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Background and Aim: We investigated the in vivo changes of artery diameter (AD) and
vein diameter (VD) after topical phenylephrine 2.5% instillation, and its relationship with the
Systematic Coronary Risk Evaluation (SCORE).

Methods: This is a cross-sectional study. Healthy control patients were included. All of the
participants underwent enhanced depth imaging by spectral-domain optical coherence tomo-
graphy before and 30 minutes after phenylephrine instillation, using eye-tracking and follow-
up software. Changes in AD and VD were assessed.

Results: The study included 45 eyes of 45 patients (14 males and 31 females). The mean age
was 58.6 + 15.1 years (26-88 years). Mean SCORE risk estimation value was 2.0 (0-14). No
significant correlation was found between pre-phenylephrine AD or VD with age (p=0.237
and p=0.821, respectively), SCORE (p=0.545 and p=0.723, respectively). AD significant
thinned after phenylephrine (p<0.001), whereas no significant changes could be depicted in
VD (p=0.474). Changes in AD after phenylephrine were significantly related with SCORE
risk estimation (p=0.035). Discordantly, changes in VD after phenylephrine were not sig-
nificantly related with SCORE (p=0.505).

Conclusion: As a significant thinning of AD occurred following phenylephrine instillation,
and as the magnitude of this thinning is related with SCORE, it is useful to test the retinal
artery contraction to infer the cardiovascular health status.

Keywords: choroidal thickness, peripapillary choroidal thickness, retinal nerve fiber layer,
phenylephrine

Introduction
Changes in retinal vascular pattern have been proved to be related to systemic
cardiovascular diseases.' In fact, a dilated fundoscopic exam is necessary for staging
of hypertensive retinopathy. It is possible to detect changes in the microvasculature of
the retina which are connected with the development of cardiovascular diseases. It has
also been suggested endothelial dysfunction is a pathogenic factor in these findings.’
Histopathological studies in monkeys have shown that changes in retinal vessels
reveal vascular damage from hypertension, aging, and other diseases.*> However,
retina offers a feasibility place to observe microcirculation directly, and to study
in vivo the structure and pathology of the human circulation. The study of vascular
pattern using photography examination of the retina have allowed to relate retinal
arteriolar narrowing with reduced myocardial perfusion measures on cardiac mag-
netic resonance imaging® or lacunar stroke.” Other retinopathy changes could be
associated with coronary artery calcification,® as well as larger retinal venular
diameter has been connected to an increase in inflammatory markers.”
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Nevertheless, the advances in technology allow us to
analyze retinal vessels using optical coherence tomography
(OCT). With this device, diameter of vessels could be mea-
sured more accurately, as the arteries and veins are scanned
and showed in a tangential or axial view, where they could be
highly reproducible and repeatable measured.'® "2

Otherwise, in vitro studies in rats have shown that
different aortic ring responses to phenylephrine were asso-
ciated with cardiovascular status. Aloysius et al published
that normoglycaemic tissues contract significantly more
than the diabetic tissues, disclosing an endothelial vascular
dysfunction in damaged arteries.'> Besides, Jiménez-
Altayo et al have analyzed the contraction of mesenteric
arteries in a mouse model of accelerated senescence.'*
This study revealed that arteries of mice with a western-
type high-fat diet showed a reduced contraction comparing
with those without this diet, revealing an aberrant produc-
tion of nitric oxide (NO) by inducible NO synthase
(INOS). This aberrant iNOS-derived NO production has
been implicated in the pathogenesis of endothelial dys-
function and vascular disease, and has been published to
be involved in pathological conditions as chronic inflam-
matory diseases, including atherosclerosis.'>*'®

The purpose of our study was to analyze the vascular
retinal pattern using OCT, comparing both the artery and
vein contraction after topical instillation of phenylephrine
in the eye, and if their contraction is related to their cardi-
ovascular risk, investigating the Systematic Coronary Risk
Evaluation (SCORE) of the patients.'”

