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RESUMO

Objetivos: correlacionar pressao de perfusao ocular e amplitude do pulso ocular
em trés grupos: glaucomatosos, hipertensos oculares e normais; e avaliar a
relagdo de parametros de pressao arterial com a pressao intraocular. Métodos:
foram recrutados 90 individuos para a pesquisa, sendo 30 recém-diagnosticados
com glaucoma, sem histéria prévia de tratamento antiglaucomatoso; 30
apresentavam hipertensao ocular (HO) sem sinais caracteristicos de glaucoma na
avaliagao do disco 6ptico e no exame de campo visual; e 30 voluntarios com
pressao intraocular (PIO) dentro dos valores de referéncia da normalidade (< 21
mmHg) e sem glaucoma. A PIO foi medida pela tonometria de aplanagao de
Goldmann (TAG) e tonometria dinAmica de contorno (TDC). Foi medida pressao
arterial (PA), feito exame oftalmolégico completo além de campo visual
computadorizado e gonioscopia em cada paciente. A espessura corneana central
(ECC) foi medida por paquimetria ultrassénica. A pressao de perfusao ocular
(PPO) foi calculada pela diferenga entre a pressao arterial média (PAM) e a PIO.
A amplitude do pulso ocular (APO) foi fornecida pela TDC. Resultados: a PIO
média na TAG foi de 19,0 £ 5,1 mmHg no grupo do glaucoma, 22,4 + 2,1 mmHg
nos HOs e 12,9 + 2,2 mmHg nos individuos normais. Ja a PIO média medida pela
TDC foi de 22,7 + 4,3 mmHg nos glaucomatosos, 22,3 £ 2,8 mmHg nos HOs e
14,3 £ 1,6 mmHg nos normais. A PPO média no glaucoma foi de 46,3 £+ 7,9
mmHg, nos HOs 41,5 + 5,2 mmHg e nos individuos normais 50,2 + 7,0 mmHg. A
APO média foi de 3,4 + 1,2 mmHg no grupo glaucoma, 3,5 + 1,2 mmHg nos HOs
e 2,6 £ 0,9 mmHg nos normais. Avaliando o conjunto dos grupos, a APO média foi

de 3,2 + 1,2 mmHg. A ECC média foi de 529,1 £ 41,4 uym, 569,1 + 30,0 ym e



553,6 £ 28,6 um nos grupos glaucoma, HO e normais, respectivamente. A
pressao arterial sistélica (PAS) média no conjunto dos grupos foi de 125,8 £ 14,3
mmHg e nos grupos glaucoma, HO e normal de 131 £ 16,7 mmHg, 125 + 12,3
mmHg e 121,5 + 12,1 mmHg, respectivamente. A pressao arterial diastélica (PAD)
foi de 82,2 + 11,3 mmHg, 81,2 + 6,9 mmHg e 81,5 + 9,0 mmHg nos grupos
glaucoma, HO e normal, respectivamente, e no total foi 81,6 £ 9,1 mmHg. A
pressao de pulso (diferenca entre PAS e PAD) teve média de 44,2 £ 10,7 mmHg
no conjunto dos grupos e 48,8 + 10,5 mmHg, 43,8 + 11,1 mmHg e 40,0 + 8,7
mmHg nos grupos glaucoma, HO e normal, respectivamente. Nao houve
correlacao entre APO e PPO nos grupos glaucoma, HO e normal (P/r = 0,865/-
0,032, 0,403/-0,156 e 0,082/-0,307, respectivamente). Confirmou-se forte
correlacao entre PIO aferida pela TAG e TDC (P/r = <0,001/0,858). APO
correlacionou-se a PIO medida pela TAG (P/r = <0,001/0,430) e DCT e (P/r =
<0,001/0,399). Obteve-se correlagcdo moderada entre APO e pressédo de pulso
arterial (P/r = 0,017/0,245) na avaliagdo do conjunto dos grupos. Na avaliagao
isolada de cada grupo, apenas o HO apresentou correlagdo com a APO (P/r =
0,005/0,496). Conclusées: nado houve correlagdo entre pressdo de perfusao
ocular e amplitude do pulso ocular em individuos com glaucoma, HO e normais. A
PIO medida pela TAG correlacionou-se a PIO da TDC. A ECC exerceu mais
influéncia a TAG do que a TDC. A amplitude do pulso ocular apresentou apenas
correlacdo moderada a pressdo de pulso arterial, ressaltando mecanismos

vasculares de regulagao da perfusao sanguinea ocular.

Palavras-chave: Glaucoma. Pressao de perfusdao ocular. Amplitude do pulso

ocular. Tonometria dindmica de contorno. Pressao arterial sistémica.



ABSTRACT

Objectives: To correlate ocular perfusion pressure and ocular pulse amplitude in
three different groups: Glaucoma patients, ocular hypertensives, and normal
individuals. As well as assess the relation between blood pressure parameters
with intraocular pressure. Material and Methods: Ninety patients were enrolled
for the study. Among them: 30 were recently diagnosed with glaucoma, with no
previous history of ocular hypotensive medications; 30 presented ocular
hypertension (OH) and no specific signs of glaucoma, either by optic nerve
examination or visual field; and 30 volunteers with intraocular pressure (IOP)
within normal values (< 21 mmHg) and no evidence of glaucoma. IOP was
measured by two different methods, Goldmann applanation tonometry (GAT) and
dynamic contour tonometry (DCT). Arterial blood pressure (BP) was taken,
automated visual field (VF) and gonioscopy a complete ophthalmic exam was also
performed. Central corneal thickness (CCT) was measured by ultrasound
pachymetry. Ocular perfusion pressure (OPP) was calculated by the difference
between mean arterial pressure (MAP) and IOP. Ocular pulse amplitude (OPA)
was directly given by DCT. Results: Mean IOP measured by TAG was 19.0 + 5.1
mmHg in glaucoma, 22.4 + 2.1 mmHg in OH, and 129 £ 2.2 mmHg in the
normals. Mean DCT IOP was 22.7 + 4.3 mmHg in glaucoma, 22.3 + 2.8 mmHg in
the OH, and 14.3 + 1.6 mmHg in the normal participants. Mean OPP in the
glaucoma group was 46.3 £7.9 mmHg, in the OH was 41.5 + 5.2 mmHg, and in
the normals 50.2 £+ 7.0 mmHg. Mean OPA was 3.4 + 1.2 mmHg in glaucoma, 3.5 +
1.2 mmHg in OH, and 2.9 + 0.9 mmHg in the normals. Analyzing the three groups

together, mean OPA was 3.2 + 1.2 mmHg. Pachymetry revealed a mean CCT of



529.1 £ 41.4 ym, 569.1 £ 30.0 ym, and 553.6 * 28.6 ym, in the glaucoma group,
OH, and normals, respectively. Mean systolic blood pressure (SBP) for all patients
was 125.8 + 14.3 mmHg and in the glaucoma, OH, and normal groups, was 131.1
+ 16.7 mmHg, 125 + 12.3 mmHg, and 121.5 + 12.1 mmHg, respectively. Mean
diastolic blood pressure (DBP) was 82.2 + 11.3 mmHg, 81.2 + 6.9 mmHg, and
81.5 + 9.1 mmHg in the glaucoma, OH, and normal groups, respectively and
including all three groups it was 81.6 + 9.1. Arterial pulse pressure (PP), which is
the notation of SBP minus DBP, had mean values of 44.2 £ 10.7 mmHg for all
patients, and 48.8 £ 10.5 mmHg, 43.8 + 11.1 mmHg, and 40.0 £ 8.7 mmHg in the
glaucoma, OH, and normal groups, respectively. No correlation between OPA and
OPP was found neither in glaucoma (P/r = 0.865/-0.032), OH (P/r = 0.403/-0.156),
or normals (P/r = 0.082/-0.307). IOP measured by TAG appeared strongly
correlated to DCT (P/r = <0.001/0.858). OPA was correlated with TAG (P/r =
<0.001/0.403) and DCT (P/r = <0.001/0.399), showing that OPA closely linked to
IOP. A moderate correlation was observed between OPA and PP (P/r =
0.017/0.245) when all groups were analyzed together. The analysis for each group
separately, only OH showed a positive correlation between OPA and PP (P/r =
0.005/0.496). Conclusions: No correlation was observed between OPP and OPA
analyzing glaucoma patients, OH, and normal individuals. GAT values were
strongly correlated to DCT values, although GAT tended to be lower than DCT,
especially in individuals with low CCT. OPA showed only a moderate correlation

with PP, drawing the attention to vascular mechanisms regulating ocular perfusion.

Keywords: Glaucoma. Ocular perfusion pressure. Ocular pulse amplitude.

Dynamic contour tonometry. Systemic blood pressure.
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INTRODUGCAO

O glaucoma crénico de angulo aberto € uma doencga multifatorial no nervo
Optico, que tem a pressao intraocular (PIO) elevada como principal fator de risco
(KOTECHA et al., 2010). O tratamento atual do glaucoma restringe-se a redugao
da PIO, mesmo sabendo que alguns pacientes persistem com a progressédo da
doenca apds atingirem valores da PIO estatisticamente normais. Existem também
pessoas que desenvolvem o glaucoma com PIO em valores baixos. Para estas, é
dado o diagndstico de glaucoma de presséo normal (GPN) (ABEGAO PINTO et
al., 2011; KIM et al., 2010). Esta sendo cada vez mais estudada a existéncia de
fatores de risco, que ndo a PIO elevada, no desenvolvimento do glaucoma.
Alguns destes fatores de risco, como aterosclerose, enxaqueca, fenbmeno de
Raynaud e disfungao vasoespastica ja foram identificados como tendo influéncia
na etiopatogenia do glaucoma (GOLDBERG et al., 1981; PHELPS; CORBETT,
1985; GASSER; DRANCE et al., 1988; FLAMMER, 1991; WALDMANN et al.,
1996).

Uma maneira de avaliar a quantidade de sangue que esta chegando a
determinado tecido é através da medida da presséao de perfusdo. A férmula para o
calculo da pressao de perfusdo é a partir da diferenca entre pressio arterial
média (PAM) e pressao venosa. A PAM é obtida por: PAD + [1/3 X (PAS-PAD)],
onde PAS = pressao arterial sistélica e PAD = pressao arterial diastolica. No olho,
a pressao venosa € igual ou ligeiramente mais alta que a PIO (COSTA; ARCIERI;
HARRIS, 2009). A pressao arterial (PA) na artéria oftalmica é 2/3 da PA braquial e
com isso a férmula para obtencéo da pressao de perfusdo ocular (PPO) é 2/3 da

PAM menos a PIO (GROVER; BUDENZ, 2011). A medida da PPO é uma das
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formas de investigacdo da porgcdo vascular do glaucoma. Alguns estudos
associaram baixos valores de PPO com a presenga do dano glaucomatoso
(HAYREH, 2001; TIELSCH et al., 1995; WEINREB, 2009).

Além do estudo da PPO e sua importancia na etiopatogenia do glaucoma,
foram investigados alguns outros fatores que tém na sua férmula a associagao de
parametros da PA e PIO (CAPRIOLI; COLEMAN, 2010; COSTA; ARCIERI;
HARRIS, 2009). Entre eles, a pressao de perfuséo diastdlica (PPD) e pressao de
perfusao sistélica (PPS) que, em vez de utilizar a PAM, leva em consideragéo a
PA diastdlica e PA sistdlica, respectivamente. A relacdo entre PPD baixa e
glaucoma foi descrita em varios estudos (BONOMI et al., 2000; COSTA et al.,
2010; HULSMAN et al., 2007; ORZALESI et al., 2007).

Deve ser levado em consideragcdao o fato de que a PIO exerce grande
influéncia na PPO. Quando se busca um método de avaliagdo da circulagao
sanguinea ocular, tal método deveria ser independente do valor da PIO,
especialmente porque o estudo do componente vascular tem mais importancia
nos pacientes com glaucoma de pressao normal (GPN).

