time of phacoemulsification is currently
under debate. (6)
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Methods of Literature Search

PubMed and SciELO were searched on February 22"¢
2013 using search words astigmatism and
phacoemulsification. Retrieved references with no abstracts
were not considered. This initial search retrieved 896
abstracts in English, Portuguese or Spanish, published from
1993 to 2013. Fifty-eight relevant references, concerning pre-
existing corneal astigmatism or surgically induced

astigmatism, were, thus, obtained and reviewed in detail.
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Results

Definition of Astigmatism

In an optimal stigmatic (point-like) optical system, a
point in the object space is focused as a point image. The
shape of the blurred image, for out-of-focus point objects, is
always a circle.

An astigmatic optical system is nonpoint-like. In a
regular astigmatic optical system an object point is focused
as two mutually perpendicular line segments delimiting an
intermediate interval, termed Sturm’s conoid. No point focus
is formed, but the blurred image attains different shapes and
directions in Sturm’s interval. The focal lines define the
orthogonal principal meridians of the conoid. Differential
magnification in the principal meridians means that the focal
line segments have different lengths. Irregular astigmatism is
the non-stigmatic and non-regular astigmatic part of the
refractive spectrum. In wave-front analysis, stigmatic and
regular astigmatic powers — correctable by spherocylinders -
are termed Ilower-order aberrations. Irregular astigmatic

elements are called higher-order aberrations. (7)

Prevalence of Astigmatism

A significant number of patients having cataract surgery
have a degree of preexisting corneal astigmatism. (8-11)
Estimates of the incidence of significant, naturally occurring
astigmatism vary widely from 7.5% to 75%. (11-13) In a study
comprising 4540 eyes (in 2415 patients), 13.2% of eyes did
not present corneal astigmatism, 64.6% had ~corneal
astigmatism between 0.25 and 1.25 D, and 22.2% had
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astigmatism of 1.50 D or higher, as can be seen from figure 1.

(9)
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Figure 1. Histogram of the corneal astigmatism distribution in the
entire sample (4540 eyes). (9)

Classification of Corneal Astigmatism Magnitudes

Corneal astigmatism power may be considered as mild up
to 1.00 D. Moderate, for magnitudes between 1.0 D and 2.00
D, or highly astigmatic if equals to, or greater than the upper
limit of 2.00 D. (14)

Astigmatism Analysis

Meaningful analysis of astigmatic data is essential to
understanding the results of refractive and cataract surgical
procedures. Certain elements of astigmatic analysis are
simple and straightforward, but other aspects <can be
extraordinarily complex. Several investigators have developed
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elaborate methods of further describing and characterizing
astigmatic change. Such methods may exhibit marked
differences among each other: (15)

Alpins and coworkers (16-19) use vector analysis to
generate various indices to more fully describe astigmatic
outcomes. Many of these indices, such as difference vector,
index of success and coefficient of adjustment, provide
remarkably useful and intuitive means of understanding the
effects of the surgery.

Thibos and coworkers (20, 21) take another approach to
analyzing astigmatic data. This method separates refractive
data into 3 power vectors: spherical equivalent and 2 Jackson
crossed cylinders separated by 45 degrees. With these, they
can demonstrate analysis of the data with useful graphic
depictions. Thibos also calculates the blur strength, which is
another index that can be used to characterize the effect on
vision of the spherical and astigmatic components of the
residual refractive errors.

Naeser and Hjortdal use polar analysis, as an alternative
to vectorial analisys, in which they <characterize any
astigmatic value by 2 polar values that are separated by 45
degrees. In a subsequent work, Naeser and Hjortdal extended
their methodology to trivariate analysis, which provides a 3-
dimensional depiction that displays both polar values and the

spherical equivalent. (15)

Optical and Physiological Effects of Ocular Astigmatism

Optical effects of ocular astigmatism are blur and
distortion. (7) Astigmatism of as little as 0.75 D may leave a
patient symptomatic (12, 13) Blur is the lack of point focus
and altered shape of the retinal image caused by the

astigmatism. Distortion is the altered shape of objects caused
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by unequal magnification of the retinal image in the various

meridians. (7)

Treatment options

Perhaps the most challenging aspect of astigmatism
surgery involves the determination of the quantity and exact
location of the cylinder that is to be corrected. (12, 22, 23),
Unfortunately, preoperative measurements (keratometry,
refraction, and corneal topography) do not always correlate.
Lenticular astigmatism may account for some of this disparity,
particularly in cases where there is a wide variance between
refraction and corneal measurements; however, some
discrepancies are likely caused by the inherent shortcomings
of traditional measurements of astigmatism. Standard
keratometry, for example, measures only two points in each
meridian at a single optical zone of approximately 3 mm.
Corneal topography can be very helpful when refraction and
keratometry do not agree, and it is increasingly becoming the
overall guiding measurement on which the surgical plans are
based. (12)

Posterior corneal astigmatism contribution to total
corneal astigmatism is gaining interest, in recent years, due
to increasing number of cases of unintended astigmatism

under- or overcorrections. (24, 25)

a) Incisional approach

Incisional surgery creates gaping of the wound, addition
of tissue in the incision, and elongation of the radius of
curvature with subsequent flattening of the central cornea
along the surgical meridian. Surgically induced astigmatism
following tangential and arcuate incisions is characterized by

coupling, by which an astigmatic change in one meridian is
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followed by a similar change in the orthogonal meridian with
no net change in spherical equivalent refraction. Tight sutures
will flatten the tissue around the incision with an initial
steepening of the central cornea. Sutures have no long-time
effect on astigmatism and an initial with-the-rule astigmatism
is followed by against-the-rule decay after superior sutured
cataract incisions. Surgically induced astigmatism after
incisional surgery is predominantly influenced by wound
length and placement, while patient age, preoperative
astigmatism, and intraocular pressure play minor roles.
Ablational laser surgery does not generate a coupling effect,
and the spherical effect of ablation for astigmatism must be
taken into account. (7)

A viable and relatively simple way to decrease
astigmatism is to manipulate the cataract incision to impact
favorably pre-existing astigmatism. This may be accomplished
by first centering the incision on the steep corneal meridian
(hence to be termed “on axis” technique) and then by varying
its size and design, to affect a desired amount of wound
flattening, and hence a decrease in cylinder. Such an
approach, however, presents logistical challenges including
movement around the surgical table, often producing awkward
hand positions. (12, 26-28)

Opposite clear corneal incisions may also be used to
address pre-existing astigmatism. (12, 29) In this technique, a
second opposite penetrating clear corneal incision is placed
over the steep meridian 180 degrees away from the main
incision. This approach is technically simple and requires no
additional instrumentation; however, a second substantial
penetrating incision is now present, possibly increasing the
risk of wound leak or even infection. In addition, single-plane
beveled incisions are known to be less effective, for a given
arc length, at flattening the <cornea as compared with

traditional perpendicular relaxing incisions. (12)
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For the reasons mentioned above, both on axis and
opposite clear corneal incisions techniques have largely been
supplanted by the use of a consistent and astigmatically
neutral phacoincision, typically placed temporally, for
stability, and then adding supplemental Ilimbal relaxing
incisions (LRI). (12, 30) Such an approach have become the
most popular way to manage astigmatism at the time of
cataract surgery. (12, 31-39) The use of LRI offer several
advantages over astigmatic incisions placed within the
cornea, at smaller optical zones, including less chance of
causing a shift in the resultant cylinder axis and a lesser
tendency to cause irregular corneal flattening with irregular
astigmatism. Technically, LRI are easier to perform and more
forgiving than shorter and more central corneal astigmatic
incisions. (12, 31) Another important advantage gained by
moving out to the limbus involves the coupling ratio, which
describes the amount of flattening that occurs in the incised
meridian relative to the amount of steepening that results 90
degrees away; paired LRIs (when kept at or under 90 degrees
of arc length) exhibit a very consistent 1:1 ratio, and elicit no
change in spherical equivalent refraction, obviating the need
to make any change in implant power. Admittedly, these more
peripheral incisions are less powerful, but are still capable of
correcting up to 3.50 D of astigmatism in the cataract-aged
population. One must keep in mind that the goal is to reduce
the patient’s cylinder, without overcorrecting or shifting the
resultant axis. Their stability may well be caused by the
proximity of well-vascularized limbal tissue. Nonetheless, as
with any surgical technique, potential complications exist, the
most likely to be encountered is the placement of incisions on
the wrong axis. When this occurs, it typically takes the form
of a 90-degree error with positioning on the opposite, flat
meridian. This results in an increase and likely doubling of

the patient’s preexisting cylinder. (12)
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b) Non-incisional approach

A recent advance in cataract surgery was the
introduction of toric intraocular lenses (IOL) for the correction
of preexisting corneal astigmatism. (40-46) The use of toric
IOL have been reported to be an effective method of reducing
postoperative refractive astigmatism and spectacle
dependence following cataract surgery. (47) Rotational
stability of toric IOL is an issue of major concern, once proper
alignment is critical for compensating corneal cylinder,
resulting in good uncorrected vision. Each degree of rotation
causes an average loss of cylinder power of approximately
3%; thus, when an |OL rotates 30 degrees there is no
astigmatic correction, although there is a change of axis. (44,
48-55). Articles comparing the use of toric IOL to other
astigmatism reducing techniques, such as opposed clear
corneal incisions (56) or LRI (57), are still scanty in number
on literature. Slightly advantageous outcomes, favoring toric
IOL have been reported (56, 57), but debate on which
technique unequivocally offers better results is just at the
beginning. Toric IOL may also be employed in conjunction to
such techniques aiming further refractive improvements. (38)

Correction of unintentional residual ametropia may be
achieved by excimer laser enhancement procedures. Such an
approach exploits the advanced technology and exquisite
accuracy of the excimer lasers. (12, 58) Phacoemulsification
wound healing, along with a stable refractive error, must be
confirmed prior to enhancement procedures. Custom
wavefront-guided ablations are particularly well suited in the
scenario of a pseudophakic eye, because the dynamic lens
component no longer exists. For a few cataract surgeons,
excimer laser enhancements have become part of the routine

preoperative discussion with patients. (12)
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Conclusions

Due to the prevalence of preexisting corneal astigmatism
among cataract patients and its effects on final visual acuity,
it is demanding for the cataract surgeon to address
astigmatism, by the time of phacoemulsifcation, effectively as
possible. Although several astigmatism reducing techniques
exist, LRI and toric IOL are the most often used methods.
Both strategies show limitations, advantages and drawbacks
inherent to their use. The present review is part of an on
going Doctorate Thesis designed to further compare these two

methods.
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Abstract

Objective: To compare limbal relaxing incisions (LRI) and
toric intraocular lenses (IOL) in terms of non-vectorial
(predictability, safety and efficacy) and vectorial analyses in

the treatment of astigmatism during phacoemulsification.

Methods: This longitudinal observational case series
assessed 62 eyes of 31 consecutive cataract patients with
preoperative corneal astigmatism between 0.75 and 2.50
diopters (D) in both eyes. Patients were randomly assorted in
two groups: “1” assigned to receive AcrySof Toric™ I10L in
both eyes; and “2” to have AcrySof Natural'™ |OL associated
with LRI, also in both eyes. All patients were evaluated
postoperatively at 1, 3 and 6 months, when refractive
astigmatism analysis was performed using both non-vectorial
and Alpins vectorial methods. Outcomes within each group

and between groups were assessed.

