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Figure 6 Cross section
through elliptical vessels
with the widest diameter
oriented horizontally and
vertically. The longest light
path length through the vessel
wall still remains at the
lateral interface between the
blood column and the vessel

wall.

then the kick points will not appear. Even if the
vessels have an elliptical cross section, whether

horizontal or vertical (Fig 6), the light path

through the vessel wall would still be greatest at
the lateral interface between the blood column
and vessel wall, and therefore the kick points
would still appear in the profiles. The width of
elliptical vessels will vary, depending on whether
they are horizontally or vertically oriented, in
whichever method is used.

The assumption of single transmission of light

through the vessel (and not double) does not

matter as long as the vessels are optically thin -
that is, al<1. From the absolute data available
for o and o, it would seem that the vessel walls
are optically thin. Even if they were optically
thick, the profile shape will be affected some-
what, but the position of the kick points would
remain unchanged.

The plastic tubing used was larger than true

retinal vessels. However, this did not affect the

results since the tubing was resolved in the same
fundus camera as the retinal photographs, the
relative position and strength of the kick points
do not change by scaling to larger diameters. The
central part of the profile may change, but only if
the optical thickness (al) of the tubing is >1
which, anyhow, is irrelevant to the position of
the kick point.

The optimal intensity level for the measure-

ment of intensity and, therefore, transmittance
profiles from the photographic images was used.
The half height method is influenced by the

response function of the film emulsion on the °

recorded image; as image intensities outside the
dynamic range of the film used will have a
different response to the light reflected by the
retinal vessels and the retinal background, pro-
ducing a variation in the height of the transmit-
tance curves.” This is not so for the kick point
method as it is dependent on a particular
characteristic of the profile, namely the kick
points. Therefore the position of the kick points
is not reliant on the photosensitivity calibration
of the photographic film, contrary to all other
methods. The kick point method thus avoids the
otherwise most severe of the error sources associ-
ated with the use of the photographic film.
Sources of error that may affect the reproduc-
ibility both methods would be the accuracy in
finding the same point across the vessel in
different fundus photographs, and probably the
variation of vasomotion and pulsatility. In this

Rassam, Patel, Brinchmann-Hansen, E ngvold, Kohner

study, the effect of pulsatility was eliminated by
the use of an electrocardiograph linked to a delay
processor allowing the camera to obtain the
photographs at the same predetermined point of
the cardiac cycle. The reproducibility of the
technique was assessed as for the plastic tubing.
The variability of the kick point method was less
than the half height method in both veins (2:45%
(SD 1:85%) vs 2-81% (SD 2-17%)) and arteries
(2-98% (SD 2:11%) vs 3:94% (SD 2-16%)).

To observe the kick points does require photo-
graphs with good focusing, as the shape of the
slope of the intensity curve at the edge of the
blood column changes with focusing. Although
this has no effect on the position and the degree
of separation of the kick points, this would make
the detection of the kick points difficult. In
contrast the half height method is not signific-
antly affected by focusing errors since it does not
require the detection of particular points of the
intensity curves.” For this reason, the half
height method may be more practical, since it
can be determined from most photographs. In
our study, however, 29 out of 30 photographs
showed the kick points (96-67%) for both
arteries and veins. Only one photograph of one
subject was poorly focused; the other two photo-
graphs of the same subject showed the kick
points clearly. Therefore, the kick point method
could be used in any study limited only by
focusing errors.

In this paper, the emphasis was made on blood
column width rather than whole vessel width, as
the blood column is more important when calcu-
lating the blood volume flow rate, in the retinal
vessels. In comparison to the kick point method
of blood column measurement, the half height
method underestimated internal venous widths
by 16:67% and internal arterial widths by
15-86% (assuming the kick point to be correct).
Calculating the volumetric flow rate in the retinal

- vessels from vessel diameter involves squaring of

the diameter values.” Such an underestimation
would produce markedly lower values for
volume flow. The 95% confidence intervals for
the percentage error in determination of the
vessel width (Table 2), suggest that the potential
error in calculation of retinal volume flow would
be 27-58% to 45-01% in veins and 28:03% to
40-59% in arteries.

It is also theoretically possible, from the
mathematical model, to measure the vessel wall
thickness from the transmittance and densito-
metry profiles, by measuring the horizontal
distance between a kick point and the end of the
lower curve, connecting to the background
retinal structures. In practice, this was not
possible due to the variation in the lateral ends of
the lower curves corresponding to the dark zone
seen adjacent to the vessel and variation in
background intensity due to structural variation
such as pigmentation and nerve fibre layer
density. There will also be an additional effect of
the vessel lateral shadows on the background
intensity. These factors, however, will not inter-
fere with the appearance of the kick points as
they are usually situated away from the lateral
ends of the blood column corresponding to the
kick points.

A factor that will influence the profile and the
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position of the kick points of the mathematical
model is a potential variation of the coefficient o,
along the sight line through a blood column.
This would be the case if, for example, the
density of red cells increases towards the centre
of the blood column. If so, once a variation in o,
through a blood column is known, it can be
accounted for, in profiles derived from a numeri-
cal model like the one discussed in this paper.
Therefore, a simple model like the one used
here will not reproduce the finer details of the
profiles of retinal vessels, but would still be a
valid demonstration of the usefulness of the kick
points.

The contribution of the plasma zone on the
transmittance profiles has not been calculated. It
may contribute to the vessel wall curve as it lacks
red cells and that makes it less dense. However,
its thickness is so small compared with the rest of
the vessel wall (approximately 1%), its effect
would be negligible.?

The kick points have also been observed in
microdensitometry profiles of both retinal
photographs®’" and scanning laser ophthalmo-
scopy images.

This paper provides the theoretical basis for
questioning the use of half height in measuring
the vessel widths from transmittance and densi-
tometry profiles. The essential parameters in any
haemodynamic study in health and disease are
blood velocity and vessel diameter. The kick
point method may provide the most accurate

measurement of vessel width possible from these -

profiles.
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