UNIVERSIDAD NACIONAL AUTONOMA DE MEXICO FACULTAD DE
MEDICINA DIVISION DE ESTUDIOS DE POSGRADO

ASOCIACION PARA EVITAR LA CEGUERA EN MEXICO I.A.P. HOSPITAL “DR.
LUIS SANCHEZ BULNES”

CAMBIOS EN EL FLUJO VASCULAR RETINIANO Y COROIDEO
POSTERIOR A LA INGESTA DE SILDENAFIL POR TOMOGRAFIA
DE COHERENCIA OPTICA CON ANGIOGRAFIA

TESIS DE POSGRADO PARA OBTENER EL TITULO DE:

ESPECIALISTA EN OFTALMOLOGIA

PRESENTA:
DR. DAVID BERRONES MEDINA

ASESOR:

DR. RAUL VELEZ MONTOYA

Adscrito departamento de Retina y Vitreo

CIUDAD DE MEXICO, 2017



e e

Universidad Nacional - J ~  Biblioteca Central
Auténoma de México -

Direccion General de Bibliotecas de la UNAM
Swmie 1 Bpg L IR

UNAM - Direccion General de Bibliotecas
Tesis Digitales
Restricciones de uso

DERECHOS RESERVADQOS ©
PROHIBIDA SU REPRODUCCION TOTAL O PARCIAL

Todo el material contenido en esta tesis esta protegido por la Ley Federal
del Derecho de Autor (LFDA) de los Estados Unidos Mexicanos (México).

El uso de imagenes, fragmentos de videos, y demas material que sea
objeto de proteccion de los derechos de autor, serd exclusivamente para
fines educativos e informativos y debera citar la fuente donde la obtuvo
mencionando el autor o autores. Cualquier uso distinto como el lucro,
reproduccion, edicion o modificacion, sera perseguido y sancionado por el
respectivo titular de los Derechos de Autor.



CAMBIOS EN EL FLUJO VASCULAR RETINIANO Y
COROIDEO POSTERIOR A LA INGESTA DE
SILDENAFIL POR TOMOGRAFIA DE COHERENCIA
OPTICA CON ANGIOGRAFIA

Dr. David Berrones Medina, Residente de 3° aio
Email: dr.berrones@gmail.com

Esta revision fue hecha en la Asociacion para Evitar la Ceguera
en México, hospital “Dr. Luis Sanchez Bulnes”. Ubicado en
calle Vicente Garcia Torres No. 46, colonia Barrio San Lucas
Coyoacan, CP 04030, ciudad de México; con numero

telefonico 1084-1400.



INDEX

Page
INtrodUCTION. .. ... 4
ObJECHIVE. ... 6
MethodsS. ... 6
RESUIS. .. 8
DISCUSSION. ...ttt e 11
CONCIUSION. ... e 13
REfEIENCES. ... .o 14



Introduction:

Optical Coherence Tomography Angiography (OCT-A) is a new non-invasive diagnostic tool that
allows visualization of the retinal and choroidal circulation in real time. The study allows the
estimation of the ocular vascular flow [1] and the theoretical quantification of the capillary
density at different retinal anatomical zones. Although its role in patient care is still debatable,
the study has shown promising results in demonstrating vascular changes occurring in common
retinal pathologies like diabetic retinopathy, vascular occlusions, and choroidal
neovascularization among others [2].

Sildenafil is a phosphodiesterase 5 and 6 (PDE-5, PDE-6) inhibitors that induce vasodilation. It is
used in the treatment of pulmonary arterial hypertension and is currently the pharmacological
first line treatment for erectile dysfunction. The drug achieves its biological effect by inducing
the degradation of cyclic guanosine monophosphate (cGMP), enhancing the effect of nitric
oxide and the inhibition of transmembrane influx of calcium and cell membrane
hyperpolarization. The result is smooth muscle relaxation [3]. The recommended oral dose is
25-50mg to 100mg qd, three times per week. Doses above 100mg can increase the risk of
systemic adverse effects like headaches, nasal congestion and flushing. The most common
ocular adverse effects are changes in color and light perception, blurred vision, conjunctival
hyperemia, ocular pain and photophobia. Less common ocular adverse effects are non-arteritic
ischemic optic neuropathy [4], reversible increase in intraocular pressure [5], idiopathic serous
macular detachment, central serous chorioretinopathy [6, 7], and ERG disturbances [8-10].

