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Abstract

Purpose Untreated hypertension is

associated with ocular complications and is a

risk factor for the development and

progression of vascular ocular pathologies. We

set out to investigate the association between

systemic blood pressure and choroidal blood

flow.

Methods All subjects were male non-

smokers, who did not receive any medication

and had normal or slightly elevated blood

pressure (systolic blood pressure r160mmHg;

diastolic blood pressure r100mmHg). The

association between systemic blood pressure

and fundus pulsation amplitude, a measure of

pulsatile choroidal blood flow, was

investigated in 318 volunteers. In addition, the

association between systemic blood pressure

and blood flow velocities in the posterior

ciliary arteries supplying the choroid was

investigated in these subjects.

Results Ocular fundus pulsation amplitude

(r¼ 0.252; Po0.001) and mean flow velocity in

the posterior ciliary arteries (r¼ 0.346,

Po0.001) were significantly associated with

mean arterial pressure. The correlation of

ocular haemodynamic variables with systolic

and diastolic blood pressure was in the same

range.

Conclusions Our data indicate a small, but

significant increase in choroidal blood flow

with increasing blood pressure.
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Introduction

Hypertensive retinopathy is a common ocular

complication of untreated systemic

hypertension.1,2 When blood pressure is

adequately controlled hypertensive retinopathy

is normally not seen,1 which indicates that these

structural alterations are closely linked to an

abnormally elevated ocular perfusion pressure.

However, there are little data available on the

effect of systemic hypertension on choroidal

perfusion in humans, which may be related to

the difficulties in assessing blood flow in this

vascular bed. Laser Doppler flowmetry

measures choroidal blood flow in relative units.3

Inter-group comparison of such data is

hampered, because absolute flow values as

measured with laser Doppler flowmetry

strongly depend on the scattering properties of

the surrounding tissue and the specific

angioarchitecture, which is subject to high inter-

individual variation.4

In the present study we therefore used two

alternative methods to investigate the

association between choroidal haemodynamics

and systemic blood pressure. Pulsatile choroidal

blood flow was assessed using laser

interferometric measurement of fundus

pulsation.5 In addition, blood flow velocities in

the posterior ciliary arteries supplying the

choroid were measured with colour Doppler

imaging.6 The study was performed in male

subjects with either normal blood pressure or

mild untreated hypertension.

Materials and methods

Subjects

After ethics committee approval, 318 male non-

smoking volunteers in the age range between 19

and 40 years with a systolic blood pressure

(SBP) �160 mmHg and a diastolic blood

pressure (DBP) �100 mmHg were studied. All

subjects were drug free for at least 3 weeks and

did not use any regular medication. All subjects

gave written consent to participate. Each subject

passed a screening examination that included

medical history and physical examination, 12-

lead electrocardiogram, complete blood count,

activated partial thromboplastin time, thrombin

time, fibrinogen, clinical chemistry (sodium,

potassium, creatinine, uric acid, glucose,
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cholesterol, triglycerides, alanine aminotransferase,

aspartate aminotransferase, g-glutamyltransferase,

alkaline phosphatase, total bilirubin, total protein),

hepatitis A, B, C and HIV-serology, urine analysis,

and a random urine drug screen. Furthermore, an

ophthalmic examination, including slit lamp

biomicroscopy and indirect funduscopy, was performed.

Inclusion criteria were normal laboratory values,

normal ophthalmic findings and a refractive error of less

than 3 dioptres in either eye. In all subjects the right eye

was studied.

Study design

For all subjects a resting period of at least 20 min was

scheduled. After stable haemodynamic conditions were

reached, which was verified by repeated blood pressure

measurement, ocular fundus pulsation, blood velocities

in the posterior ciliary arteries, blood pressure, and pulse

rate were measured.

Study methods

Blood pressure and pulse rate SBP, DBP and mean blood

pressures (MAP) were measured on the upper arm by an

automated oscillometric device (HP-CMS patient

monitor, Hewlett Packard, Palo Alto, CA, USA). Pulse

pressure amplitude (PPA) was calculated as SBP�DBP. In

analogy to the ultrasound measure resistive index a

blood pressure index (BPI) was calculated as BPI¼
(SBP–DBP)/SBP.7 Pulse rate was automatically recorded

from a finger pulse oxymetric device (HP-CMS

patient monitor).