Results: The percentage of eyes within £0.50 D of the
intended correction in the LRI group, at 3" and 6'"
postoperative months, was 75% and 71.88%, respectively,
compared to 40% and 66.67% for the toric I1OL group. In the
remaining period, percentages were favorable to the toric 10L
group. Safety index showed no difference at any period
studied. Efficacy index was statistically higher for toric I10L
group in 1-month and 3-month postoperatively (0.43 and
0.44), compared to LRI group (0.31 and 0.36). At the 6'"
month, the percentage of eyes, in the LRI group, was: 53.13%
were under-corrected, 43.74% reached the intended correction
and 3.13% were over-corrected; in the toric IOL group,

16.76% were under-corrected, 76.67% reached the intended
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correction and 6.67% were over-corrected. The percentages of
success of astigmatic surgery, astigmatism reduction at the
intended axis and astigmatism corrected are shown
respectively, in the LRI group: 43%, 62% and 64%; and in the
toric IOL group, they were: 57%, 81% and 94%.

Conclusions: Our results suggest the use of toric IOL to be
advantageous over LRI in the treatment of astigmatism during
phacoemulsification. Although such advantages seem subtle
from non-vectorial analysis, they are highlighted by the

vectorial approach.

KEYWORDS

Phacoemulsification, astigmatism, predictability, safety,

efficacy.
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RESUMO

Objetivo: Comparar incisbes relaxantes limbares (IRL) e
lentes intraoculares (LIO) toricas tanto em termos néao-
vetoriais (efetividade, seguranca e eficacia), quanto vetoriais
no tratamento do astigmatismo por ocasiao da

facoemulsificacao.

Método: Estudo observacional longitudinal (série de casos) no
qual foram avaliados 62 olhos de 31 pacientes consecutivos
de catarata com astigmatismo corneano pré-operatdrio entre
0,75 e 2,50 dioptrias (D) para ambos os olhos. Os pacientes
foram aleatoriamente distribuidos entre 2 grupos: “17
submetido a implante de LIO AcrySof Toric'™ em ambos os
olhos e “2” com implante bilateral da LIO AcrySof Natural™
complementada por IRL. Todos 0s pacientes foram
reavaliados com 1, 3 e 6 meses de pos-operatdério, sendo
feitas analises do astigmatismo refracional por métodos néo-
vetoriais, como pela analise vetorial de Alpins, interessando

os resultados dentro de cada grupo e entre os grupos.

Resultados: O percentual de olhos entre £0,50 D da correcéao
pretendida no grupo IRL foi de 75 e 71,88%, respectivamente,
em comparagcao aos 40 e 66,67% do grupo LIO térica aos 3 e
6 meses de pos-operatério. Nos outros periodos avaliados, os
percentuais foram favoraveis ao grupo LIO toérica. O indice de
seguranga nao demonstrou diferengca em nenhum dos
periodos. O indice de eficacia foi estatisticamente maior para
o grupo LIO térica com 1 e 3 meses de pos-operatério (0,43 e
0,44), em comparag¢ao ao grupo IRL (0,31 e 0,36). Aos 6
meses, o0 percentual de olhos, para o grupo IRL, foi:

hipocorrecdo em 53,13%; 43,74% alcangcaram a corregao
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pretendida e 3,13% ficaram hipercorrigidos; no grupo LIO
toérica, a hipocorrecao ocorreu em 16,76%; 76,67%
alcancaram a correcao pretendida e 6,67% ficaram
hipercorrigidos. Os percentuais de sucesso da cirurgia
astigmatica, da redugcdo do astigmatismo no eixo pretendido e
do astigmatismo corrigido foram, respectivamente, para o
grupo IRL: 43%, 62% e 64%; para o grupo LIO tdrica: 57%,
81% e 94%.

Conclusdes: Nossos resultados sugerem que o uso de LIO
toricas € vantajoso ao de IRL no tratamento do astigmatismo
por ocasidao da facoemulsificacdo. Apesar de que tais
vantagens mostraram-se sutis na analise nao-vetorial, elas

foram consistentes na perspectiva vetorial.

DESCRITORES

Facoemulsificacdo, astigmatismo, efetividade, seguranca,

eficacia.
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INTRODUCTION

Astigmatism is a visually disabling refractive error. At
least 15% to 20% of cataract patients have 1.50 diopters (D),
or more, of corneal astigmatism. (1)

One way to correct astigmatism simultaneously to
cataract surgery is to perform limbal relaxing incisions (LRI).
(2, 3) It is possible, however, that late corneal biomechanics,
may play an unfavorable role in refractive outcomes over
time. (4) Toric intraocular lens (IOL) implantation is another
valuable option for astigmatism <correction in cataract
patients. Undesired rotation of the toric IOL is the main
problem associated with this modality. Approximately 1
degree of off-axis rotation results in a loss of up to 3.3% of

the expected cylinder correction. (5)

Vectors are mathematical expressions that combine
values for magnitude and direction. Astigmatism, with cylinder
power and axis (refractive) or magnitude and meridian
(corneal), fits such a description. (6, 7) The Alpins method is
a vectorial analysis that allows determination of the
effectiveness of a specific astigmatic treatment. Such method
has been used by several authors to analyze the astigmatic
changes induced by different surgical approaches, such as
excimer laser refractive surgery, LRI (3, 8-11) and toric I0L
implantation. (1, 12, 13)

In light of the advantages and Iimitations of each
approach, to ascertain which option is superior, LRI or toric
IOL, remains controversial. (14) This study compared such
techniques both on non-vectorial (predictability, safety and
efficacy indices) (15) and vectorial basis in the treatment of

preoperative astigmatism during cataract surgery.
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PATIENTS AND METHODS

This longitudinal observational case series assessed 31
consecutive cataract patients with preoperative <corneal
astigmatism between 0.75 D and 2.50 D in both eyes. Patients
were randomly assorted, employing Microsoft Excel™
“f=RANDBETWEEN(1;2)” function, in two phacoemulsification
groups: “1” for toric IOL group, assigned to receive toric I0OL
in both eyes (model AcrySof Toric'™™, Alcon™, Inc.), and “2”
for LRI group, assigned to have spherical 10L (AcrySof
Natural™, Alcon™, Inc.) associated with LRI, also in both
eyes. All patients provided a written informed consent, after
they had received an explanation about the nature of the
study and its potential complications, in accordance with the
tenets of the Declaration of Helsinki. All surgeries were

performed, between May 2010 and June 2012.

Inclusion criteria were age older than 40 years; visually
significant cataract, defined as spectacle distance corrected
visual acuity (SDCVA) worse than Snellen 20/40 (LogMAR
scale of 0.3); regular corneal astigmatism ranging from 0.75 D
to 2.50 D and pharmacologic mydriasis of, at least, 6.0 mm
(measured at slit lamp) to allow proper intraoperative

visualization of axis marks on the surface of toric I10L.

The following were exclusion criteria: previous surgery in
the eye under study; pterygium; ocular disease that would
lead to poor postoperative corrected visual acuity (corneal
scarring, uveitis, advanced glaucoma, neuro-ophthalmic
disease, significant macular disease or other retinopathy);

zonule or pupil abnormalities.
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Preoperatively, every patient had a complete ophthalmic
evaluation by an examiner other than the surgeon (G.F.),
including manifest refraction and spectacle distance corrected
visual acuity, slit lamp examination, applanation tonometry,
and fundoscopy under pharmacological mydriasis, in addition
to corneal topography (Orbscanll™, Bausch&Lomb™, Inc.)
and ultrasound immersion biometry (OcuScan™, Alcon™,
Inc.). Hoffer Q formula was used in eyes with an axial length
shorter than 22 mm, and SRK/T formula was used for all other

cases.

Toric I10OL cylinder power and axis placement were
determined using the I0OL manufacturer's online calculator
(www.acrysoftoriccalculator.com). Size and location of LRI
were also determined via online open source application
(www.lricalculator.com), according to Donnenfeld's nomogram.
For both Toric I0L and LRI groups, data such as biometry,
keratometry, main incision location, and surgeon's default
surgically induced astigmatism (set at -0.50 D) were entered
into the calculators, aiming postoperative zero sphere and the

smallest residual cylinder possible. (16, 17)

The same surgeon (M.C.) performed all surgeries under
mild sedation and topical anesthesia. Just before surgery, a
sterile ink pen was used to make two marks on the corneal
l[imbus at the 0-degree and 180-degree positions with the
patient sitting upright at the slit lamp to avoid ocular torsion.
In both groups, phacoemulsification, followed by IOL
implantation, was performed through a 2.75 mm single-plane
temporal incision at corneal limbus, a Mendez ring was used
to mark the steepest meridian. In the toric IOL group, the IOL
was rotated to align with the intended axis. For LRI group
patients, LRI were <created inside the Iimbus wusing a

calibrated diamond knife with the blade depth set at 600 pm.
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All patients were evaluated at 1, 3 and 6 months
postoperatively (G.F.).

Postoperative manifest refraction, uncorrected distance
visual acuity (UDVA) and SDCVA were obtained. Spherical
equivalent refraction (SE), predictability, safety and efficacy
indices, were then calculated. Predictability, expressed as the
percentage of eyes within £1.00 D of the intended SE or,
alternatively, as the percentage of eyes within an even more
strict limit of £0.50 D of the intended SE. The intended SE, on
its turn, was calculated from the difference of postoperative
SE and target SE. The target SE was defined as a half of the
goal residual cylinder. Safety index (SI) was calculated from
the ratio between postoperative SDCVA and preoperative
SDCVA. Efficacy index (El) was calculated from the ratio
between postoperative UDVA and preoperative SDCVA.

Alpins vectorial method of astigmatism analysis is based
on three elementary vectors: target induced astigmatism
(TIA), surgically induced astigmatism (SIA) and difference
vector (DV). In an ideal scenario, TIA equals SIA and DV is
null. Several relations between such vectors, as magnitude of
error (ME=SIA-TIA), index of success (loS=DVI/TIA),
correction index (CI=SIA/TIA), among others, if analyzed
together, are capable of fully describe surgical astigmatic
change. (6) Calculations of Alpins vectorial parameters for
refractive astigmatism were performed using Microsoft'™
Excel™ for Maclntosh™ spreadsheets (version 12.2.7,
Microsoft™ Corp.).

Shapiro-Wilk normality tests of data set were performed
using IBM™ SPSS™ for Microsoft™ Windows™ software
(version 20.0.0). A P value of 0.05 or less was considered
statistically significant. (18) Pearson’s (R?) was used, as
necessary. (19) Bootstrapping (95% confidence interval) was
performed in such cases. (20) Wilcoxon test was used to

analyze statistical non-parametric differences within the same
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group throughout the follow up period and Mann-Whitney U
test was used to determine differences between toric IOL and

LRI groups at each evaluation. (3)
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RESULTS

The study enrolled 62 eyes of 31 consecutive eligible
patients. Patient demographics and preoperative data are

presented in Table 1.

Table 1. Patient demographics and preoperative data.

Group
LRI Toric IOL P value*

Patients (n) 16 15 -
Eyes (n) 32 30 ]
Sex (F/M) 8/8 11/4 -
Age (y)

Range 51to 84 52 to 80 -

Mean + SD 71.75 + 8.87 65.67 + 6.28 .01
Topographic astigmatism (D)

Range 0.7510 2.40 0.80 to 2.50 -

Mean + SD 1.32£0.47 1.41 £ 0.54 .60
Steepest topographic

180°- semimeridian angle (n)
0to30° or 151°to 180° 18 5 -
61°to 120° 8 24 -
31°to 60° or 121°to 150° 6 1 -
Axial length (mm)

Range 21.40t024.33  21.7510 25.93 -

Mean + SD 23.05+0.63 23.33+0.92 .25
Biometric formulae (n)

SRK/T 30 28 -

Hoffer Q 2 2 -
Spherical IOL power (D)

Range 18.50 to 27.00 13.50 to 24.50 -

Mean + SD 21.50 £ 1.87 21.38 £ 2.58 .61
Toric IOL model (n)

T3 - 14 -

T4 - 7 -

T5 - 9 -

F = females; D = diopters; IOL = intraocular lens; M = males; LRI = limbal

relaxing incisions; mm = milimeters; n = number; SD = standard deviation; T3 =
AcrySof Toric™ T3 IOL; T4 = AcrySof Toric™ T4 I0OL; T5 = AcrySof Toric™ T5
IOL; y = years; (*) Mann-Whitney U test.
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The mean age found in LRI group was 71.75 years,
statistically higher than 65.67 years from toric IOL group.
Accordingly, the number of with the rule astigmatism was
three times as lower in the LRI group (8 eyes), than in the
toric IOL group (24 eyes).

