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SUMMARY

A total of six color slides was made of the fundus of
both eyes of 458 males, age 40 or over, who were
subjects in a program of detailed biennial medical
examinations during the past 8 years. A descriptive
classification was used to analyze the relationship of
eyeground findings to age, blood pressure, and
duration of hypertension. In addition, black and
white photographic prints were used to measure the
caliber of the previously selected arteriole-venule
(A-V) pairs for calculation of the A-V ratio. The
significance of these findings were reviewed, and the
following conclusions were reached.

The results obtained from the evaluation of changes
based solely on six color photographs of both eyes
were found to be similar to ophthalmoscopic findings,
and eyeground photography is felt to be a useful
epidemiologic tool.

Examination of the overall grade of changes showed
the frequency of abnormal findings to increase
significantly with age, blood pressure, and duration of
hypertension.

Persons with fundus abnormalities had a significantly
higher frequency of cardiomegaly, aortic calcification
and tortuosity, and electrocardiogram abnormalities.

Generalized narrowness of arterioles and changes in
venule caliber at A-V crossing were the most frequent-
ly observed abnormalities. Generalized narrowness is
closely related to hypertension.
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The A-V ratio, as an objective method of evaluating
the findings, was studied in detail. This ratio,
calculated for A-V pairs of the same sector, showed a
significant relationship to the gross findings of the
degree of generalized narrowness, which seemed to be
the manifestation of generalized narrowness as reflect-
ed in the area about the optic disk. However, the
A-V ratio in itself did not show any definite relation
to either age, blood pressure, or duration of hyper-
tension. That is, it was found that for certain limited
cases, the A-V ratio was meaningful as a method for
the numerical expression of generalized narrowness,
but no further significance could be found.

No relationship was observed between the frequency
of abnormal findings of the eyeground and the
estimated radiation dose among A-bomb survivors.

INTRODUCTION

Cardiovascular diseases are increasing as a cause of
death in Japan as elsewhere. Studies on circulatory
diseases have been conducted at ABCC for several
years. In 1956 plans' were made to conduct
examinations of the eyegrounds including fumdus
photographs, as part of the ABCC-JNIH Adult Health
Study (AHS).? In 1965, Hashimoto et al* made a
preliminary study on AHS subjects concerning the
use of color photographs of the eyeground and the
measurement of the caliber of retinal vessels from
enlarged black and white photographic prints, and
reported that such studies were feasible.

The 1962 WHO criteria® for hypertension as well as
other classifications for hypertension include lesions
of the eyeground in addition to other target organs
such as the heart, brain, and kidney. The present
study® was an attempt to determine the relations of
1) the degree of hypertension and 2) the duration of
hypertension to lesions of the eyegrounds as inter-
preted from color photographs. It was also planned
to determine the relationship of hypertension to the
caliber of the retinal vessels.

SUBJECTS AND METHOD

Subjects. Members of the AHS sample® in Hiroshima
and Nagasaki, which is comprised of 20,000 males
and females living as of 1 October 1950, have had
biennial medical examinations, including electro-
cardiograms (ECG) and chest X-ray, since July 1958.
Color photographs of the eyeground were obtained on
all male subjects age 40 or over who came for their
routine examination over a period of 1 year begin-
ning May 1965, except those who refused, had
present or past history of eye disease, or who
wore glasses.
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FIGURE 1 EYEGROUND PHOTOGRAPH
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FIGURE 2 MAMIYA MIRROR FUNDUS CAMERA MODEL R1
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Eyeground photographs were obtained for 535
subjects. Of this number 63 were excluded at the
time of analysis, because of a history of renal
disease, diabetes, or eye disease. Of the remaining
472 subjects, an additional 14 cases were excluded
mainly for such reasons as unsatisfactory color
photographs or inadequate number of photographs.
Thus, ultimately there were 458 subjects available
for analysis. The age distribution of the 458 subjects
showed 88 to be in the 40-49 age group, 172 subjects
in the 50-59 age group, and 198 subjects in the 60+
age group.

Color Eyeground Photography. A fundus camera
(Mamiya R-1) and color film (Fujicolor R-100,
ASA 100) were used to obtain a total of six
photographs of the following sites of the dilated eye:
the area around the disc, and the upper and lower
temporal fields including the disc of both eyes.

