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Signs in the Fundus Oculi and Arterial Hypertension
Unconventional Assessment and Significance

AUBREY KAGAN,' ELIZABETH AURELL2 & GOSTA TIBBLIN3

Signs in the fundus oculi, long regarded as prognostic in hypertensive disease, have been
shown to be subject to gross observer error and bias when assessed in conventional ways.
The authors describe unconventional ways ofassessing diminution of vascularity in a popula-
tion sampk ofmen aged 50 and also in a group of hospital patients.

They show that a method simple enough to be learnt by a schoolboy in 20 minutes gives
information that is more precise and less biased than data obtained by more conventional
means. Standards can be prepared and the information is quantitative.

The unconventional data are closely related to the level ofhypertension. Some anomalies
in the data, possible ways of improving them and ways of testing their relation to prognosis
are discussed.

Signs in the fundus oculi-generalized and local-
ized arteriolar narrowing, increased light reflex,
arteriovenous crossing phenomena and more severe
signs such as exudates, haemorrhages and papil-
loedema-have long been considered indicative of
the stage of and prognosis in systemic arterial hyper-
tensive disease. However, Stokoe & Turner (1966)
concluded that, while it is desirable to assess early vas-
cular signs of arterial hypertension, the arteriovenous
ratio and diffuse narrowing of the retinal arterioles
are unreliable signs. Kagan et al. (1966) found that,
even when carefully defined, these conventional signs
were assessed with little precision and much bias.
Their conclusions, more optimistic than those of
Stokoe & Turner, were that "there was some
factor..., probably connected with diminished
vasculature, that was related to hypertension" and
if this cannot be assessed by conventional means
unconventional methods should be sought.

This paper describes some first attempts to find
easily learnt, simple, quick, precise, unbiased, cali-
bratable signs differentiating hypertensives from non-
hypertensives and the stages of hypertension from
one another.
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' Ophthalmologist, Sahlgren's Hospital, Gothenburg,
Sweden.

' Medical Clinic, Sahlgren's Hospital, Gothenburg,
Sweden.

MATERIAL AND METHODS

Observations were made on colour diapositives of
the retina. Two sets of material were available. The
first consisted of diapositives from 630 men aged 50
at the time of the examination, from a group of 855
men from Gothenburg, Sweden, born in 1913 and
examined in 1963 in Medical Clinic I, Sahlgren's
Hospital, Gothenburg. An ophthalmologist exam-
ined the eye-grounds, and colour diapositives of
the retina were made for 630 subjects. For each
subject there was a record of blood pressure, heart
volume (X-ray), aortic breadth (X-ray), clinical
ophthalmology and urine osmolality. The investiga-
tion has been described in detail by Tibblin et al.
(1965).
The second group of material consisted of colour

diapositives of the retinae of 37 hypertensives from
the Center for Adult Diseases, Osaka, Japan.
Dr Kiyoshi Hara provided three fundal photographs
of each subject, together with records of the blood
pressure and its progress, and radiological, electro-
cardiographic and other data.

Arteriole and venule widths

The main arteriole width and venule width in the
upper and lower temporal regions were measured
one disc diameter from the perimeter of the disc.
Four hundred diapositives were selected from the
Gothenburg series to include subjects in whom the
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diastolic pressure was > 100 mm Hg (" hyperten-
sive "), subjects in whom the diastolic pressure
was > 100 mm Hg and in whom retinal abnormality
had been noted by the ophthalmologist on clinical
examination ("hypertensive with clinical retinal
abnormality"), and subjects in whom no retinal
abnormality was found clinically and in whom the
diastolic blood pressure was < 100 mm Hg (" nor-
mal ").
Each diapositive was projected on to a screen.

The magnification was arranged so that the main
arterioles were usually 1 cm to 2 cm in width. The
disc diameter was measured to the nearest mm with a
transparent millimetre scale. The widths of the
main upper and lower temporal arteriole and venule
were measured at a distance of one disc diameter
from the periphery of the disc, to the nearest mm.
The reduced arteriole width (A) and venule width (V)
were calculated by dividing the measured values by
the disc diameter. The arteriole-to-venule ratio
(A/V) was calculated directly by dividing the meas-
ured arteriole width by the measured venule width.
These values were calculated separately for the upper
and lower temporal vessels, and for the three groups
of material-" normal ", " hypertensive ", and " hy-
pertensive with clinical retinal abnormality ".
The observations were carried out over a period

of 2 weeks by 2 observers independently. From time

SCREEN
FIG. I

WITH PROJECTION OF FUNDUS OCULI

A

A.Di crqgmdw=i cm.