All surgeries were uneventful. None of the eyes required
a second intervention. No potentially sight-threatening
complications, such as persistent corneal edema, pupillary
block, retinal detachment or endophthalmitis, were observed.

All patients have accomplished the follow up period of 6

months.
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Table 2 shows the preoperative intended astigmatic
correction, based on topographic astigmatism, and 1-month,
3-month and 6-month postoperative achieved astigmatic
corrections, based on manifest refractive astigmatism for

each follow up period, for both groups.

Table 2. Preoperative intended astigmatism, 1-month, 3-month and 6-month
postoperatively achieved astigmatism.

Group
Cylinder diopters LRI Toric IOL P value*
Preoperative intended
astigmatism
Range -2.40t0-0.75 -2.50 t0 -0.80 -
Mean + SD -1.32 £ 047 -1.41 £ 0.54 .60
1-month postoperative
achieved astigmatism
Range -1.25 10 0.00 -1.00 to 0.00 -
Mean + SD -0.66 £ 0.30 -0.58 £ 0.24 .25
P value' .00 .00 -
3-month postoperative
achieved astigmatism
Range -1.00 to 0.00 -1.00 to -0.25 -
Mean + SD -0.70 £ 0.21 -0.63 £ 0.20 A7
P value'™ .00 .00 -
6-month postoperative
achieved astigmatism
Range -1.25t0-0.25 -1.00 to -0.25 -
Mean + SD -0.74 £ 0.26 -0.62 £ 0.17 .06
P value'™ .00 .00 -

IOL = intraocular lens; LRI = limbal relaxing incisions; SD = standard deviation;
(*) Mann-Whitney U test; (""" Wilcoxon test — preoperative intended
astigmatism x 1-month, 3-month and 6-month achieved astigmatism,
respectively.
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There was no statistical difference in preoperative
intended astigmatic correction between groups: -1.32 D in the
LRI group and -1.41 D in the toric IOL group. The manifest
refractive astigmatism at 6 months postoperatively was -0.74
D for LRI group and -0.62 D for toric IOL group, those means
where close to statistical significance (P value =0.06).

At 6-month postoperatively, manifest refraction, as SE
(means * standard deviation), was -0.20x0.42 in the LRI
group and -0.21+0.49 in the toric IOL group, showing no

statistical difference (P value = 0.84).
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Figure 1A compares mean preoperative, 1-month, 3-

month and 6-month postoperative SDCVA between LRI

and

toric IOL groups. Figure 1B compares mean 1-month, 3-month

and 6-month postoperative UCVA between LRI

groups.
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Figure 1. A) Preoperative, 1-m., 3-m. and 6-m. postoperative mean SDCVA (logMAR
scale). B) One-month, 3-m. and 6-m. postoperative mean UDVA (logMAR scale). (IOL
intraocular lens; LRI = limbal relaxing incisions; m. n-month postoperative;
Preop. = preoperative period; SDCVA = spectacle distance corrected visual acuity;
UDVA = uncorrected distance visual acuity).
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Preoperative mean SDCVA was statistically lower in the
toric IOL group when compared to the mean of LRI group
(Mann-Whitney U test, P value = 0.01). There was no
significant difference for the remaining periods, between
groups, in terms of mean SDCVA (Mann-Whitney U test, P
value > 0.05). Within a single group, postoperative SDCVA
were statistically lower then preoperative corrected acuity,
remaining stable thereafter (Wilcoxon test — P value = 0.00).

Mean postoperative UDVA was statistically similar
between groups throughout the follow up period (Mann-
Whitney U test, P values > 0.05).

There was no significant difference for the remaining
periods between groups. Within a single group, postoperative
visual acuities were statistically lower then preoperative

corrected acuity, remaining stable thereafter.
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Table 3 shows postoperative 1-month, 3-month and 6-
month percentage of eyes within £1.00 D and within £0.50 D

of the intended spherical equivalent refraction of both groups.

Table 3. One-month, 3-month and 6-month postoperative refractive
predictability.
Group
LRI Toric IOL P value*
Fraction ; (%) Fraction ; (%)
1-month postoperative .05
ASE; = 1.00 D 27/32 ; (84.38)  28/30; (93.33) -
ASE4 +£0.50D 17/32 ; (63.13)  18/30; (60.00) -
3-month postoperative .09
ASE3 = 1.00 D 30/32; (93.75)  24/30; (80.00) -
ASE3 £0.50 D 24/32 ; (75.00)  12/30; (40.00) -
P value' 10 .00
6-month postoperative T7
ASEg = 1.00 D 31/32 ; (96.88) 30/30 ; (100) -
ASEs £ 0.50 D 23/32;(71.88) 18/30; (66.67) -
P value'” .02 71
D = diopters; IOL = intraocular lens; LRI = limbal relaxing incisions; SD =

standard deviation; ASE1 = 1-month postoperative spherical equivalent minus
preoperative target spherical equivalent; ASEs = 3-month postoperative target
spherical equivalent minus preoperative target spherical equivalent; ASEs = 6-
month postoperative target spherical equivalent minus preoperative target
spherical equivalent; (*) Mann-Whitney U test of ASE means between groups for
1, 3 or 6 months postoperatively; (*) Wilcoxon test — 1-month postoperative
ASE x 3-month postoperative ASEs; (1) Wilcoxon test — 1-month postoperative
ASE+ x 6-month postoperative ASEg

The percentage of eyes within £t0.50 D was greater for

the LRI group in the 3-month and 6-month postoperatively:
75% and 71.88%, respectively, compared to 40% and 66.67%

found in the toric
remaining periods,

IOL group.

IOL group in the same periods. In the

percentages were favorable to the toric
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Table 4

postoperative safety and efficacy indices of both groups.

shows 1-month, 3-month and 6-month

Table 4. One-month, 3-month and 6-month postoperative safety and efficacy
indices.

Group
LRI Toric IOL P value*
1-month postoperative S
Range 0.00 to 0.60 0.00 to 0.60 -
Mean + SD 0.11+0.14 0.13+0.20 94
3-month postoperative Sl
Range 0.00 to0 0.33 0.00 to 0.60 -
Mean + SD 0.10+£0.13 0.18 £ 0.21 27
P value' .92 13 -
6-month postoperative Sl
Range 0.00 t0 0.38 0.00 to 0.60 -
Mean + SD 0.09+0.12 0.12+0.18 .81
P value'™ .66 .68 -
1-month postoperative El
Range 0.00 to 1.00 0.00 to 1.00 -
Mean + SD 0.31+0.18 0.43+£0.23 .01
3-month postoperative El
Range 0.17 10 1.00 0.00 to 1.00 -
Mean + SD 0.36 £ 0.18 0.44 £0.25 .04
P value? .04 32 -
6-month postoperative El
Range 0.17 10 1.00 0.00 to 1.00 -
Mean + SD 0.37 £0.19 0.42 +£0.27 .23
P value*?* .03 72 -

El = efficacy index; LRI = limbal relaxing incisions; SD = standard deviation; S| =
safety index; (*) Mann-Whitney U test; (") Wilcoxon test — 1-month Sl x 3-month
postoperative Sl; (") Wilcoxon test — 1-month SI x 6-month postoperative SI; (*)
Wilcoxon test — 1-month El x 3-month postoperative El; (**) Wilcoxon test — 1-
month EIl x 6-month postoperative El.

S| showed no difference at any period studied between
groups. EI was statistically higher for toric I0OL group in 1-
(0.43 and 0.44,
respectively), compared to LRI group (0.31 and 0.36,

month and 3-month postoperatively

respectively).
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Figure 2A compares mean TIA to postoperative 1-month,

3-month and 6-month mean SIA between LRI and toric IOL

groups.
Comparison of TIA and SIA means
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Figure 2. A) Comparison of TIA and SIA means, over time, between LRI and toric
IOL groups and within each group. B) Comparison of DV means, over time, between
LRI and toric IOL groups. (DV = difference vector; IOL intraocular lens; LRI = limbal
relaxing incisions; SIA = surgically induced astigmatism vector; TIA = target induced
astigmatism vector; m. = n-month postoperative).

Between groups, there were no statistical differences in

TIA means (Mann-Whitney U test — P value > 0.05). For LRI
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group, SIA means were significantly lower than means found
in the toric IOL group (Mann-Whitney U test — P value < 0.05).
Within each group there were no differences in SIA means
throughout follow up, however (Wilcoxon test P value > 0.05).
In the LRI group, SIA means were significantly lower than TIA
mean (Wilcoxon test P value < 0.05). There were no
statistically significant differences, in terms of means,
between TIA and SIA, in the toric IOL group (Wilcoxon test P
value > 0.05). Figure 2B compares postoperative 1-month, 3-
month and 6-month mean DV between LRI and toric I0L
groups. Between groups, DV means were statistically higher
for LRI group than those found in the toric |IOL group
throughout all follow up period (Mann-Whitney U test - P
value < 0.05). There were no statistical differences within the

same group over time (Wilcoxon test P value > 0.05).
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Figure 3 compares attempted Versus achieved

astigmatism 6-month postoperatively in the LRI and toric I0L

groups.
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Figure 3. Scatterplots of attempted astigmatic correction and achieved astigmatic
change at 6 months postoperatively: A) LRI group; B) Toric IOL group gD = diopters;
LRI = limbal relaxing incisions; SIA = surgically induced astigmatism; R = Pearson’s
coefficient of determination; TIA = target induced astigmatism; 6-m PO = 6-month
postoperative period).

Pearson’s (R?) coefficient of determination for each
group is also shown: 0.50 and 0.89 for LRI and toric I10L

groups, respectively.
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Figure 4 shows the percentage distribution of astigmatic

correction, based on ME, at 6 months postoperatively for both

groups.
Percentage distribution of achieved
refractive astigmatism correction
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Figure 4. Histogram of percentage distribution of achieved astigmatic correction at 6
months postoperatively (IOL = intraocular lens; ME = magnitude of error; LRI = limbal
relaxing incisions; 6-m. = 6-month postoperative period).

In the LRI group, under-correction was found in 53.13%
of eyes, 43.74% of eyes reached the intended correction and
3.13% of eyes were over-corrected. In the toric IOL group, on
its turn, under-correction was found in 16.76% of eyes,
76.67% of eyes reached the intended correction and 6.67% of
eyes were over-corrected.

Figure 5 shows the percentage distribution success of
astigmatic surgery, astigmatism reduction at the intended axis
and percentage of astigmatism corrected at 6 months

postoperatively in both groups.
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Figure 5. Histograms of percentage distribution at 6 months postoperatively: A)
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Success of astigmatism surgery at 6 months postoperatively; B) Achieved astigmatic
correction at the intended axis; C) Percentage of astigmatism corrected (Cl x 100 =
percentage of astigmatism corrected FI x 100 = astigmatism reduction at the
intended axis; IOL = intraocular lens; LRI = limbal relaxing incisions; 6-m. = 6-month
postoperative period; Mann-Whitney U test < 0.01 for all cases).