A precise explanation of the ocular adverse effects is still unknown. However, it has been
hypothesized that changes in vascular flow of the retina and choroid could have an important
role. Several studies have yielded mixed results. Those studies supporting this theory have

shown that oral sildenafil can induce changes in choroidal thickness [11, 12], vascular flow [13-



16], and alteration in retinal electroretinogram [17]; and others that did not find changes in
perimetry [18], flowmetry [19] and Doppler ecography [20]. Therefore, the purpose of the
current study is to assess vascular changes in the retinal and choroidal circulation, by taking
advantage all the capabilities of the OCT-A, after the oral ingestion of sildenafil in healthy

volunteers.



Objective:

To describe changes in retina and choroidal flow by optical coherent tomography-angiography
(OCT-A) after single dose of oral sildenafil.

Method:

Case and control, single center study. The study was conducted at the Asociacion para Evitar la
Ceguera en México IAP, Mexico City, Mexico and approved by the local Internal Review Board.
The study was conducted according to the tenets of the Declaration of Helsinki and Good Clinical
Practices guidelines. All sensitive data were managed according to the Mexican Federal Law for
Protection of Personal Data in Possession of Individuals (NOM-024-SSA3-2010), which is the
equivalent the Health Insurance Portability and Accountability Act (HIPAA) rules of 1996. All
participants signed an informed consent form before enroliment.

We included patients between 18 and 40 years of age, with no relevant medical history. Patients
with history of a hypersensitivity reaction to phosphodiesterase inhibitors or history of past
adverse effect with oral sildenafil were excluded. General demographic data and biometric data
(weight and height) were recorded at baseline. All participants were stratified randomized into
two groups with a proportion of 2:1. Patients assigned to the study group received 50mg of oral
sildenafil (Viagra®, Pfizer, New York, NY) and patients assigned to the control group received a
sham pill the same size, color, and form.

Retinal and choroidal images were capture at baseline and 1 hours after the pill ingestion.
Central macular thickness (CMT) and central choroidal thickness (CCT) were measured with
optical coherent tomography (OCT) and Enhanced depth imaging-OCT (Spectralis HRA-OCT;
Heidelberg Engineering, Heidelberg, Germany). Choroidal flow (CF), outer retina flow (ORF),
retinal vascular density (RVD) and choroidal vascular density (CVD) were measured with OCT-A

(AngioVue OCT-A system, Optovue Inc, Fremont, CA).



Statistical analysis was done using an Excel spreadsheet (Excel 2010; Microsoft Corp., Redmond,
WA) with and XLSTAT application v18.06 (Addinsoft, New York, NY). Nominal variables were

compared using a Mann-Whitney test with an alpha value of 0.05 for statistical significance.



Results:

We enrolled 20 eyes into the study group (Sildenafil 50mg) and 10 eyes into the control group
(sham). In the study group, the mean age was 28.1 years, the mean weight was 73.6 kg, the
mean height was 1.76 meters. In the control group, the mean age was 29.2 years, the mean
weight was 70.4 kg. The mean height was 1.75 meters.

Results from the study and control group are summarized in table 1. In the study group, CCT
increased significantly after 1 hour of sildenafil ingestion (p<0.01). The rest of the assessed
variables in the study group did not have a significant change after sildenafil. In the control

group, none of the assessed variables had a significant change after sham.



Before After
Sildenafil group
CMT 280.4 £ 23.69um 279.85 £ 22.80um
CCT 354.45 + 67.17um 429.30 £ 82.87um*
CF 1.95 £ 0.04 mm?2 1.87 £0.22 mm2
ORF 1.21+0.20 mm2 1.31+0.27 mm2
RVD 52.6 £3.50% 53.6 £3.21%
CvD 66.6 +1.48% 67.28 £1.02%
Sham group
CMT 266.60 £ 19.28um 266.20 £ 19.02um
CCT 397.10+£72.81um 396.50 * 68.48um
CF 1.96 £ 0.05 mm?2 1.95 £ 0.05 mm2
ORF 1.06 £ 0.23 mm2 1.03 £0.23 mm2
RVD 53.9+2.16% 53.3+3.45%
CvD 66.98 £1.06% 66.90 £1.50%

Table 1: CHANGE IN OCT BEFORE AND AFTER SILDENAFIL/SHAM. Comparison of variables
before and after the ingestion of the pill for both groups. CMT: central macular thickness, CCT:
Central choroidal thickness, CF: Choroidal flow, ORF: Outer retinal flow, RVD: Retinal vascular

density, CVD: Choroidal vascular density. *Significance (p <0.01).