A influéncia da PA como fator de risco independente no glaucoma foi alvo
de varios estudos. O resultado foi que tanto a hipertensdo arterial sistémica
(BONOMI et al, 2000; MITCHELL et al. 2004; ORZALESI et al., 2007) quanto a
hipotensao arterial sistémica (COLLIGNON et al., 1998; GRAHAM; DRANCE,
1999; TOPOUZIS et al., 2006) foram demonstradas como possiveis fatores de
risco associados ao glaucoma. A variagado circadiana da PA e o seu efeito na
etiopatogenia do glaucoma também foram exaustivamente investigados, com
resultados ressaltando associacdo do descenso noturno acentuado da PA nos

individuos com glaucoma, quando comparados com pessoas sem a doenga
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(CHOI et al., 2006; COLLIGNON et al., 1998; DETRY et al., 1996; GRAHAM et al.,
1995; KASHIWAGI et al., 2001; TOKUNAGA et al., 2004).

A tonometria de aplanacédo de Goldmann (TAG), método padrao-ouro para
medida da PIO, precisa gerar uma aplanagdo da regidao central da cérnea no
momento de sua afericdo. Desta forma, individuos com a cornea fina tendem a ter
a PIO subestimada pela TAG, haja visto que a for¢ga necessaria para gerar a
aplanacao é menor nesses casos. O contrario também é verdadeiro, pessoas com
maior espessura corneana tendem a ter a PlIO superestimada. A influéncia da
espessura corneana na acuracia da TAG vem sendo alvo de estudo ha algumas
décadas (DOUGHTY; ZAMAN, 2000; EHLERS; BRAMSEN; SPERLING, 1975). O
préprio Hans Goldmann, idealizador da TAG, ja destacava a influéncia da
espessura corneana na medida de PIO (GOLDMANN, 1970), mas a consolidagao
desse conceito s6 ocorreu apdés o advento da cirurgia refrativa (BAYRAKTAR,;
BAYRAKTAR, 2005; CRONEMBERGER et al., 2009) e da publicagcdo do estudo
multicéntrico dos hipertensos oculares (Ocular Hypertension Treatment Study -
OHTS) (GORDON et al., 2002). A avaliagdo da espessura corneana ajuda,
portanto, a entender alguns casos de GPN quando a PIO esta subestimada
devido a cérnea ser mais fina, assim como a tendéncia de hipertensos oculares
(HO) a ter a PIO superestimada devido a cérnea ser mais espessa.

Nem sempre o individuo com GPN tem a coérnea fina, assim como nem
sempre o HO tem a cornea espessa. Alguns fatores como hidratagdo corneana
(SIMON et al., 1993) e propriedades biomecanicas da cornea (LIU; ROBERTS,
2005) também foram atribuidos como potenciais causadores de interferéncias na

TAG.
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A tonometria dinamica de contorno (TDC) é um método alternativo de
medida da PIO. Esse aparelho funciona por meio de uma ponteira cébncava que
se posiciona no contorno da cérnea e nao necessita aplana-la para fazer a sua
afericdo (KANNGIESSER; KNIESTEDT; ROBERT, 2005). Assim, a TDC tende a
sofrer menos influéncia de fatores como espessura central e propriedades
biomecanicas da coérnea (DOYLE; LACHKAR, 2005; FRANCIS et al., 2007;
KOTECHA et al., 2005).

Além de medir a PIO com menos exposi¢ao aos fatores de interferéncia
corneanos, a TDC é capaz de fornecer a amplitude do pulso ocular (APO). A PIO
varia ritmicamente de acordo com a fase do ciclo cardiaco e durante a prépria
TAG é possivel notar, em alguns casos, a oscilagdo dessa pressao. Na TDC a
PIO é medida de maneira continua e o resultado € uma curva com picos e vales,
sendo que o pico denota a PIO maxima ou sistélica e o vale denota a PIO minima
ou diastolica (KAUFMANN et al., 2006). A diferenca entre os valores da PIO
sistolica e PIO diastdlica € a APO. Ainda ndo se sabe ao certo qual a real
importancia da APO no glaucoma (KAUFMANN et al., 2006; PUNJABI et al.,
2006; WEIZER et al., 2007), mas alguns estudos a identificam como um possivel
método de avaliagdo da perfusdo ocular (MCKEE; SALDANA; AHAD, 2004;
SCHWENN et al., 2002) .

O acompanhamento de pacientes portadores de glaucoma cuja doenca
evolui mesmo na vigéncia de PIO dentro dos valores de referéncia da
normalidade é um desafio constante para o oftalmologista. A investigagdo da
amplitude do pulso ocular e pressido de perfusdo ocular € uma possivel forma de
se avaliar a porgédo vascular do glaucoma e entender de forma mais plena a

etiopatogenia da doenca.
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OBJETIVOS

A presente tese teve como objetivo estudar a correlagao entre a amplitude
da pressao intraocular (P1O) e fatores de avaliagao da perfusdo ocular. Para tal,
foram utilizados individuos portadores de glaucoma sem tratamento prévio,
hipertensos oculares e normais. Entre os fatores de perfusao ocular, foi
considerado inicialmente a pressao de perfusao ocular, que tem em sua formula
dados referentes a PA e PIO. Em seguida, avaliou-se a correlagdo da amplitude
do pulso ocular com parametros da pressao arterial de maneira isolada, dentre
eles: PA sistdlica, PA diastdlica e pressao de pulso arterial. Paralelamente a
essas avaliacbes, observou-se também a correlagdo entre a PIO medida pela
tonometria de aplanacdo de Goldmann e tonometria dindmica de contorno, além
de estudar a influéncia da espessura corneana central nesses dois diferentes
métodos de afericao da PIO.

O método e os resultados da tese foram descritos em dois artigos
cientificos:

1) Correlagao entre pressdo de perfusdo ocular e amplitude do pulso ocular
em glaucomatosos, hipertensos oculares e normais.
2) A amplitude do pulso ocular pode ser considerada uma forma de medir o

fluxo sanguineo ocular?

Como ambos os artigos foram enviados para publicagdo em periddicos
estrangeiros, os mesmos sao apresentados na presente tese em sua versao

original, na lingua inglesa. A formatagdo das citagbes e referéncias bibliograficas
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também esta disposta de acordo com as exigéncias do periddico ao qual o artigo

foi submetido.



ANALISE DOS TRABALHOS



PRIMEIRO TRABALHO

"Correlation between ocular perfusion pressure and ocular pulse
amplitude in glaucoma, ocular hypertension, and normal

individuals."

"Correlacao entre pressao de perfusao ocular e amplitude do
pulso ocular em glaucomatosos, hipertensos oculares e

normais."
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OBJETIVOS DO PRIMEIRO TRABALHO

O objetivo principal do trabalho foi correlacionar a amplitude do pulso
ocular com a pressao de perfusao ocular em portadores de glaucoma, HO e
individuos normais. Além disso, o trabalho comparou a PIO obtida pela TAG e
TDC nos trés diferentes grupos e avaliou a influéncia da espessura corneana

central nessas medidas.

O presente artigo foi apresentado na ARVO 2012 em Fort Lauderdale e
esta submetido a publicacdo na revista Graefe's archive for clinical and

experimental ophthalmology.
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RESUMO DO PRIMEIRO TRABALHO

Objetivo: investigar a correlagédo entre pressédo de perfusao ocular (PPO) e
amplitude do pulso ocular (APO) em portadores de glaucoma, hipertensos
oculares e normais. Método: foram selecionados 90 olhos de 90 pacientes, sendo
30 recentemente diagnosticados com glaucoma sem tratamento hipotensor ocular
prévio; 30 tinham pressao intraocular (P10) elevada sem evidéncia de glaucoma e
30 foram incluidos no grupo-controle com PIO dentro dos valores de referéncia da
normalidade (<21 mmHg) e auséncia de sinais de glaucoma. Todos os pacientes
foram submetidos a avaliagdo oftalmolégica completa, gonioscopia, paquimetria
ultrassbnica, campo visual computadorizado, tonometria de aplanacdo de
Goldmann (TAG), tonometria dindmica de contorno (TDC) e pressao arterial (PA).
A PPO foi calculada pela diferenca entre a pressao arterial média (PAM) e PIO. A
APO foi fornecida pela TDC. Foi utilizado o calculo do coeficiente de correlacéo
de Pearson nos grupos glaucoma e hipertensos oculares (HO), ja nos normais a
correlacao foi testada pelo coeficiente de Spearman. Resultados: a TDC mostrou
PIO média no grupo do glaucoma de 22,7 + 4,3 mmHg, nos HOs 22,3 + 2,8
mmHg e nos normais 14,3 £ 1,6 mmHg. Ja a PIO média medida pela TAG foi 19,0
t+ 5,1 mmHg (glaucoma), 22,4 £ 2,1 mmHg (HO) e 12,9 + 2,2 mmHg (normais). A
APO média foi de 3,4 + 1,2 mmHg no grupo do glaucoma, 3,5 + 1,2 mmHg nos
HO e 2,6 £ 0,9 mmHg nos normais. A PPO média foi 46,3 £ 7,9 mmHg, 41,5 + 5,2
mmHg e 50,2 + 7,0 mmHg nos grupos glaucoma, HO e normais, respectivamente.
Nao foi notada correlagao significativa da PPO e APO em algum dos grupos [P/r =
0,865/-0,032 (glaucoma); 0,403/-0,156 (HO); 0,082/-0,307 (normais)]. Conclusao:
os resultados mostraram auséncia de correlagao entre PPO e APO em pacientes

com glaucoma recém-diagnosticado, HO e normais. A PIO medida pela TAG
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mostrou boa correlagdo com a TDC. A espessura corneana central correlacionou-

se a TAG, mas nao a TDC.

Palavras-chave: Glaucoma. Pressao de perfusdao ocular. Amplitude do pulso

ocular. Tonometria dindmica de contorno. Pressao arterial sistémica.
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ABSTRACT

Background: To investigate the correlation between ocular perfusion pressure
(OPP) and ocular pulse amplitude (OPA) in individuals with glaucoma, ocular
hypertension and normals.

Methods: Ninety eyes from 90 patients were selected in which: 30 were recently
diagnosed with glaucoma with no previous history of ocular hypotensive therapy,
30 had elevated intraocular pressure (IOP) without any evidence of glaucoma, and
30 were included in the control group with IOP within normal values (< 21 mmHg)
and no detectable glaucoma damage. It was performed in each patient: Goldmann
applanation tonometry (GAT), dynamic contour tonometry (DCT), blood pressure
(BP) measurement, pachymetry, Humphrey visual field, and routine ophthalmic
examination. The ocular perfusion pressure (OPP) was calculated by the
difference between mean arterial pressure (MAP) and IOP. The ocular pulse
amplitude (OPA) was given by the DCT. The correlation test used in the glaucoma
and ocular hypertensive groups was the Pearson coefficient; for the normal group
it was used the Spearman's rank correlation coefficient.

Results: Mean IOP by DCT was 22.7 £ 4.3 mmHg in the glaucoma group, 22.3 +
2.8 mmHg in the ocular hypertensives (OH), and 14.3 £ 1.6 mmHg in the normals.
Mean GAT was 19.0 + 5.1 mmHg (glaucoma), 22.4 £ 2.1 mmHg (OH), and 12.9
2.2 mmHg (normal). Mean OPA in the glaucoma group was 3.4 + 1.2 mmHg,
ocular hypertensive 3.5 £ 1.2 mmHg, and normals 2.6 £ 0.9 mmHg. Mean OPP
was 46.3 £ 7.9 mmHg in the glaucoma group, 46.3 + 7.9 mmHg in the ocular

hypertensive, and 50.2 £ 7.0 mmHg in normals. Neither groups showed significant
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correlation between OPP and OPA (P=0.865, r=-0.032 / P=0.403, r=-0.156 /
P=0.082, p=-0.307; glaucoma, OH, and normals, respectively).