Evaluation of the Description Findings. The gross
findings were evaluated using the classification of
findings and grades shown in the following table,
which is based upon the classification of the 196:-62
Welfare Ministry Adult Disease Survey6 and the
criteria recommended by the Research Staff on
Hypertensive Fundus Committees of the Japanese
Ophthalmological Society.” Normal is graded as 0,
and the more severe the abnormality the greater is the
number of +.
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Findings il Type of Change
0 1 2
I-1 Generalized narrowness 0 + ++
2 Segmental narrowness 0 + =+
3 Localized narrowness 0 + +t
4 Irregular narrowness 0 + 4
II-1  Striate hemorrhage 0 +++ Hypertensive change
2 Punctage hemorrhage 0 P
3 Patchy hemorrhage 0 +++
ITI-1  Hard exudate 0 ++
2 Soft exudate 0 ]
v Retinal edema 0 +H+
v Increased light reflection 0 + T e
VI-1 Arteriole-Venule crossing, changes in Venule-caliber 0 + 4+ A Arteriosclerotic change
2 Arteriole-Venule crossing, changes in Venule-course 0 + R s




Each eye was evaluated separately. The abnormal-
ities of highest grade among findings in groups I to
IV were recorded as the degree of hypertensive
changes (H grade), and similarly the findings of
highest grade among groups V and VI were given as
the degree of arteriosclerotic changes (S grade). The
higher of the H and S grades of either eye was used
as the overall H and S grade for each case.

For practical purposes the H and S grades were
classified into the following three groups: “Hp8q”, in
which H and S grades were both 0; “H1S;”, which
included H;Sq and HpSy in addition to H{S;; and
“H987+” in which either the H or S grade or both
had changes of ++ or greater, i.e. “Hy8o+” is meant
to indicate definite abnormal findings.

Main Arteriole and Venule. In evaluating the
descriptive findings, the presence or absence of the
main arteriole and venule in the upper and lower
temporal fields of each eyeground was also recorded
according to the 1964 WHO criteria.

Measurement of Caliber of Blood Vessels. Black and
white photographs enlarged approximately 10 times
were prepared for all color slides using the Mamiya
reverse projector attachment on the camera used in
the study. Measurements of the inner caliber of the
vessels were made only on those A-V pairs which had
been previously marked as suitable for calculation of
A-V ratio defined as the ratio of inner caliber of
arteriole and those of venule, at the time of evaluation
of the findings on color photographs as mentioned
below. Measurements were taken to the closest
0.1 mm. The caliber of vessels was, for reasons given
later, taken at the point 1.5 disc diameters from the
margin of the disc. The transverse diameter of the
disc was measured to the nearest mm.

Calculation of A-V Ratio. From the record of the
presence or absence of the main arteriole and venule,
only the A-V pairs which satisfied WHO criteria were
used for the calculation of the A-V ratio.

In a pilot study of 300 cases by the author® in
1966, the primary sector of the main arteriole was
found, on the average, to extend 1.75 disc diameters
from the margin of the disc and that of the main
venule to extend 1.5 disc diameters. (By the WHO
criteria, this is the distance from the point 0.25 disc
diameters from the margin of the disc to the first
point of bifurcation.) Therefore, it was felt that
examination at a point 1.5 disc diameters from the
margin of the disc would provide a high frequency of
pairs of primary sectors of the main arteriole and
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venule, and thus the calculation of the A-V ratio
was done at this point in the present study.

Calculations were made for the upper and the lower
temporal fields of each eye in all cases. When two or
more A-V ratios could be obtained in any subject, the
smallest was taken to represent the ratio.

Blood Pressure at Time of Eyeground Photography.
Blood pressure measurements were taken on the right
upper arm with the subject sitting. The values were
classified into three groups (normotensive, border-
line, and hypertensive) according to the WHO criteria.’