In the LRI group, such percentage distributions were,
respectively: 43%, 62% and 64%. In the toric IOL group, they
were: 57%, 81% and 94%.
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DISCUSSION

In our study, both LRI and toric IOL groups presented
similar preoperative characteristics for most aspects of
interest, as shown in Table 1, in accordance with the
randomization design. However one difference was
remarkable: in the toric IOL group, the mean age of patients
was statistically lower, if compared to mean age found in the
LRI group. It is known that both oblique and against the rule
astigmatisms increase, in percentage of cases, as age
increases. (21) Both of these forms of corneal astigmatism
seem to respond somewhat poorly to LRI. (10, 22) So, it might
be expected that overall capacity of LRI to treat preexisting
corneal astigmatism may have been underestimated, and
overall outcomes could possibly be different, if there were no

such discrepancies, in mean age, between groups.

Postoperative manifest cylinder refraction at 6 months
(as means = standard deviation), of -0.74 D + 0.26 D in LRI
group and of -0.62 D £ 0.17 D in toric IOL group, are in
accordance with current literature: -0.71 D £ 0.42 D (13), -
0.94 D + 0.40 D (23) and exhibited similar behaviors:
consistently lower than intended astigmatism, within each
group, and comparable outcomes between groups, as seen in
Table 2. One consideration must be taken here, however:
differences between groups were close to the cutoff value at
6-month reevaluation. Postoperative spherical equivalents of
both groups, throughout follow up period, exhibited consistent

homogeneity between them.

Visual acuity means, in LogMAR scale, are shown for
both groups in Figure 1. Figure 1A shows pre- and

postoperative SDCVA. Figure 1B shows postoperative UDVA
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(preoperative UDVA was not an object of interest in our
study). Preoperative SCDVA was a little better in the toric I10L
group. There was no statistically significant difference, in the

remaining periods, between groups.

Predictability means are shown in Table 3. Predictability
oscillated widely throughout follow up period within groups
and, also, between groups. We hypothesize that such
variation arises from the subjective nature of manifest
refraction. The means of ASE were statistically different from
one another only at 1-month postoperative (better in the toric
IOL group). In both groups, a considerable number of eyes
achieved refraction within 1.00 D (nearly 97% in LRI group
and 100% in toric IOL group), or within 0.50 D of the goal
refraction (nearly 72% in LRI group and 67% in toric I10L
group), in accordance to current literature that is roughly up
to 90% within 1.00 D of the goal refraction. (24)

S| means, shown in Table 4, remained stable throughout
the follow up period and had no major difference between
groups for any follow up period. EI means, also shown in
Table 4, depicts that in LRI group, means increased over time
(statistically significant). In the toric I1OL group, EIl remained
stable throughout follow up period. El exhibited lower values
in the 1- and 3-month postoperative periods, although such
difference was no longer important by the 6-month
postoperative. We believe that such El behavior in the LRI
group may be related to cicatricial demands associated to this
technique (4), once the cicatricial process of incisions
reached completion, outcomes in the LRI and in the toric IOL

groups became comparable.

Several studies have shown that both LRI and toric IOL
implantation provide good safety, predictability, and efficacy

outcomes, associated with postoperative improvements in
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visual acuity. (3, 22, 25-36) Such studies, however, dealt with
LRI or toric IOL implantation against controls. A
straightforward comparison between LRI and toric IOL in
terms of predictability, safety and efficacy is one of the

original contributions of our study.

We believe that predictability, safety and efficacy should
be interpreted in a complementary fashion to one another,
rather than as discrete parameters. Our results suggest that
both LRI and toric IOL implantation may be considered
predictable, safe and efficient treatment options. Statistically
significant differences, whenever present, are subtle,
although they should be taken into account for surgical
planning. A slightly greater stability in outcomes, over time,
was found in toric IOL group. That seems to constitute an
advantage of toric I10L over LRI in the treatment of

astigmatism.

Figure 2A provides information concerning TIA and SIA
behaviors, over time, within each group and between groups:
TIA means may be considered statistically similar between
groups (Mann-Whitney U test P value = 0.62), SIA means,
however, are statistically lower in the LRI group (Mann-
Whitney U test P value < 0.01). Also, SIA means are
significantly lower than TIA means in the LRI group (Wilcoxon
test P value = 0.00), in accordance with current literature,
that states LRI most often under-corrects astigmatism (2, 3,
10). In both LRI and toric |IOL groups, there were no
significant differences in SIA means throughout follow up
period (Wilcoxon test P value = 0.25). The behavior of DV
means between groups, and within each group, over time is
presented in figure 2B. In LRI group, DV means were always
higher than their counterparts in the toric IOL groups (Mann-

Whitney U test P value < 0.03), such differences were
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significant. Within each group, variations over time were
statistically insignificant (Wilcoxon test P value = 0.17).
Consequently, toric I0OL group outcomes exhibited greater
similarity to surgical planning: SIA means closer to TIA means

and lesser DV mean values.

Scatterplots of attempted (TIA) versus achieved (SIA)
astigmatic changes are shown in LRI group (figure 3A) and in
toric 10L group (figure 3B). Within each group, a trendline
correlating TIA and SIA has been drawn. Points distributed
along the trendline indicate eyes that achieved the desired
correction (TIA = SIA). Eyes that were under-corrected (TIA >
SIA) or, alternatively, over-corrected (TIA < SIA) are
represented by points under and above the trendline,
respectively. (12) The strength of such correlations has been
assessed by Pearson’s R? coefficient of determination, in
order to determine which group astigmatism correction has
been more accurate. (19) The toric IOL group coefficient of
determination (R?=0.89) was greater than the one found for
the LRI group (R?=0.50).

Alternatively, the assessment of eyes that achieved the
intended astigmatic correction, as well as the ones that were
under or over-corrected, can be done by the analysis of a
parameter termed ME. Percentage distribution of eyes that
achieved intended correction and those under and over-
corrected based on ME, for both groups, is shown in figure 4.
Nearly 77% of eyes achieved intended correction in the toric
IOL group, compared to 44% in the LRI group. Under-
correction was found in 17% of eyes in the toric IOL group
and 53% in the LRI group. Over-correction took place in about
7% of eyes in the toric I0OL group and 3% in the LRI group. In
our study, the greater number of cases of against the rule and

oblique astigmatisms found in the LRI group may have
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induced some bias to our analysis, due to the fact that such
categories of astigmatism are somewhat less responsive to
LRI. (2, 3, 10) The percentage of eyes that achieved intended
correction in toric IOL group is remarkable, if compared to
those of LRI group. Although over-correction cases occurred
in both groups, over-corrected eyes were more often found in

the toric IOL group.

Figure 5 depicts three indices that, if examined together,
enable complete assessment of any astigmatic change:
success of astigmatic surgery, calculated from index of
success (Figure 5A), indicating a relative measure of success;
flattening index (FI — Figure 5B) related to the proportion of
SIA at the TIA axis, suggestive of treatment effectiveness;
and correction index (Cl — Figure 5C), the overall astigmatism
correction achieved by SIA, pointing out treatment efficacy.
(7) Regarding such indices, the toric IOL group outcomes
were advantageous, if compared to the ones of LRI group:
57% against 43% for success of astigmatic surgery; 81%
against 62% for FI and 94% against 64% for CI.

In conclusion, from both non-vectorial and vectorial
standpoints, our results suggest the use of toric IOL to be
advantageous over LRI in the treatment of astigmatism during
phacoemulsification. Although such advantages seem often
subtle in non-vectorial analysis, their importance s
highlighted by vectorial approach. The main limitation of our
study is the considerable proportion of against the rule and
oblique astigmatisms found in LRI group, what introduced

some bias of uncertain extent to our analyses.
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Abstract

Objective: To compare refractive and vectorial outcomes of limbal
relaxing incisions (LRI) versus toric intraocular lenses (IOL) in the
treatment of preexisting corneal astigmatism at the time of

phacoemulsification.

Methods: This longitudinal observational case series assessed 62
eyes of 31 consecutive cataract patients with preoperative corneal
astigmatism between 0.75 and 2.50 diopters in both eyes. Patients
were randomly assorted in two groups: one assigned to receive
AcrySof Toric™ IOL in both eyes, and another one assigned to
have AcrySof Natural™ |0OL associated with LRI, also in both
eyes. All patients were re-evaluated, postoperatively, at 1, 3 and 6
months, when refractive astigmatism analysis was performed using
vectorial methods proposed by Thibos. Variability of outcomes
within each group and between groups were assessed and

compared.

Results: Manifest refractive cylinder, in diopters (D), as means =
standard deviation, in the LRI group for 1-month, 3-month and 6-
month re-evalutions were respectively -0.66 £ 0.30; -0.70 = 0.21
and -0.74 = 0.26 when compared to -0.58 + 0.24; -0.63 £ 0.20, and
-0.62 £ 0.17 in the toric IOL group. (P value = 0.06). Vectorial
analysis evidenced greater astigmatism reduction in the toric 10L
group in the 6'" postoperative month, when postoperative mean
astigmatic power vector was 0.31 D, when compared to 0.37 D in
the LRI group (P value = 0.00).

Conclusions: A trend of slightly better refractive outcomes
favoring toric IOL group was seen, although such a trend was not
statistically significant. Vectorial analysis, however, suggests that

the use of toric IOL may constitute a more advantageous approach



in the treatment of pre-existing

simultaneously with phacoemulsification.
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Resumo

Objetivo: Comparar os resultados refracionais e de analise
vetorial, das incisdes relaxantes limbares (IRL) versus lentes
intraoculares (LIO) téricas no tratamento do astigmatismo

corneano pré-existente por ocasido da facoemulsificacao.

Método: Estudo observacional longitudinal (série de casos) no
qual foram avaliados 62 olhos de 31 pacientes consecutivos de
catarata com astigmatismo corneano pré-operatorio entre 0,75 e
2,50 dioptrias para ambos os olhos. Os pacientes foram
aleatoriamente distribuidos entre 2 grupos: um submetido a
implante de LIO AcrySof Toric™ em ambos os olhos e outo grupo

no qual seriam implantas LIO AcrySof Natural™

complementada
por IRL, também em ambos os olhos. Todos os pacientes foram
reavaliados com 1, 3 e 6 meses de pds-operatorio, sendo feitas
analises do astigmatismo refracional pelo métodos vetorial
proposto por Thibos, interessando a variagado de resultados dentro

de cada grupo e entre os grupos.

Resultados: O cilindro refracional manifesto, em dioptrias,
expresso como média + desvio padrao, para o grupo IRL, nas
avaliagcdes de 1, 3 e 6 meses, foram respectivamente -0,66 + 0,30;
-0,70 £ 0,21 e -0,74 £+ 0,26 em comparacgédo aos -0,58 + 0,24; -0,63
+ 0,20 and -0,62 + 0,17 do grupo LIO térica (valor de P =2 0,06). A
analise vetorial evidenciou maior redugcdo no astigmatismo no
grupo LIO torica no 6% més pds-operatério, para o qual vetor de
poder astigmatico médio foi de 0,31 D, comparado ao de 0,37 D
do grupo IRL (valor de P = 0,00).

Conclusdes: Tendéncia a melhores resultados refracionais
favorecendo o grupo LIO torica foi encontrada, entretanto,

significancia estatistica n&o foi evidenciada ao longo do estudo. A
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analise vetorial, sugere que o uso de LIO tdricas possa se
constituir em modalidade vantajosa no tratamento do astigmatismo

corneano pré-operatorio por ocasidao da facoemulsificacéao.