Conclusion: There is no significant correlation between OPP and OPA values in
individuals with glaucoma, ocular hypertensive or normals. IOP measured by GAT

is correlated with DCT. CCT influences GAT, but has no influence with DCT.

Keywords: Glaucoma; Ocular pulse amplitude; Ocular perfusion pressure;

Dynamic contour tonometry; Vascular factors
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INTRODUCTION

Chronic open-angle glaucoma (COAG) is a multifactorial disorder of the
optic nerve and has the elevated intraocular pressure (IOP) as its main risk factor.
The current glaucoma treatment aims to reduce the IOP alone, although some
glaucoma patients continue to progress, even when the IOP reach the preset
target pressure. Also, some individuals develop the disease under low IOP values
and are known as normal tension glaucoma (NTG). Therefore, it's reasonable to
assume that risk factors other than IOP itself may contribute in a variable manner
with glaucoma's etiopathogeny. Among these, the role of vascular disorders such
as atherosclerosis, migraine, Raynaud's phenomenon, and other vasospastic
conditions have already been linked as potential risk factors for glaucoma [1-8].

The influence of blood pressure (BP) as an independent risk factor for
glaucoma is still a controversy. Although some studies have shown a significant
positive correlation between systemic hypertension and glaucoma [9,10], Leske et
al. found a negative correlation between these two variables [11]. As BP and IOP
values tend to fluctuate throughout the day in a circadian manner, the variation
span may also be related to the glaucoma progression [12].

There are different ways to assess vascular factors related to glaucoma.
One of them is by measuring the ocular perfusion pressure (OPP). A reduced OPP
may be considered as an important risk factor for glaucoma [13-15].

Another way to assess the vascular portion in glaucoma is through the
ocular pulse amplitude (OPA) given by the dynamic contour tonometry (DCT) [16].
The IOP varies according to each cardiac cycle and this variation can be

frequently noticed by a rhythmic oscillation of the semi circles in the Goldmann
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applanation tonometry (GAT). DCT measures the amplitude of the IOP variation
between the systole and the diastole [17].
The Purpose of this study was to evaluate the correlation between OPP and

OPA in glaucoma, ocular hypertension, and normal individuals.

MATERIAL AND METHODS

Ninety eyes of 90 patients were enrolled and they were divided into three
groups. The glaucoma group included individuals recently diagnosed with
glaucoma and no previous treatment for the disease. The ocular hypertension and
normal groups both had no identifiable functional and/or structural glaucoma
damage, differentiated according to the IOP value.

This present study was approved by the Ethics Committee of the Federal
University of Minas Gerais, Brazil. Written informed consent was obtained from
each participant. The research followed the tenets of the Declaration of Helsinki.

The evaluation of the 90 patients was conducted by the same physician
(BPF) during the period of September 2008 to May 2010.

Inclusion criteria for all groups were: age >40 years old; gonioscopy
revealing an open angle; and best corrected visual acuity of 20/40 or better. To
include a patient in the glaucoma group, it was necessary to identify the
coexistence of optic disc signs of glaucoma as well as suggestive glaucoma

damage in the visual field (VF).

Optic Nerve Examination
The optic disc and papillary retinal nerve fiber layer (pPRNFL) evaluation was
conducted at a slit-lamp using a 78-diopter lens. To identify the glaucomatous

optic neuropathy (GON) it was necessary at least two of the following criteria: (1)
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cup/disc ratio >0.6; (2) localized rim loss in the superior or inferior quadrants; (3)

disc hemorrhage; (4) cup/disc asymmetry >0.2 [11].

Visual Field Examination

The VF was measured by a Humphrey field analyzer (HFA; Carl Zeiss
Meditec, Inc., Dublin, CA), program 24-2, SITA standard strategy. The glaucoma
damage was defined as the presence of at least two of the following criteria: (1) a
cluster of three or more non-edge points, all of which was depressed on the
pattern deviation plot at a p <0.05 level and one of which was depressed at a p
<0.01 of normal fields; (2) Glaucoma Hemifield Test (GHT) outside normal limits;
(3) Pattern Standard Deviation (PSD) at a p <0.05 of normal fields. The VF exam
was repeated for each eye to check reproducibility of the findings, if necessary, a
third exam was to be performed within a week. In case of incongruity of data
between the three exams, the patient was excluded from the study. As for
reliability, the criteria were: (1) false-positive <33%; (2) false-negative <33%; (3)
fixation loss <20% [18].

The ocular hypertension or normal individuals had no one of the previously
mentioned signs of glaucoma in their optic nerve and/or VF exam. The inclusion in
each one of these two groups was based on the IOP values. The ocular
hypertensive group had individuals with IOP = 21mmHg as the normal group had
subjects with IOP <21mmHg. The IOP was measured using a Goldmann
applanation tonometer (GAT) between 8 and 9 AM, always repeating the
measurement within five minutes. In case the difference between the two values
was less than 2mmHg, the lower value was used in the study. If the difference was
greater than 2mmHg, a third measurement was taken, and the lower value was to

be considered, but still respecting the 2mmHg difference between the
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measurements. In case of difference greater than 2mmHg between the three
values, the patient was excluded from the study.

Dynamic contour tonometry (DCT) readings were taken employing the
Pascal tonometer (Swiss Micro-technology AG, Port, Switzerland) between 8 and
9 AM. The quality level (Q) of the DCT measurement ranges from 1 to 5, 1 being
optimal and 5 least optimal; only readings with Q levels of 1 and 2 were included in
the study. The ocular pulse amplitude (OPA) given by the DCT stands for the
difference between systolic IOP and diastolic IOP.

By definition, perfusion pressure (PP) is calculated as follows: PP = MAP -
VP, where MAP is mean arterial pressure and VP is venous pressure. The MAP
formulais: MAP = DBP + [1/3 X (SBP - DBP)], where DBP is diastolic blood
pressure and SBP is systolic blood pressure. To obtain the ocular perfusion
pressure (OPP) one can use the PP formula, substituting VP for IOP. As the BP in
the ophthalmic artery is 2/3 of the brachial BP, the final OPP formula is as follows:
OPP = 2/3 MAP - IOP.

Blood Pressure (BP) was measured with a brachial Welch Allyn DS66
sphygmomanometer and a Littmann Classic Il stethoscope on the upper right arm
after the subject had been seated for at least 5 minutes. Caffeine, exercise, and
smoking were not allowed for at least 30 minutes prior to the exam. Two
measurements with a 5 minute interval were taken and the average recorded [19].

Gonioscopy was performed with a Sussman lens and ultrasound
pachymetry was obtained using the DGH 555 (DGH Technology, Inc., Exton,
PA).

Were excluded from the study individuals with: previous use of glaucoma

medication, history of ocular surgery or laser procedures in the eye, corneal
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disorder that could interfere with an optimal TAG or DCT, spherical equivalent >

+4.0 D, advanced cataract, or evidence of ocular infection.

Statistical Analysis

In the glaucoma group, the eye selected for statistical analysis was the one
with lower cup/disc ratio, respecting the minimum 0.6 value. In case of equal ratios
in both eyes, the lower IOP eye was selected. If IOP was also the same, the right
eye was used in the study.

For the eye selection in the ocular hypertensive group, it was considered
the one with lower IOP, respecting the 21 mmHg value. In case the patient had the
same IOP for both eyes, the right eye was selected. The normal group had always
the right eye chosen.

The univariate analysis was performed comparing OPA and OPP to each of
the three groups using the F test (ANOVA) in case the variables had a normal
distribution. The Kruskal-Wallis test was used in case of a non normal distribution.
The verification of the distribution was performed by Shapiro-Wilk test. When the
P-value was statistically different between the three groups, a post-hoc two on two
comparison was performed using either Tukey range test (parametric) or Mann-
Whitney test with the Bonferroni adjustment (non-parametric). The P-value for the
two later tests was 0.017 as there were three groups involved (0.05/3).

To evaluate the correlation between APO and OPP it was calculated the
Pearson correlation coefficient in case the two variables had a normal distribution
or Spearman rank's correlation coefficient if one of the variables had a non-normal

distribution. Statistical analysis was performed using R software version 2.14.1.
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RESULTS

Mean age of the glaucoma patients was 57.2 + 9.9 years, the ocular
hypertensives (OH) were 49.9 * 8.7 years, and the normals were 52.3 + 7.2 years.
Fifty-one subjects (56.7%) were white, 30 (33.3%) were brown, and 9 (10%) were
African descendants.

There were 48 (53.3%) men and 42 (46.7%) women included in the study.
There were 18 (60%) men in the glaucoma group, 14 (46.7%) in the ocular

hypertensive, and 16 (53.3%) in the normal group.

TABLE 1. IOP by GAT and DCT

IOP (mmHg) / Group n Mean (SD) Median Range
IOP - DCT 90 19.8 (5.0) 19.7 10.2 - 31.9
Glaucoma 30 22.7 (4.3) 23.2 13.7-31.9
Ocular Hypertension 30 22.3 (2.8) 22.2 16.6 - 27.9
Normal 30 14.3 (1.6) 14.3 10.2-17.5
IOP - GAT 90 18.1(5.2) 20.0 10.0 - 30.0
Glaucoma 30 19.0 (5.1) 20.5 10.0 - 30.0
Ocular Hypertension 30 22.4 (2.1) 22.0 18.0-27.0
Normal 30 12.9 (2.2) 13.0 10.0-17.0

All data expressed in mmHg. DCT = dynamic contour tonometry, GAT = Goldmann applanation
tonometry, SD = standard deviation.

IOP was measured by GAT and DCT. Mean (SD), median, and range
values are shown on table 1. In the present study, mean GAT was 18.1 £ 5.2
mmHg and mean DCT was 19.8 £ 5.0 mmHg. The mean difference between the
measurements obtained with both techniques was 1.7 mmHg. Despite the
difference between DCT and TAG values, a high positive correlation was found

when studying these two variables (r = 0.832; P < 0.01; figure 1).



42

30 []

25 1

10P (GAT)
S

151

104

10 15 20 25 30 35
1OP (DCT)

FIGURE 1. Relation between IOP measured by Goldmann applanation

tonometry (GAT) and dynamic contour tonometry (DCT).

We also tested the correlation between both measurements of IOP and
CCT and the result was a slight positive correlation between GAT and CCT (r =

0,230; P = 0.029), while no correlation between DCT and CCT (r = -0.005; P =

0.965).

TABLE 2. OPA and OPP in glaucoma patients, ocular hypertensive, and

normals
OPA OPP
Group
Mean (SD) P- value Mean (SD) P- value
Glaucoma 3.4(1.2) 0.002" 46.3 (7.9) <0.001°
Ocular hypertensive 3.5(1.2) 41.5 (5.2)
Normal 2.6 (0.9) 50.2 (7.0)

1: F-test (ANOVA); 2: Kruskal-Wallis Test. All data expressed in mmHg. Bold P values are
statistically significant. OPA = ocular pulse amplitude, OPP = ocular perfusion pressure.
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OPA and OPP results concerning mean, SD, and P-values are shown on
table 2. In Glaucoma patients, OPA ranged from 1.6 to 6.4 mmHg (Q = 2.5
mmHg; median = 3.2 mmHg; Qs = 4.2 mmHg). In OH, it ranged from 0.9 to 6.0
mmHg (Qq = 2.8 mmHg; median = 3.5 mmHg; Qs = 4.2 mmHg), and for the normal
group, OPA ranged from 0.9 to 4.9 mmHg (Q1= 2.0 mmHg; median = 2.4 mmHg;
Qs = 3.2 mmHg; figure 2). As the difference between the three groups was
statistically significant (P = 0.002; ANOVA F-test), a Tukey range test was applied
showing a significant difference between glaucoma and normal (P = 0.014), OH
and normal (P = 0.003). The comparison between glaucoma and OH showed no

statistical significance (P = 0.887).