B. InIr= 20cc"m

to time, without the observer's knowledge, diaposi-
tives were included which had been assessed previ-
ously, to estimate the intra-observer variation. The
inter-observer variation was calculated from the
differences between the 2 observers' assessments of
the same diapositives. At no time was the observer
aware ofthe group to which the diapositive belonged.

Number, length and width of vessels

The diapositives were projected on to a specially
prepared screen (Fig. 1), with two concentric circles,
10 cm and 20 cm in radius, drawn on a piece of
white paper. The smaller was outlined clearly with a

FIG. 2
CURVOMETER USED FOR MEASURING LENGTHS

AND WIDTHS OF VESSELS

232
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thick broken line, the larger was indicated by small
dots about 1 cm apart.
The magnification and projection of the diapo-

sitive were arranged so that the disc filled the smaller
circle. The number (N) of vessels (arterioles and
venules) crossing the border of the larger circle was
counted. The sum of the lengths of all vessels from
the edge of the disc to the larger circle (L) was
measured by using a map-reading curvometer
(Fig. 2), and the sum of the widths of all vessels (W)
at the periphery of the same circle was measured
using the same instrument.
Widths were measured at right angles to the vessel

wall, irrespective of the angle at which the vessel
crossed the circle. No distinction was made between
arterioles and venules.

Since the size of the disc was kept constant by
suitable choice of the magnification, the measure-
ments of L, N and W were always related in the same
way to the size and position of the disc.
A sample of 288 diapositives representative of the

different blood-pressure levels was selected from the
Gothenburg series of 630. Small batches were sent
to the observer over a period of 12 weeks, each batch
containing a few diapositives that the observer had
assessed previously. The observer did not have any
other information on the subject, and could not
tell whether the diapositive examined had been
assessed before.

After the first month, 10 diapositives represen-
tative of the total range of N and W were selected.
These were included with other diapositives on
subsequent occasions and eventually each assessed
10 times by the same observer. This standard series
of 10 was included in the batches of diapositives
examined on subsequent occasions by other observers
and made it possible to detect changes in level of
assessment by the same or different observers on
different occasions.
In order to test the simplicity of the method, a

schoolboy 13 years of age was shown how to count
and measure vessels, allowed to practice under
supervision on three diapositives and then given the
standard series of 10 slides to assess. He re-examined
them on a subsequent occasion.
In all, 3 observers assessed the diapositives for

N, L and W. The intra-observer variation was cal-
culated for each one, and the inter-observer variation
determined from the differences between observers
for the same diapositives.
Dr Hara's series of fundal diapositives from 37

hypertensive subjects were also assessed as described

above, the 10 standard diapositives being included at
random with this material. The measurements were
made without prior knowledge of the nature of the
cases. The results were analysed in relation to elec-
trocardiographic and radiological data, and the blood-
pressure level at the time of the first examination.

RESULTS

Width of main arteriole and venule-arteriolelvenule
ratio

Difference between " hypertensives " and " non-
hypertensives ". In the 400 diapositives examined,
it was possible to make observations on the upper
temporal vessels in 371 cases and on the lower tem-
poral vessels in 356 cases. Table 1 shows the number
of observations, the mean arteriole width (W) the
mean venule width (V) and the mean ratio (A/V) in
each of the categories: " normal ", " hypertensive "

and " hypertensive with clinical retinal abnormality".
The values are shown separately for the upper and
lower temporal vessels.
The arteriole widths were similar in the " normal"

and " hypertensive " groups, but were smaller in the
group " hypertension with clinical retinal abnormal-
ity " (0.01 <P <0.05). The venule widths also tended
to be smaller in the third group, but the difference
was not significant. The ratio A/Vforthe uppertempo-
ral vessels was smaller in the hypertensive " group
(0.001 <P <0.01) and in the "hypertensive with
retinal abnormality" group (0.01 <P <0.05) than
in the " normal " group. For the lower temporal
vessels, the mean ratios A/V were similar in all
groups.

Intra-observer variation. A repeat examination of
40 of the 400 diapositives was carried out by the same
observer. The intra-observer variation for the ratio
A/V was on the average 12 %.
As the measurements could not be made in about

100% of cases and the discriminatory power was not
great, this sign was not studied further.

