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Abstract

Purpose: Our aim was to correlate cardiovascular risk factor estimation with bulbar conjunctival 

blood flow metrics as measured through Functional Slit Lamp Biomicroscopy (FSLB).

Methods: Cross-sectional study of individuals with otherwise healthy eyelid and corneal 

anatomy recruited from the Miami Veterans Affairs (VA) Healthcare System eye clinic. We 

measured conjunctival microvascular hemodynamics by mounting a camera on a slit lamp and 

cardiovascular risk using the Framingham risk score. Our main outcome measures were 

correlations between conjunctival vessel parameters (axial and cross-sectional blood flow velocity, 

blood flow rate) and Framingham score.

Results: We included 84 patients who underwent FSLB. The mean age was 60 years, the 

majority were male (88%) and approximately half the patients were black (54%). Mean vessel 

diameter was similar between all Framingham score categories. Axial and cross-sectional blood 

flow velocities and blood flow rate were lower in individuals with higher Framingham risk score. 

Specifically, mean cross-sectional blood flow velocity in individuals with a low Framingham risk 

score was 0.37±0.0.9 mm/s, with an intermediate score was 0.30±0.09 mm/s, and with a high 

score was 0.29±0.10 mm/s, p=0.04. Mean blood flow rate in individuals with a low Framingham 

risk score was 133.4±59.6 pl/s, with an intermediate score was 123.6±39.3 pl/s, and with a high 

score was 121.9±52.6 pl/s, p=0.04. The beta coefficient of the blood flow rate for change in 

Framingham score was −0.73; 95% CI-1.34—0.13, p=0.02, adjusted for race.

Address for correspondence and reprints: Anat Galor, University of Miami; agalor@med.miami.edu. 1201 NW 16th Street, Miami, 
FL 33125; Phone: 305-575-7000, Fax: 305-575-3312. 

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication.As a service to our 
customers we are providing this early version of the manuscript.The manuscript will undergo copyediting, typesetting, and review of 
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be 
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

Declaration of interest:
The authors report no conflicts of interest. The authors alone are responsible for the content and writing of the paper.

Meeting Presentation:
This material has not been presented or been under consideration for presentation anywhere.

Access to data:
Anat Galor and Leonardo Tamariz had full access to all the data in the study and take responsibility for the integrity of the data and the 
accuracy of the data analysis.

HHS Public Access
Author manuscript
Ocul Surf. Author manuscript; available in PMC 2020 January 01.

Published in final edited form as:
Ocul Surf. 2019 January ; 17(1): 64–69. doi:10.1016/j.jtos.2018.09.002.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Conclusion: FSLB correlates with cardiovascular risk estimation. Future studies should evaluate 

if FSLB can predict cardiovascular outcomes.
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Introduction

The prevalence of cardiovascular risk factors continues to increase.1 This increase has 

catapulted cardiovascular diseases (CVD) to be the most common cause of death in the 

United States.2 Both cardiovascular risk factors and diseases are also related to an important 

burden of disability and health care costs.2 Estimating cardiovascular risk requires a history, 

physical exam and laboratory evaluation. The need for laboratory results is a significant 

limitation for in person and point of care estimation.3 There is a need for simpler 

cardiovascular risk estimation.

The Framingham score is the most common cardiovascular risk estimator used in clinical 

practice.4 Newer biomarkers, like E-selectin, Leptin, osteoprotegerin and oxidized low-

density lipoprotein improve the predictability of the score.5 The only available point of care 

estimators rely on obtaining capillary blood to measure total and HDL cholesterol and 

glycosylated hemoglobin at the time of physician consultation.6 Resistance to the adoption 

of these miniaturized, portable point-of-care tests is in part explained by the challenges of 

cost, calibration requirements, maintenance of equipment, and others detailed by King et. al.
7 Therefore, there is a need for low cost and easy to use CVD risk stratification.