Ocular Pulse Amplitude (OPA)
N

Glaucoma Ocular Hypertension Normal

FIGURE 2. Mean OPA in glaucoma, ocular hypertension, and normals

The OPP range in the glaucoma patients was from 32.2 to 63.8 mmHg (Q
= 41.1 mmHg; median = 45.3 mmHg; Qs = 50.5 mmHg), in the OH it ranged from

27.1 to 54.6 mmHg (Q1 = 40.0 mmHg; median = 41.2 mmHg; Q3 = 43.6 mmHg),
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and the normal group shown a minimum OPP of 37.3 mmHg and maximum 63.3
mmHg (Q1 = 45.1 mmHg; median = 50.2 mmHg; Q3 = 54.5 mmHg; figure 3). To
compare the groups in pairs, Mann-Whitney test with Bonferroni adjustment was
applied. The result was a significant difference between glaucoma and OH (P =
0.010) and OH and normal (P < 0.001). The glaucoma/normal comparison showed

no statistical significance (P = 0.026).

65
60 + ‘

55 %

50+

45
40 ‘

35+

Ocular Perfusion Pressure (OPP)

30
*

254

Glaucoma Ocular Hy pertension Normal

FIGURE 3. Mean OPP in Glaucoma, Ocular hypertensives, and normals.

Asterisks = Outliers.

The systolic blood pressure (SBP) was 131.0 £ 16.7 mmHg in the glaucoma
group, 125.0 + 12.3 mmHg in the OH, and 121.5 + 12.1 mmHg in the normals.
Diastolic blood pressure (DBP) was 82.2 + 11.3 mmHg, 81.2 + 6.9 mmHg, and
81.5 £ 9.0 mmHg, respectively.

Table 3 presents the correlation between OPA and OPP in the three
different groups. It was not observed a significant correlation (P < 0.05) between
the two variables in neither one of the three groups evaluated separately nor when

they were tested the groups together.
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TABLE 3. Correlation between OPP and OPA

Ocular Pulse amplitude (OPA)
Ocular Perfusion Pressure (OPP)

Coefficient P value

Groups
Glaucoma -0.032 0.865'
Ocular hypertension -0.156 0.403'
Normal -0.307 0.082°

1: Pearson correlation coefficient; 2: Spearman correlation coefficient

DISCUSSION

The accurate IOP measurement is a critical parameter to diagnose and
treat glaucoma patients. The GAT is the gold standard method to measure the IOP
for over 50 years, although the validity of GAT has been questioned since the
publication of two studies: ocular hypertensive treatment study (OHTS) and
European glaucoma progression study (EGPS). They brought to surface the
relation between corneal central thickness (CCT) and IOP [20]. Other studies had
confirmed the influence of corneal properties and its biomechanics in the IOP
measured by GAT [21-24]. The DCT is an alternative way to measure IOP based
on a completely new physical principle that does not distort the corneal anatomy
[16]. Thus, DCT seems to be less prone to be affected by factors such as corneal
thickness and hysteresis when compared to GAT [25]. In our study, the difference
between mean DCT and TAG was 1.7 mmHg. This difference was also observed
in other studies ranging from 0.7 to 2.8 mmHg. A positive correlation between DCT
and GAT was also in the literature as well as in the present study [26-33]. Doyle
and Lachkar [28], presented a study showing that individuals with normal or high

central corneal thickness had similar IOP values by GAT and DCT, as the ones
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with thin cornea tend to have a higher discrepancy between the two
measurements, possibly due to an underestimated IOP from the Goldmann
tonometer. DCT measurements tend to be less influenced by CCT than GAT
[27,28,34,35], especially in individuals with thin corneas.

Another advantage of the DCT is that by measuring IOP in a continuous
manner it captures the I0OP variation during the cardiac cycle [16]. The rhythmic
oscillation of the IOP is measured by DCT and presented as the ocular pulse
amplitude (OPA). The role of OPA in glaucoma is still unclear. Weizer et al. [30]
published a study correlating OPA with the severity of glaucoma and concluded
that a high OPA seems to be related to a less severe glaucoma. Schwenn et at.
[36] showed that low OPA was more present in normal tension glaucoma (NTG)
than primary open angle glaucoma (POAG), ocular hypertensive (OHT), or
normals. Kynigopoulos et al. [37] found a relation between low OPA and presence
of glaucomatous functional and structural damage in POAG. In our study, the
mean OPA was significantly lower in the normal group than in the glaucoma or
ocular hypertensive (OH) individuals. A possible reason for that is the positive
correlation between GAT and OPA, explained by Punjabi et al. [38] and Kaufmann
et al. [39]. To include normal tension glaucoma patients in our study, we did not
use high IOP (>21 mmHg) as an inclusion criterion for the glaucoma group.
Therefore, the mean IOP in the OH group was higher than in the glaucoma
patients.

Considering the ocular perfusion pressure (OPP) formula, one has low OPP
when the BP is relatively low or the IOP is relatively high. A number of population-
based epidemiologic studies have shown the relation between low OPP and

glaucoma [11,13,40-42]. There is no consensus on a reference value to



47

differentiate normal and altered OPP. Leske et al. [11] found that OPP < 42 mmHg
had a higher risk in developing glaucoma (RR = 2.2). In the present study, the
normal group had a mean OPP ranging from 43.2 to 57.2 mmHg maintaining
above the cut-off value of 42 mmHg proposed by the Barbados study's results
[11]. In the OH group, we found a low mean OPP that could be explained by a
high mean IOP and the fact OPP and IOP are inversely proportional. We assumed
the OPP was higher in our glaucoma group because we did not include only high-
pressure glaucoma patients.

Assessment of ocular blood flow (OBF) using OPP and/or OPA can be
rather limited for two main reasons. First, the fluctuation of the measurements,
especially at night, when drastic BP drops can occur in patients defined as non-
physiological dippers leading to a poor perfusion of the optic nerve [43,45]. Also,
both OPP and OPA are more related to IOP itself than any other factor that could
directly influence of the OBF. The association between vascular risk factors,
including OPP and OPA, in glaucoma has been the subject of some recent studies
and the results were that no significant correlation was found between these two
vascular factors [46,47]. Vascular risk factors such as OPP and OPA may have
independent roles in glaucoma. There is still much to learn about the complex
interaction between these factors. Glaucoma patients with low OPP or high OPA
could be at a higher risk of progressing with the disease.

In conclusion, our results showed no correlation between ocular perfusion
pressure and ocular pulse amplitude in glaucoma, OH, or normal individuals. We
found a strong correlation between GAT and DCT. Corneal thickness was slightly

related GAT and not related to DCT.
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SEGUNDO TRABALHO

"Can ocular pulse amplitude be used as a measure of ocular

blood flow?"

"A Amplitude do pulso ocular pode ser considerada uma forma

de medir o fluxo sanguineo ocular?"



55

OBJETIVOS DO SEGUNDO TRABALHO

O presente trabalho teve como objetivo avaliar se a perfusdo sanguinea
ocular ¢é influenciada de maneira direta pela pressao arterial. Para tal, foi estudada
a associagao da amplitude do pulso ocular com parametros da pressao arterial,
entre eles a pressao arterial sistdlica, diastélica e a pressao do pulso arterial em

pacientes portadores de glaucoma, hipertensos oculares e normais.

O presente artigo foi apresentado na ARVO 2012 em Fort Lauderdale e

esta submetido a publicagcédo na revista American Journal of Ophthalmology.
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RESUMO DO SEGUNDO TRABALHO

Objetivo: determinar o papel da amplitude do pulso ocular (APO) na
avaliagcao do fluxo sanguineo ocular (FSO). Método: foram recrutados 90 olhos
de 90 pacientes; 30 tinham glaucoma sem tratamento prévio, 30 eram hipertensos
oculares (HO) sem evidéncia de glaucoma e 30 foram incluidos no grupo de
normais, com pressao intraocular (PIO) dentro dos valores de referéncia de
normalidade (<21 mmHg) e sem dano glaucomatoso. A PIO foi medida pela
tonometria de aplanagdo de Goldmann (TAG) e tonometria dindmica de contorno
(TDC). A pressao arterial (PA) e espessura corneana central também foram
medidas. A amplitude do pulso ocular (APO) foi fornecida pela TDC e a pressao
do pulso arterial foi calculada pela diferenca entre PA sistdlica e PA diastdlica.
Foram realizados testes de correlacédo entre APO e os parametros da PA, além de
modelo de regressao multivariado para investigar o papel da APO na avaliagéao do
FSO. Resultados: a TAG mostrou PIO média de 19,0 + 5,1 mmHg, 22,4 £ 2,1
mmHg e 12,9 + 2,2 mmHg nos grupos glaucoma, HO e normais, respectivamente.
Ja a DCT média foi de 22,7 + 4,3 mmHg, 22,3 £ 2,8 mmHg e 14,3 £ 1,6 mmHg
também nos trés grupos, respectivamente. A APO dos trés grupos em conjunto
variou entre 0,9 e 6,4 mmHg (média 3,2 + 1,2; mediana 3,1 mmHQg) e a pressao
do pulso variou de 30 a 80 mmHg (média 44,2 + 10,7; mediana 40 mmHg). O
estudo mostrou discreta correlacéo positiva entre APO e pressao de pulso quando
avaliados os trés grupos em conjunto usando o coeficiente de correlagao de
Pearson (P/r = 0,017/+0,245). Conclusao: a discreta correlagao positiva entre a
APO e a pressdo do pulso arterial chamou a atengdo para mecanismos

vasculares que regulam a perfuséo ocular. A PIO medida pela TAG e TDC estéo
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correlacionadas, mas os valores de TAG tendem a ser mais baixos,

especialmente em individuos com ECC baixa.

Palavras-chave: Pressdo de perfusdo ocular. Amplitude do pulso ocular.

Tonometria dindmica de contorno. Pressao arterial sistémica.
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ABSTRACT

Purpose: To determine the role of ocular pulse amplitude (OPA) in the
assessment of ocular blood flow (OBF).

Patients and Methods: Ninety eyes from 90 patients were enrolled. Thirty had
glaucoma with no previous treatment, 30 were ocular hypertensives (OH) without
any evidence of glaucoma, and 30 were included in the control group with
intraocular pressure (IOP) within normal values (< 21 mmHg) and no detectable
glaucoma damage. IOP was measured by Goldmann applanation tonometry
(GAT) and dynamic contour tonometry (DCT). Blood pressure (BP) and central
corneal thickness (CCT) were also measured. The ocular pulse amplitude (OPA)
was given by the DCT. Pulse pressure (PP) was calculated by BP systole minus
diastole. Correlation tests between OPA and BP parameters as well as a multiple
regression model was used to assess whether or not OPA is able to measure
OBF.

Results: Mean GAT in glaucoma, OH, and normals were 19.0 + 5.1, 22.4 + 2.1,
and 12.9 + 2.2 mmHg, respectively. Mean DCT were 22.7 + 4.3, 22.3 + 2.8, and
14.3 £ 1.6 mmHg, respectively. OPA, in general, ranged from 0.9 to 6.4 mmHg
(mean 3.2 = 1.2, median 3.1 mmHg) and PP ranged from 30 to 80 mmHg (mean
44.2 + 10.7, median 40 mmHg). We found a slight positive correlation between
OPA and PP when the three groups were evaluated together using Pearson
correlation coefficient (P/r = 0.017/+0.245).

Conclusion: OPA and PP are only slightly correlated, drawing the attention to a

vascular mechanism that regulates the ocular perfusion. DCT and GAT are
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correlated although GAT values tend to be lower than DCT values, especially in

individuals with low CCT.
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INTRODUCTION

Glaucoma is an optic neuropathy that usually causes cupping of the optic
nerve disc and progressive vision loss, detected by a typical visual field defect.
Elevated intraocular pressure (IOP) is still the most important risk factor in
glaucoma but when the disease keeps progressing even when low target
pressures are reached, one must consider factors other than IOP that are
contributing to the glaucoma damage. Among these factors, the idea of a vascular
portion in glaucoma and the study of ocular blood flow (OBF) had grown
substantially over the last decades.

