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Abstract 

Aims and Objectives: To evaluate the ophthalmic artery doppler hemodynamics in patients 

with chronic heart failure in Indian population. 

Methods: Doppler parameters of ophthalmic artery of 40 patients with chronic heart failure 

in different stages of the disease were compared with 40 healthy volunteers (Control group). 

Ophthalmic artery Doppler was performed by a high frequency linear transducer. The 

evaluated parameters were: Systolic velocity, Diastolic velocity and RI (Resistance Index). 

Both the eyes of the patient and volunteers were examined and the average readings were 

taken for analysis. 

Results: Mean diastolic velocity was lower (p<0.001) while mean resistance index was 

higher (p<0.001) in the CHF patients when compared to the control group. Mean systolic 

velocity was not statistically significant different between the two groups (p=0.22). Mean 

systemic arterial blood pressure was significantly lower in the CHF group (81.0 ± 11.2 

mmHg) than in the control group (103.8 ± 9.8 mmHg). 

Conclusion: Lower diastolic velocity and higher resistance index were observed in the 

ophthalmic artery of chronic heart failure patients when compared to the control group, which 

possibly reflects the compensatory flow mechanism with resultant orbital vasoconstriction in 

response to reduced cardiac output. Therefore, the influence of these findings on the structure 

and function of the optic nerve head deserves investigation. 

Keywords: Ophthalmic artery; Doppler; Glaucoma; End diastolic velocity; Resistive Index; 

Chronic heart failure. 

 

Introduction 

Glaucoma is a progressive optic neuropathy which is one of the leading cause of irreversible 

loss of vision worldwide and has a characteristic clinical and ophthalmoscopic findings (1-4). 

The vascular theory describing the mechanism of glaucoma considers optic neuropathy as a 

consequence of insufficient blood perfusion due to either increased intraocular pressure or 

other associated risk factors which leads to a reduction in the ocular blood flow (2). 

Several studies have demonstrated that the reduction in blood perfusion of optic nerve head is 

associated with development of glaucoma (2,5-8). In the Ocular Hypertension Treatment Study, 

previous history of heart disease was one of the important risk factor for the development of 

glaucoma(9). 

Additional evidence suggested the importance of blood flow in the pathogenesis of glaucoma 
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comes from reports of glaucomatous-like optic nerve and visual field damage in patients 

secondary to transient hemodynamic shock (10). 

Chronic heart failure is a common and serious condition in which an abnormality of cardiac 

function is responsible for a failure of the heart to pump adequate amount of blood required 

to meet the metabolic need of the target organ (11). A complex neuro-hormonal system is 

involved in the attempt to compensate heart failure, aiming to maintain adequate perfusion to 

the vital end organ (12). 

The hemodynamic changes in the ophthalmic artery in a patient with heart failure and its 

possible role in the pathogenesis of glaucoma have not yet been significantly investigated. 

Doppler imaging is a non-invasive, easy, and fast ultrasound technique, used in practice to 

measure the blood flow velocity of the ophthalmic vessels. The purpose of this study was to 

evaluate the hemodynamic changes of the ophthalmic artery in patients with chronic heart 

failure using color and spectral Doppler ultrasonography. 

 

Aims & objectives 

To evaluate the ophthalmic artery doppler hemodynamics in patients with chronic heart 

failure in Indian population. 

 

Materials & methods 

A cross-sectional comparative study conducted in the department of Radio Diagnosis, 

Mysore Medical College and Research Institute from December 2021 to June 2022. 

Patients with heart failure symptoms and left ventricle ejection fraction below 55% 

documented by echocardiography were recruited from the Outpatient Department of 

Medicine. Non-cardiopathic volunteers were included as a control group. 

Ethical clearance was obtained from the concerned ethical committee of the hospital and 

informed and written consent was obtained from both the cases and healthy volunteers group 

before the start of the study. 

Patients and volunteers were explained about the study and procedure that they were 

undergoing. Confidentiality of the participants was maintained throughout the study. 

 

A. Inclusion Criteria of the Cases 
- Patients with heart failure symptoms and left ventricle ejection fraction below 55% 

documented by echocardiography. 

- Above 18 years of age and willing to give informed consent. 

 

B. Inclusion Criteria of Controls: 
- Healthy volunteers without any symptoms of cardiac failure and with good ejection 

fraction (~60%) 

- Above 18 years of age and not willing to give informed consent. 

 

C. Exclusion Criteria for Cases and Controls: 
- Prior history of significant ocular disease, ocular trauma or ocular surgery, chronic 

corticosteroid usage (topical or systemic), secondary glaucoma, dense media opacities, 

retinal disease, heart transplantation, stroke or any other neurological diseases were not 

included in the study. 

- The blood pressure readings for systolic and diastolic blood pressure were obtained after 

the participant was seated for 10 minutes. 
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The mean arterial blood pressure was calculated according to the formula:  

Mean Arterial Blood Pressure=2/3 x Diastolic Blood Pressure + 1/3 x Systolic Blood 

Pressure. 

The mean ocular perfusion pressure was calculated as:  

-Mean Ocular Perfusion Pressure=2/3 x Mean Arterial Blood Pressure - Intraocular 

Pressure 

 

Doppler evaluation of the ophthalmic artery 

Identification of ophthalmic artery 

It is a branch of internal carotid artery. It can be consistently located with color flow imaging 

by scanning medial to the optic nerve approximately 15mm posterior to the globe. 

 

Orbital vessels on color Doppler 

Figure 1: Color Doppler Image showing anatomy of orbital vessels and ophthalmic 

artery in relation to globe 

 
 

Normal ophthalmic artery doppler waveform 

Figure 2: The waveform of OA is typical for relatively high resistance artery. There is a 

sharp initial peak followed by an incisura and relatively little flow during diastole. 