Functional Slit Lamp Biomicroscopy (FSLB) is a reliable, cost-effective, and low-

maintenance way to identify microvascular hemodynamics in the conjunctiva.8 Imaging via 

this technique is fast and easy, while processing of the images is a lengthy process which 

could be sped up with more automation, as demonstrated by Khansari et al.9 Several studies 

have found correlations between conjunctival microcirculation and the vessels in the rest of 

the body.3, 8, 10–13 For example, individuals with type 2 diabetes were found to have wider 

conjunctival vessel diameters and more abnormal microvascular distribution than healthy 

controls.12, 13

Based on the premise that cardiovascular risk estimation is cumbersome, that we need newer 

ways to identify patients at risk of CVD, and that bulbar conjunctival micro-circulation 

relates to vessels in other parts of the body, we hypothesize that directly visualizing 

conjunctival vessels may provide a direct window into cardiovascular health. Therefore, the 

aim of this study was to evaluate the correlation between cardiovascular risk factor 

estimation and bulbar conjunctival blood flow metrics as measured through FSLB, while 

considering the effects of race and ethnicity.
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Methods

Study design, setting and population

We conducted a cross-sectional study of patients with otherwise healthy eyelid and corneal 

anatomy who were prospectively recruited from the Miami Veterans Affairs (VA) Healthcare 

System eye clinic between October 2014 and February 2017 and underwent a complete 

ocular surface examination. Patients were excluded from participation if they wore contact 

lenses, underwent refractive surgery, used ocular medications with the exception of artificial 

tears, had ocular co-morbidities (pterygium, glaucoma, infection), had HIV, sarcoidosis, 

graft-versus host disease or a collagen vascular disease, or had cataract surgery within the 

last 6 months or any glaucoma or retinal surgery. The study was approved by the Miami VA 

Institutional Review Board and all subjects signed informed consent.

Cardiovascular risk estimation

We used the Framingham risk equation to quantify the estimated 10-year absolute 

cardiovascular risk for each individual. The score used was the adaptation of the original 

score developed on Framingham participants 30–74 years of age without overt heart disease 

at baseline. We calculated the Framingham risk score using age, sex, smoking status, 

prevalent diabetes, use of anti-hypertensive drugs, and systolic blood pressure and total and 

HDL cholesterol.14 This score has been found to be a better predictor of events than other 

older versions of the Framigham score.15 We defined groups of CV risk as: low risk (<10%), 

moderate (10–20%), and high (>20%). The investigator imaging the patients was blinded to 

the risk scores.

Other variables collected

Before having the FSLB, research participants were given a questionnaire to collect 

demographics. We collected race and ethnicity using the census definition of race and 

ethnicity. We also collected co-morbidity information including information on diabetes and 

hypertension. The Charlson comorbidity weighted index was calculated based on patient 

self-report and review of the medical record.16

Functional slit lamp biomicroscopy

The FSLB imaging system is composed of a digital camera (Canon) and a traditional slit-

lamp. As described previously17, the camera has a Movie Crop Function (MCF) that uses a 

center portion of pixels on the camera chip to generate an equivalent of ~7× magnification 

for high speed video recording at 60 frames per second (fps) without the loss of image 

quality. With the built-in optical magnifications of up to 25× in the slit-lamp, the total 

magnification can be set up to ~175×. This imaging system is capable of capturing the 

movement of red blood cells (RBC) clusters which allows the blood flow velocity and vessel 

diameter to be measured.18, 19 We previously found that a sample size of 15 venules 

produced an acceptable standard error of 15%. For this study, the images and videos were 

captured under green light, as the red blood cells absorb green light more than surrounding 

tissues. We asked the patient to focus on a point in the far left field of vision. The images 

and videos were taken only of the right eye. The images of conjunctival vessels were first 
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taken with a slit lamp magnification of 16x and a field of view of about 15.70 × 10.47 

mm2.17 The size of the slit lamp light was at the maximum, set at half brightness, and placed 

at 20 degrees nasally. The images were followed by a video at a slit lamp magnification of 

