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Abnormal vascular regulation in the ophthalmic artery of chronic heart failure patients
Alteração na regulação vascular da artéria oftálmica em pacientes com insuficiência cardíaca crônica
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In a previous article we described findings of color Doppler ima-
ging of ophthalmic artery in chronic heart failure (CHF) patients(1). 
CHF patients presented lower blood flow velocities and higher 
resistance index in ophthalmic artery when compared to control 
group. Our research group also reported that CHF is associated with 
glaucomatous optic nerve head changes that correlate with ocular 
perfusion pressure (OPP) and echocardiographic parameters(2). 
Herein, we expand on these findings and show the relationship 
between OPP and blood flow parameters of ophthalmic artery in 
CHF patients.

METHODS
A cross-sectional study was performed. Patients with CHF symp-

toms and left ventricle ejection fractions below 55% documented by 
echocardiography were recruited from the outpatient heart failure 
clinic of the Federal University of São Paulo, Brazil. Noncardiopathic 
volunteers were included as a control group. 

Doppler parameters of ophthalmic artery of 18 patients with CHF 
in different stages of disease were compared with 18 healthy vo-
lunteers (control group). Ophthalmic artery blood flow velocities 
were measured by transpalpebral Doppler ultrasound (EnVisor - 
Philips, Bothell, WA, USA), with a linear high frequency transducer 
(10MHz). Participants also underwent a standardized examination 
that included slit-lamp biomicroscopy, gonioscopy, Goldmann ap-
planation tonometry, and systemic blood pressure measurement. 
CHF patients and control subjects under 18 years of age, patients 
with a prior history of significant ocular disease, ocular trauma or 
ocular surgery, spherical equivalent greater than ±4.0 D, chronic 
corticosteroid usage (topical or systemic), angle closure suspect, 
secondary glaucoma, dense media opacities, retinal disease, heart 
transplantation, stroke or any other neurological diseases were not 
included in the study.

Systolic and diastolic blood pressure readings were obtained and 
used to calculate the mean arterial blood pressure (MAP) according 
to the following formula: MAP=2/3* diastolic blood pressure +1/3* 
systolic blood pressure. The mean OPP was calculated using the 
following formula: OPP=2/3 * MAP - IOP.

To take into account the correlation between both eyes of the 
same individual, generalized estimating equation regression was used 
to evaluate the relationship between the Doppler parameters of 
ophthalmic artery and mean OPP.

RESULTS
No age or gender differences were observed between CHF pa-

tients and controls. Mean OPP was significantly lower in CHF group 
than in control group (p<0.001). Mean resistance index of ophthalmic 
artery was significantly higher in CHF group than in control group 
(p=0.04). Figure 1 shows the relationship between the resistance in-
dex of the ophthalmic artery and the mean OPP for CHF patients and 
control subjects. Each decrease in 10 mmHg in the mean OPP was 
associated with a 0.06 increase in the resistance index of the ophthal-
mic artery of CHF patients (slope=-0.06; p=0.04). Such correlation was 
not statistically significant in the control group (p=0.48).

COMMENTS
The negative correlation between OPP and resistance index in 

CHF patients indicates an abnormal ocular vascular regulation, which 
is likely related to the pathophysiology of the disease. The reduction 
in cardiac output is associated with compensatory mechanisms 

Figure 1. Relationship between resistance index of the ophthalmic artery and mean 
ocular perfusion pressure for chronic heart failure (CHF) patients and control subjects. 
Black circles and solid line correspond to CHF data, while hollow triangles and dashed 
line correspond to control group data.
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that include peripheral vasoconstriction in an attempt to maintain 
satisfactory blood pressure and perfusion to essential tissues such 
as the heart and brain. In CHF patients, the sympathetic and renin-
angiotensin systems are activated as a neurohormonal response 
to maintain cardiac output and hemodynamic balance(3). However, 
excessive neurohormonal activity during CHF causes an increased 
cerebral vascular resistance, which is often accompanied by symp-
toms, such as cognitive dysfunction(4). In the retrobulbar circulation, 
vasoconstriction may cause instability in blood flow to the optic 
nerve head. Ischemia followed by reperfusion is a known cause of 
oxidative stress and cell death by apoptosis(5). According to this pa
thophysiology, patients with CHF could theoretically be exposed 
to hemodynamic changes in ocular microcirculation and have an 
increased risk for developing glaucoma. In fact, previous study have 
shown an association between CHF and glaucomatous optic nerve 
head alterations(2). 

In conclusion, the abnormal relationship between resistance in
dex of ophthalmic artery and OPP corroborates to the hypothesized 
vascular mechanism of the reported glaucomatous optic nerve 
head alterations in CHF patients. Prospective longitudinal studies 
are required to confirm the causal relationship between abnormal 
ocular blood flow and optic nerve head alterations in patients with 
heart failure.
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