Duration of Hypertension. Most of the 458 subjects
of study have had blood pressure values recorded on
five occasions at the time of their regular biennial
physical examinations during the past 8 years. Each
of these measurements were classified according to
the three groups in the WHO criteria, and scored as 0
if normotensive, 1 if borderline, and 2 if hypertensive.
The sum of the scores was used as the index of
duration of hypertension. For analytical purposes, a
classification was made into the following three
groups.

Group 1: 0-2 (Normotensive or hypertension of
short duration)

Group 2: 3-6 (Hypertensive of moderate duration)

Group 3: 7+ (Hypertension of long duration)

RESULTS

Blood Pressure and Abnormal Findings. The distri-
bution of the overall HS grades of findings by 10-year
age groups and blood pressure is shown in Table 1.
The proportions of definite abnormal findings are
78% in the hypertensive group, 52% in the borderline
group, and 26% in the normotensive group, indicating
that the proportion of abnormals increases with
increased blood pressure.

In each age group, the proportion of “H,pS,+” is
higher the higher the blood pressure. The proportion
of “H,8,+" increases with age in each blood pressure
group.

Duration of Hypertension and Abnormal Findings.
Study was made to see whether duration of hyper-
tension had any effect on the proportion of “HyS,+”
and it was found that the proportion is higher the
longer the duration (Table 2).
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TABLE 1 GRADE OF DESCRIPTIVE FINDINGS OF EYEGROUND BY AGE AT EXAMINATION
AND CASUAL BLOOD PRESSURE

#F1 AEICHET ZEEEMAT RO £l - THEIRER
Age Blood Pressure o5 Hi% LV ol ‘)(2 Test
No. % No. % No. % No. %
Allage Normal 80 32.0 106 42.4 64 25.6 250 100
Borderline 4 4.2 42 44.2 49 51.6 95 100
Hypertensive 5 4.4 20 17.7 88 71.9 113 100
Total 89 19.4 168 36.7 201 43.9 458 100 109.7 **
4049 Normal 33 52.4 21 333 9 14.3 63 100
Borderline 2 12.5 1 43.8 7 43.8 16 100
Hypertensive 2 22.2 1 11.1 6 66.7 9 100
Total 37 42.0 29 33.0 22 25.0 88 100 191 X%
50-59 Normal 28 27.2 46 44.7 29 28.2 103 100
Borderline 1 3.0 19 57.6 13 39.4 33 100
Hypertensive 1 2.8 9 25.0 26 72.2 36 100
Total 30 17.4 74 43.0 68 39.5 172 100 lgy
60 + Normal 19 22.6 39 46.4 26 31.0 84 100
Borderline 1 2.2 16 34.8 29 63.0 46 100
Hypertensive 2 2.9 10 14.7 56 82.4 68 100
Total 22 11.1 65 32.8 111 56.1 198 100 4Dk

**Significant at 1% level.

TABLE 2 GRADE OF DESCRIPTIVE FINDINGS OF EYEGROUND BY AGE AND HISTORY OF BLOOD PRESSURE

#£2 BRECET2EEBMAEORE: Fi& - SIS RE
s History of Hoso Hl SI H282+ Total
Blood Pressure xz Test
No. % No. % No. % No. %

All age 0-2 80 295 121 446 70 25.8 271 100

3-6 5 5.2 35 361 57 58.8 97 100

7+ 4 4.4 12 133 74 82.2 90 100

Total 89 19.4 168 36.7 201 43.9 458 100 108.0 ik
40-49 0-2 34 493 26 377 9 13.0 69 100

3-6 2 15.4 3 231 8 615 13 100

7+ 1 16.7 0 5 83.3 6 100

Total 37 427 29 33.0 22. - 250 88 100 25.9 ik
50-59 0-2 27 23.7 56 49.1 31 272 114 100

3-6 2 8.0 11 44.0 12 48.0 25 100

7+ 1 3.0 7 21.2 25 75.8 33 100

Total 30 17.4 74 430 68  39.5 172 100 28.3 **
60 + 0-2 19 21.6 39 443 30 341 88 100

