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Investigative clinical techniques

Part nine — Measurement of ocular blood flow

Andrew Morgan and Sarah Hosking discuss the various methods available
for measuring ocular blood flow, paying particular attention to pulsatile ocular
blood flow (POBP and its place in the optometric examination

AN INSTRUMENT that records
pulsatile ocular blood flow (POBF), the
OBF tonometer (OBF Labs, Wiltshire),
has entered the domain of the optometrist
in recent years and allows optometrists an
insight into the vascular status of their
patients.

VASCULAR ANATOMY

Blood supply to the eye

Like most tissues in the body, the eye
requires blood to perform its various
haematic functions: delivery of oxygen
and nutrients; removal of waste products;
and control of tissue temperature. In fact,
the choroid has one of the fastest tissue
blood flows in the body to prevent thermal
damage to the retina.! How blood is
delivered and extracted from the eye is
therefore of great importance.

Freshly oxygenated blood, destined for
the eye, first starts at the left side of the
heart. It courses briefly along the aorta,
before entering the common carotid artery,
which divides into right and left carotid
arteries. Each carotid artery rises with the
spine and, before reaching the base of the
skull, divides further into the external
carotid, responsible for the arteries to the
face, and the internal carotid, that enters
the skull. Soon after entering the cerebral
cavicy the ophrthalmic artery branches off
from the internal carotid.

The ophthalmic artery is an end-artery
responsible for blood flow to the orbitand
some of the surrounding scalp. The signif-
icance of being an end-artery is that it is
the sole artery to that region and if
blocked, for example by an embolus, there
is no alternative arterial back up. The eye
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Central retinal artery

receives its blood supply from two sources
of the ophthalmic artery: the ciliary arteries
and the central retinal artery (Figure 1).
The ciliary supply accounts for over 95
per cent of total ocular blood flow. It is
responsible for supplying all the uveal
tissue from the choroid, at the back of the
eye, to the iris at the front. The uveal
supply enters the eye posteriorly, via the
lateral and medial posterior ciliary arteries,
and anteriorly, via each muscle insertion, as
anterior ciliary arteries. The entry points of
the anterior ciliary arteries can often be
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discerned on ophthalmoscopy as small light
coloured streaks anterior to the equator.
The posterior ciliary supply divides into
numerous smaller arteries, known as the
short posterior ciliary arteries.

The short posterior ciliary arteries, 10
to 20 in number, pierce the sclera as a
corona surrounding the optic nerve. Two
offshoots from these ciliary afteries
continue slightly further forward on either
side of the globe and are known as the long
posterior ciliary arteries. These long
posterior ciliary arteries are often also seen,
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particularly in fair skinned parients, on
ophthalmoscopy. They appear as white
horizontal lines at the three and nine
o’clock positions at the retinal equator.
The white colouring is, in fact, from the
nerve associated with the artery, the long
posterior ciliary nerve, and their positions
serve as useful anatomical landmarks.

The more familiar central retinal artery
(CRA) enters the optic nerve about 10mm
behind the globe and travels ar its core
before appearing at the surface of the disc.
There it branches to form four retinal
arterioles, one for each quadrant of the
retina. Occasionally, the retinal blood
supply is supplemented by an offshoot,
from the choriod, at the temporal disc
margin: a cilioretinal artery.

Once its function has been performed
in the capillary beds of the eye, blood
drains from the uveal tssue into the vortex
veins and from the retinal tissue into the
central retinal vein. Vortex veins are often
easily seen on ophthalmoscopy. They
appear as dark spider-like shapes near thé
equator, usually one in each quadrant.

Blood supply to the optic nerve

Due to its importance in glaucoma the
vascular anatomy of the optic nerve head
has been very closely studied.z Figure 2
illustrates the anterior portion of the optic
nerve and its vascular supply.

The intraorbital portion of the nerve,
between the CRA entry to the nerve and
the globe, is supplied by pial arteries
surrounding the nerve (centripetal
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branches) and by the CRA at its core
(centrifugal arteries). The vascular distrib-
ution of the intraocular portion of the nerve
is more complex and can vary considerably
in individuals. It can be divided into three
portions: the laminar, the prelaminar and
the surface nerve fibre layer.

¢ The laminar portion is supplied by
recurrent branches from the choroid and
centripetal branches from an extensive
meshwork of arterioles originating from
the short posterior ciliary arteries. This
anastomosis of arterioles often forms a
complete elliptical arterial ring around
the nerve: the circle of Zinn and Haller.
¢ The prelaminar portion, between the
laminar cribrosa and the surface nerve
fibre layer, is primarily supplied by the
short  posterior ciliary  arteries.
Angiographic studies have indicated that
there is a strict sectorial blood supply in
this layer. An occlusion to an arteriole
here would therefore result in nerve
infarction. :

¢ The surface nerve fibre portion is
mostly supplied by arterioles from the
central retinal artery.