Fundus pulsation Pulse synchronous pulsations of the

eye fundus were assessed by laser interferometry in the

subject’s right eye. The method is described in detail by

Schmetterer et al.8 Briefly, the eye is illuminated by the

beam of a single mode laser diode with a wavelength (l)

of 783 nm. The light is reflected at both the front side of

the cornea and the retina. The two re-emitted waves

produce interference fringes, which allow the calculation

of the distance changes between cornea and retina

during a cardiac cycle. Distance changes between cornea

and retina lead to a corresponding variation of the

interference order (DN(t)). This change in interference

order can be evaluated by counting the fringes moving

inwards and outwards during the cardiac cycle. Changes

in optical distance (DL(t)), corresponding to the cornea–

retina distance changes, can then be calculated by

DL(t)¼ DN(t)l/2. The maximum distance change is

called the fundus pulsation amplitude (FPA) and

estimates the local pulsatile blood flow.5 FPA was

calculated as the mean of at least five cardiac cycles. To

obtain information on the choroidal blood flow, the

macula, which lacks retinal vasculature, was chosen for

measurements.

Doppler sonography Mean blood flow velocity (MFV),

peak systolic flow velocity (PSV), and end diastolic

flow velocity (EDV) were determined in the right

posterior ciliary arteries with colour Doppler imaging

as described in detail elsewhere.6 MFV was measured

manually as time mean of the spectral outline.

Measurements were performed with a 7.5 MHz probe

(CFM 750, Vingmed Sound, Horten, Norway). The

resistive index in the posterior ciliary arteries was

calculated as RI¼ (PSV�EDV)/PSV. All parameters

were determined as mean values over at least three

cardiac cycles.

Data analysis

All statistical analyses were done using the Statisticas

software package (Release 4.5, StatSoft Inc., Tulsa, OK,

USA). The association between ocular and systemic

haemodynamic parameters was investigated using

linear correlation analysis. Multiple regression

analysis was performed to determine correlations

between ocular haemodynamic parameters and the

other variables. Data are presented as means7s.d. A

two-tailed Po0.05 was considered the level of

significance.

Results

Subjects’ characteristics are shown in Table 1. The

association between ocular haemodynamic and

systemic haemodynamic variables is presented in

Figures 1 to 3. Ocular FPA was associated with SBP, DBP

and MAP (Po0.001 each). By contrast, the correlation

of FPA with PPA was not significant. Mean flow

velocity in the posterior ciliary arteries was also

correlated with SBP, DBP, and MAP (Po0.001), but not

with PPA (data not shown). By contrast, RI in the

Table 1 Subjects characteristics

Age (years) 27.674.9
Systolic blood pressure (mmHg) 132.2712.9
Diastolic blood pressure (mmHg) 70.5713.1
Mean arterial pressure (mmHg) 91.1712.7
Pulse rate (beats/min) 64.977.9
Fundus pulsation amplitude (mm) 4.371.0
Mean flow velocity (cm/s) 6.470.8
Resistive index 0.7070.04

Data are presented as means7s.d. (n=318).
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posterior ciliary arteries was not associated with SBP,

DBP, or MAP, but showed a significant correlation with

BPI (Po0.001). None of the ocular haemodynamic

variables was associated with pulse rate (data not

shown).

The results of the multiple regression analysis are

presented in Table 2. In accordance with the results

of the linear regression analysis, we observed a

significant correlation of FPA and mean flow velocity

in the posterior ciliary arteries with SBP, DBP, and

MAP. Both variables tended to decline with age,

but none of these correlations reached the level of

significance.