3-6 1 1.7 21 356 37 62.7 59 100

7+ 2 3.9 5 98 44 86.3 51 100

Total 22 11.1 65 32.8 111 56.1 198 100 44.0 o

**Significant at 1% level.



Other Clinical Findings and Abnormal Findings. The
relations between the grade of abnormal findings and
the various clinical observations on the cardiovascular
system are shown in Figure 3. The proportion of
“H989+” was significantly higher in subjects with
cardiomegaly, aortic calcification, and aortic tortuo-
sity (P << 0.01). It was also significantly greatér in the
group with ECG abnormality (P <<0.05). Since cases
with renal disease and diabetes had been excluded,
the number of cases with positive findings for urine
sediment, urine protein and urine sugar was small,
and although the proportion of “H,S8,5+” tended to
be high in the abnormal group, the difference was not
statistically significant. No relationships between
cholesterol values or 1-hour blood sugar levels follow-
ing a 50 gm glucose challenge and the grade of
eyeground findings were observed.

Distribution of Grades of Descriptive Finding. The
distribution of grades of each finding in all 458 cases
is summarized in Table 3. The frequencgy~ of
abnormal findings of 2+ or more is highest for I-1,
generalized narrowness, followed by VI-1, changes in
venular caliber at A-V crossing.

Thus generalized narrowness which presented the
highest frequency was taken as the index of the
hypertensive change (H grade), and changes in
venular caliber at A-V crossing which presented the
next highest frequency was used as the index of the
arteriosclerotic change (S grade) for review by age,
blood pressure and duration of hypertension. The
results are shown in Figure 2. The frequency of “2+
generalized narrowness increases with blood pressure
and duration of hypertension. On the other hand, the
frequency of “2+” and “3+ abnormalities in venular
caliber at A-V crossing seems to become stabilized
when hypertension has been present for a certain
length of time.

A-V Ratio: The Ratio of Inner Caliber of Arteriole
and Those Venule. The A-V ratios do not differ by
blood pressure level and also by age as shown
in Table 4.

The A-V ratio, however, is smaller the greater the
grade of generalized narrowness (P < 0.01). This
tendency was also noted in every age group.
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FIGURE 3 PROPORTION OF ABNORMAL FINDINGS OF EYEGROUND BY ASSOCIATED CLINICAL FINDINGS
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TABLE 3 GRADE OF DESCRIPTIVE FINDINGS (SHEIE'S CLASSIFICATION)
#3 i rAt R ORE (Sheie 05 H)

Total* 0 + ++ +++

Unknown
No. % No. % No. % No. % No. %

I-1 454 100 203 44.7 148 32.6 103 g2 — 4
2 456 100 338 74.1 72 15.8 46 10.1 — 2

3 456 100 361 79.2 63 13.8 32 7.0 — 2

4 456 100 443 97.1 10 2.2 3 0.7 - 2
I1-1 457 100 451 98.7 - — 6 1.3 1
2 457 100 448 98.0 - — 9 2.0 1

3 457 100 445 97.4 - = 12 2.6 1
11I-1 457 100 452 98.9 - 5 1.1 - 1
2 457 100 453 99.1 — - 4 0.9 1
Iv-1 457 100 448 98.0 - - 9 2.0 1
V-1 456 100 345 7ia 39 8.6 57 12.5 15 3.3 2
VI-1 451 100 261 57.9 113 25.1 58 12.9 19 4.2 7
2 451 100 393 §7.1 45 10.0 11 2.4 2 0.4 7

*Excluding “unknown” cases.



Abnormal Descriptive Findings. The proportion of
abnormal descriptive findings (H,S5+) was observed
among five different exposure dose groups (excluding

nonexposed) as shown in Table 5.

No significant

relationship was found between radiation dose and

proportion of abnormal descriptive findings.

B REFRR.

RHIIARL .