The mechanism involved in maintaining a relatively constant OBF despite
different conditions such as perfusion pressure fluctuation is called autoregulation.
This regulatory system is present in several tissue beds, including the eye." An
impaired autoregulation leading to a decrease in OBF has been linked to
glaucoma.?

Dynamic contour tonometry (DCT; SMT Swiss micro-technology AG, Port,
Switzerland) measures IOP continuously and the result is a cyclic curve of
pressure where the lower value is attributed to the diastolic IOP and the higher
value is equivalent to the systolic IOP.® Ocular pulse amplitude (OPA) is the
difference between systolic IOP and diastolic IOP. The role of OPA in glaucoma is
still uncertain, but in theory, it can be used to assess OBF.* Variation in OPA is not
only dependent on blood pressure (BP) variation, but also depends on choroidal

vascular rigidity and scleral rigidity.>®
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The purpose of this study was to investigate the relation between OPA and
blood pressure parameters in healthy eyes, as well as in glaucoma patients and

ocular hypertensives (OH).
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PATIENT AND METHODS

Patients

The present study was approved by the Ethics Committee of the Federal
University of Minas Gerais, Brazil. Written informed consent was obtained from
each participant. The research followed the tenets of the Declaration of Helsinki.

Ninety eyes in 90 patients were selected for the study. They were divided
into three different groups of 30 eyes each. The glaucoma group included patients
with functional and structural signs of glaucoma with no previous ocular
hypotensive treatment, the OH group had patients with high IOP (= 21 mmHg) and
no identifiable sign of glaucoma, and the normal group included individuals with
IOP within normal values (< 21 mmHg) and also no sign of glaucoma.

All participants were over 40 years old and none had history of glaucoma
treatment. To be included in the glaucoma group, it was necessary to identify the
coexistence of optic disc glaucoma signs as well as suggestive glaucoma damage
in the visual field (VF). For the OH and normal groups, none of the structural
and/or functional glaucoma criteria were found. The two groups together could be
considered as the control group, because they both included non-glaucomatous
eyes. The cutting point between the two was the IOP value (21 mmHg). The
evaluation of the 90 patients was conducted by the same physician (BPF) between
September 2008 and May 2010.

Exclusion criteria were: ocular surgery or laser procedures in the eye, corneal
disorder which could interfere with an optimal IOP measure, spherical equivalent

> 4.0 D, lens sclerosis greater than grade Il or any evidence of ocular infection.
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Optic Nerve Examination

The optic disc and papillary retinal nerve fiber layer (pPRNFL) evaluation was
conducted at a slit-lamp using a 78-diopter lens. To identify the glaucomatous
optic neuropathy (GON) it was necessary at least two of the following criteria: (1)
cup/disc ratio >0.6; (2) localized rim loss in the superior or inferior quadrants; (3)

disc hemorrhage; (4) cup/disc asymmetry >0.2.7

Visual Field Examination

The VF was measured by a Humphrey field analyzer (HFA; Carl Zeiss
Meditec, Inc., Dublin, CA), program 24-2, SITA standard strategy. The glaucoma
damage was defined as the presence of at least two of the following criteria: (1) a
cluster of three or more non-edge points, all of which was depressed on the
pattern deviation plot at a P <0.05 level and one of which was depressed at a P
<0.01 of normal fields; (2) Glaucoma Hemifield Test (GHT) outside normal limits;
(3) Pattern Standard Deviation (PSD) at a P <0.05 of normal fields. The VF exam
was repeated for each eye to check reproducibility of the findings, if there were
conflicting results, a third exam was to be performed within a week. In case of
incongruity of data between the three exams, the patient was excluded from the
study. As for reliability, the criteria were: (1) false-positive <33%; (2) false-negative

<33%: and fixation loss <20%.8

Goldmann applanation tonometry, dynamic contour tonometry,

and central corneal thickness

IOP measurement by Goldmann applanation tonometry (GAT) was

performed between 8 and 9 AM. Two measurements were taken and the lower
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value was used in the study. DCT was taken 15 minutes after GAT. The quality
level (Q) of the DCT measurement ranges from 1 to 5, 1 being optimal and 5 least
optimal; only readings with Q levels of 1 and 2 were included in the study. The
ocular pulse amplitude (OPA) was delivered directly by DCT. Central corneal
thickness (CCT) was measured by ultrasound pachymetry using the DGH 555

(DGH Technology, Inc., Exton, PA).

BP measurement

Blood Pressure (BP) was measured with a brachial Welch Allyn DS66
sphygmomanometer and a Littmann Classic |l stethoscope on the upper right arm
after the subject had been seated for at least 5 minutes. Caffeine, exercise, and
smoking were not allowed for at least 30 minutes prior to the exam. Two
measurements with a 5 minute interval were taken and the average recorded.’

Pulse pressure (PP) was calculated as: Systolic BP minus Diastolic BP.

Statistical Analysis

Statistical analysis was performed using R software version 2.14.1. In the
glaucoma group, the eye selected for statistical analysis was the one with lower
cup/disc ratio, respecting the minimum 0.6 value. In case of equal ratios in both
eyes, the lower IOP eye was selected. If IOP was also the same, the right eye was
used in the study.

For the eye selection in the OH group, it was considered the one with lower
IOP, respecting the cut-off value of 21 mmHg. In case the patient had the same
IOP for both eyes, the right eye was selected. The normal group had always the

right eye chosen.



66

ANOVA F-test was used to compare the groups when all of them presented
a normal distribution. In case of a significant difference, a post-hoc Tukey range
test was performed to compare the groups in pairs and the significance value in
this case was 0.017. Kruskal-Wallis test was chosen when at least one of the
groups showed a non-normal distribution. Post-hoc Mann-Whitney test with
Bonferroni adjustment (P = 0.017) was performed to compare the groups in pairs if
the difference between them was statistically significant. The verification of the
distribution was performed by Shapiro-Wilk test.

Correlation was tested using Pearson correlation coefficient for the
parametric variables and Spearman rank's correlation as a non-parametric test.

A multiple regression analysis was performed using OPA as the dependent
variable and PP, GAT, DCT, and CCT as the independent variables. Initially, all
the independent variables with P values < 0.25 were included in the model. Then,
the variables were excluded in a stepwise process leaving the final model only

with variables statistically significant (P < 0.05).

RESULTS

Ninety patients, including 30 with glaucoma (mean age 57.2 + 9.1 years; 18
males), 30 with OH (mean age 49.9 * 8.7 years; 16 males), and 30 normals (mean
age 52.3 £ 7.2 years; 16 males) were examined. We observed a significant
difference between the group ages (P = 0.009). Bonferroni adjustment was
performed and the result was that the mean age in the glaucoma group was higher
than in the OH (Mann-Whitney test; P = 0.005). No significant difference was
found between normal and glaucoma groups, nor when comparing normal and

OH.
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TABLE 1. I0P and CCT

All Glaucoma OH Normal P-value

GAT (mmHg) 18.1+5.2 19.0+ 5.1 224 +21 129+22 <0.001?
DCT (mmHg) 19.8+5.0 22.7+43 223+238 143+1.6 <0.001?

CCT (um) 550.6+37.3 529.1+414 569.1+30.0 553.6+28.6 <0.001

Note: Data are expressed as the mean + SD. |IOP, intraocular pressure; CCT, central corneal
thickness; OH, ocular hypertensive; GAT, Goldmann applanation tonometry; DCT, dynamic
contour tonometry. Bold P-values are statistically significant. 1: Kruskal-Wallis; 2: ANOVA F-test.

IOP was measured by GAT and DCT. Mean + SD values are shown on
table 1. A paired comparison between groups using the Tukey range test was then
performed. GAT presented a significant difference between normal and OH (P <
0.001), normal and glaucoma (P < 0.001), and OH and glaucoma (P = 0.001).
DCT post-hoc comparison showed significant difference between normal and OH
(P < 0.001), normal and glaucoma (P < 0.001) but when comparing OH and
glaucoma we did not find a statistically significant difference (P = 0.827).

Mean central corneal thickness (CCT) in the glaucoma groups was 529.1 +
41.4 ym (Qq: 500; median: 523,5; Qs: 548,3; range: 450 - 648 pm), in the OH
mean CCT was 569.1 £ 30.0 (Q1: 551,5; median: 577; Qs: 592,8; range: 500 - 624
pgm), and in the normals it was 553.6 + 37.3 ym (Qq: 533,8; median: 543,5; Qa:
580,3; range: 512 - 616 um; Figure 1). The post-hoc paired comparison using
Bonferroni correction showed a significant difference between normal and
glaucoma (P = 0.003), OH and glaucoma (P < 0.001). No significant difference

was found when comparing normal and OH (P = 0.028).
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A positive correlation between GAT and DCT was found in our study (P/r =
<0.001/0.858; Pearson correlation coefficient). When comparing each IOP method
with CCT, a slight correlation was found between GAT and CCT (Pp =
0.029/0.230) but no correlation between DCT and CCT (P/r = 0.965/-0.05).

Mean OPA in the glaucoma eyes was 3.4 mmHg (SD, 1.2; median 3.2;
range, 1.6-6.4 mmHg), in the OH was 3.5 mmHg (SD, 1.2; median, 3.5; range,
0.9-6.0 mmHg) and in the normal group was 2.6 mmHg (SD, 0.9; median, 2.4,

range, 0.9-4.9 mmHg).
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FIGURE 1. Central corneal thickness in glaucoma patients, ocular

hypertensive, and normals

Blood pressure parameters assessed were systolic blood pressure (SBP),
diastolic blood pressure (DBP), and pulse pressure (PP). Mean SBP in the
glaucoma patients was 131.0 mmHg (SD, 16.7; median 130; range 110-

180mmHg), in the OH was 125.0 mmHg (SD, 12.3; median, 120; range 100-160
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mmHg), and in the normal participants 121.5 mmHg (SD, 12.1; median, 120;
range, 110-140 mmHg) The difference between the three groups was not
statistically significant (P = 0.072; Kruskal-Wallis test). Mean DBP in glaucoma
was 82.2 (SD, 11.3; median, 80; range 60-110 mmHg), in OH was 81.2 mmHg
(SD, 6.9; median, 80; range 60-100 mmHg), and in normals was 81.5 mmHg (SD,
9.0; median, 80; range 70-100 mmHg). No significant difference was found
between the groups (P = 0.913; ANOVA F-test). The blood pressure amplitude, or
PP was calculated by SBP minus DBP and mean PP in the glaucoma group was
48.8 mmHg (SD, 10.5; median, 50; range 30-70 mmHg), in OH was 43.8 mmHg
(SD, 11.1; median, 40; range 30-80 mmHg), and in normals was 40.0 mmHg (SD,
8.7; median, 40; range 30-60 mmHg). A statistically significant difference was
found between the three groups. Tukey test was then performed to compare the
pair of groups and a significant difference found only between glaucoma and
normals (P = 0.004). Mean = SD and P-values of SBP, DBP, and PP are shown in

Table 2.

TABLE 2. BLOOD PRESSURE PARAMETERS

All Glaucoma OH Normal P-value

SBP 125.8 £ 14.3 131.0+£16.7 125.0 £+12.3 1215+121 0.072'
DBP 81.6 £ 9.1 82.2+11.3 81.2+6.9 81.5+9.0 0.913?

PP 44.2 £10.7 48.8 £ 10.5 43.8+11.1 40.0+8.7 0.006°

Note: Data expressed as the mean + SD. All values are in mmHg. OH, ocular hypertensive; SBP,
systolic blood pressure; DBP, diastolic blood pressure; PP, pulse pressure. Bold P-values are
statistically significant. 1: Kruskal-Wallis; 2: ANOVA F-test.