24x. This provides more than the suggested minimum of 1 pixel for one red blood cell. The 

slit lamp light size was reduced to 3 × 3mm2, placed 45 degrees temporally, and brightness 

was increased to the maximum. The video was taken of six separate fields of view of the 

temporal bulbar conjunctival vessels for a couple seconds each to assure that more than 15 

venules were recorded and analyzed per subject. The International Standards Organization 

(ISO) sensitivity was set at 200 for pictures and 400 for video.

Imaging bulbar conjunctival nMPMs and fractal analysis

Custom software was used for the quantification of microvascular morphology and 

hemodynamics as described previously.17–19 The complexity of the microvascular 

morphology was represented as the fractional, or monofractal, dimension and the 

multifractal dimension. Both strategies measure the irregularity and complexity of a 

geometric structure, with the multifractal dimension being a more sensitive way of 

measuring vascular complexity due to the retina’s multifractal nature.20, 21

Imaging bulbar conjunctival hemodynamics

The software was also used to semi-automatically process the video clips to yield vessel 

diameters, lengths, vessel covering areas, blood flow rate, and cross-sectional and axial 

velocities for all measurable venules. Only conjunctival venules were analyzed for blood 

flow velocity because the conjunctival pre-capillary arteriole blood flow velocity can be 

impacted by the pulse. Venules were distinguished from arterioles based on their diameter 

(bulbar conjunctiva arterioles are smaller than venules) and by the direction of flow (venule 

collected flow from branches in the bifurcation). The average diameter of vessels was 

calculated based on images converted from the video clips in which the velocity was 

measured.

The measurement of blood flow velocity was based on the space-time image technique. The 

videos are first cropped into 6 separate videos for each of the 6 fields of view and then run 

through custom software developed on Matlab to convert each video into individual images. 

At least 30 consecutive images were selected from each video and the centerlines of each of 

the vessels were automatically determined. The new images were then run through custom 

Matlab software to yield spatial-temporal images (Figure 1). The y-axis of the image is the 

vessel path length, while the x-axis is the time elapsed in the video. Slope of the bands on 

the images were manually indicated to yield axial blood flow velocity (mm/s).

The cross-sectional velocity (mm/s) and blood flow rate (pl/s) were calculated from the axial 

blood velocity based on an equation previously published to better represent blood flow 

velocity in vessels with diameter smaller than approximately 20 μm.22, 23 The accuracy and 

repeatability of this method has been reported in one of our previous studies.19
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Statistical analysis

We reported baseline characteristics and blood flow metrics using percentages, means and 

standard deviations and compared the distribution of variables between groups using 

analysis of variance (ANOVA) and Chi Square methodology, as appropriate. We next 

examined blood flow parameters by race, while adjusting for age.

To determine the effect of cardiovascular risk on blood flow, we used linear regression to 

calculate the beta-coefficient of the 10-year risk and the corresponding 95% confidence 

interval (CI). We included race as the main adjusting variable and could not adjust for age, 

gender or the Charlson score because they are components of the cardiovascular risk scores. 

We further assessed the isolated impact of hypertension and diabetes on mean blood flow via 

a stratified analysis. Analyses were performed using STATA 14.0 (College Station, Texas), 

all significance tests were two-tailed, and a p value <0.05 was considered significant.

Results

Baseline characteristics

Table 1 reports the baseline characteristics of 84 patients who underwent FSLB. The mean 

age was 60.8±9.4 years old, the majority were male (88%) and approximately half of the 

patients were black (54%). Table 1 also reports the 84 patients stratified by race and 

ethnicity. Black patients were younger (58 years) and had a higher Charlson score while 

Hispanics were more likely to have diabetes and less likely to have hyper-tension.