Intergroup comparison between study and control group are summarized in table 2. The
analysis showed that 1 hour after pills ingestion, the outer retinal flow increased significantly in

the study group (p<0.01). The rest of the assessed variables between groups did not have a
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significant difference between them.

Post Treatment

Sildenafil group

Post Treatment

Sham group

CMT

279.85 + 22.80um

266.20 + 19.02pm

cCcT

429.30 £ 82.87um

396.50 + 68.48um

CF

1.87 +0.22 mm2

1.95 £ 0.05 mm?2

ORF

1.31+0.27 mm?2

1.03 £ 0.23 mm2*

RVD

53.6 £3.21%

53.3£3.45%

CVvD

67.28 +1.02%

66.90 +1.50%

Table 2: RESULTS AFTER PILL ADMINISTRATION FOR BOTH GROUPS. Comparison of the

variables for the study and control group 1 hour after the ingestion of sildenafil/sham. CMT:

central macular thickness, CCT: Central choroidal thickness, CF: Choroidal flow, ORF: Outer

retinal flow, RVD: Retinal vascular density, CVD: Choroidal vascular density.

*Significance (p <0.01).
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Discussion:

Optical Coherence Tomography Angiography is a novel diagnostic tool that can potentially
impact ocular medical therapies in the future. It has been tried as an early diagnostic and
assessment tool for age-related macular degeneration (AMD) [21-24], as a research tool in order
to improve the current understanding of ischemic diseases that affect the different layers of the
retinal microcirculation (diabetic retinopathy) [25, 26], cotton wool spots, acute macular
neuroretinopathy, paracentral acute middle maculopathy, and macular telangiectasia type 2
among others [27-29].

The role of vascular flow changes in choroidal diseases is unknown. Evidence from peer-
reviewed manuscripts have found a relationship between flow changes among different retinal
layers and choroid with the pathogenesis of some of the most common chorioretinal diseases
[30-33]. Changes in choroidal thickness (reduction) and in the density of superficial and deep
retinal vessels have been associated with choroidal neovascularization [34]. A reduction in the
total retinal and choroidal flow have been observed in patients with macular edema [35, 36],
and finally, an increase in the total choroidal flow has been observed in patients with central
serous retinopathy [37]. Since most of the ocular side effects of oral sildenafil are thought to be
secondary to an idiosyncratic dilation of the retinal and choroidal vessels; the potential impact
of this pharmacologic effect on the total vascular flow should be assessed. A major
understanding of the mechanism associated with this phenomenon could aid us in preventing
such adverse effects as well as improving our current understanding of the relationship of
vascular flow and others chorioretinal diseases like central serous retinopathy.

The results of the current study are similar to previous reports reporting a significant increase
in choroidal thickness measured by EDI-OCT. However, OCT-A results failed to demonstrate a

significant change in choroidal blood flow. Outer retinal blood flow increased after sildenafil but
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the capillary density of the retina remained unchanged. Nevertheless, our results may suggest
that despite a local pharmacological effect secondary to sildenafil, the autoregulation
mechanisms of the retinal and choroidal vasculature may prevent significant changes in vascular
hemodynamics, at least in the short term, ensuring a constant blood flow and preventing blood
stagnation and ischemic changes in healthy patients.

The current study has several limitations that we would like to address. First, the small sample
can make us incur in and error type 2. The high variability in biometric values could affect the
distribution volume of the drug among patients. Therefore, our patients could have responded
differently to a fixed dose. There is a possibility that an ocular vascular effect could have been
demonstrated if we had had adjusted the dose according to weight and height. Finally, all our
patients were first-time users of sildenafil. Most of the ocular adverse effects of the drug occur
in chronic users. There is a possibility that ocular changes due to sildenafil are due to the
continue exposition to the drug, or to the association of a preexisting ocular condition with
exposition to the drug.

In summary, our study found an increase in choroidal thickness and in the outer retinal flow that
suggests vascular effect of sildenafil in the eye. No measurable data was found regarding the
change in choroidal flow, despite the increase in choroidal thickness. The results may suggest
that even with a local pharmacological effect of sildenafil, the vascular autoregulation
mechanisms of the retina and choroid may prevent a significant change in vascular
hemodynamics, at least in the short term, ensuring a constant blood flow and preventing blood
stagnation and ischemia. Further studies with longer follow-up are needed in order to assess
the role of chronic use of sildenafil on retinal vascular hemodynamics in healthy and diseased

patients.
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Conclusions: A single dose of oral sildenafil increases choroidal thickness, probably due to

sildenafil-induced vasodilation.
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