A positive correlation was found between SBP and OPA (Plp =

0.029/0.224), PP and OPA (P/r = 0.017/0.245), GAT and OPA (P/p = <0.001/
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0.430), and DCT and OPA (P/r = <0.001/0.399). DBP and CCT were not
significantly correlated to OPA (Table 3).

A multivariate regression model was created to evaluate OPA as the
dependent variable. When including all the patients in the analysis, the final model
had only GAT as an independent variable (P < 0.001; slope, 0.103; SE, 0.02;
95%Cl, 0.06-0.15). In the OH model, PP was the only variable present in the

model (P = 0.015; slope, 0.05; SE, 0.02; 95%CI, 0.01-0.08).

TABLE 3. OPA correlations

Ocular Pulse Amplitude (OPA)

Variables
Coefficient P value

Systolic blood pressure 0.224 0.029°
Diastolic blood pressure 0,052 0.619"
Pulse pressure 0,245 0.017"
Goldmann applanation pressure 0.430 <0.0012
Dynamic contour pressure 0.399 <0.001’
Central corneal thickness -0.076 0.466'

Note: Bold P-values are statistically significant. 1: Pearson correlation coefficient; 2: Spearman

correlation coefficient.

DISCUSSION

After the advent of DCT not only a new method of IOP measurement was
available but also a new way to interpret how IOP varies according to the cardiac
cycle.® Significant number of studies compared IOP values obtained by DCT and
GAT, the gold standard method.'®"® A positive correlation between GAT and DCT
was found in the literature and also in our study. Boehm et al." compared DCT
with intracameral IOP measurement and concluded that there is a strong

concordance between these two variables. Another study aimed to compare GAT
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and DCT in cadaver eyes and their results showed that DCT was significantly
closer to manometric IOP than GAT." Our study also points out this difference in
IOP values, being higher with GAT than with DCT, especially in the glaucoma and
normal groups (Table 1). This may reflect that IOP with GAT tend to be lower than
the true IOP, or manometric |IOP.

The discrepancy between GAT and DCT values is also related to CCT.
Individuals with thin corneas are prone to have a larger difference between IOP
measured by GAT and DCT, probably due to an underestimate of IOP measured
by GAT."® Our results showed a slight correlation between CCT and GAT but no
correlation between CCT and DCT. Punjabi et al."” studied IOP measured by GAT
and DCT in patients with glaucoma, OH, and normal individuals. Their results
showed a significantly lower GAT than DCT in glaucoma and normal individuals
but not in OH. A reason for that outcome is the fact that OH individuals tend to
present higher CCT than glaucoma patients and normals.

As mentioned earlier, DCT not only measures |IOP but it also shows how
IOP fluctuate between systole and diastole; the amplitude of this fluctuation is
termed OPA. The role of OPA in glaucoma is still unclear and it is not certain
whether is good to have a high or a low OPA. Weizer et al.* concluded in their
study that a high OPA apparently correlate with a milder glaucoma, but from that
we cannot say that it is beneficial for a patient to have a high OPA. There seems
to be correlation between OPA and IOP measturements.”” We found such
correlations for both IOP measured by GAT and DCT. That shows an |IOP
influence on OPA and, as a result, there is a possible bias when considering OPA

as a method to assess the vascular portion of glaucoma.
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Measurements from DCT tend to be at least less influenced by corneal
parameters, such as CCT."® Our results showed no correlation between OPA and
CCT. Grieshaber et al.?° also found no correlation between OPA and anterior
segment parameters.

A linkage between arterial BP parameters and glaucoma damage has been
the aim of numerous studies.?’? In the present study, we observed SBP, DBP,
and PP in patients with glaucoma, OH, and normal individuals. Orzalesi et al.*°
found a mean SBP of 139.2 mmHg in the glaucoma patients and 137.1 mmHg in
the control group. Mean SBP in our study was 131.0 + 16.7 mmHg and 121.5 +
12.1 mmHg in glaucoma and normal groups, respectively. That difference between
the results in the two studies could be due to differences in age or use of systemic
hypotensives in the samples. In the Orzalesi study, mean DBP in the glaucoma
and control group were 82.4 and 81.5 mmHg, respectively. As for our study the
values were similar (82.2 and 81.5 mmHg, respectively). Despite the different
values between groups, SBP and DBP were not significantly different in our study.

Considering OPA is the IOP variation according to the arterial BP, a

correlation between these two variables has been tested by some studies.?® 293132

|-31

The results of those studies were not in agreement. Detry-Morel et al.”’ showed a

correlation between OPA and BP parameters (SBP, positive correlation; DBP,

|‘20

negative correlation). Grieshaber et al.“” presented data showing the opposite. A

third study recently published by Ito et at.*

showed a slightly positive correlation
between OPA and SBP and no correlation between OPA and DBP. Our results
were similar to the ones found by Ito with a positive correlation between OPA and

SBP and no correlation between OPA and DBP when analyzing all individuals

together. Grieshaber attributed the different outcomes to the heterogeneity in the
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sample of Detry-Morel study, including glaucoma and normal individuals, and the
fact that DCT and BP were measured separately. Our study showed a similar
result to the one found by Grieshaber and Ito, even though our sample was also
heterogeneous, with glaucoma, OH, and normal individuals, and we measured
OPA and BP in the same manner as in the study by Detry-morel. That draws the
attention to other factors acting in the ocular circulation that might be influencing
these results.

Another way to assess the relation between OPA and OBF is by correlating
the BP amplitude (PP), and IOP amplitude (OPA). To our knowledge, two studies
correlated these two variables. The results were contradictory as well. Grieshaber
et al.?° found no correlation between PP and OPA, while Ito el at.** found a
positive correlation between the two. Our results showed a positive correlation
when analyzing all patients together. However, when placed in the multivariate
regression model with the mean GAT level, this correlation was no longer
significant. In fact, the analysis of each group separately showed that after
correction for the mean GAT level, the influence of PP on OPA was present only in
the OH group. Apparently, OBF may not be directly transmitted from the arterial
BP to the IOP. It seems that the main defining parameter for the OPA is the mean
IOP level. It was only in the OH group, where the mean IOP level was high, where
the actual BP amplitude played a role in defining the OPA. In other groups, based
on the missing PP vs. OPA correlation even after the correction for mean IOP, it is
possible that individual local vascular regulatory mechanism determine the volume
of blood (scleral rigidity was not assessed in this study) traversing the eye during

the cardiac cycle and are hence reflected in the OPA.
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The autoregulatory system is responsible for maintaining a stable flow and
therefore supply the eye with the necessary metabolic demand despite changes in
the ocular perfusion pressure.*® When impairment in autoregulation takes place in
the eye, it becomes more sensitive to IOP variations and OBF does not meet its
metabolic needs, causing ischemia and leading to the glaucomatous neural loss.
The vascular dysregulation caused by the disturbance in the regulatory system
seems to play an important role in the progression of glaucoma, especially the
ones within normal IOP values.?*29333°

One must always keep in mind that not only normal tension glaucoma
(NTG) patients are prone to be affected by vascular dysregulation and other
impairments to the adequate OBF. The health of the vascular system is what
might influence how high an IOP can go without causing damage to the optic
nerve.>® This concept can help explain why some patients have high IOP without
glaucoma and others progress with low IOP values.

In conclusion, although OPA and PP are correlated in our general sample,
we could not define for certain if OPA is a reliable method to measure OBF. The
results of the present study indicate that IOP cyclic variation is not a mere
reflection of BP cyclic variation. DCT and GAT showed to be correlated although
GAT values tend to be lower than DCT values, especially in individuals with low

CCT.
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DISCUSSAO

A reducdo da PIO é ainda o unico tratamento cientificamente comprovado
para impedir a progressao do dano glaucomatoso (AGIS INVESTIGATORS, 2002;
LESKE et al., 2003; MALERBI et al., 2005). Embora exista expressivo numero de
pacientes que continuam apresentando piora do glaucoma, mesmo tendo a sua
PIO reduzida a valores dentro da referéncia de normalidade. Outros desenvolvem
a doenca sem nunca apresentar qualquer evidéncia de PIO elevada. Mesmo
diante de glaucoma evoluindo com valores de pressao dentro da normalidade o
tratamento consagrado € a reducgao, até de forma rigorosa, da PIO (ANDERSON
et al., 2003). Ainda assim, uma parcela desses pacientes ainda piorava mesmo
com a doenca apresentando valores da PIO extremamente baixos, o que indica a
existéncia de outros fatores de risco que talvez estejam contribuindo na
etiopatogenia do glaucoma.

O método padrao-ouro de medida da PIO é a partir da tonometria de
aplanacédo de Goldmann (TAG). A influéncia dos fatores corneanos na acuracia
da TAG foi vastamente abordada na literatura (BRANDT, 2004; DAMJI; MUNI;
MUNGER, 2003; DOUGHTY; ZAMAN, 2000; EHLERS; BRAMSEN; SPERLING,
1975; LIU; ROBERTS, 2005; WHITACRE; STEIN, 1993), haja vista que esse
aparelho foi desenvolvido baseado em cérneas de espessura central (ECC) de
520 um (GOLDMANN, 1970). Na presenca de corneas de espessura muito abaixo
desse valor de referéncia, a PIO poderia estar hipoestimada devido a menos forca
para gerar a aplanagao central. O oposto também ocorre com cérneas espessas,

tendendo a apresentar valores hiperestimados da PIO.
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A tonometria dindmica de contorno (TDC) € um método mais recente e
uma alternativa para medida da PIO. Na TDC n&o é necessario aplanar a cornea
ou causar qualquer tipo de deformacdo da mesma para se obter a sua afericdo
(KANNGIESSER; KNIESTEDT; ROBERT, 2005). O resultado é uma medida da
PIO com menor influéncia dos fatores corneanos, como ECC e histerese
corneana, quando comparado com a TAG (DETRY-MOREL et al., 2007; HAGER
et al., 2008; MANGOURITSAS et al., 2011; MORITA et al., 2010). O presente
trabalho mostrou leve correlagao positiva entre TAG e ECC (P/p = 0,029/0,230), ja
a TDC nao apresentou correlagdo com a ECC (P/r = 0,965/-0,005).

O valor da PIO medido na TAG tende a ser mais baixo que na TDC, sendo
que essa diferenga varia de 0,7 a 2,8 mmHg (DOYLE; LACHKAR, 2005; ITO et
al., 2012; KAUFMANN; BACHMANN; THIEL, 2004; KOTECHA et al., 2005;
KOTECHA et al., 2010; LEE et al., 2009; SCHNEIDER; GREHN, 2006; WEIZER
et al., 2007). Nossos resultados revelaram um delta entre os dois métodos de
medida da PIO de 1,7 mmHg. Apesar de ndo haver uma boa concordancia, o
presente trabalho confirmou a correlacéo positiva entre a PIO medida pela TAG e
TDC, reforgando os resultados obtidos na literatura (DOYLE; LACHKAR, 2005;
ITO et al.,, 2012; KAUFMANN et al., 2006; KOTECHA et al., 2005; KOTECHA et
al., 2010; LEE et al., 2009; SCHNEIDER; GREHN, 2006).

A menor influéncia dos fatores corneanos na TDC quando comparada com
a TAG pode explicar a diferenca dos valores absolutos da PIO obtida por cada um
dos métodos. Este estudo mostrou discreta correlacido positiva entre TAG e ECC
enquanto a nenhuma correlagao entre TDC e ECC. A diferenca entre os valores
da PIO pela TAG e TDC se mostra mais significativa em individuos com a ECC

baixa. Pela logica, os individuos com a cérnea espessa deveriam apresentar
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valores de TDC mais baixos que os da TAG, mas na verdade os valores se
mostram semelhantes nesses casos, sugerindo possivel limitagdo da TDC em
pacientes com cérnea espessa ou presenga de algum outro fator corneano de
interferéncia nesses casos.