Number, length and width of vessels
Table 2 shows the mean, standard deviation,

standard error of the mean and range of N, L andW
in the "hypertensive" and "normal" groups for
the first series of 100 diapositives to be studied.
The mean values of N, L and W were greater in

the " normal " group than in the " hypertensive "
group. The difference between the groups was not
significant (P> 0.05) for L, significant (P < 0.05) for
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TABLE I
REDUCED WIDTH OF ARTERIOLE AND VENULE AND ARTERIOLE-VENULE RATIO

Reduced arteriole Reduced venule AIVwidth (A) width (V)

Disease group a Disease group a Disease group a

I1 2 3 1 2[ 3 1 2 3

Number of cases 274 65 32 274 65 32 274 65 32

Upper Mean 0.63 0.63 0.58 b 0.88 0.90 0.85 0.73 0.69 c 0.68 b
temporalI
vessels Standard deviation 0.103 0.123 0.109 0.133 0.153 0.127 0.108 0.107 0.106

Standard error 0.0063 0.0153 0.0197 0.0081 0.0190 0.0244 0.0066 0.0133 0.0188

Number of cases 263 65 28 263 65 28 263 65 28

Lower Mean 0.63 0.65 0.59 b. 0.84 0.86 0.81 0.76 0.76 0.73
temporal
vessels Standard deviation 0.101 0.110 0.086 0.131 0.136 0.114 0.111 0.121 0.099

Standard error 0.0062 0.0137 0.0163 0.0079 0.0169 0.0216 0.0067 0.0150 0.0188

a 1. Diastolic pressure < 100 mm Hg, no clinical retinal abnormality: "normal".
2. Diastolic pressure > 100 mm Hg, no clinical retinal abnormality: "hypertensive ".
3. Diastolic pressure > 100 mm Hg, clinical retinal abnormality recorded: " hypertensive with clinical retinal abnormality".

b Differs signiflcantly from value for group 1 (P < 0.05).
c Differs significantly from value for group I (P < 0.01).

TABLE 2
NUMBER, LENGTH AND WIDTH OF VESSELS

Number of vessels a (N) Length of vessels (L) Width of vessels b (W) N x W I

Disease group c Disease group c Disease group c Disease group c

_ 1 2 1 2 1 2 1 2

Mean 18.41 17.0 183.6 174.1 17.19 15.21 320.3 261.4

Standard deviation 2.98 2.89 30.74 29.75 2.61 2.65 84.8 69.9

Standard error 0.397 0.445 4.10 4.58 0.348 0.408 11.30 10.75

Range 11-24 9-24 103-280 81-235 11-24 8-25 143-504 72420

a The difference between the mean values for groups 1 and 2 is significant (P < 0.05).
b The difference between the mean values for groups 1 and 2 is significant (P < 0.001).
c 1. Diastolic pressure < 100 mm mercury, 58 cases.

2. Diastolic pressure > 100 mm mercury, 42 cases.

N and (P <0.01) for W. The ranges showed con-
siderable overlap.1

Various quantities derived from N, L and W were
calculated for the data of Table 2. The differences
between the groups were not significant for the ratio
W/N or W/L, but were highly significant (P <0.001)
for the product N x W.
As L did not give a significant difference between

the " normal " and " hypertensive " groups, it was
not studied further.

Standard diapositives, intra- and inter-observer
variation
Table 3 shows the mean, range, and standard error

ofN andW for the 10 standard diapositives, each of
which was read on 10 separate occasions by one
observer.
The range of N was never greater than 3 for any

one diapositive, the mean range being 2.1. The
standard deviation varied from 0.3 to 1 with a
mean of 0.56.
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TABLE 3
NUMBER AND WIDTH OF VESSELS FOR THE STANDARD DIAPOSITIVES a

Number of vessels (N) Width of vessels (W)
Case No.

Mean Range Standard error Mean _Range _Standard error

1024 19.4 18-20 0.2 19.2 18-20 0.2

1025 17.2 16-19 0.3 17.3 14-20 0.6

1027 20.2 19-21 0.2 20.7 17-23 0.6

1035 16.4 16-17 0.1 14.8 12-16 0.4

1042 10.1 9-12 0.3 9.3 7-10 0.3

1051 16.7 15-18 0.3 12.6 11-14 0.3

1140 20.6 20-22 0.2 21.6 20-24 0.4

1146 19.9 19-20 0.1 20.1 .18-21 0.3

1185 15.9 15-17 0.2 16.4 15-18 0.3

1191 23.5 22-24 0.2 23.3 18-24 0.6

a Each mean value is the mean of 10 readings by the same observer.