 
Ophthalmic artery Doppler was performed by a high frequency linear transducer (L12-4) of 

PhillipsAffiniti70G machine. 
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Patients were examined in the supine position, with head inclined at a 30° angle. The 

transducer was gently placed externally upon the eyelid, avoiding excess pressure. The flow 

velocity was measured at the medial proximal point of ophthalmic artery bilaterally. Doppler 

insonation angle was adjusted between 0 and 40°. 

The evaluated parameters were: Systolic velocity, Diastolic velocity and RI (Resistance 

Index). 

Both the eyes of the patient and volunteers were examined. Three measurements were taken 

from all patients, and their mean value was considered for the final analysis. 

 

Statistical Analysis 

Data were entered and managed in the Microsoft Excel 2010 spreadsheet. Variables were 

tabulated into means for continuous variables and percentages for categorical variables 

Independent t test was used to determine the significance of differences between categorical 

variables and to compare means, all using a 5% significance level 

 

Results 

- 40 CHF patients and 40 non-cardiopathic volunteers were included in the study. 

- No age or gender differences were observed between the CHF patents and the controls 

(Table 1). 

- The results of systolic velocity, diastolic velocity and resistance index of the ophthalmic 

artery are summarized in table 2. 

- Mean end diastolic velocity was lower (p<0.001) while mean resistance index was higher 

(p<0.001) in the CHF patients when compared to the control group. 

- Mean peak systolic velocity was not statistically significant different between the two 

groups (p=0.22) 

- Mean systemic arterial blood pressure was significantly lower in the CHF group (81.0 ± 

11.2 mmHg) than in the control group (103.8 ± 9.8 mmHg). 

 

 Chronic heart failure group, n=40 Control group n=40 

Age (years), mean ± SD 51.2 ± 11 51.4 ± 12 

Male 26 (65%) 27 (67.5%) 

Female 14 (35%) 13 (32.5%) 

Table 1 : Table showing mean Age and gender between cases and control group 

 

 
CHF group N=40 

(mm Hg) mean+/-SD 

Control group N=40 

(mm Hg) mean+/-SD 
p 

Systemic SBP 100.6+/-12.8 126.1+/-12.6 <0.001 

Systemic DBP 70.1+/-10.7 91.4+/-8 <0.001 

Mean arterial pressure 81.0+/-11/2 103.8+/-9.8 <0.001 

Ocular perfusion pressure 42.2+/-7.2 54.4+/-7.2 <0.001 

Color Doppler of the Ophthalmic artery, Mean+/-SD 

Systolic velocity    (cm/s) 53.02+/-8.5 55.52+/-9.26 0.220 

Diastolic velocity (cm/s) 10.90+/-2.3 17.36+/-3.8 <0.001 

Resistive index 0.75+/-0.03 0.64+/-0.03 <0.001 

Table 2 : Table showing mean values of SBP, DBP, Mean arterial pressure, Ocular 

perfusion pressure and doppler parameters with significance level between cases and 

control groups 
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Figure 3: Ophthalmic artery doppler in healthy controls showing normal resistive 

index. (PSV- 63.45 cm / sec. EDV – 21.12 cm / sec. RI – 0.66) 

  
 

 

Figure 4: Ophthalmic artery doppler in CHF patients showing low EDV and high 

resistive index (PSV – 42.36 cm / sec. EDV- 10.18 cm/ sec. RI – 0.76) 

 
 

 

 

Discussion 

This study evaluated the doppler indices of ophthalmic artery in patients with chronic heart 

failure. Low cardiac output is associated with compensatory homeostatic mechanisms of 

peripheral vasoconstriction in an attempt to maintain optimum blood pressure and reduced 

blood perfusion to critical organs such as the brain and heart (13,14) 

On the other hand, the excessive vasoconstriction of the ocular vessels may be related to 

reduction in the perfusion with tissue death of the optic nerve head. (6). Therefore, patients 

with CHF could have a higher risk of developing glaucoma secondary to hemodynamic 

alterations of the ocular microvasculature. 

PSV       63.45 cm/s 

EDV       21.12 cm/s 

RI          0.66 

 

PSV       42.36 cm/s 

EDV       10.18 cm/s 

RI          0.76 
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The finding of low diastolic blood pressure correlating with high resistance index and low 

diastolic velocity of the ophthalmic artery possibly reflects the pathophysiology of heart 

failure and presence of vasoconstriction as a compensatory response to reduced cardiac 

output (15). 

CHF patients had lower diastolic velocity and a higher RI in ophthalmic artery as compared 

to those in control group. Studies with colour Doppler imaging found reduced systolic and 

diastolic velocity peaks, as well as, an increased RI of the retro bulbar vessels in patients 

diagnosed with glaucoma, when compared to healthy control subjects. (2,3,5,8,15,16) Therefore, it 

is possible that patients with CHF have higher risk of developing normal tension glaucoma 

and blood flow alterations in turn related to the pathogenesis. 

This study has few limitations, such as the presence of heart disease at different stages which 

may have changes in the ocular microvasculature. Moreover, despite the similarity of gender 

and age between the studied groups, few other confounding factors were not controlled, such 

as carotid atherosclerosis and medication use. 

 

Conclusion 
This study demonstrated a high resistance flow pattern in form of reduced diastolic velocity 

and increased resistance index in ophthalmic artery of patients with chronic heart failure. 

Systemic blood pressure may be a good clinical parameter in prediction and determination of 

cardiac patients with a higher risk of developing alteration in ophthalmic vascular flow 

parameters. 

The results of this study suggest that heart failure could be an important risk factor for low 

ocular perfusion, which is considered to be an important risk factor for development of 

glaucoma; however, this topic deserves attention and further evaluation. 
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