A TDC mede a pressao de forma continua e, com isso, € capaz de aferir a
oscilagdo da PIO de acordo com a fase do ciclo cardiaco (KANNGIESSER,;
KNIESTEDT; ROBERT, 2005). Sendo assim, a TDC desmembra a PIO em duas:
PIO maxima ou sistélica e PIO minima ou diastélica. A APO ¢é obtida pela
diferenca entre a PIO sistdlica e diastdlica. Ainda ndo ha fortes evidéncias a
respeito do real papel da APO na etiopatogenia do glaucoma. Estudo mostrou
resultados compativeis com correlagao entre APO elevada e baixa gravidade do
glaucoma (WEIZER et al., 2007).

A APO mostrou-se mais baixa em individuos com glaucoma de pressao
normal (GPN) do que em portadores de glaucoma primario de angulo aberto,
hipertensos oculares e normais (SCHWENN et al., 2002). Trabalho mostrou a
relacdo entre baixa APO e existéncia de dano estrutural e funcional de glaucoma
(KYNIGOPOULGOS et al., 2012).

No presente estudo, a média da APO foi significativamente menor no grupo
dos normais do que nos grupos do glaucoma e hipertensos oculares. Tal
resultado pode ser explicado a partir da correlacdo positiva entre TAG e APO
(KAUFMANN et al., 2006; PUNJABI et al., 2006). Para incluir individuos
portadores de glaucoma de pressao normal no estudo, nao foi utilizado o critério
de PIO elevada (>21 mmHg) para inclusao no especifico grupo. Assim, a PIO
média no grupo do glaucoma ficou relativamente menor, baixando a média da

APO nesse grupo.
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A correlacdo de pressao arterial (PA) e glaucoma é ainda um tema
bastante controverso. A hipertensao arterial sistémica foi considerada por alguns
autores um fator de risco independente no glaucoma (BONOMI et al., 2000;
GOLDBERG et al., 1981; KASHIWAGI et al., 2001; LEIGHTON; PHILLIPS, 1972;
LEVENE, 1980; ROUHIAINEN; TERASVIRTA, 1990). Em contrapartida, outros
estudos referiram a hipotenséo arterial como fator relacionado a progressao do
dano glaucomatoso (COLLIGNON et al., 1998; DEMAILLY et al., 1984; GRAHAM,;
DRANCE, 1999; GRAHAM et al, 1995; HAYREH et al., 1994; KAISER;
FLAMMER; BURCKHARDT, 1993). Na presente investigacdo, a PA sistdlica
média no grupo do glaucoma foi mais alta que nos grupos hipertensos oculares e
normais, porém esta diferenga nao foi estatisticamente significativa. As médias da
PA diastdlica nos trés grupos se mantiveram muito préximas e também nao
apresentaram diferenca significativa.

Considerando que a APO representa a variagao da PIO de acordo com a
fase do ciclo cardiaco, as correlagdes entre APO e parametros da PA foram alvo
de alguns estudos (DETRY-MOREL et al., 2007; GRIESHABER et al., 2009; ITO
et al., 2012). Detry-Morel et al. (2007) salientaram a correlagao positiva entre APO
e PA sistdlica e negativa entre APO e PA diastélica. J& Grieshaber et al. (2009)
apresentaram resultados opostos. Um terceiro estudo recentemente publicado por
Ito et al. (2012) enfatizou discreta correlacdo entre APO e PAS e nenhuma
correlacao entre APO e PA diastdlica. Nossos resultados foram similares aos
encontrados pelo grupo de Ito et al. (2012), verificando correlagao positiva entre
APO e PAS e nenhuma correlacdo entre APO e PAD quando avaliados os trés
grupos em conjunto. A divergéncia nos resultados indica fatores da circulagao

ocular que podem estar influenciando a APO.
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Na interpretacéo da pressao de perfusao ocular (PPO), o individuo pode ter
baixa PPO devido a baixa PA elou elevada PIO. Estudos epidemiolégicos
populacionais reportaram a relagao entre baixa PPO e glaucoma (BONOMI et al.,
2000; HULSMAN et al., 2007; LESKE et al.,, 2008; QUIGLEY et al., 2001;
TIELSCH et al., 1995). Nao ha, todavia, consenso sobre um valor de referéncia
para diferenciar a PPO entre normal e alterada. Leske et al. (2008) concluiram
que portadores de PPO < 42 mmHg tinham risco relativo aumentado ao
desenvolvimento do glaucoma (RR=2,2). Na presente pesquisa, a média da PPO
foi de 46,3 + 7,9 mmHg no grupo do glaucoma, 50,2 + 7,0 mmHg nos normais e
41,5 £ 5,2 mmHg nos hipertensos oculares. A PPO no grupo do glaucoma esta
elevada devido a nédo inclusdo do critério de PIO elevada para a selecdo desse
grupo. O grupo normal manifestou variagdo de 43,2 a 57,2 mmHg, mantendo-se
sempre o ponto de corte de 42 mmHg proposto pelo grupo de Leske et al. (2008).

Um fator que precisa ser levado em conta quando se avalia o fluxo
sanguineo ocular a partir da PPO ou pela APO é que ambas sao influenciadas
diretamente pela PIO. A existéncia de um fator de risco vascular no glaucoma
independente da PIO seria mais valiosa no entendimento da doencga,
principalmente em se tratando de glaucomas que progridem na vigéncia de PIO
normal. Outro aspecto importante que precisa ser considerado é a variagao
circadiana dessas medidas, principalmente no que diz respeito as quedas da PA
no periodo noturno. O descenso noturno néo fisioldgico da PA foi atribuido como
causa de baixa perfusdo do nervo éptico (COLLIGNON et al., 1998; DETRY et al.,
1996; TOKUNAGA et al., 2004).

A correlagao entre fatores de risco vasculares no glaucoma, em especial

entre PPO e APO, foi testada em dois estudos recentes (CHOI et al., 2010;
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GUGLETA et al., 2012). Ambos mostraram auséncia de correlagao entre as duas
variaveis em questdo. Nosso estudo também detectou auséncia de correlacéo
entre PPO e APO em pacientes com glaucoma, hipertensos oculares e normais.
Quando avaliados os grupos de hipertensos oculares e normais em conjunto,
correlacao limitrofe foi constatada, mas a razao para tal resultado nao ficou clara.

A avaliacédo da correlagdo da APO com o fluxo sanguineo ocular pode ser
feita também com base no estudo entre a pressao de pulso arterial (PA sistdlica
menos PA diastélica) e APO (PIO sistélica menos PIO diastdlica). Da literatura
consultada, foram selecionados dois recentes trabalhos que correlacionaram
essas duas variaveis (GRIESHABER et al., 2009; ITO et al., 2012) e os resultados
também foram contraditérios. Grieshaber et al. (2009) ndo acharam correlagéo
entre APO e pressdao de pulso, enquanto Ito et al. (2012) encontraram tal
correlacdo. Na presente pesquisa foi detectada discreta correlacdo quando se
avaliou os trés grupos em conjunto. Na analise dos trés grupos de maneira
isolada a correlacdo se manteve presente apenas no grupo dos hipertensos
oculares. Aparentemente, o fluxo sanguineo ocular ndo é transmitido de maneira
direta da PA para a PIO. A influéncia de mecanismos vasculares regulatérios
pode atuar de maneira individualizada.

O sistema de autorregulagao é responsavel pela manutengao de um fluxo
sanguineo estavel, suprindo o olho com a demanda metabdlica necessaria,
mesmo diante de flutuagdes na PPO. Na vigéncia de desregulacdo desses
mecanismos vasculares, o olho fica mais susceptivel as variagdes da PIO e o
fluxo sanguineo ocular torna-se inferior ao necessario, causando isquemia e
perda neuronal caracteristica do glaucoma (ANDERSON, 1999). Essa

degeneragao vascular parece exercer importante papel na progressdo do
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glaucoma, especialmente no GPN (COSTA; ARCIERI; HARRIS, 2009; CAPRIOLI;
COLEMAN, 2010; FLAMMER et al., 1999; FLAMMER; MOZAFFARIEH, 2008).

E importante lembrar que n3o apenas o paciente com GPN esta exposto a
desregulagao vascular e demais alteragdes de fluxo sanguineo ocular. A saude do
sistema vascular no olho influencia a maneira na qual a PIO podera ou nao
causar o dano glaucomatoso. Esse conceito pode ajudar a explicar por que
determinados individuos desenvolvem glaucoma com PIO mais baixa e outros

nao a desenvolvem com PIO mais elevada.
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CONCLUSOES

Os resultados desta pesquisa levaram as seguintes conclusdes:

* A amplitude do pulso ocular ndo esta correlacionada a pressao de perfusao
ocular em pacientes glaucomatosos, hipertensos oculares e normais.

* A amplitude do pulso ocular e pressdgo do pulso arterial estado
discretamente correlacionadas, nao podendo, portanto, definir a amplitude
do pulso ocular como método confiavel de mensuragao do fluxo sanguineo

ocular.

A PIO medida pela tonometria dinamica de contorno mostrou-se
correlacionada a medida pela tonometria de aplanacdo de Goldmann. Entretanto,
nao houve boa correspondéncia entre esses dois métodos, principalmente em
individuos com baixa espessura corneana, nos quais a tonometria de Goldmann

tendeu a mostrar valores inferiores a tonometria dindmica de contorno.
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APENDICE A - Termo de Consentimento Livre e Esclarecido (TCLE)
TERMO DE CONSENTIMENTO LIVRE E ESCLARECIDO

PROJETO: Analise Comparativa da Pressao de Perfusdo Ocular e Amplitude do
Pulso Ocular em Individuos Normais, Hipertensos Oculares e Glaucomatosos

O glaucoma é uma doenga que cursa, na maior parte das vezes, sem sintoma algum para
0 paciente, até a fase avangada da doenga quando a visdo se torna irreversivelmente baixa. A
lesdo causada pelo glaucoma ocorre no nervo Optico que é responsavel por levar a imagem
captada no olho para o cérebro. A presséao intra-ocular elevada € um importante fator de risco para
o glaucoma e pode ser reduzida através de uma variedade de colirios anti-glaucomatosos. Porém,
nem sempre a redugado da pressao intra-ocular € o bastante para controlar o glaucoma. Existem
outros fatores que atuam juntamente com a pressdo para causar esta doenga. Dentre estes
fatores, nés temos os fatores vasculares. A quantidade de sangue que entra no olho para nutrir o
seu tecido nervoso é de fundamental importancia para o estudo do glaucoma, haja vista que o
tecido acometido pelo dano glaucomatoso é extremamente sensivel a baixa oxigenagao.

O objetivo principal do presente projeto é avaliar através das medidas da pressao intra-
ocular, pressao arterial e amplitude do pulso ocular, dois diferentes métodos para a verificagdo do
aporte de sangue para o olho (perfusao ocular). Comparando os dois métodos em diferentes tipos
de individuos: normais, hipertensos oculares sem dano glaucomatoso e glaucoma recém
diagnosticado, estaremos avaliando o comportamento dessas duas variaveis nos diferentes grupos
e com isso, talvez possamos conduzir melhor pacientes glaucomatosos com uma baixa perfusao
ocular.

O exame oftalmoldgico e a avaliagdo com os diferentes tond6metros seréo realizados sem
6nus para os pacientes que se dispuserem a colaborar com este projeto. Tampouco, havera
qualquer compensacao financeira por sua participagdo no estudo. Além disto, fica garantido a
todos o sigilo sobre os dados clinicos e de exames complementares, e a protegédo de sua
identidade, em caso de publicagdo na imprensa cientifica ou leiga.

Cabe ao participante, ou ao responsavel, decidir sobre a opg¢ao de participar do projeto. O
participante deve ter ciéncia de que, mesmo apds a assinatura deste termo, ele pode se desligar
do projeto, a qualquer momento, sem acarretar prejuizo ao seu atendimento.