The maximum range ofW was 6 cm, and the mean diapositives may be used as a basis of comparison of
range 3.9 cm. The standard deviation varied between observations made by different observers.
0.6 cm and 2.0 cm with a mean of 1.22 cm. The Table 4 shows the values of N and W for the
confidence limits of N thus vary between standard diapositives determined on two separate
N ± 0.2 and N ± 0.6, and those of W between occasions by the schoolboy mentioned above, com-
W ± 0.4 cm and W ± 1.2 cm. These standard pared with the data of Table 3.

TABLE 4

NUM5ER AND WIDTH OF VESSELS FOR STANDARD DIAPOSITIVES AS DETERMINED
BY AN INEXPERIENCED OBSERVER, COMPARED WITH STANDARD VALUES

Number of vessels (N) Width of vessels (W)

Standard value New observer Standard value New observer

Mean Standard error First reading Second reading Mean Standard error First reading ISecond reading

19.4

17.2

20.2

16.4

10.1

16.7

20.6

19.9

15.9

23.5

0.2

0.3

0.2

0.1

0.3

0.3

0.2

0.1

0.2

0.2

19

18

20

15

11

15.5

19

20

16

23.5

18

17.5

19

15

11

12.5

18

19

15

23.5

19.2

17.3

20.7

14.8

9.3

12.6

21.6

20.1

16.4

23.3

0.2

0.6

0.6

0.4

0.3

0.3

0.4

0.3

0.3

0.6

19

15

20.5

14.5

10

15

20

19

16

22

19

16

18

13.5

10

15

20

18

16.5

22.5
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This observer had a systematic tendency to read
lower than the standard values. On the average he
read N lower by 0.3 the first time and 1.1 the second
time, and W 0.4 cm lower the first time and 0.6 cm
lower the second time. It may be mentioned by
way of comparison that a third observer much more

experienced in observations of this type (an ophthal-
mologist) read N on the average 0.6 higher than the
standard and W on the average 2.2 cm lower.
The second observer's intra-observer variation

(standard deviation) was calculated from the data
and found to be 0.85 (or 5%) for N and 0.25 cm

(less than 2%) for W. For the third observer the
corresponding values were 0.3 for N and 0.3 crrC

for W.

Number and width of vessels in relation to the grade
of hypertension and associatedfactors

Table 5 shows the mean and standard error of N
and W for the Gothenburg material, in relation to

TABLE 5. NUMBER AND WIDTH OF VESSELS IN RELATION TO DATA ON HYPERTENSION

N W
Category No. of cases

Mean SE Mean SE

Gothenburg

Aorta width (X-ray) <32 66 18.5 0.375 16.4 0.381
(mm) 33-39 201 18.3 0.203 15.6 0.190

40+ 19 17.9 0.596 14.2 a 0.626

Heart volume (X-ray) <349 57 18.7 16.1
(ml) 350-399 91 18.2 15.5

400-449 74 18.2 15.4
450-499 37 17.7 15.6
500+ 22 19.1 15.9

Systolic blood S119 34 18.2 0.472 16.0 0.513
pressure b (mm Hg) 120-129 39 19.0 0.417 16.3 0.489

130-139 43 18.8 0.468 16.1 0.357
140-149 65 18.4 0.299 15.8 0.289
150-159 38 17.8 0.522 15.7 0.459
160-169 22 18.4 0.619 16.2 0.622
170-179 22 17.5 0.525 14.6 0.435
180+ 25 17.0 0.658 13.5 0.51

Diastolic blood <79 20 18.9 0.62 16.7 0.73
pressure b (mm Hg) 80-89 61 18.9 0.36 16.6 0.446

90-99 71 18.5 0.346 16.0 0.276
100-109 70 18.2 0.308 15.4 0.255
110-119 47 17.8 0.392 14.7 0.417
120+ 19 16.7 0.792 13.8 0.574

Osmolality (mosm/kg) <699 23 16.5 14.0
700-799 28 17.9 14.6
800-899 32 18.2 15.3
900-999 26 18.0 15.1
1000+ 27 17.8 15.2

Osaka

ECG evidence of left ventricular preponder- 9 17.8
ance 9 7813.0
ECG evidence of ST depression 17 17.9 14.0
X-ray evidence of left ventricular preponder-
ance 8 17.8 14.0
None of above abnormalities 15 19.3 15.4 c