METHODS OF ASSESSING OCULAR
BLOOD FLOW

Until quite recently, measuring ocular
blood flow was limited to such subjective
techniques as quanrtifying the entoptic
phenomenon of white corpuscles against
a blue screen; or the relatively invasive
use of fluorescein angiography to measure

circulation time. In the past decade or so
a number of new non-invasive objective
methods to quantify ocular blood flow
have become available. A summary of
methods of ocular blood flow assessment
is given in Table 1.

Pulsatile ocular blood flow

Of all these methods, POBF most
commonly extends into clinical practice

and for that reason it will be fully -

discussed. POBF is derived from the
natural variation found in intraocular
pressure (IOP), which varies slightly in
phase with the heart and respiratory
cycles. This variation is noticed clinically
as the movement of the fluorescein rings
during applanation tonometry. It was
Perkins3 who originally adapted an
ordinary applanation tonometer that
allowed the continuous recording of a
subject’s IOP. Langham# took this further
by arguing that if the IOP change, associ-
ated with the heart rate, is caused by a
bolus of blood entering the eye then it is
possible to back-calculate what volume
change is needed to cause a defined
pressure change.

The calculation of POBF from the
original IOP recording can be broken into
four stages.5

¢ First, a continuous IOP measurement
of sufficient quality is required. The
OBF tonometer records the IOP at a
frequency of 200Hz and an example of a
10 seconds recording is shown in Figure
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MEASUREMENT OF OCULAR BLOOD FLOW
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3.

¢ The pressure profile is then
transformed into a volume profile by
using Friedenwald’s formula for ocular
rigidity (Figure 4) and data on the
pressure/volume relationship from living
and cadaver eyes.

@ The volume profile is then differenti-
ated to produce a rate of volume change
against time: Figure 5.

4 The rate of volume change calculated
in stage 3 can only rtell us information
about pulsatile flow and not the steady
‘background’ blood flow. Any point on
the graph can be thought of as a mixture
of increasing and decreasing blood flow.
For example, the ascending portion of
the profile contains a larger proportion of
inflow than outflow and thus there is a
net rise in inflow. The crucial point on
the profile is the lowest part of the graph;
this represents maximum net outflow.
Because the net inflow must balance net
outflow (otherwise the eye would
expand or shrink) the lowest point on
the graph represents the negative of the
net pulsatile inflow. It is this value,

averaged over time, that is used to

calculate POBE

THE OBF TONOMETER

A number of refinements since the original
Langham POBF system have culminated

FiGure 6: OBF system tonometer
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Ficure 5: net pulsatile blood flow

in the instrument currently available: the
OBF tonometer. This instrument consists
of a probe and a base unit that are
connected via plastic piping (Figures 6
and 7).

The disposable probe tip is of a similar
design to the original Perkins’
pneumotonometer and has a central
channel along which pressurised air,
produced from the base unit, flows. The
tip of the probe is capped, but not sealed,
with a thin viscoelastic membrane.

The cornea is applanated and the
opposing corneal pressure under the
centre of the probe is balanced against
the pressurised air produced by the base
unit. If the pressurised air exceeds the
corneal pressure, the seal between probe
and membrane is broken and excess air
escapes into the probe’s side channels. A
transducer in the base unit calculates the
10P continuously from the air pressure in
the probe.

Taking a measure of POBF

The probe, either mounted on a slit-lamp
or hand-held (Figures 8 and 9), is placed
against an anaesthetised cornea (Figure
10). The recording of the measurement
lasts between five and 20 seconds.
The instrument searches for five
similar and satisfactory pulse
waveforms; if these are not found

within 20 seconds an error message occurs.

Due to this long capture time, a
number of practical points can be made to
improve the chance of a successful
measurement:

¢ The patient’s steadiness and position
of fixation is crucial. It is useful to have a
selection of derailed fixation points for
the patient to look at.

@ Make sure the patient is relaxed; this
will help to steady the systemic pulse
rate and improve the reliability of the
measure.

@ In some cases, saline artificial tears
may be of use to help prevent drying
from the long period without blinking.
This improves tonometer contact and
sustains epithelial integrity.

< With a hand-held instrument in partic-
ular, a steady hand is essential; with
practice the technique is quick and
reliable and often preferred by patients
as it makes them feel more relaxed

As well as producing a measure of
POBE, the standard output also provides
average 10P, pulse amplitude, pulse
volume and pulse rate.

Reference values

Mean (SD) POBF values for normal
subjects have been reported as 669 (233)
(pl/min for males and 842 (255) (pl/min for
females.¢ The greater value in femnales

. may be attributed, at least in part, to their

higher pulse rate. The distribution of
normal values, as can be seen from the
standard deviation, is large and they are
positively skewed: that is the distribution
stretches further towards higher values
than towards lower ones.

Reproducibility and limitations

Although the OBF instrument has been
shown to be reliable,6.7.8 and the theory
that POBF is based on is sound,? there are
a number of points to bear in mind when
dealing with this measure:10

¢ The theory depends on a continuous
non-pulsatile outflow of blood.9 The
calculation of POBF would be erroneous

Ficure 7: OBF system base unit
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