Effect of age, race and ethnicity over blood flow

Table 2 reports FSLB measures by race and ethnicity, adjusted for age. Mean vessel 

diameter was similar between all races. Axial and cross-sectional blood flow velocities and 

blood flow rate were higher in blacks when compared to other races (p<0.05).

Effect of Framingham risk score over blood flow

The majority of patients had a Framingham score of greater than 20%. Patients who had a 

high Framingham score were older, more likely to be male, and had more prevalent 

cardiovascular risk factors and comorbidities (all p<0.05). (Table 3)

Table 4 reports the FSLB measures by Framingham risk score. Mean vessel diameter was 

similar between all Framingham score categories. Cross-sectional flow velocity and blood 

flow rate were lower in the high Framingham risk score group (p<0.05).The beta coefficient 

of the blood flow for the change in Framingham score was −0.73; 95% CI −1.34 to −0.13 

p=0.02 adjusted for race (Table 5).

To evaluate the isolated effects of diabetes and/or hypertension on mean blood flow rate, we 

next grouped subjects into categories based on the presence or absence of these co-

morbidities. Individuals without diabetes or hypertension had higher blood flow rates 

(n=22,138.1 mm/s ±47.7) compared to those with hypertension alone (n=39, 136.1 mm/s 

± 56.6), diabetes alone (n=4,122.1 mm/s ± 55.7) and both hypertension and diabetes 

(n=19,105.1 mm/s ± 67), but the difference was not significant p>0.05.
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Discussion

Our results report two important findings. First, that conjunctival blood flow differs by race 

and ethnicity and second that slower bulbar conjunctival blood flow rates are associated with 

higher cardiovascular risk. Our study also showed that this lower blood flow was 

independent of race and ethnicity.

The use of retinal microvasculature in estimating cardiovascular risk24, 25 and the use of 

bulbar conjunctival blood flow to assess the effects of sickle cell disease and diabetes have 

been investigated in numerous studies.3, 12, 13, 26, 27 The use of the easily accessible bulbar 

conjunctival flow, however, has not yet been assessed as a means to understand 

cardiovascular risk in patients.

The gradual decrease of the blood flow rate with the incremental increase of Framingham 

score mirrors a pattern found in a study where the combined severity of several bulbar 

conjunctival microvascular abnormalities corresponded with the severity of type 2 diabetes 

mellitus.13 This suggests the bulbar conjunctival blood flow may be used to determine the 

extent of cardiovascular risk rather than merely the presence of it. In another study, an 

improvement in bulbar conjunctival flow stoppage and a noticeable but not significant 

increase in blood flow velocity was seen after a simultaneous pancreas-kidney 

transplantation in a type 1 diabetics.11 This suggests that the decreased flow rate seen in our 

study may be reversed by proper management of cardiovascular risk. A similar decrease in 

axial blood flow velocity was also reported in individuals with sickle cell disease.26 In 

conjunction, our findings suggest that factors determining high cardiovascular risk such as 

hypertension, smoking, obesity and diabetes can be considered systemic hematological 

abnormalities and may be causing altered conjunctival micro-vascular hemodynamics, 

perhaps through microvascular occlusion or endothelial dys-function. Several previous 

studies have shown that hypertension, dyslipidaemia, and insulin resistance predict worse 

microvascular endothelial function.28, 29 Our findings that conjunctival microvascular 

hemodynamics, specifically blood flow rate, are affected by changes in CVD risk factors, 

raises the possibility that endothelial dysfunction is directly affecting hemodynamics.

While the blood vessel diameter in our study did not significantly differ between patients 

with low, middle, and high Framingham scores, other diseases have shown variability in 

vessel diameter. Diabetics were found to have larger conjunctival vessel diameters11, 13 

while no significant difference in conjunctival vessel diameter were found among those with 

and without sickle cell disease.26, 27 As our differences in diameter did not significantly 

change based on cardiovascular risk, we can assume that the significant difference in blood 

flow is attributed to cardiovascular risk and not just diameter.