Patients and Methods

Patients

All participants were recruited from the Ophthalmology
department of Valdecilla Hospital, from May 2017 to
June 2018. The study protocol was approved by the Ethics
Committee of Valdecilla Hospital, and it was performed in
accordance with the principles of the Declaration of
Helsinki. Written consent forms were distributed to all the
participants before the examinations.

All subjects were required to have a refractive error
less than —6.0 diopters of sphere or 3 diopters of cylinder,
no history of ocular diseases. To reduce statistical bias,
only the left eye of the patients was included in the study.

Exclusion criteria included clinically relevant opacities
of the optic media and low-quality images due to unstable

fixation, or severe cataract (patients with mild to moderate

cataract might be enrolled in the study, but only high-
quality images were included).

Clinical Assessment

All subjects underwent a thorough ophthalmic examina-
tion on the day of OCT imaging, including best-corrected
visual acuity, refraction, intraocular pressure (IOP) mea-
surement with GAT, slit lamp examination and fundus
examination. The refractive error was recorded using an
auto refractometer Canon RK-F1 (Canon USA Inc., Lake
Success, NY, USA). Axial length (AL) was measured by
Lenstar LS 900 (Haag Streit AG, Koeniz, Switzerland).
Thirty minutes after instillation, ophthalmic evaluation has
ruled out an angle closure using slit lamp.

SCORE was calculated as previously described, accord-
ing to their underlying risks for coronary heart disease,
including age, cholesterol, smoking and systolic blood
pressure.'’

Optical Coherence Tomography

Procedure

Prior to the administration of the phenylephrine eye drops
(pre-treatment) and 30 min after instillation, 2 vertical
optic nerve scans were obtained of each patient’s left eye
using an enhanced deep image (EDI) with spectral-domain
OCT (Spectralis HRA+OCT, Heidelberg Engineering,
Heidelberg, Germany; wavelength for scan: 870 nm).

A single, well-trained ophthalmologist (ALE) per-
formed all OCT examinations. The EDI image was aver-
aged over 100 scans using the automatic averaging mode.
The follow-up acquisition mode, unique to this SD-OCT
device, was used to perform the second measurement, as it
automatically placed follow-up scans in precisely the same
anatomic location as previous scan.

Vein diameter (VD) and artery diameter (AD) were
measured with a vertical caliper as previously described'?
by two masked and experienced investigators (JG, SF), who
were blinded to phenylephrine and SCORE status. To assess
the cardiovascular risk we used the HeartScore online tool
by the European Society of Cardiology, specifically for
a low-risk population (Spain) and modified by HDL.

Statistical Analysis

Statistical analysis was performed using IBM SPSS Statistics
V.20.0 (International Business Machine Corporation, Armonk,
NY, USA).
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A 1-sample Kolmogorov—Smirnov test was used to ver-
ify the normality of the data distribution. The AD and VD
before and after phenylephrine 2.5% instillation were com-
pared using paired Student’s 7-test. Pearson correlation ana-
lysis was performed to assess the relationship between
SCORE, age and AL, and AD and VD. The intraclass
correlation coefficient (ICC) was used to determine the
reliability of the measurements. An ICC value <0.40 repre-
sents poor agreement, 0.40—0.75 represents fair to poor
agreement and >0.75 represents excellent agreement. The
level of statistical significance was set at P < 0.05.

Results

Overall, 45 eyes of 45 patients (14 males and 31 females) were
included in the study. Table 1 describes the demographic and
clinical participant’s characteristics. The mean age was 58.6 +
15.1 years (age range: 2688 years). Mean SCORE risk esti-
mation value was 2.0 (range 0-14). The mean spherical
equivalent was measured as —0.84 + 0.63 diopters. Mean AL
was 23.3 + 1.1 mm (range, 21.3-27.2 mm). Mean IOP was
14.6 £ 3.0 mmHg (IOP range 9-21 mmHg). Mean best-
corrected visual acuity was 20/25. All eyes included in the
study were phakic eyes. Table 2 represents the treatments of
the patients.