All of above abnormalities 3 16.8 14.1

a Less than value for aorta width < 32 mm (P < 0.01) and 33 mm-39 mm (P < 0.05).
b For the significance of the differences between the various blood pressure levels, see Tables 7-10.
c Greater than value for ECG evidence of left ventricular preponderance (P < 0.01).
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width of aorta, systolic and diastolic blood pressure

and heart volume, and the mean values for the Osaka
series in relation to electrocardiographic evidence
of left ventricular hypertrophy or ST depression, or
radiological evidence of left ventricular hypertrophy.

In the Gothenburg material the mean values of N
and W decrease with:

(a) increase in aortic width
(b) increase in systolic pressure

(c) increase in diastolic pressure

(d) decrease in osmolality below 700.

The mean values ofN and W for the 37 hyperten-
sives from Osaka are less for those with electrocar-
diographic or radiological evidence of abnormality
than for those without.

DISCUSSION

The usefulness of the method described above may
be considered in terms of its reproducibility (preci-
sion and bias), the ease and frequency with which it
can be learned and applied, and-most important-
the significance of the results in relation to stage or

prognosis of hypertensive disease.

Main arteriole and venule widths and their ratio

The arteriole and venule widths and their ratio
have long been regarded as signs of hypertensive
disease. In this study, however, the width of the
main arteriole or venule was not found to discri-

minate between the " hypertensive " and " normal "
groups; but the mean ratio A/V for the main superior
temporal vessels in a group of 97 " hypertensives "
was significantly smaller (P <0.001) than that for the
274 " normal " subjects. The values for the main
inferior temporal vessels did not show a significant
difference.
There was a closer relationship between arteriole

width and the detection of retinal abnormality by
clinical ophthalmoscopy.
The reproducibility of observations with this

method was moderately good (mean intra-observer
variation 12 %).
About 10% of cases were unreadable because of

complex anatomical patterns. This was an improve-
ment on conventional signs but because the method
did not appear to be very discriminating, could not
be applied in- all cases and was rather laborious in
use, it was not tested further. These findings are in
agreement with those of Stokoe & Turner (1966),
Evelyn et al. (1958) and Nicholls et al. (1955).

Number and width of vessels

These signs deserve further consideration because
they allow discrimination between " hypertensive "
and " normal" groups, while, as may be seen from
Table 6, they compare favourably with conventional
signs as regards training time, examination time,
assessability and reproducibility.
While there was in fact considerable overlap of the

ranges of N and W for the groups studied, the mean

TABLE 6
COMPARISON OF METHODS OF ASSESSING GENERALIZED NARROWING OF ARTERIOLES

IN THE FUNDUS OCULI

Percentage
unreadable Mean Mean

Method Training time Time for fundus because of intra-observer inter-observer
examination anatomical variation variation a

________________________ _____________ ____________ problems (% (%

Ophthalmoscope (conventional) b Months 2 minutes 4 21 29 (6)

Black and white photographs b Months 2 minutes 7 15 33 (7)
(conventional)

Colour diapositives:

Conventional new definitionb Months 2 minutes 30 33 42 (37)

Width main vessels I day 5 minutes 11 12 12 (2)

Number of vessels 20 minutes 2 minutes <1 5 4 (3)

Sum of width of vessels 20 minutes 2 minutes, <1 5 4 (3)

a The number of observers is given in parentheses.
b Data from Kagan et al. (1966).
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value of these two quantities showed a downward
trend in groups of subjects characterized by rising
systolic or diastolic blood pressure, or increasing
breadth of aorta (measured on the chest X-ray
film). A similar trend was seen in a small number of
hypertensives split into groups characterized by
abnormal electrocardiographic or X-ray evidence
of left ventricular enlargement, or neither: the mean
values ofN and W were greater for the latter group
than for the others (Table 5).
The statistical significance of some of these

differences was quite high, as is shown in Table 7 for
the systolic blood pressure. Subjects with systolic
blood pressure in each of the ranges <120, 120-129,
130-139 and 160-169 mm Hg differed significantly
in mean value ofW from subjects with systolic blood
pressure in the range 170-179 mm Hg. The proba-
bility that the differences observed were due to
chance varied between less than 0.05 and less than
0.001. Subjects in each systolic blood-pressure range
below 170 mm Hg differed significantly from those
in the blood-pressure ranges 180 mm Hg and over.
The probability that these differences could have
arisen by chance ranged from less than 1% to less
than 0.1 %. The mean value for 22 subjects with
blood pressures in the range 160-169 mm Hg differed
(P <0.05) from that of 22 subjects in the pressure
range 170-179 mm Hg and from that of 25
subjects in the pressure range 180 mm Hg and over
(P <0.01).
Groups of subjects in various diastolic pressure

ranges were also discriminated well by means of W.