Emergéncia / contato com a Comisséo de Etica:

Durante o estudo, se vocé tiver qualquer duvida ou apresentar qualquer problema médico,
contate o Servigo de Glaucoma do Hospital Sao Geraldo Fone: (31) 3409-9583 ou Dr. Bruno
Pimentel de Figueiredo - Fone: (31) 32872624 ou Dr. Sebastiao Cronemberger - Fone: (31)
33356218.

ASSINATURAS

Eu pessoalmente expliquei ao paciente o propdsito desse estudo cientifico, bem como seus
detalhes, os procedimentos a serem realizados, os termos do consentimento e os tratamentos
alternativos disponiveis no momento.

Investigador responsavel

Sebastido Cronemberger Sobrinho
Servigo de Glaucoma do Hospital Sao Geraldo — Hospital das Clinicas/UFMG
Endereco: Av. Prof. Alfredo Balena, 190
Area Hospitalar
Telefones: (31) 3409-9583 (31)33356218

Investigador (Aluno de Doutorado)

Bruno Pimentel de Figueiredo
Telefones: (31) 32872624 (31)88972624
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Comité de Etica em Pesquisa da UFMG (COEP)
Av. Pres. Antbnio Carlos, 6627
Unidade Administrativa Il
2° andar sala 2005
Campus Pampulha
Telefone: (31) 3409-4592

Eu, , anos, tendo lido o termo
acima e esclarecidas eventuais duvidas, declaro minha decisdo em participar do projeto de
pesquisa.

Data: / / Assinatura:

Eu, , pessoalmente expliquei ao paciente
o proposito deste estudo cientifico, bem como seus detalhes, os procedimentos a serem
realizados, os termos do consentimento e os tratamentos disponiveis no momento.

Data: / / Assinatura:
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APENDICE B - Formulario de coleta de dados

Grupo ( )NORMAL ( )HIPERTENSO  ( )GLAUCOMA Prontudrio:
Nome:
Data de nascimento: / / Idade: anos Género:M( ) F( )
Raca: ( ) melano ( )faio ( )leuco
HPP: (  )HAS ( )DM
()outros

HF:( ) glaucoma

Melhor AV: OD:

OE:

Bio:

Pressdo intra-ocular:

Goldmann: hrs
OD: mmHg
OE: mmHg
PA: hrs
X mmHg

Pressdo de Perfusdo Ocular: PPO=2/3(PBD+ 1/3[PBS - PBD]) — PIO
PPO OD:

PPO OE:



PASCAL: hrs

OD:_____IoP
______OPA
_Q

Paquimetria

OD: um

OD: um

Gonioscopia:

OD:

OE:

Campo Visual Computadorizado:

OD: MD:

OE: IOP

OPA

OE: MD:

Biomicroscopia de fundo:

Cd:

Dr. Sebastido Cronemberger Sobrinho

Dr. Bruno Pimentel de Figueiredo
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ANEXO A - Parecer do Comité de Etica em Pesquisa (COEP) da Universidade
Federal de Minas Gerais (UFMG)

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

Parecer n2. ETIC 150/08

Interessado(a): Prof. Sebastido Cronemberger Sobrinho
Departamento de Oftalmologia/Otorrinolaringologia
Faculdade de Medicina - UFMG

o

DECISAO

O Comité de Etica em Pesquisa da UFMG — COEP aprovou, no
dia 15 de maio de 2008, apés atendidas as solicitagdes de diligéncia, o
projeto de pesquisa intitulado "Analise comparativa da pressao de
perfusdo ocular e amplitude de pulso ocular em individuos
normais, hipertensos oculares e glaucomatosos™ bem como o Termo
de Consentimento Livre e Esclarecido.

O relatério final ou parcial devera ser encaminhado ao COEP um

ano ap6s o inicio do projeto.

Profa. Maria Teresa Marques Amaral
Coordenadora do COEP-UFMG

Av. Pres. Antonio Carlos, 6627 — Unidade Administrativa II - 2° andar — Sala 2005 — Cep:31270-901 — BH-MG
Telefax: (031) 3409-4592 - ¢-mail: coep@prpq.ufing.br
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ANEXO B - Aprovacgao do Parecer Consubstanciado de Projeto de Pesquisa

Parecer Consubstanciado de Projeto de Pesquisa

Titulo do Projeto: ANALISE COMPARATIVA DA PRESSAO DE PERFUSAO OCULAR E
AMPLITUDE DO PULSO OCULAR EM INDIVIDUOS NORMAIS, HIPERTENSOS OCULARES E

GLAUCOMATOSOS.
[ Pesquisador Responsivel Prof. Sebastido Cronemberger Sobrinho |
F)ata da Versio | | Cadastro ] | Data do Parecer 17/03/2008 |

| Grupo ¢ Arca Temitica  Classificagio utilizada pela CONEP |

Objetivos do Projeto

1. Mensurar a perfusdo sanguinea ocular através de dois métodos: amplitude do pulso ocular
¢ pressdo de perfusdo ocular em individuos normais, hipertensos oculares e glaucomatosos.
2. Avaliar o comportamento da perfusio ocular nos trés grupos distintos.

Sumirio do Projeto

Sabe-se que a pressdo intra-acular elevada é o principal fator de risco para o glaucoma, entrefanio, a
baixa pressio arterial sistémica e a perda da regulagdo vascular podem atuar como fatores
adjuvantes da lesdo glaucomatosa. A auto-regulagio vascular é a capacidade que um tecido tem de
ajustar a sua prépria perfusdo com base nas suas necessidades e de fazé.lo sem depender da
pressdo de perfusdo. A pressdo de perfusdo é a diferenga enire as pressdes arierial e venosa. No
olho, para que os vasos ndo colabem, é necessdrio que a pressio venosa seja de valor semelhante
ao da pressio intra-ccular. Isto significa que a pressio de perfusio acular é a diferenga entre a
pressdo arieral e a pressio intra-ocular. Quando a auto-regulagdo funciona apropriadamente, ndo
exisiemn akeragdes na perfusio retiniana ou do nervo dptico desde gue a pressdo intra-ocular
respeite determinados imites. Por cutro lade, quando a auto-regulagdo estd alterada, a perfusdo
ocular torna-se mais sensivel as flutuagdes tanto da pressio intra-ocular como da pressio arterial.
A amplitude do pulso ccular (APO) demonstra o componente pulsatil do fluxo sanguineo ocular
podendo servir como forma akemativa para medir a perfusio ocular independente da pressdo intra-
ocular. © Tondmetro de Contorno de Pascal além de medir dinamicamente a pressio intra-ocular,
mede também amplitude do pulso ocular a cada ciclo cardiaco.

Este projeto visa mensurar e correlacionar a pressio de perfusio ocular e a amplitude do pulsa
acular em pacientes normais, hipertensos oculares e glaucomatosos.
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ARV(©2012

Translational Research: Seeing the Possibilities

ARVO 2012 Abstract Search & Itinerary Builder

How to Create an Itinerary Account
(New Account must be created each year)

/2| ADVANCED SEARCH . . ick Link
A4 Home > Advanced Search > Search Results > Presentation Detail Quick Links
+% | PRESENTER INDEX
®© BROWSE
MY ITINERARY
o Presentation Abstract Add to ltinerary
Simple Search
o Search Tips Al
Program#/Poster#: 255/A496
Display As Abstract Title: Correlation Between Ocular Pulse Amplitude And Arterial Pulse Pressure In Glaucoma,
(Sessions Ocular Hypertension ,And Normal Individuals
(©Presentations Presentation Star/End  Sunday, May 06, 2012, 8:30 AM -10:15 AM
Print Abstracts Time:
Abstract Ebooks Session Number: 108
Session Title: Glaucoma Progression Studies and Blood Flow
Program Schedule at a
Glance Location: Hall B/C
Reviewing Code: 200 glaucoma: ocular blood flow - GL
) Author Block: Bruno P. Figusiredo!, Fabio N. Kanadani?, Nubia V. Lima®, Sebastiao Cronemberger®, Syril
Note: When adding Dorairaj®, 1Glaucoma, Cataract, Santa Casa - Belo Horizonte / UFMG, Belo Horizonte, Brazil;

presentations to your

Itinerary, please click 20phthalmology/Glaucoma, Hospital Universitario Sdo José, Belo Horizonte, Brazil;

"Add Checked 30phthalmology, University Federal of Minas Gerais, Belo Horizonte, Brazil; 4Ophthalmology,
Selections to My Federal Univ of Minas Gerais, Belo Horizonte, Brazil; 5Glaucoma, New York Eye & Ear Infirmary,
of your soarc rosls. How Yark, NY.
Keywords: 567 intraocular pressure, 436 blood supply
= ePoster Presenter Abstract Body: Purpose: To study the existence of a correlation between ocular pulse amplitude (OPA) and arterial

e-Posters will be
available at 6:00 PM ET
on the day of the
abstract's scheduled
poster presentation and
will remain active
through June 30, 2012.

pulse pressure (PP) in individuals with glaucoma, ocular hypertension and normals.

Methods: Ninety eyes from 90 patients were selected in which: 30 were recently diagnosed with
glaucoma before starting on any hypotensive medications, 30 had elevated intraocular pressure
(IOP) without any evidence of glaucoma, and 30 were included in the control group with IOP within
normal range and without any evidence of glaucoma. They all underwent Goldmann applantion
tonometry, dymanic contour tonometry (Pascal tonometer), blood pressure (BP), pachymetry,
Humphrey visual field, and routine ophthalmologic examination. The OPA was recorded by the
Pascal tonometer. Pulse pressure was calculated by systolic blood pressure minus diastolic blood
pressure.

Results: Mean OPA in the glaucoma group was 3.4 + 1.2 mmHg, ocular hypertensive 3.5 + 1.2
mmHg, and normals 2.6 + 0.9 mmHg. Mean PP was 48.8 + 10.5 mmHg in the glaucoma patients,
43.8 + 11.1 mmHg in the ocular hypertensives, and 40.0 + 8.7 mmHg in the normals. There was a
positive correlation when the three groups were evaluated together using Pearson correlation
coefficient (r = 0.245).

Conclusions: The difference between systolic IOP and diastolic IOP, which is the ocular pulse
amplitude, had a positive correlation with the difference between systolic and diastolic blood
pressure.
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625 optic flow, 436 blood supply, 630 outflow: trabecular meshwork

Purpose: To investigate a possible correlation between ocular perfusion pressure (OPP) and ocular
pulse amplitude (OPA) in individuals with glaucoma, ocular hypertension and normals.

Methods: Ninety eyes from 90 patients were selected in which: 30 were recently diagnosed with
glaucoma before starting any ocular hypotensive medications, 30 had elevated intraocular pressure
(IOP>mention the number) without any evidence of glaucoma, and 30 were included in the control
group with normal IOP and without any evidence of glaucoma. They underwent Goldmann applantion
tonometry, dymanic contour tonometry (Pascal), blood pressure (BP), pachymetry, Humphrey visual
field (except the control group), and routine ophthalmologic examination. The OPP was calculated by
the difference between mean arterial blood pressure and IOP. The OPA was measured by the
Pascal tonometer.

Results: Mean OPA in the glaucoma group was 3.4 + 1.2 mmHg, ocular hypertensive 3.5 + 1.2
mmHg, and normals 2.6 + 0.9 mmHg. Mean OPP was 46.3 + 7.9 mmHg in the glaucoma group, 46.3
+ 7.9 mmHg in the ocular hypertensive, and 50.2 + 7.0 mmHg in the normals. Neither groups showed
significant correlation (p-value > 0.05) between OPP and OPA. Pearson coefficient test was used for
corelation between glaucoma and ocular hypertensive groups , while Spearman's rank coefficient
correlation was used to test for the normal group.

Conclusions: OPP and OPA values do not correlate with each other in individuals with glaucoma,
ocular hypertensive and normals.
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