EBE R R (H,S ,+) 0 %
FREOOHME GERBEER O ITREL 2R

Bsf s AL & AT Y5

CHEEOMFIERD Lo/

SR OE

TABLE 4 A-V RATIO BY GRADE OF GENERALIZED NARROWNESS, BLOOD PRESSURE

AND AGE AT EXAMINATION

#F4  ASVIE: BEMEHKME, E - FEE
Blood Pressure Age g;?:;il:?:sds N Mean SD F-test
Total All ages 0 155 0.73 0.092
+ 113 0.69 0.072
++ 77 0.67 0.086
Total 345 0.70 0.086 bk
40-59 0 96 0.73 0.093
+ 63 0.68 0.076
++ 41 0.67 0.098
Total 200 0.70 0.092 it
60 + 0 59 0.72 0.091
T 50 069  0.066
++ 36 0.67 0.072
Total 146 0.70 0.081 ¥
Non-hypertension All ages 0 133 0.72 0.092
+ 84 0.69 0.066
++ 41 0.67 0.084
Total 258 0.70 0.085 ok
40-59 0 86 0.73 0.094
+ 52 0.69 0.073
++ 25 0.68 0.091
Total 163 0.71 0.089 #
60 + 0 47 0.72 0.088
+ 32 0.69 0.055
++ 16 0.66 0.075
Total 95 0.70 0.078 *
Hypertension All ages 0 22 0.74 0.097
+ 29 0.69 0.086
++ 36 0.67 0.089
Total 87 0.69 0.94 ¥
40-59 0 10 0.73 0.093
+ 11 0.66 0.088
++ 16 0.67 0.111
Total 37 0.68 0.102 NS
60 + 0 12 0.75 0.103
+ 18 0.70 0.084
+ 20 0.68 0.070
Total 50 0.70 0.087 NS

*Significant at 5% level.

**Significant at 1% level.
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TABLE 5 ABNORMAL DESCRIPTIVE FINDINGS (H;S,+) BY EXPOSURE DOSE

#5 BELEMTR(H S +): BERimEs
; T65 Dose (rad)
Statistic — )(2 —test
Total 0-9 10-39 40-179 180 + Unknown

Observed HySq+ 154 61 35 41 13 4 Not significant
Expected 154 64.3 28.5 38.5 17.6 s
Q/E 0.95 1.23 1.07 0.74 0.78
Sample 337 141 61 84 39 12

FIGURE 4 PROPORTION OF ABNORMAL FINDINGS IN GENERALIZED NARROWNESS (++) & CALIBER CHANGE

=2

IN CROSSING (++ & +++) BY BLOOD PRESSURE LEVEL

BRSNS (H) & £ (F_’E%"%-:‘%Iil*]?_%f%f b (Hd L UH) ofld:
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20 Caliber Change 8 in Crossing
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/
/l
10 ’ = pod
| | 1 1 | |
NORMO- BORDER- HYPER- 0-2 3-6 1+
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DISCUSSION

Most studies utilizing eyeground cameras in the
epidemiologic investigation of cardiovascular diseases
have used three photographs of one eye (for the
same sites as used in the present study).'®!! The
present authors used a total of six photographs
of both eyes because it has been reported!® that
findings of grade 2 or greater by Scheie’s classification
may be missed at a rate of 22.3% by the examination
of three photographs of one eye as compared with
ophthalmoscopic examination of both eyes. In
addition to this disadvantage, there is considerable
disagreement'®!? with the ophthalmoscopic evalua-
tion of such findings as color tone, luster, and
reflection.

The frequency of definite abnormalities (HpS5+)
in the overall evaluation of the eyeground changes
was found to increase with increasing age and blood
pressure. This also has been found in previous
reports.13

Examination of the relation between abnormal eye-
ground changes and other clinical findings showed
that the frequency of eyeground abnormalities was
significantly higher in subjects with cardiomegaly,
aortic calcification and tortuosity, and ECG abnormal-
ities, each of which are considered to be secondary
changes due to hypertension.

Hara'® in a detailed study by each type of eyeground
abnormality reported that protrusion of the left
ventricular or left atrial segment on chest roentgeno-
gram when separately present, did not show any
relation to the eyeground findings. However, when
they were present at the same time, the frequencies
of sclerotic findings and fundal hemorrhage were
high, suggesting that cardiovascular findings may
precede eyeground changes.

Solanes et al'® on review of autopsies, reported a
correlation between myocardial hypertrophy and
eyeground abnormalities in a group with hypertension
of long duration.