TABLE 7
SIGNIFICANCE OF THE DIFFERENCE BETWEEN
THE VALUES OF W FOR DIFFERENT SYSTOLIC

BLOOD-PRESSURE LEVELS

Blood-pressure Blood-pressure range
range a (mm Hg) a~

(mm Hg) 170-179 (22) | 180 (25)

< 120 (34) P < 0.05 P < 0.001

120-129 (39) P < 0.05 P < 0.001

130-139 (43) P < 0.01 P < 0.001

140-149 (65) P < 0.001

150-159 (38) P < 0.01

160-169 (22) P < 0.05 P < 0.01

a The number of subjects examined in each blood-pressure
range Is given in parentheses.

TABLE 8
SIGNIFICANCE OF THE DIFFERENCE BETWEEN

THE VALUES OF W FOR DIFFERENT DIASTOLIC
BLOOD-PRESSURE LEVELS

Blood- Blood-pressure range
pressure (mm Hg) a
range a
(mm Hg) 100-109 (70) 110-119 (47) > 120 (19)

80-89 (61) P < 0.05 P < 0.01 P < 0.001

90-99 (71) P < 0.05 P < 0.01

100-109 (70) P < 0.05

a The number of subjects examined in each blood-pressure
range is given in parentheses.

Table 8 shows the statistical significance of the
difference of the means. It may be seen that signifi-
cant differences commence in the group in the range
80-89 mm Hg and continue through the group in the
range 90-99 mm Hg and 100-109 mm Hg. For each
of these groups significant differences occur between
it and the group in the range 20 mm Hg or more
higher.
The statistical significance of differences in the

mean value of N is shown in Table 9 and Table 10
for systolic and diastolic blood pressure respectively.
The differences are less marked than for W.
The Osaka material shows that the mean value

of W is significantly smaller in the 9 hypertensive
subjects with ECG evidence of left ventricular
hypertrophy than in 15 hypertensive subjects without
ECG or radiological evidence of abnormality of the
heart. These subjects were similar as regards age
and sex but those with ECG abnormalities had a
higher blood pressure. In the Gothenburg series
there were 29 hypertensives with ECG abnormality
(ST depression 14, flattened or inverted T wave 12,
left ventricular preponderance 3). They are com-
pared below with 112 hypertensives in whom there
were no ECG abnormalities:

122 hypertensives 29 hypertensives
without ECG with ECG
abnormalities abnormalities

mean 17.93 17.55
N SE 0.27 0.63

W (cm) mean 15.16 13.89W (cm) ~SE 0.24 0.57

Systolic blood
pressure (mm Hg)
Diastolic blood
pressure (mm Hg)

mean
SE

155.6
1.7

mean 107.5
SE 0.77

179.6
6.2

115.2
2.41
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TABLE 9
SIGNIFICANCE OF THE DIFFERENCE BETWEEN
THE VALUES OF N FOR DIFFERENT SYSTOLIC

BLOOD-PRESSURE LEVELS

Blood-pressure Blood-pressure range
range a(mHga
(mm Hg) 170-179 (22) > 180 (25)

120-129 (39) P < 0.05 P < 0.05

130-139 (43) P < 0.05

140-149 (65) p < 0.01

a The number of subjects examined in each blood-pressure
group Is given In parentheses.

It will be seen that the mean value ofW is signi-
ficantly less for the hypertensives with ECG changes
than for those without. However, those with ECG
changes have, on the whole, higher blood pressures
than those without. It is therefore still not clear
whether W is related to the blood-pressure level or
to the stage of hypertension.
The trend seen with the blood pressure is also

observed, but to a lesser extent, with aorta breadth.
The mean value ofW is significantly less in subjects
with aorta breadths of 40 mm or more (19 subjects)
than in those with aorta breadths of 33 mm to 39 mm
(201 subjects) and < 32 mm (66 subjects); see
Table 5.