Table | Demographic and Clinical Participant’s Characteristics
(45 Eyes of 45 Individuals). Data for Quantitative Variables are
Shown as Mean (Standard Deviation).

Table 2 Participant’s Treatments (45 Eyes of 45 Individuals).
Data for Treatments for the Patients Admitted to the Study in

Percentage

Overall (N=45)

Antihypertensive

28 (62.22%)

Valsartan 7 (15.55%)
Enalapril 5(11.11%)
Losartan 3 (6.67%)
Amlodipine 3 (4.44%)
Lisinopril 2 (4.44%)
Candesartan 2 (2.22%)
Irbesartan 1 (2.22%)
Bisoprolol 1 (2.22%)
Olmesartan 1 (2.22%)
Ramipril 1 (2.22%)
Sacubitril 1 (2.22%)
Carvedilol 1 (2.22%)
Diuretics 4 (31.11%)
Hydrochlorothiazide 9 (20%)
Amiloride 3 (6.67%)
Furosemide 2 (4.44%)

Lipid lowering drugs
Atorvastatin

21 (46.66%)
15 (33.33%)

Overall (N=45)
Age (years) 58.6 (15.1)
Female eyes (%) 31 (68.8)
Spherical equivalent (Diopters) —0.84 (0.63)
Axial length (mm) 23.3 (1.1)
10P 14.6 (3.0)
Smokers (%) 7 (15.6)
Diabetes mellitus (%) 4 (8.9)
Dyslipidemia (%) 18 (40.0)
Arterial hypertension (%) 20 (44.4)
Acute myocardial infarction (%) 1 (2.2)
Cardiac failure (%) 2 (44)
Vasculopathy (%) 1 (2.2)
Stroke (%) I (2.2)
Hyperuricemia (%) 4 (8.9)
Obesity (%) 0
Systolic arterial pressure 126.3 (15.1)
Total cholesterol 193.0 37.7)
High density lipoprotein 56.7 (14.8)

Abbreviations: D, diopters; BCVA, best-corrected visual acuity; IOP, intraocular

pressure.

Simvastatin 4 (8.89%)
Ezetimibe 1 (2.22%)
Rosuvastatin 1 (2.22%)
Hypoglycemic drugs 7 (15.55%)
Metformine 4 (8.89%)
Glimepiride 1 (2.22%)
Dapagliflozin | (2.22%)
Repaglinide 1 (2.22%)
Hypourecemic drugs 3 (6.67%)
Allopurinol 3 (6.67%)
Platelet aggregation inhibitors 9 (20%)
Acetylsalicylic acid 7 (15.55%)
Ticagrelor 1 (2.22%)
Triflusal | (2.22%)
Anticoagulants 1 (2.22%)
Acenocoumarol 1 (2.22%)
Antianginal drugs 1 (2.22%)
Isosorbide mononitrate 1 (2.22%)

The ICCs were 0.990, 0.996, 0.993 and 0.987 for pre-
phenylephrine AD, pre-phenylephrine VD, post-phenylephr-
ine AD and post-phenylephrine VD, respectively.

No significant correlation was found between age and pre-
phenylephrine AD nor VD (R=0.032; p=0.237 and R=0.001;
p=0.821, respectively), SCORE (R=0.018; p=0.545 and
R=0.001; p=0.723, respectively), IOP (R=0.0005; p=0.237
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and R=0.001; p=0.821, respectively); nor for AL (R=0.018;
p=0.378 and R=0.162; p=0.107, respectively).

Figure 1 shows the pre and post-phenylephrine dia-
meter of artery and vein. After 30 minutes of phenylephr-
ine instillation, we found a significant thinning of the
diameter of arteries (116.7 £ 19.3 um pre-phenylephrine
and 113.4 = 17.9 post-phenylephrine; p<0.001), whereas
no significant changes could be depicted in VD (143.9 +
26.2 pum pre-phenylephrine and 1459 + 17.5 post-
phenylephrine; p=0.474).