Descritores

Catarata, astigmatismo, incisdes relaxantes limbares (IRL), lente

intraocular térica (L1O torica), vetor.
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Introduction

Corneal astigmatism is an issue of major concern in modern
cataract surgery. (1) At least 15% to 20% of cataract patients have
1.50 diopters (D) or more of corneal astigmatism at preoperative
evaluation. (2) Suboptimum vision, due to cataract and
astigmatism, is associated with impaired quality of life and
increased number of falls in the elderly. (3) One popular approach
to correct corneal astigmatism simultaneously to cataract surgery
is to treat pre-existing cylinder by creating limbal relaxing
incisions (LRI). (4-6) Toric intraocular lens (IOL) implantation is
another valuable option in the treatment of corneal astigmatism in
cataract patients. (7) To ascertain which approach constitutes a
better surgical option remains under debate. (8) This study
compared both techniques by means of pre and postoperative

cylinder refraction and Thibos vectorial analysis. (9, 10)
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Patients and methods

This longitudinal observational case series, designed as part
of an ongoing Doctorate Thesis of one of the authors (G.F.) at
Federal University of Minas Gerais (UFMG), assessed 31
consecutive cataract patients with preoperative corneal
astigmatism between 0.75 and 2.50 diopters (D) in both eyes.
Patients were randomly assorted, employing Microsoft Excel™
“f=RANDBETWEEN(1;2)” function, in two phacoemulsification groups:
“1” for toric IOL group, assigned to receive toric IOL in both eyes
(model AcrySof Toric™, Alcon™, Inc.), and “2” for LRI group,
assigned to have spherical IOL (AcrySof Natural™, Alcon™, Inc.)
associated with LRI, also in both eyes. All patients provided a
written informed consent, after they had received an explanation
about the nature of the study and its potential complications, in
accordance with the tenets of the Declaration of Helsinki and the
UFMG’s institutional ethics committee protocol (ETIC 341/09). All
surgeries were performed, between May 2010 and June 2012, at
ISO Olhos, Instituto de Saude Ocular, Uberlandia-MG, Brazil.

Inclusion criteria were age older than 40 years and, for both
eyes, visually significant cataract (best corrected visual acuity
worse than LogMAR 0.3), regular corneal astigmatism between
0.75 D and 2.50 D, and pharmacologic mydriasis of at least 6.0
millimeters to allow proper intraoperative visualization of axis
marks on the toric IOL.

The following were exclusion criteria: previous surgery in the
eye under study, pterygium, ocular disease that would lead to poor
postoperative corrected visual acuity (corneal scarring, uveitis,
advanced glaucoma, neuro-ophthalmic disease, significant
macular disease or other retinopathy), =zonule or pupil

abnormalities and any irregular corneal astigmatism.
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Preoperatively, every patient had a complete ophthalmic
evaluation performed by an examiner other than the surgeon
(G.F.), including logMAR best distance corrected visual acuity,
manifest refraction, slit lamp examination, applanation tonometry,
and fundoscopy under pharmacological mydriasys, in addition to
corneal topography (Orbscan™ 1I, Bausch&Lomb™, Inc.) and
ultrasound immersion biometry (OcuScan™, Alcon™, Inc.). Hoffer
Q formula was used in eyes with an axial length shorter than 22
mm, and SRK/T formula was used for all other cases.

Toric 10L cylinder power and axis placement were
determined wusing the [|OL manufacturer's online calculator
(www.acrysoftoriccalculator.com). Size and location of LRI were
also determined via online application (www.lricalculator.com),
according to Donnenfeld's nomogram. For both Toric IOL and LRI
groups, biometry, simulated keratometry (one reading per eye),
main incision location, and surgeon's expected surgically induced
astigmatism (-0.50 D) were entered into the calculators, with
emmetropia as the goal postoperative refraction, i.e., zero sphere
and the smallest residual cylinder possible. (11, 12) Figures 1 and
2 show examples of toric I0OL and LRI surgical plannnings,

respectively.



102

Surgeon & Patient Information
Surgeon Name MIC
Patient Name #1
Additional Patient Information
(1.D., Case, etc.)
|Lens Details
AcrySof® Toric IOL SN60TS
IOL Spherical Equivalent T
Axis of Placement 94° p
Cylinder Power o
(IOL Plane) 3.00D r
Cylinder Power a
(Corneal Plane) 2.06 D 1
|Calculation Details
Pre-Op Corneal Astigmatism: |[1.80 D X 95°
3 I0OL: SN60T5S 22.5D SE, Cyi:3.00D 4°
::;?gl:::t‘;sln:?um 0.80 D X 90° Flat K:41.800 @35° Steeptlzclflls.ﬁon @%-9
: P-10L:22.5D SIA0.50D IL:130° [V3.43]
f;::::,f}',':,";?’ Result 2.29 D X 94° 463642123cb647d98 1070599 1e18a05e5/25/13 10:32:14
Anticipated Residual
Astigmatism: 23 5 X Sas
Figure 1. Example of toric IOL surgical planning

(http://www.acrysoftoriccalculator.com - accessed May 1%, 2012).

Doctors Name MJC

Patient Name or ID #

Patient Age 84

Nomogram Selection Donnenfield Nomogram

Eye Selection OD - Right Eye

Steep Meridian 6 /186

Flat Meridian 96 /276

Steep K 4590 D

Flat K 4350 D

Preoperative Astigmatism 240D

Thinnest Corneal Depth microns

Surgically Induced Cylinder 0.50 p

Incision Location (IL) 180 °

edit [ print |

New-Steep K: 45.66D New-Flat K: 43.74D (After Phaco) Phaco == e New Steep Axis 8/188
:;ll:igmaiism: 1'9:0 ITre‘a tmogt‘: 7;.,225: h (6] Yotl;? Iphaco ir?csig.isc:r.\4 ig'ould not :v:;la-p; r‘\lﬂei‘glFII::LAfi;I. Fg? /tf\-{:
ncisions}: PRt o Py ColTaer i esicgmtin (laRes 1oer o AR DO
Residual Astigmatism after LRI}) 0.67D * el 11 5me ol it i s e R R

Figure 2. Example of LRI surgical planning (http://www.lricalculator.com - accessed
May 1%, 2012).
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The same surgeon (M.C.) performed all surgeries under mild
sedation and topical anesthesia. Just before surgery, a sterile ink
pen was used to make two marks on the corneal limbus at the O-
degree and 180-degree positions, with the patient sitting upright
at the slit lamp, to avoid ocular torsion.

For both groups, phacoemulsification, followed by I0L
implantation, was performed through a temporal 2.75 mm wide
corneal incision. In the toric IOL group, the IOL was rotated to
align with the planned axis. LRI were created inside the limbus
using a calibrated diamond knife with the blade depth set at 600
um.

In the postoperative period, patients were given an eye-drop
combination of moxifloxacin and dexamethasone q.i.d. for a week
and, then, prednisolone q.i.d. tapered throughout another 3 weeks.
All patients were evaluated at 1, 3 and 6 months postoperatively
by an examiner other than the surgeon (G.F.). Postoperative
manifest refraction (sphere and cylinder) and visual acuity
(uncorrected and corrected) were obtained. Calculations of Thibos
vectors (9, 10), for refractive astigmatism, were performed using
Microsoft Excel™ for Maclntosh spreadsheets (version 12.2.7,
Microsoft Corp.). Shapiro-Wilk normality tests of data set were
performed using IBM™ SPSS™ for Microsoft Windows™ software
(version 20.0.0). A p value of 0.05 or less was considered
statistically significant. (13) Wilcoxon test was used to analyze
statistical non-parametric differences within the same group
throughout the follow up period and Mann-Whitney U test was
used to determine differences between Toric IOL and LRI groups

at each reevaluation. (5)
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Results

The study enrolled 62 eyes of 31 consecutive eligible
patients. All surgeries were uneventful. None of the eyes required
a second intervention. No potentially sight-threatening
complications, such as persistent corneal edema, pupillary block,
retinal detachment or endophthalmitis were observed.

Patient demographics and preoperative data are presented in
Table 1.

Table 1. Patient demographics and preoperative data.

Group
LRI Toric IOL P value*
Patients (n) 16 15 -
Eyes (n) 32 30 ;
Sex (F/M) 8/8 11/4 -
Age (y)
Mean + SD 71.75 + 8.87 65.67 + 6.28 .01
Topographic astigmatism (D)
Mean + SD 1.32£0.47 1.41 £ 0.54 .60
Range 0.7510 2.40 0.80 to 2.50 -
Steepest topographic
180°-semimeridian angle (n)
0 to 30° or 151° to 180° 18 5 -
61°to 120° 8 24 -
31° 10 60° or 121° to 150° 6 1 -
F = females; D = diopters; IOL = intraocular lens; M = males; LRI = limbal

relaxing incisions; mm = millimeters; n = number; SD = standard deviation; y =
years; (*) Mann-Whitney U test.

All patients have accomplished the follow up period of 6

months.
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3-month and 6-

Table 2 shows preoperative, 1-month,
of both

month postoperative manifest cylinder refraction
groups.

Table 2. Preoperative, 1-month, 3-month and 6-month postoperative manifest
cylinder refraction.

Group
Cylinder diopters LRI Toric IOL P value*
Preoperative
Mean + SD -1.48 £ 0.60 -1.40+0.73 73
Range -2.75 10 -0.50 -2.75t0-0.25 -
1-month postoperative
Mean + SD -0.66 + 0.30 -0.58 + 0.24 .25
Range -1.25 t0 0.00 -1.00 to 0.00 -
P valueq .00 .00 -
3-month postoperative
Mean + SD -0.70 £ 0.21 -0.63 £ 0.20 A7
Range -1.00 to 0.00 -1.00 to -0.25 -
P value; .00 .00 -
6-month postoperative
Mean + SD -0.74 £ 0.26 -0.62 £ 0.17 .06
Range -1.25t0-0.25 -1.00 to -0.25 -
P valueg .00 .00 -

IOL = intraocular lens; LRI = limbal relaxing incisions; SD = standard deviation;
(*) Mann-Whitney U test; Wilcoxon test — preoperative cylinder x 1-month(4), 3-
month(s) and 6-month(s) postoperative cylinder.
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Figure 3 compares percentage cumulative frequency of
refractive astigmatism between LRI and toric IOL groups.

LRI group - percentage cumulative frequency
of refractive astigmatism

(preop. and 6-month postoperative periods)

100% 1 3 /o 300§0 126%. 100%- 1ol 100} oqm
80% y 69%
0, — EE—
60% - od B,
o
40% 28%
20% - . 13""
00/0 T T T T T T T T T
A Q 2 2 4 4 4 4 <
o S "2, >0, 2 “S 2, "G, Q
A S S A )
% Yo Yy Y Y% Yo %
Refractive astigmatism distribuition (D) ®Preop. 6 m.
A)
Toric IOL group - percentage cumulative
frequency of refractive astigmatism
(preop. and 6-month postoperative periods)
100% 1 85L @m0 " T T A
80% - 67%
60% - o /0|
40% - °130% |
20% - l B
0% , : . , : . : , e
T 2 2 2 7 4 B4 7z &,
2 2 -2, “q, 2 "S5 < 7 2
o Y% Ve % Ya Y% e % R
< 2 4 4 7 4 27
& "% & % G % i
Refractive astigmatism distribuition (D) ® Preop. 6 m.
B)

Figure 3. Percentage cumulative frequency of astigmatism distribution in the LRI (A)
and toric IOL (B) groups at the preoperative and 6-month postoperative periods (IOL
= intraocular lens; LRI = limbal relaxing incisions; Preop. = preoperative period; 6 m.
= 6-month postoperative period).

Figure 4 compares mean magnitudes of astigmatic power vectors (APV),
preoperatively, 1-month, 3-month and 6-month between LRI and Toric IOL groups.
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Mean astigmatic power vector (APV)

0,8
o 0,6
J. |
a 04
o Y 0,31
a |~ 0,37
0,2 1 0,35 '
0
Preop.
1-m.
3-m.
Follow up (months) 6-m.