Differences, in the same direction but not signifi-
cant, are seen in subjects with urine osmololality less
than 700 mosm/kg compared to those with an osmo-
lality of 700 mosm/kg or more (Table 5).

TABLE 10
SIGNIFICANCE OF THE DIFFERENCE BETWEEN
THE VALUES OF N FOR DIFFERENT DIASTOLIC

BLOOD-PRESSURE LEVELS

Blood-pressure Blood-pressure range
range a (mm Hg) a
(mm H) 110-119 (47) > 120 (19)

<79 (20) P < 0.05

80-89 (61) P < 0.05 P < 0.05

90-99 (71) P < 0.05

a The number of subjects examined In each blood-pressure
group is given in parentheses.

Thus there is evidence that the mean value of W, as
defined and measured, and to a lesser extent that
of N, is related to the systolic and diastolic blood-
pressure levels. Its significance in relation to diagnosis
of stage of hypertension or prognosis is not revealed
by the tests described so far.

Overlap between " hypertensives " and " normal"
groups

Although the mean values of N and W vary with
the blood pressure, the range of both these quan-
tities is considerable in all the groups examined;
e.g., in the 34 subjects whose systolic blood pressure
was less than 120 mm Hg the range of N was 14-22
and for the 25 subjects whose systolic pressure was
180 mm Hg or more the range was 9-24. The cor-
responding ranges of W were 11 cm-20 cm and
8 cm-18 cm respectively.
High values of W in some hypertensives might

correspond to a better prognosis than for those with
low values of W. We must say at once that while this
may be true there is no evidence for or against it.
Low values ofW in non-hypertensives might be due
to the fact that W can decrease before the systemic
blood pressure rises or can remain low after high
blood pressure had fallen owing to heart failure.
All the low values of W occurred in untreated
subjects-all men aged 50 years-with blood pres-
sure less than 120/80. If these subjects subsequently
develop hypertension, this would support the first
hypothesis. The second hypothesis is ruled out
because low values of W occurred in non-hyperten-
sive subjects without history of heart failure.
The value ofW was expressed relative to the disc

diameter; this procedure is only valid if all discs are
really the same size and apparent differences are due
to the different lens systems used. There is some
biological variation in the diameter of the optic disc
and this is probably greater than the range given by
Duke-Elder (1961)-namely, 1.26 -1.6 mm.

If the assumption is not true and large discs on
the fundal photographs really are large, then the
method of standardizing the magnification by pro-
jecting the optic disc to a standard size would bias the
assessment of W. Photographs in which the discs
are large would be magnified less in projection and
therefore W would be read as less than it really is,
and vice versa.
There was no correlation between disc diameter

and blood pressure. Inspection of the data indicates
that, while variation in real disc size may affect the
measurement of W, it does not account for or
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obviate the relationship found between W and the
blood pressure. Thus, of the 19 subjects with high
blood pressure (diastolic > 120 mm Hg), 3 had a
high value of W (> 16 cm). Only 1 of these had a
small disc. Smallness of the disc did not thus
account for the high value of W in these hyperten-
sives. Again, of 20 subjects with low blood pressure
(diastolic < 80 mm Hg), 5 had a low value of W
(< 14 cm). None of these subjects had large discs.
Large discs did not thus account for the low value
ofW in these " normal " subjects.

Other possible reasons for low values of N or W
in non-hypertensives are:

1. that the distribution of these quantities has a
wide range like that of stature or length of nose;

2. that the signs were due to involutionary
sclerosis;

3. that an error was made in reading N, W or the
blood pressure.

Possible reasons for high values of N or W in
hypertensives are:

1. that the distribution had a wide range;
2. that the hypertension was in an early stage in

which the vessels were not yet involved;
3. that the proximal vessels were dilated (Leish-

man, 1957);
4. that the venules were dilated;
5. that the blood-pressure or fundus readings

were false.

Eleven cases were found in which the blood pres-
sure was < 120 systolic and < 85 diastolic while N
was < 15 orW < 14. Another 10 cases were found of
hypertensives with blood pressure > 170 systolic
and > 100 diastolic, where N was > 21 or W > 17.
These slides were shuffled and reassessed-without
knowledge of the category to which they belonged
for evidence of involutionary sclerosis, proximal
dilatation of arterioles, dilatation of venules, and
reassessment ofN and W.

In the non-hypertensive cases 1 count of N was
falsely low, 1 case was a treated hypertensive and
there was no apparent reason for the low values in
the other 9 cases.