Discussion

The present study indicates that choroidal blood flow

slightly increases with blood pressure. We observed that

fundus pulsation amplitude increases by approximately

5% per 10 mmHg increase in MAP. Likewise, mean flow

velocity in the posterior ciliary arteries increases by

approximately 3.5% per 10 mmHg increase in MAP. Is

this small increase of choroidal blood flow with

increasing blood pressure of clinical relevance? It is

currently not known what degree of overperfusion is

detrimental for the eye. However, there is evidence that

in healthy subjects choroidal blood flow is autoregulated

over a wide range of perfusion pressures,9,10 which

indicates that physiologically choroidal blood flow is

almost constant. In patients without or with early stage

diabetic retinopathy, the increase in ocular blood flow is

only 10–20%.11–13 Hence, even small hypertension-

induced changes in ocular blood flow may put the

patient at additional risk for progression of diabetic

retinopathy. It has been hypothesized that these small

elevations in ocular perfusion may cause endothelial

damage and dysfunction,14 which is observed in patients

Figure 1 Association between fundus pulsation amplitude and systolic blood pressure (upper left panel), diastolic blood pressure
(lower left panel), mean arterial pressure (upper right panel), and pulse pressure amplitude (lower right panel). The regression line
and the 95% confidence interval are shown (n¼ 318).

Table 2 Multiple regression analysis between ocular haemo-
dynamic parameters, blood pressure, pulse rate and age

Fundus pulsation
amplitude

Mean flow
velocity

Age 0.062 0.092
Systolic blood pressure 0.001 0.001
Diastolic blood pressure 0.001 0.001
Mean arterial pressure 0.001 0.001
Pulse rate 0.322 0.634
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with type 1 diabetes at the level of the ocular blood

vessels.15

In the present study we focused on young male

subjects, because ocular blood flow declines with

increasing age16–18 and little information on sex

differences in ocular blood flow is available. In our study

cohort of subjects aged less than 40 years we did not

observe a significant association between age and the

ocular haemodynamic parameters although a tendency

was seen. In a previous study it has been observed that

age is weakly negatively correlated with blood velocities

in the ophthalmic artery.19 Moreover, we studied subjects

with mild untreated hypertension, because any form of

anti-hypertensive medication may affect ocular blood

flow.20–22 Finally, we focused on subjects with

SBPr160 mmHg and DBFr100 mmHg based on the

evidence that even mild hypertension may induce an

additional risk for progression of diabetic retinopathy in

patients with type 2 diabetes.23

Fundus pulsation as assessed with laser interferometry

and blood velocities of retrobulbar vessels as measured

with colour Doppler imaging do not provide a direct

measure of choroidal blood flow. Fundus pulsation

amplitude estimates the pulsatile component of

choroidal blood flow, but no information on the steady

component is obtained. It is not entirely clear which

fraction of blood flow in the choroid is pulsatile.

Estimates vary between 5024 and 80%.25 Interestingly, the

association between PPA, which is the driving force of

pulsatile blood flow, and fundus pulsation amplitude in

the present study was not significant. This indicates that

ocular fundus pulsation is mainly influenced by local

ocular factors, but not by the blood pressure profile.

Nevertheless, we cannot entirely exclude that systemic

Figure 2 Association between mean flow velocity in the
posterior ciliary arteries and systolic blood pressure (first panel),
diastolic blood pressure (second panel), and mean arterial
pressure (third panel). The regression line and the 95%
confidence interval are shown (n¼ 318).

Figure 3 Association between resistive index in the posterior
ciliary arteries and mean arterial pressure (upper panel), and
blood pressure index (lower panel). The regression line and the
95% confidence interval are shown (n¼ 318).
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hypertension may influence flow pulsatility in the

choroid.

Colour Doppler imaging measures blood flow

velocities in posterior ciliary arteries, but no quantitative

information on vessel diameter is obtained. Hence, MFV

data cannot necessarily be extrapolated to blood flow

through these arteries. Interestingly, resistive index in the

posterior ciliary arteries was not dependent on MAP, SBP

or DBP, but was significantly associated with BPI. This is

compatible with our previous findings7 and indicates

that blood pressure profile is a determinant of resistive

index in the posterior ciliary arteries, which should be

taken into account when patients with different ocular

pathologies are compared. In a previous study, flow

velocities in the posterior ciliary arteries were not

correlated with blood pressure.26 However, these authors

included subjects aged between 7 and 78 years and found

a significant impact of age on flow velocities in the lateral

posterior ciliary arteries. Hence, comparison with the

present data is difficult.

In conclusion, our data indicate a small, but significant

increase in choroidal blood flow with increasing blood

pressure.
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