® LRI group Toric IOL group

Figure 4. Mean magnitudes of preoperative, 1-month, 3-month and 6-month
postoperative mean astigmatic power vector (APV). Between groups, there was no
statistical difference through out the periods studied, except for the 6-m., when it was
lower in the Toric IOL group*. Within each group, preoperative APV was greater than
any postoperative APV, remaining stable on' (APV = astigmatic power vector; IOL =
intraocular lens; LRI = limbal relaxing incisions; m. = n-month postoperative; Preop. =
preoperative period; *Mann-Whitney U test, P value = 0.05; "Wilcoxon test — pre- and
postoperative periods, P value = 0.00).

Figure 5 compares pre- and 6-month postoperative APV in
the LRI and toric IOL groups.
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Figure 5. Scatterplot of astigmatic vectors JO and J45 preoperatively and 6 months
postoperatively in the LRI group (fop) and the Toric IOL group (bottom) (LRI = limbal
relaxing incisions; IOL = intraocular lens).
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Discussion

In this study, both LRI and toric IOL groups presented
comparable preoperative characteristics for most aspects of
interest, as shown in Table 1, in accordance with randomization
design of our study. However, in the LRI group the mean age of
patients was statistically higher, if compared to toric IOL group. It
is well known that both oblique and against-the-rule astigmatism
increase in occurrence as age increases (14, 15). Accordingly, it
can be seen, in table 1, that oblique and against-the-rule
astigmatism forms were more frequently found in the LRI group.
Both of these forms of corneal astigmatism seem to respond
somewhat poorly to LRI. (16, 17) Overall capacity of LRI to treat
pre-existing corneal astigmatism may have been undervalued to an
uncertain extent, and outcomes might have been different, if there

were no such discrepancies in mean age between groups.

Manifest pre and postoperative refractive cylinders, shown in
table 2, for both LRI or toric IOL groups, are in accordance with
current literature. (18, 19) Differences between pre and
postoperative refractive cylinders were statistically significant
within each group throughout the follow up period (P value =
0.00). Between groups, however, they were not (P value > 0.05). A
trend of lower mean values favoring the toric IOL group was
observed, although such trend was, at most, close to statistical
significance at 6'" postoperative month. Toric IOL group, in the
last postoperative visit, had 97% of eyes with refractive
astigmatism between -0.75 D and zero; 100% of eyes between -
1.00 D and zero. The LRI group had 69% of eyes between -0.75 D
and zero of refractive astigmatism, and 94% of eyes between -1.00
and zero, as can be seen in figure 3. Again, a trend in outcomes

predictability, favoring toric IOL group, can be noticed.
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Thibos and coworkers (9, 10) have proposed a scalar termed
astigmatic power vector (APV) that may be used to determine
statistical differences between datasets, whenever astigmatism
magnitude is the primary concern. (20) Such vectorial astigmatism
analysis is gaining popularity in literature in recent years, as an
increasing number of articles employ it as analytical instrument.
(1,4,7,8, 21, 22) Figure 4 compares mean magnitudes of pre and
postoperative APV within each group and between groups. A
statistically significant reduction in APV, considering preoperative
and any postoperative APV, was found within each group (P value
= 0.00). Between groups, toric I0OL group exhibited lower APV
mean magnitude at 6-month postoperatively; the difference to LRI
group was statistically significant (P value < 0.05). The trend
suggested by non-vectorial analysis of refractive astigmatism, so
far, is now highlighted by objective data given by APV vectorial

differences between groups.

Figure 5 shows components of APV, JO and J45, plotted on a
two-dimensional Cartesian plane. Spread of 6-month postoperative
APV, in both groups, deviate nearly +0.50 D from origin (x=0;
y=0). However, APV (the vector between origin and each data
point) is more homogeneously concentrated around origin in the
toric IOL plot than in the LRI plot, which is suggestive of lower

postoperative astigmatism in the toric IOL group. (20)
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Conclusion

In conclusion, satisfactory refractive astigmatism reduction
was obtained in both groups. However, our results suggest that
the use of toric IOL may be slightly advantageous, from vectorial
standpoint, in the treatment of pre-existing corneal astigmatism
during phacoemulsification. The main limitation of our study was
the greater amount of eyes with oblique or against-the-rule
astigmatism present in LRI group, which introduced a bias to the
analysis of LRI group of unknown extent. It is also possible that
longer follow up periods might undercover statistical significance
in the differences of manifest refractive cylinder means between

groups.
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Abstract

Purpose: To determine linear regression models between Alpins
descriptive indices and Thibos astigmatic power vectors (APV),

assessing the validity and strength of such correlations.

Methods: This case series prospectively assessed 62 eyes of 31
consecutive cataract patients with preoperative corneal
astigmatism between 0.75 and 2.50 diopters in both eyes. Patients
were randomly assorted among two phacoemulsification groups:
one assigned to receive AcrySof Toric intraocular lens (IOL) in
both eyes and another assigned to have AcrySof Natural IOL
associated with limbal relaxing incisions, also in both eyes. All
patients were reevaluated postoperatively at 6 months, when
refractive astigmatism analysis was performed using both Alpins
and Thibos methods. The ratio between Thibos postoperative APV
and preoperative APV (APV:atio) and its linear regression to Alpins
percentage of success of astigmatic surgery, percentage of
astigmatism corrected and percentage of astigmatism reduction at

the intended axis were assessed.

Results: Significant negative correlation between the ratio of post-
and preoperative Thibos APV atioc and Alpins percentage of success
(%success) was found (Spearman’s p=-0.93); linear regression is

given by the following equation: %success = (-APViatio + 1.00)x100.

Conclusion: The linear regression we found between APV s, and
%success Permits a validated mathematical inference concerning the

overall success of astigmatic surgery.
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Resumo

Objetivo: Estabelecer modelos de regressdo linear entre os
indices propostos por Alpins com os vetores astigmaticos de

Thibos, avaliando a validade e a for¢gca dessas correlagdes.

Método: Série de casos na qual foram avaliados prospectivamente
62 olhos de 31 pacientes de catarata com astigmatismo corneano
pré-operatorio entre 0,75 e 2,50 dioptrias para ambos os olhos.
Os pacientes foram aleatoriamente distribuidos entre 2 grupos: um
submetido a implante de lente intraocular (LIO) AcrySof Toric'™™
em ambos os olhos e outro grupo, no qual seriam implantas LIO

AcrySof Natural™

complementada por incisdes relaxantes
limbares, também em ambos os olhos. Todos os pacientes foram
reavaliados aos 6 meses de poés-operatorio, sendo feitas analises
do astigmatismo refracional tanto pelo método vetorial proposto
por Alpins, quanto pelo proposto por Thibos. A razdo entre os
vetores astigmaticos pos- e pré-operatorios de Thibos (VApssipre),
bem como a correlagdo linear com o percentual de sucesso da
cirurgia do astigmatismo, o percentual de astigmatismo corrigido e
o percentual de reducdo do astigmatismo no eixo pretendido,

propostos por Alpins, foram avaliados.

Resultados: Foi encontrada correlagdo negativa significativa entre
a VAyssipre de Thibos e o percentual de sucesso da cirurgia do
astigmatismo (%successo), de Alpins (p de Spearman=-0.93);
regressao linear dada pela seguinte equacgdo: %successo = (-
VApssipre + 1,00)x100.

Conclusdes: A regressdo linear encontrada entre VApssipre €
%successo permite uma inferéncia matematica validada a respeito

do sucesso de cirurgia do astigmatismo em termos gerais.
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Introduction

Vectors are mathematical expressions that combine values
for magnitude and direction. A given vector has specified values
for each of these parameters. Astigmatism, with cylinder power
and axis (refractive) or magnitude and meridian (corneal), fits
such a description (1, 2). Manipulation of vectors follows certain
rules and can yield resultant vectors from combinations of others.
Similarly, the combination of a known preoperative astigmatism
and planned surgical effect on that astigmatism can yield desired

postoperative astigmatism (1).

The Alpins method is a vectorial analysis that allows
determination of the effectiveness of a specific astigmatic
treatment. It considers both magnitude and orientation of
astigmatism. Three fundamental vectors are used in the analysis:
target-induced astigmatism (TIA) — the astigmatic change the
surgery was intended to induce, surgically induced astigmatism
(SIA) — the astigmatic change the surgery actually induced and
difference vector (DV) — the induced astigmatic change that would
enable the initial surgery to achieve its intended target. Various
relationships between these vectors, such as correction index
(SIA/TIA), flattening index ([SIA x Cos 2 x angle between SIA and
TIA]/TIA), index of success (DV/TIA) among others, provide a
complete description of the astigmatic correction achieved with a
specific modality of treatment. It can be determined whether the
treatment was on axis, or off axis and whether too much, or too
little effect was achieved. The Alpins method has been used by
several authors to analyze the astigmatic changes induced with
different surgical and nonsurgical options (1), including limbal
relaxing incisions (1, 3-7), excimer laser refractive surgery, toric

intraocular lens implantation, vitrectomy or orthokeratology (8).
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If, however, astigmatism is represented in rectangular vector
form, conventional scalar methods can be applied to each vector
component. Furthermore, standard multivariate statistics can be
used to compute population means and variances, define
confidence intervals, and test hypotheses. Thibos and Horner have
proposed such an approach (9, 10). According to this method,
power vectors are geometrical representations of spherocylindrical
refractive errors in three fundamental dioptric components. The
first component is a spherical lens with power M equal to the
spherical equivalent of the given refractive error (M = sphere +
cylinder/2). The remaining two components come from a Jackson
crossed cylinder, equivalent to a conventional cylinder of positive
power J at axis a + 90° (a = the meridian of maximum positive
power or angle of astigmatic prescription) crossed with a cylinder
of negative power -J at axis 90°. Thus, a power vector is that
vector drawn from the coordinate origin of this space to the point
(M, Jo, Jas) (7, 9). The magnitude of the asigmatic power vector
(APV) on the astigmatic plane is defined by (Jo?+J45%)""? and
represents a non-signed scalar that may be used to determine
statistical differences in the magnitude of astigmatism between
two datasets (11, 12).

To our knowledge, Alpins and Thibos analyses are not readily
interchangeable to one another, when it comes to their
mathematical results and interpretation. The aim of the present
article is to determine if linear regressions between Alpins indices
and Thibos APV are strong enough to be considered clinically

relevant.
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Patients and methods

This case series, designed as part of an ongoing Doctorate
Thesis of one of the authors (G.F.) at the Federal University of
Minas Gerais (UFMG), prospectively assessed 31 consecutive
cataract patients with preoperative corneal astigmatism between
0.75 and 2.50 diopters (D) in both eyes. Patients were randomly
assorted between two phacoemulsification groups: toric intraocular
lens (IOL) group, assigned to receive toric intraocular lenses
(model AcrySof Toric, Alcon, Inc.) in both eyes and limbal relaxing
incisions (LRI) group, assigned to have spherical 10L (AcrySof
Natural, Alcon, Inc.) associated with LRI also in both eyes. All
patients provided a written informed consent, after they received
an explanation of the nature of the study and its potential
complications, in accordance to the tenets of Declaration of
Helsinki and UFMG’s institutional ethics committee protocol. All
surgeries were performed between May 2010 and June 2012 at
ISO Olhos, Instituto de Saude Ocular, Uberlandia-MG, Brazil.

Inclusion criteria were age older than 40 years and, for both
eyes, visually significant cataract (best corrected visual acuity
worse than LogMAR 0.3), regular corneal astigmatism between
0.75 D and 2.50 D, pharmacologic mydriasis of at least 6.0
milimeters to allow proper intraoperative visualization of axis

marks on the toric IOL.