Interestingly, changes in AD were related with SCORE
risk estimation (R=0.106; p=0.029), as it is pointed out in
Figure 2 where the highest the SCORE result was, the
smaller change in artery diameter we got. However, no
significant correlation was found between changes in AD
with age (R=0.076; p=0.066). Differently, we found no
significant correlation between VD and SCORE risk esti-
mation (R=0.015; p=0.477) or age (R=0.002; p=0.775).

Discussion

Phenylephrine is a mydriatic agent used commonly by
ophthalmologists to induce pupil dilation. Besides, OCT
is available in every Ophthalmology department. For these
reasons, this phenylephrine-artery contraction test could be

casily performed in 30 minutes and allow both the
ophthalmologist and cardiologist to establish the coronary
risk of the patient. To our knowledge, this is the first study
to analyze the retinal vascular contraction to phenylephr-
ine and its relation with the coronary risk.

Analysis of peripheral vessels as found in subcuta-
neous fat (eg, from gluteal biopsies) could predict risk of
cardiovascular disease events.'® ' These studies suggest
that peripheral vascular remodeling is one of the first
manifestations of target organ damage, taking place before
cardiac hypertrophy or proteinuria. However, analysis of
retinal vessels has the advantage that the study could be
performed in vivo and that it’s possible to observe in vivo
vascular reaction to different stimuli.

Previous studies analyzing the retina using photography
have suggested the retinal arteriolar diameter as a biomarker
of coronary microvascular disease. Retinal arteriolar narrow-
ing has been associated with cardiovascular events.®” Wang
et al found that the smaller retinal arteriolar caliber was
associated with lower hyperemic myocardial blood flow
and perfusion reserve, in asymptomatic adults with no cor-
onary calcification.’ Similarly, Lindley et al demonstrated
that the patients with lacunar stroke were more likely than
those with other stroke subtypes to have microvessel signs

Figure | Arteries’ and veins’ diameters (in um) in vertical peripapillary scans in a 0 SCORE risk patient, (A) pre-phenylephrine and (B) 30 minutes post-phenylephrine,
showing an || pm artery contraction and a 4 SCORE patient, (C) pre-phenylephrine and (D) 30 minutes post-phenylephrine, showing a 0 ym artery contraction. Al, BI, CI
and DI are detailed images of A, B, C and D images, respectively, to easily compare vessel’s diameter.
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Figure 2 Correlation between arteries’ diameter changes before and after pheny-
lephrine and SCORE risk estimation (R=0.106; p=0.029).

that could be depicted as retinal arteriolar narrowing.’
Otherwise, retinal venular morphology could be also related
with cardiovascular diseases. Thus, Ong et al have associated
not only retinal arteriolar narrowing, but also increased arter-
jolar and venular tortuosity with ischemic stroke,** as well as
Klein et al published that a larger retinal venular diameter
could be related with systemic inflammation, measuring
interleukin 6, C-reactive protein, and amyloid A levels.” So
retina vessel analysis could bring heaps of information of
cardiovascular systemic damage. However, technology has
brought today the possibility to in vivo analyze the vessel
retinal caliber with the OCT. Using this device, it is possible
to measure retinal structures in a more reproductive way than
using retinal pictures.'®'? In fact, OCT could become an
important ancillary test to diagnose patients with cerebral
small vessel diseases such as cerebral autosomal dominant
arteriopathy with subcortical infarcts and leukoencephalopa-
thy, in which a larger retinal AD and VD have depicted.'
Furthermore, our study showed that the changes in AD could
be used to ascertain cardiovascular risk of the patient.
Performing an OCT examination takes only one minute per
eye. This phenylephrine test requires a 2-times exploration
disjointed 30 minutes, but it allows the examiner to perform
different patient’s analysis in a short period of time. This
study is based on in vitro analysis with rats and mice that
have revealed that aortic and mesenteric artery, respectively,
respond better to phenylephrine if the cardiovascular state is
desirable.'*'* First, Aloysius et al analyzed the contraction
of the aortic ring of rats with phenylephrine.'* They found
that diabetes induced desensitization of the smooth muscle