While narrowing of the retinal microvasculature has been used as a surrogate marker of 

cardiovascular risk, it is interesting that examination of retinal blood velocities showed an 

inverse relationship with coronary flow.30 As slow coronary flow is related to a high risk of 

coronary atherosclerosis, Arbel et al. considered higher retinal blood flow velocities to be an 

indicator of coronary atherosclerosis risk. Coronary atherosclerosis has been linked with a 

higher Framingham score and is considered to have added value in predicting cardiovascular 
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disease occurrence.31, 32 In our study, lower conjunctival microvascular flow (and not higher 

flow as seen in the retina) associated with CVD. Other forms of microcirculation have 

shown similar patterns as bulbar conjunctival flow. Sublingual and bulbar conjunctival flow 

have been found to be substitutable in a rat model33, and sublingual flow has been shown to 

have a reduced index in another CVD, pulmonary arterial hypertension.34

Our study examined the relationship between bulbar conjunctival hemodynamics and race, 

and saw a significantly heightened axial and cross-sectional blood flow velocity and blood 

flow rate in the black population. While we do not have an explanation for this finding, it is 

well known that blacks have a different cardiovascular risk profile than whites. Even in black 

patients free of traditional cardiovascular risk factors, poor micro-vascular endothelial 

function and arterial stiffness were observed.35 The black population has been widely found 

to have higher hypertension, to be more aware of it, and to be more likely to be treated than 

whites, but to have less success in controlling their blood pressure during treatment.36−38 

The black population also has been found to experience a significantly higher rate of 

comorbidities, including dyslipidemia, obesity, diabetes mellitus, chronic kidney disease, 

coronary artery disease, and transient ischemic attack, than other races in America.39

The limitations of our study should be taken into account when interpreting our results. The 

cross-sectional nature of our study limits our bulbar conjunctival blood flow measurements 

and the measurement of some of our cardiovascular risk factors to a very small time period. 

The information requested from the patients was gathered in the form of self-reported 

questionnaires. We did not standardize patients as far as comorbidities, so because we 

focused on Framingham scores, any comorbidities that fall outside of that calculation may 

have affected bulbar conjunctival hemodynamics despite the significant relationship between 

cardiovascular risk and conjunctival blood flow. Also the Framingham risk score does not 

have the same predictability in minorities because it was developed in white middle age 

men.

Despite these limitations, our study demonstrated that bulbar conjunctival blood flow has a 

significant inverse relationship with the Framingham risk scores. The technique used to 

determine conjunctival hemodynamics is reliable, simple, inexpensive, and with some 

automation of image and video processing, very quick. The trend in microvascular blood 

flow rate indicates the possible utility of the bulbar conjunctival micro-vasculature in 

indicating cardiovascular risk. This study is a supplement to existing knowledge that 

microcirculation is a viable proxy for detecting systemic issues. It is worth looking further 

into the value of bulbar conjunctival hemodynamics in predicting risk of cardiac events and 

health outside the purview of the Framingham score, such as coronary atherosclerosis. The 

racial disparities in conjunctival hemodynamics are significant but must be taken into 

consideration with intrinsic differences in cardiac health of the different racial populations. 

Considering our findings, it is important that race should be accounted for when determining 

healthy blood flow rates. Further studies that are race-specific with larger sample sizes are 

needed to clarify the role of bulbar conjunctival blood flow rate as a diagnostic tool for 

cardiovascular risk.
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Figure 1. 
Spatial-temporal Image Generated to Determine Axial Blood Flow Velocity. A space 

time image is generated by custom Matlab software using at least 30 consecutive frames 

from a video of bulbar conjunctival blood flow. The vessel path length is represented on the 

Y axis and the time in the video is represented on the X axis. The slope is manually outlined 

as the pictured red lines and automatically calculated as the axial blood velocity.
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Table 1:

Baseline characteristics by race and ethnicity

Characteristic White Black Hispanic p-value

Number 20 43 21

Age, years, mean±SD 65.8±8.3 57.6±9.6 62.5±7.7 0.02

Male gender, % 95 84 90 0.40

Diabetes, % 20 27 33 0.62

Hypertension, % 75 72 57 0.38

Charlson comorbidity score, mean±SD 0.6±0.94 1.18±1.09 1.04±0.92 0.12

SD=standard deviation
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Table 2:

Age adjusted Functional slit lamp biomicroscopy (FSLB) measures by race and ethnicity

FSLB measure mean ± SD White Black Hispanic p-value

Number 20 43 21

Mean vessel diameter μm) 21.0±0.19 21.3±0.04 20.3±0.04 0.08

Mean vessel length (μm) 211.3±.6 218.8±0.22 254.0±3.2 0.15

Axial blood flow velocity (mm/s) 0.41±0.003 0.52±0.001 0.42±0.002 0.03

Cross-sectional blood flow velocity (mm/s) 0.29±0.001 0.36±0.0007 0.29±0.001 0.02

Blood flow rate (pl/s) 109.2±3.32 148.1±0.02 107.5±1.51 0.03

Fractional dimension 1.61 ±0.0003 1.64±0.0001 1.60±0.0003 0.16

Multi-fractal dimension 1.66±0.0001 1.68±0.0003 1.64±0.004 0.32

SE=standard error
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Table 3:

Baseline characteristics by Framingham score

Characteristic Low Framingham score 
(<10%)

Intermediate Framingham 
score (10–20%)

High Framingham score 
(>20%)

p-value

Number 11 14 59

Age, years, mean±SD 47.4±8.3 56.5±3.7 64.3±7.8 <0.01

Male gender, % 36 86 98 <0.01

Black, % 64 64 49 0.45

Hispanic, % 18 14 29 0.45

Diabetes, % 9 7 36 0.03

Hypertension, % 27 36 69 <0.01

Charlson comorbidity score, mean
±SD

0.54±0.82 0.85±1.09 1.13±1.09 0.66

SD=standard deviation
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Table 4:

Functional slit lamp biomicroscopy (FSLB) by Framingham score

Low Framingham score 
Mean ± SD

Intermediate 
Framingham score 
Mean ± SD

High Framingham score 
Mean ± SD

P-value

Number 11 14 59

Mean vessel diameter μm) 19.5±3.2 21.5±2.0 21.3±2.8 0.90

Mean vessel length (μm) 246.6±85.7 227.8±45.9 224.4±51.0 <0.01

Axial blood flow velocity (mm/s) 0.54±0.13 0.44±0.13 0.42±0.15 0.05

Cross-sectional blood flow velocity (mm/s) 0.37±0.0.9 0.30±0.09 0.29±0.10 0.04

Blood flow rate (pl/s) 133.4±59.6 123.6±39.3 121.9±52.6 0.04

Fractional dimension 1.64±0.45 1.64±0.03 1.63±0.05 0.65

Multi-fractal dimension 1.67±0.02 1.67±0.03 1.66±0.04 0.78

SD=standard deviation
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Table 5:

Race adjusted beta coefficients for the Framingham risk score on each FSLB measure

Beta coefficient (95% CI) p-value

Mean vessel diameter 0.11 (−2.39–2.61) 0.92

Mean vessel length −28.4 (−80.8–23.9) 0.27

Axial blood flow velocity −0.07 (−0.22–0.07) 0.30

Cross-sectional blood flow velocity −0.03 (−0.16–0.10) 0.61

Blood flow rate −0.73 (−1.34–0.13) 0.02

Fractional dimension 0.008 (−0.043–0.060) 0.74

Multi-fractal dimension −0.016 (−0.10–0.06) 0.69

CI=confidence interval
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