The following were exclusion criteria: previous surgery in the
eye under study, pterygium, ocular disease that would lead to poor
postoperative corrected visual acuity (corneal scarring, uveitis,
advanced glaucoma, neuroophthalmic disease, significant macular
disease or other retinopathy), zonule or pupil abnormalities and

any irregular corneal astigmatism.
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Preoperatively, every patient had a complete ophthalmic
evaluation, by an examiner other than the surgeon (G.F.),
including logMAR best corrected distance visual acuity, manifest
refraction, slitlamp examination, applanation tonometry, and
fundoscopy under pharmacological mydriasys. In addition to
corneal topography (Orbscan IlI, Bausch&Lomb, Inc.) and
ultrasound immersion biometry (OcuScan, Alcon, Inc.). Hoffer Q
formula was used in eyes with an axial length shorter than 22 mm,

and SRK/T formula was used for all other cases.

Toric 10L cylinder power and axis placement were
determined wusing the |[|OL manufacturer's online calculator
(www.acrysoftoriccalculator.com). Size and location of LRI were
also determined via online application (www.lricalculator.com),
according to Donnenfeld's nomogram. For both Toric IOL and LRI
groups, biometry, keratometry, main incision location, and
surgeon's expected surgically induced astigmatism (-0.50 D) were
entered into the calculators, with emmetropia as the goal
postoperative refraction, i.e., zero sphere and the smallest

residual cylinder possible.

Surgical Technique

The same surgeon (M.C.) performed all surgeries under mild
sedation and topical anesthesia. Just before surgery, a sterile ink
pen was used to make two marks on the corneal limbus at the 0O-
degree and 180-degree positions with the patient sat upright at the

slitlamp, to avoid ocular torsion.

For both groups, phacoemulsification, followed by IOL
implantation, was performed through a 2.75 mm temporal corneal

incision.

In the toric IOL group, the IOL was rotated to align with the
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planned axis.

For LRI group patients, LRI were created inside the limbus
using a calibrated diamond knife with the blade depth preset at
600 pm.

Postoperative Follow up

All patients were reevaluated at 6 months postoperatively by
an examiner other than the surgeon (G.F.). Postoperative manifest
refraction was obtained and analysis of refractive astigmatism,
comparing pre- and postoperative periods, was performed using
both Alpins and Thibos methods.

Statistical Analysis

Both Alpins and Thibos calculations were performed using
Microsoft Excel® for Maclntosh spreadsheets (version 12.2.7,
Microsoft Corp.). Shapiro-Wilk normality tests of data set were
performed using IBM SPSS® for Microsoft Windows® software
(version 20.0.0). A p value of 0.05 or less was considered
statistically significant. The ratio between Thibos 6-month
postoperative APV and preoperative APV (APVRgatio) and its linear
regression with Alpins percentage of success of astigmatic surgery
(%success), percentage of astigmatism corrected (%corrected) and
percentage of astigmatism reduction at the intended axis
(Y%Rreduction) Were assessed. Pearson’s (r) or Spearman’s (p) linear
correlation coefficients, for parametric and non-parametric
regressions respectively, were used. Considering each of these
coefficients, as modulus, if it was equal to, or less than 0.4, it was
regarded as a weak correlation indicator, if between 0.4 and 0.8

the correlation was considered as moderate and if greater then, or
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equals to 0.8, it was indicative of a strong linear correlation
evidence (13, 14). Bootstrapping (95% confidence interval) was

also taken into account for each non-parametric regression (15).
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Results

The study enrolled 62 eyes of 31 consecutive eligible
patients (12 men and 19 women). Patients’ mean age was 68.81
years (with a standard deviation of + 8.20 years), ranging from 51
to 84 years. None of the eyes required a second intervention. No
potentially sight-threatening complications, such as persistent
corneal edema, pupillary block, retinal detachment or

endophthalmitis were observed.

Data set concerning APViatio and %success generated from
these case series have clearly deviated from normal distribuition,
hence Spearman’s p was used for non-parametric regression

analisys.

Thibos and Alpins analises are depicted in tables 1 and 2,

respectively, as follows:

Table 1. Preoperative and 6-month postoperative Thibos APV.

Group
Diopters LRI Toric IOL p value*

Preoperative

Mean + SD 0.74 £ 0.30 0.70 £ 0.37 0.74

Range 0.2510 1.38 0.1310 1.38 -
6-month postoperative

Mean + SD 0.37£0.13 0.31+£0.09 0.05

Range 0.13 10 0.63 0.13 10 0.50 -

P value' 0.00 0.00 -

APV = Thibos astigmatic power vectors; LRI = limbal relaxing incisions; SD =
standard deviation; (*) Mann-Whitney U test; () Wilcoxon test — preoperative
APV x 6-month postoperative APV.
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Table 2. Six-month postoperative Alpins indices.

Groups
LRI Toric IOL p value*®
6-month postoperative 10S
Geometric mean + SD 0.53+0.25 0.37 £0.24 0.01
Range 0.31t01.42 0.03t0 1.14 -
p value' 0.07 0.99 -
6-month postoperative Fl
Geometric mean + SD 0.62 £ 0.46 0.81 £ 0.36 0.00
Range 0.08 to 1.74 0.10 to 1.68 -
p value' 0.43 0.44 -
6-month postoperative Cl
Geometric mean + SD 0.64 £ 0.31 0.94 £ 0.31 0.00
Range 0.17 to 1.58 0.51to 1.69 -
p value' 0.29 0.81 -
Cl = Alpins correction index; FI = Alpins flattening index; oS = Alpins index of
success; LRI = limbal relaxing incisions; SD = standard deviation; (*) Mann-

Whitney U test; (*) Wilcoxon test — 1-month postoperative 10S x 6-month
postoperative 10S.

Figure 1 depicts a statistically significant negative

correlation between AVP;atio and %success 6-month postoperatively.
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APVratio and %Success regression model (6-m)

257

% success = (-APV ratio + 1.00) x 100

1 |
2,00 300
APVratio

Figure 1. Scatterplot showing a regression model between AVPi i, and %success 6-
month postoperatively (APV ai,=astigmatic power vector ratio, defined as 6-month
postoperative astigmatic power vector divided by preoperative astigmatic power
vector; Y%success=percentage of success of astigmatic surgery; 6-m=6-month
postoperative follow up period).

We found a Spearman’s p coefficient for the regression
model between AVPiatio and %success 6-month postoperatively
equals to -0.83. Employing bootstrapping calculation, r coefficient
increased even further to -0.93. Four eyes deviated remarkably
from the trendline. Such eyes were considered as outliers, but

they were kept in the study roll.

Spearman’s p coefficient, even employing bootstrapping, was
too low for both AVPiatio @and %corrected and AVPiatic and %Rreduction-
Respectively: -0.31 and -0.44.
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Discussion

Although it provides a sophisticated analysis on astigmatism
description and treatment for both refractive and keratometric
aspects (1), Alpins method, relies on somewhat complex
sequential equations in order to complete its calculations, making
its routine use often unpractical. Computer softwares designed to
perform such calculations in a amenable manner, may be cost

prohibitive for many cataract surgeons as a routine tool.

Thibos method on its turn, requires a much simpler design to
carry out its calculations, not demanding any specific software to
be accomplished. As a drawback, Thibos method offers essencialy
a straightforward comparison between preoperative and
postoperative refractive power vectors (9, 10) fairly related to the

success achieved by the astigmatic surgery.

Hence the idea of trying to make these two methods
interchangeable, taking advantage of mathematical simplicity from
Thibos and the valuable indices from Alpins. To our knowledge,
this is the first article, on the literature, to employ both Alpins and
Thibos methods to the same patient series, in order to try to

correlate their results.

Since both APViatio and %success data deviated from normal

distribution (16), non-parametric analises were performed (14).

In statistics, outlier is an observation that is numerically
distant from the rest of the data set, clearly deviating from other
members of the sample in which it occurs. Occurrence of outliers
may be by chance in any distribution, but they are often indicative
either of measurement error or a heavy-tailed distribution.

Identifying outliers is important both for improving the quality of
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original data and for reducing the impact of anomalous values in
the process of knowledge discovery in databases. Analysis of
outliers and their influential points is an important step of the
regression analises (18). Since outliers are not generated via any
predictable model, any rule for removing outliers, or not, has to be
somewhat arbitrary, With such an informal approach, it is
impossible to be objective or consistent, or to generalize their
elimination process. If the threshold is too strict, some rogue
points will remain. If the threshold is not strict enough, too many
good points will be eliminated (19). We kept, within our data set, 4
cases presumed as outliers (farthest 4 cases to the right side of
the trendline) because Spearman’s p coefficient, used in our

analisys, is not consistently affected by outliers (17, 19).

Our findings, summarized in tables 1 and 2, suggest a very
strong statistical negative correlation between APV:asio and
Y%success (p=-0.83 what implies a negative correlation strength of
83% and its bootstrapping of 0.93 implies, on its turn, a calculated
correlation strength even greater of 93%) (16). However,
correlations between APV atioc and %corrected OF %Reduction Cannot be
promptly assumed as well. APV atio and %correcteds CoOrrelation is
only negatively weak (p=-0.31, what implies a correlation strengh
of nearly 31%). APV atio and %Reduction COrrelation is moderately
waek (p=-0.44, implying a correlation strengh of 44%). For the
latter two correlations, statistical significance is irrelevant (14).
The rationale behind this finding is that both %success and APV atio
provide relative measures of surgical success. It is important to
notice that both %corrected OF %Reduction are influenced by any
misalignment between intended and actual treatment, such
influence is not present on Thibos analisis, hence their weak

correlation.

Alpins index of success (loS) is a suitable parameter for

astigmatism treatment assessment (1). Alpins %success IS an
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expression of oS in percentage terms: %success=(1-10S)x100%.
APV atic correlates to %success , @as shown by our model. So, it
implies that APV atioc also correlates to 10S. In the same manner,
APV atioc could be used as a validated alternative assesment tool
with more than 90% certainty. It seems reasonable to us the
regression formula we found: %success=(-APVRatio+1.00)x100 is
appropriate for success analysis of an individual surgical case. It
may be converted by several softwares to an easy-to-use,
unexpensive application with potencial to assist cataract and
refractive surgeons an assesment tool of refractive results. Figure
2 shows an example of an Excel spreadsheet where our regression
equation was set as a function for which inputs of preoperative

and postoperative data render outputs of Alpins %success-

< A B
! Preoperative astigmatism
2 Cylinder power (# 0, -/+ diopters) -1.25
3 Cylinder axis (degrees 85
4

5 Cylinder power -0.25
6 Cylinder axis S0
7 Calculated %o syccess of Astigmatism Surgery 80%

Figure 2. Example of an Excel spreadsheet where the regression formula was set as
a function for which inputs of preoperative and postoperative refractive astigmatism
render outputs of Alpins %success-

Analysis of aggregated cases, such as in comparative studies
among techniques might be influenced by the uncertainty inherent
to the regression formula, limiting the usage of our formula to

individual analises.

The main limitation of our study is our data set limited to 62

eyes. Larger patient cohorts, specialy if a normal data distribution



133

is present, might further refine our findings, possibly expanding
the usage of our formula. The comparison of which technique,
toric IOL or LRI, provided better outcomes is beyond the scope of
this study, such an analisys is going to be presented in a related

study of the same patient series.

In conclusion, linear regression we found between APViatio
and Y%success permits a validated mathematical inference
concerning the overall success of astigmatic surgery for individual

patients.
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Anexo A — Parecer do Comité de Etica em Pesquisa da UFMG
(ETIC 341/09).

UNIVERSIDADE FEDERAL DE MINAS GERAIS
COMITE DE ETICA EM PESQUISA - COEP

Parecer n2, ETIC 341/09

Interessado(a): Prof. Joel Edmur Boteon
Departamento de Oftalmologia e Otorrinolaringologia
Faculdade de Medicina - UFMG

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 02 de setembro de 2009, o projeto de pesquisa intitulado
"Comparagdo entre utilizagdo de incisdes relaxantes limbares e
implante de lentes intraoculares téricas no controle intra-operatério
do astigmatismo corneano pré-existente” bem como o Termo de
Consentimento Livre e Esclarecido.