Many reports describe a general correlation with
ECG findings. Hara et al'* made a study with regard
to abnormal Q wave and left ventricular strain, and
reported that only sclerotic changes among the
various eyeground abnormalities were related to the
former. On the other hand, narrowness, irregularity,
and hemorrhage which are hypertensive changes, were
the most strongly related to ventricular strain. Most
reports have found no relation between serum
cholesterol levels and eyeground changes.
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It is generally believed that generalized narrowness in
the early stage of hypertension consists of functional,
reversible “‘stenosis”, and with the persistence of
hypertension, organic, irreversible ‘“narrowness”
develops, due primarily to thickening of the tunica
media of the arterioles.

The findings of the authors showed a relationship
between the frequency of 2 plus (++) generalized
narrowness and blood pressure.

The frequency of abnormal changes in venular
caliber at A-V crossing was less than that of abnormal
generalized narrowness and presented a consistent
relationship with age rather than with blood pressure.
However, further histologic and physiologic evidence
is necessary for the interpretation of these findings.

The results of our studies on the relation of age and
blood pressure to eyeground changes evaluated solely
on the basis of color photographs, show tendencies
similar to those reported from ophthalmological
studies.!® Ito'® feels that there is no relationship
between the degree of sclerotic change and degree of
thickening of the arteriolar wall, and that qualitative
changes of the tunica media are more important.

Since subjectivity may enter into the evaluation of
these findings, studies are being made to develop
more objective methods for evaluation. At present
the most widely employed method is the measure-
ment of the caliber of the arterioles and venules.!”
Ophthalmological studies have been done in which
consecutive measurements were made from the
margin of the disc toward the periphery'® or in
which the A-V ratio at a number of points was
calculated.!® Epidemiological studies also have been
made using the ratio of the sums of the measurements
of the caliber of all arterioles and venules around the
disk.?® 1In order to exclude the effect of the venule,
studies have been made using the caliber of the
arterioles and the disc diameter.’® Minsky?! obtained
the ratio of the measurements of the arteriole before
and after their bifurcation, and Minato®* reported
that this ratio is highly correlated with blood
pressure.

With reference to the relation between the retinal
and brachial blood pressure, it is generally accepted
that there is a parallel relationship with the ophthalmic
arterial pressure‘za'm However, the relation may not
necessarily be parallel if a stenotic process should
occur due to atherosclerosis of the proximal arteries,
including the ophthalmic artery.25"%7
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It cannot be denied that individual variations are
present in the response of retinal vessels to changes in
brachial blood prcss.urc.m'29 It had been felt that
the retinal vessels do not have any vasomotoric nerve
supply?” but in 1969 Fukuda et al®® reported that
they were able to confirm with almost certainty the
presence of adrenergic nerves.

In addition Pickering®! has reported that calculation
of the A-V ratio had been difficult due to individual
variations in the distribution of blood vessels.

In 1966, Stokoe and Turner®* were able to find A-V
pairs of the same sector at a frequency of only
32%-48% among study subjects, and they questioned

the objectivity of the finding of generalized
Narrowness.
In 1967, the authors®®> made a review of the

frequency of pairs of main arteriole and main venule
for which the A-V ratio could be calculated according
to the WHO criteria and reported findings similar
to the present study.

In 1967, Kagan et al®® reported that the A-V ratio
obtained in the upper temporal area showed a
significant relation with blood pressure, but no
significant difference was found in the lower temporal
area. The results of the present study showed that if
the mean value and standard deviation are taken into
consideration, large variations are present in the A-V
ratios for individual cases, and even when the
smallest value had been taken to represent the ratio
in individual cases, there was no correlation either
with age or blood pressure.

Even in cases for which two or more A-V ratios
could be calculated, the response of the arterioles in
each quadrant to increased blood pressure would not
necessarily be consistent.3® Furthermore, fluorescent
retinal photography has demonstrated errors in evalua-
tion of the caliber when organic changes extend to
the vascular walls and perivascular tissues.®®

As previously suggcsted,2"}'31 observation of the A-V
ratio of the same site of the same subject for time
changes may be meaningful.

No apparent radiation effect on the cardiovascular
diseases has been reported among the A-bomb
survivors. Also, no relationship was observed in the
present study between the frequency of abnormal
findings of the eyeground and the radiation dose
among A-bomb survivors.
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