In the hypertensives, enlarged venules accounted
for the high values in 2 cases, proximal dilatation
of arterioles may have accounted for the high values
in 3 cases, and in the other 5 cases there was no
apparent reason for the high values. The disc dia-
meter was virtually the same for the two groups.

It remains to be seen whether there is a wide range
of normality; we propose to do this by examining a
population sample of young people. Two further
questions need to be answered. Should the sign used
be A N or A W rather than the absolute numbers?
Do these values decrease with progress of hyperten-
sive disease or increase with decrease in hypertensive
disease? The data so far available are too few to test
this. The Gothenburg subjects will be re-examined
in 1967 after an interval of 4 years and this may
give some answers to these questions.
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RISUMIt

Certains aspects classiques du fond d'eil longtemps
consideres comme des indices du stade et du pronostic de
l'hypertension art6rielle ne constituent pas, selon les
auteurs, des criteres parfaitement siurs. Une methode nou-
velle pour evaluer le deficit de vascularisation du fond
d'oeil a ete mise A l'6preuve chez 288 sujets de sexe mas-
culin ages de 50 ans, vivant A Gateborg, Suede, ainsi que
chez 37 hommes et femmes ages de 39 i 70 ans, de Osaka,
Japon, hospitalises et traites pour hypertension art6rielle.
En plus d'un examen ophtalmologique complet, ces per-

sonnes ont fait l'objet des investigations suivantes: mesure
de la tension art6rielle, examen radiologique du ceur et
de l'aorte, mesure de l'osmolalite urinaire.
Des diapositives en couleur des retines ont et6 projet6es

sur un ecran special portant deux cercles concentriques,
le premier correspondant A la papille, le second de rayon
double du precedent. Ce dispositif a permis a) de compter
le nombre de vaisseaux (art6rioles et veinules) franchissant
le cercle ext6rieur; b) de d6terminer la longueur globale
des sections de vaisseaux comprises entre les deux circon-
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ferences; et c) de mesurer le calibre global des vaisseaux a
la limite du cercle exterieur. La lecture de ce genre d'image
est simple - un ecolier a pu l'effectuer apres quelques
explications- et ne prend que deux minutes. Les donnees
qu'elle fournit sont plus precises que celles obtenues par
l'emploi des methodes usuelles. On n'a d'autre part ob-
serve que de faibles discordances lors de 1'examen d'un
meme fond d'oeil par differents examinateurs, et la metho-
de se prete a l'etablissement de normes simples pour la
formation des lecteurs. Enfin, les donnees recueillies sont
quantitatives et le diagnostic n'est plus uniquement base
sur la notion de signe ( present> ou ((absent)>, comme
dans la plupart des methodes d'examen classiques.
On a pu relever des indices de valeur significativement

differente dans un groupe de sujets en fonction de la
gamme des tensions arterielles. En general, l'evaluation
du calibre global des vaisseaux retiniens est un critere plus
sensible que la fixation de leur nombre. Elle permet aussi
d'etablir une distinction entre sujets presentant, a l'examen
radiologique, des ombres aortiques de differentes lar-
geurs. En revanche, il n'existe aucune correlation entre
les signes du fond d'ceil deceles par cette methode et le

volume cardiaque. Le calibre global des vaisseaux etait
nettement inferieur chez 9 sujets hypertendus atteints d'in-
suffisance ventriculaire gauche verifiee par l'electrocardio-
graphie par rapport a celui observe chez 15 autres malades
qui ne presentaient aucun signe radiologique ou electro-
cardiographique de lesion cardiaque.

Bien que les moyennes des indices different suivant que
l'hypertension est ou non pr6sente, on note neanmoins un
chevauchement des valeurs observ6es chez les hypertendus
et les sujets normaux. Diverses raisons sont envisagees
pour expliquer ce phenomene: gamme etendue de valeurs
normales d'indices, variations des dimensions de la pa-
pille, sclerose des vaisseaux retiniens, stades debutants de
l'hypertension, dilatation des vaisseaux proximaux,
erreurs de lecture lors de l'examen du fond d'ceil ou de
la mesure de la tension arterielle. Ces premiers resultats
sont cependant encourageants, et les auteurs se proposent
de verifier certaines de ces hypotheses en procedant a un
nouvel examen du meme echantillon de population a
quatre ans d'intervalle et en tentant de definir des valeurs
normales grace a la mesure des indices dans une popu-
lation jeune.
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