O relatorio final ou parcial devera ser encaminhado ao COEP um

ano apoés o inicio do projeto.
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Profa. Maria Teresa Marques Amaral
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 - Unidade Administrativa 17 - 2° andar - Sala 2005 — Cep:31270-901 - BH-MG
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Anexo B — Cépia da Ata de Defesa da Tese (21 de novembro de
2013).

UNIVERSIDADE FEDERAL DE MINAS GERAIS

PROGRAMA DE POS-GRADUACAO EM CIENCIAS APLICADAS A CIRURGIA E A U F /n G
OFTALMOLOGIA N

ATA DA DEFESA DE TESE DO ALUNO
GIULIANO DE OLIVEIRA FREITAS

Realizou-se, no dia 21 de novembro de 2013, as 02:00 horas, Sala 018 (Fac.
Medicina/UFMG - andar térreo)., da Universidade Federal de Minas Gerais, a defesa
de tese, intitulada COMPARACAO ENTRE O USO DE INCISOES RELAXANTES
LIMBARES E LENTES INTRAOCULARES TORICAS NO TRATAMENTO DO
ASTIGMATISMO CORNEANO PRE-EXISTENTE NA FACOEMULSIFICACAQ,
apresentada por GIULIANO DE OLIVEIRA FREITAS, numero de registro
2010654093, graduado no curso de MEDICINA, como requisito parcial para a
obtencdo do grau de Doutor em CIENCIAS APLICADAS A CIRURGIA E A
OFTALMOLOGIA, a seguinte Comissdo Examinadora: Prof(a). Joel Edmur Boteon -
Orientador (UFMG), Prof(a). Homero Gusmao de Almeida (UFMG), Prof(a). Luiz
Carlos Molinari Gomes (UFMG), Prof(a). ROBERTO PEDROSA GALVAO FILHO
(IOR - Instituto de Olhos do Recife), Prof(a). ADROALDO DE ALENCAR COSTA
FILHO (UFRJ).

A Comissao considerou a tese:
(~) Aprovada
( ) Reprovada

Finalizados os trabalhos, lavrei a presente ata que, lida e aprovada, vai assinada por
mim e pelos membros da Comissao.
Belo Horizonte, 21 de novembro de 2013.
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Anexo C — Copia da Declaragdao de Aprovacdo da Tese (21 de

novembro de 2013).

UNIVERSIDADE FEDERAL DE MINAS GERAIS U ch
[

PROGRAMA DE POS-GRADUAGCAO EM CIENCIAS APLICADAS A CIRURGIA E A
OFTALMOLOGIA

FOLHA DE APROVACAO

COMPARAGAO ENTRE O USO DE INCISOES RELAXANTES LIMBARES E
LENTES INTRAOCULARES TORICAS NO TRATAMENTO DO ASTIGMATISMO
CORNEANO PRE-EXISTENTE NA FACOEMULSIFICAGAO

GIULIANO DE OLIVEIRA FREITAS

Tese  submetida a Banca Examinadora designada pelo Colegiado do Programa de
P6s-Graduagdo em CIENCIAS APLICADAS A CIRURGIA E A OFTALMOLOGIA, como
requisito para obtengdo do grau de Doutor em CIENCIAS APLICADAS A CIRURGI:‘\ E A
OFTALMOLOGIA, area de concentragdo RESPOSTA INFLAMATORIA A AGRESSAO

Aprovada em 21 de novembro de 2013, pela banca constituid pelos membros:

Prof(a). Jo¢l Edmur Boteon - Orientador
UFMG

Prof{(a). Hb)l&:r’o Gusmao 'de Almeida
i UFMG
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UFMG

Prof(a). Roberto Pedrdsa Galvdo Filho
IOR - InsZituto de OJhos do Recife
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Prof(a). Q)aldo De Alencar Costa Filho
UFRJ

Belo Horizonte, 21 de novembro de 2013.
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Apéndice A - Modelo de Termo de Consentimento Livre e
Esclarecido (TCLE).

Termo de Consentimento Livre e Esclarecido

A moderna cirurgia de catarata tem por objetivo ndao somente a
restauragdo da visao, mas também diminuir a dependéncia dos pacientes em
relagdo ao uso de odculos ou lentes de contato no pds-operatério. Neste
sentido, o controle do astigmatismo pré-existente é de fundamental
importancia. Esse controle pode ser conseguido, por ocasido da cirurgia de
catarata, pelo uso de lentes intraoculares toricas ou pela realizagdo de
incisOes relaxantes limbares.

Este estudo pretende comparar essas alternativas em termos da

eficiéncia da reducdo do astigmatismo.

CONVIDAMOS o senhor a participar deste estudo, face a ocorréncia,

em seus olhos, de catarata e astigmatismo corneano passiveis de abordagem
cirurgica, quer seja pelo implante de lente intraocular torica, ou pela
realizacao de incisdes relaxantes limbares.
E importante que o senhor saiba que ambas as opgcdes sao rotineiramente
utilizadas com a finalidade de diminuir o astigmatismo em pacientes
submetidos a cirurgia de catarata. Os riscos possiveis sao 0os mesmos de
qualquer cirurgia de catarata realizada pelo método da facoemulsificacdo, bem
como s3ao 0os mesmos os cuidados pré e pods-operatorios. Vale enfatizar que
nao esta descartada a possibilidade de reintervengdes cirdrgicas, ou mesmo,
da necessidade de uso de d6culos ou lentes de contato no pds-operatorio.

Serao prestadas orientagdes para o reconhecimento dos principais
sinais de complicacdes e oferecida a opcao de entrar em contato, pelo
telefone a qualquer hora, com algum dos pesquisadores, ainda que seja para

o0 esclarecimento de eventuais duvidas.
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Sua participacdo é VOLUNTARIA e ndo acarretard em 6nus adicionais.

Os dados obtidos a partir deste estudo sao de interesse
exclusivamente cientifico, estando garantida a privacidade dos pacientes
envolvidos. Se decidir, por qualquer razao, deixar de fazer parte do
grupo de pacientes relacionados no estudo, NAO haverd qualquer
mudanga no seu tratamento ou em sua relagdo com a equipe assistente. A
qualquer momento, o( senhor podera abandonar o grupo de estudo, com total
respeito a liberdade de escolha e preservacao dos dados obtidos durante a
sua participagao. Seu tratamento e acompanhamento continuardao sendo
realizados no mesmo local e pela mesma equipe.

O presente estudo encontra-se respaldado pelo Comité de Etica em
Pesquisa da Universidade Federal de Minas Gerais.

Estaremos sempre a disposicdo para o esclarecimento de quaisquer

davidas.

Resumo Técnico do Estudo

Titulo do Projeto: Comparacao entre utilizacao de incisoes relaxantes
limbares e implante de lentes intraoculares téricas no controle intra-
operatorio do astigmatismo corneano pré-existente.

Instituicdo a que pertencem os Pesquisadores Responsaveis: Universidade
Federal de Minas Gerais (UFMG).
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Pesquisadores Responsaveis:

Dr. Giuliano de Oliveira Freitas, Oftalmologista.
Membro do Corpo Clinico do ISO — Olhos, Instituto de Saude Ocular.
End.: R. Eduardo Marquez 50, B. Martins. CEP 38.400-442.
Uberlandia-MG.

Contato: (34) 3230-5050 - (34) 9976-8583.

E-mail: giuliano@isoolhos.com.br

Dr. Joel Edmur Boteon, Oftalmologista.

Coordenador do Curso de Pds-Graduacao do Departamento de Oftalmologia e

Otorrinolaringologia da Faculdade de Medicina da UFMG
End.: Universidade Federal de Minas Gerais Faculdade de Medicina,
Departamento de Oftalmologia e Otorrinolaringologia. Av. Prof. Alfredo
Balena, 190 - Sala 3005 B. Santa Efigénia 30.130-100.
Belo Horizonte- MG.
Contato: (31) 3248-9767 — E-mail: botteon@medicina.ufmg.br

Comité de Etica em Pesquisa da Universidade Federal de Minas Gerais

Av. Antonio Carlos, 6627
Unidade Administrativa II - 2° andar - Sala 2005
Campus Pampulha
Belo Horizonte, MG - Brasil
CEP 31270-901
E-mail: coep@prpg.ufmg.br
Telefax: (31) 3409-4592
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Dados de Identificacao do Paciente (Voluntario do Estudo)

Nome do Voluntario:

Idade: anos.
R.G.:
Testemunha:
Idade: anos.

R.G.:
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Apéndice B - Banco de dados gerado pela pesquisa (arquivo
“Planilhas IRL x LIO térica.xlsx” em CD-ROM). Sdo apresentados
os dados, por grupo, ao longo do periodo estudado, bem como as
formulas matematicas, com as respectivas expressdes, para que o
software Microsoft Excel™ pudesse efetuar os calculos

necessarios.

Estes dados podem servir tanto para a confirmacdo das
analises apresentadas, como também, para originar novos
trabalhos cinetificos a partir dos olhos estudados, mesmo por
outros autores que eventualmente se interessarem por nossa

pesquisa.
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Apéndice C — Representacao esquematica da analise vetorial de
Thibos.

A Plano astigmatico

Equivalente esférico

a = eixo do cilindro (graus)

Jo = cilindro cruzado de Jackson a 0
Jo=-1/2 x poder cilindrico x cos 2a

J4s = cilindro cruzado de Jackson a 45°
Jas=-1/2 x poder cilindrico x sen 2a

APV = vetor de poder astigmatico
APV=(1g"+ J4s))V?

Adaptado de: Thibos LN, Wheeler W. Power vectors: an application of Fourier
analysis to the description and statistical analysis of refractive error. Optom Vis Scie.
1997;74:367-75.

O esquema apresenta a representagdo bidimensional do
vetor astigmatico (APV) cuja origem econtra-se na intersegcdo dos

eixos e a extremidade no cruzamento das coordenadas JO e J45.
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Apéndice D — Representacao esquematica da analise vetorial de

Alpins.

A)

o
Y
Kl
K 30 3
180" —~ o
Pré-operatério (K1.01)
Alvo (K2:02)
Pés-operatério (K3.03)
) ¥ .<
Y 1d
180°
Pré-operatorio “dobrado” (K1d:2x01) | TIA = “Astigmatismo Induzido Alvo®
Alvo “dobrado”™ (K2d:2x02) SIA = "Astigmatismo Induzido Cirurgicamente”
Pés-operatério "dobrade™(K3d:2x63) | DV = “Vetor Diferenca”
270°

Adaptado de: Alpins N. A new method of analyzing vectors for
changes in astigmatism. J Cataract Refract Surg. 1993;19:524-33.

A analise de Alpins toma por base os astigmatismos pré-

operatorio (K1), alvo (K2) e pods-operatério (K3), com os
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respectivos angulos (@1, g2 e @3), dispostos num diagrama polar
de 180° mostrado na figura A.

Em seguida, o diagrama é transposto para 360°, mantendo-
se os valores, em moédulo, do astigmatimo (K1d, K2d e K3d), mas
dobrando-se os valores dos angulos originais (201, 202 e 2¢g3),
como se vé na figura B. Nesse novo diagrama, representam-se os
vetores astigmatismo induzido alvo (TIA), com origem em K1d e
extremidade em K2d, vetor astigmatismo induzido cirurgicamente
(SIA), com origem em K1d e extremidade em K3d e vetor diferenca
(DV), com origem em K2d e extremidade em K3d. Todos os indices
propostos por Alpins sao calculados a partir de relacdes
estabelecidas entre TIA, SIA e DV.