cells to phenylephrine stimulation, so normoglycaemic tis-
sues contract significantly more than the diabetic tissues.
They proved that NO modulates phenylephrine contraction
via cyclic guanosine monophosphate (¢cGMP), as blockade of
NO with Nomega-Nitro-L-arginine methyl ester (L-NAME)
enhanced contraction, as well as blockade of cGMP with
methylene blue enhanced contraction, as suggested
previously by Dora et al.>> NO is also proposed by Jiménez-
Altay6 et al to be the principal agent to cause artery contrac-
tion after phenylephrine.'* They analyzed the contraction of
mesenteric arteries in a mouse model of accelerated senes-
cence. Mice with a western-type high-fat diet reflected
a reduced contraction compared with those without this
diet, revealing an aberrant production of NO by the endothe-
lial cells. Before this diet, contraction after phenylephrine
was equally potentiated by L-NAME, however, after high-fat
diet feeding, it could be depicted a suppression of the NO-
mediated modulation of phenylephrine contraction by
L-NAME, that could produce a lower contraction of the
arteries. We believe that all this evidence support our idea
that a worse vascular reactivity to phenylephrine is driven by
endothelial dysfunction and it is therefore a marker of risk, as
proved by the correlationship with the SCORE.

Other tests investigating the contraction to potassium
chloride and relaxation to acetylcholine reflected no differ-
ences between cardiovascular status response in rats or
mice'*'*. Thus, we have chosen phenylephrine to examine
its effect in retinal vessels. Also as it is a common eye
drop easily available and used by ophthalmologists.

Several limitations are present in this study. First, one
single vertical scan has been used. However, these scans
might represent the AD and VD as previously published.'®”
12 As the examiner was masked, no influence in the results
could be associated. Future studies should compare OCT
results with fundus photography measurements such as The
Beaver Dam Eye Study.” Our group considered that OCT
measurement could appreciate better slight changes in retinal
vessel’s diameter.

Secondly, we analyzed the changes only 30 minutes after
phenylephrine drops instillation. Li et al** analyzed changes
in choroidal thickness 0, 30 and 60 minutes after drop instil-
lation. Nevertheless, similar changes were depicted in 30 and
60 minutes measurements. We analyzed differences in
a single 30 minutes post-instillation examination as it may
be convenient for clinical practice due to its simplicity. In
addition, IOP after phenylephrine instillation have not been

assessed and an increase of this measurement might change
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vessel’s diameter. However, ophthalmic evaluation after phe-
nylephrine instillation have ruled out an angle closure.

Thirdly, we have chosen patients with no eye diseases. So
this test could not be performed if glaucoma, pseudoexfolia-
tion or retinal diseases are found, as these pathologies might
change vascular diameters.”> >’ Besides, transparency is
required to perform this analysis, so cataract or corneal dis-
eases could preclude this test. However, as two eyes are
available in human being, if one of them is affected with
these diseases, the other is usable to perform this test.

In addition, 2.5% phenylephrine instillation might rise
systemic blood pressure and this effect might change retinal
vessel’s diameter. Some studies proved no significant systemic
blood pressure change after both 2.5% or the 10%

concentration?®2°

whereas other studies showed a significant
rise.>**!' Future studies might assess systemic blood pressure
30 min after 2.5% phenylephrine instillation. However, we
believe that if a rise of systemic blood pressure is produced, it
is slight and might not change retinal vessel’s diameter or,
even though, retinal artery contraction might be still a useful
cardiovascular risk biomarker.

Moreover, we did not find a suitable explanation in
literature explaining why AD significant thinned after
phenylephrine (p<0.001), whereas no significant changes
could be depicted in VD (p=0.474). It might be related
with the different response of them to nitric oxide, as well
as it might depend on their different stiffness,” but more
studies should be assessed to find out this question.

Finally, our sample size is small. However the results
show that there might be a tendency of correlation
between contraction of retinal arteries and cardiovascular
status that should be studied in subsequent works.

In summary, we present a test to find out the cardio-
vascular status of a patient with a simple OCT analysis
before and after a phenylephrine drop instillation.
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