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INTRODUCTION

The vascular system, especially the minute blood
vessels, is highly sensitive to radiation and closely
related to the development of radiation distur-
bances.l:2 In the extensive animal experiments by
Cottier,! various vascular lesions considered to be
related to aging and hypofunction of various organs
have been demonstrated. For these reasons a study
was made to determine whether any morphological
abnormality had developed in the minute vessels of
the bulbar conjunctiva of atomic bomb survivors.3.4
Vessels of the bulbar conjunctiva correspond, both
anatomically and embryologically, to those of the
subcutaneous tissues of other parts of the body, and
since the conjunctiva of the bulbus oculi is trans-
parent, photographs of excellent resolution can be
obtained of such vessels. These vessels are
therefore considered to be most suitable for detailed
observation of the anatomic structure and hemo-
dynamics of the vascular system.

Although a number of studies have been made on
the development of morphological abnormalities of

the minute blood vessels in the bulbar conjunctiva,

very little has been done with regard to radiation
effects except by Upton? who observed in 6-7
week-old LAF | strain mice a marked acceleration of
iris atrophy and such histological findings as
decreased stroma accompanied by decrease or
disappearance of capillaries 22-23 days after a
single whole-body exposure to 100-500 R.

SUBJECTS

As in the preceding report,4 435 subjects were
examined from among the sample of 792 persons
selected from the supplementary schedules of the
1950 National Census and the 1950 ABCC 10%
Sample Census.

METHOD OF EXAMINATION

In the bulbar conjunctiva, the upper temporal half of
the left eye, where there would be perhaps little
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external irritation, was photographed at a distance
of about 10 cm with a Donaldson Stereocamera,
(Perkin-Elmer Model 156, Howe Laboratory) equipped
with an electronic flash unit of 200 W/sec (Figures
1 and 2).

The original photographs were 2x magnification and
additional 4-fold photographic enlargement was made
for detailed observation. The central 3/4 of the
print was used to evaluate the findings which were
read without knowledge of the age, sex, or exposure
status of the subject.

The classification used in evaluating the changes
was that adopted by Takeuchi et al3 to describe
the vascular changes of the anterior eye of patients
with hypertension or hypotension. This permits
evaluation of the degree of sclerotic changes and
abnormality in blood tension of the vessels. In the
ciliary vessels changes of the veins are generally
smaller than those of arteries, and in the bulbar
conjunctival vessels hardly any changes are noted
in the arteries. Therefore, cases were graded as
0, 1, 2, or 3 (Table 1) according to the degree of
morphological changes in the arteries for the ciliary
vessels and the degree of morphological changes*in
the veins for bulbar conjunctival vessels (Figure 3).
These grades were employed hereinafter.

DEMULGD L EHRELT, HA20W,  sec d 2 K
T & Donaldson Z5 L4 # 4 5 ( Perkin-Elmer 1567,
Howe Laboratory ) &ML, M1 &H2im+ k31
Fl0emDERESY S HRE T4 - 2.

MEEELIHBTHLY, BMLBEFTE S L5 12,
IhxssizafBicglamMmEL, et idiran, £
OHRREOAFO3 o0 TR EL <. HiEILs
NTHMBEOER, ¥, FAIEBRELEHRETH LB
.
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ﬁﬁa.%Wm%:ﬁwfu,ﬁMmE&mﬁmuﬁN
—HRIZEETH Y, BRAARME 5V TR ERENIzE
FEEAYZEEEL V., 2Z2TERLIZFRT L 212, BH
mﬁuvwfﬁﬁﬁmﬁﬁmﬁﬂ&.wﬁm Fizow
TIHFFIROBEMZE L& 72 OREIZ#E-TO0, 1, 2, 3
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TABLE 1 CRITERIA FOR MORPHOLOGICAL CHANGES
#£1 BREEROHELE

Conjunctival Vessel
(vein)

ERESRE M (FRAR) o B 1L

Grade Ciliary Vessel
S EE (artery)
EFRIMAE (TR O AL
Q Vessel walls parallel
nEEFFEFTaLO
1 Vessel walls slightly irregular

NEROFHFEFbThIBEATVELD

2 Vessel walls moderately irregular
MEEE-FITEFPREIRaATVAILD

3 Vessel walls markedly irregular with
a bead-like appearance
MEBEO TITEARRAE 242 & b, EERIRIEE
#2T540m

Venous network normal

WIRES EED LD

Dilatation here and there in venous network with varices
near annular region

DB O A AR L, BEE I MRELES S LD

Above changes severer or more extensive., Frequent
triangular dilatation at bifurcation

LREOERFLIDVEETHS Y, TLRERBIASLDT, F
MEAHEA 2, LELETF0SMEBC="MEBRES2 5L 0

Above changes much severer with foliate or mesh-like
appearance

tRoTAFEs EmETERE 2 IMEEREET 240

Changes such as tortuosity of ciliary vessels are
not due solely to hypertension and can also occur
due to various other causes such as inflammation
and increased intraocular pressure. In young
persons, such changes may occasionally occur from
unknown causes. Therefore, these changes were
excluded and only the degree of parallelism of the
blood vessel walls was used as index.

BARME 51T 5ERERT & EOEE, HBIZHMEZ
HET2L00HTEL, ®IE, BAEAELZ YOV
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MOREMTRE 3232507, 2hxbibL, HIZ
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FIGURE 1 Donaldson Stereocamera, Perkin-Elmer Model 156 A. Electronic power supply;
B. Electronic flash lamp (200 w/sec);

C. Focussing lamps;
index; E. Stereocamera.

D. Magnification scale and

1 Donaldson A F L4 # 2 5, Perkin-Elmer 156 &, A.
200w,/ sec); C. ¥ ¥ }
E. AFLdh AT,

ZFoHERE; B, A rOHBERE (B
o be#stv 0 kF(2ME); D. HAREZRT AT - {58,

FIGURE 2 Photographing of minute vessels of bulbar conjunctiva.
half of the left eye was photographed.
on the bulbus oculi which would disturb blood circulation.
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The upper temporal
Special care was taken not to apply any pressure
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Grade 0, 17 year old male, Group 3, 2800 m Grade 1, 30 year old male, Group 1, 1000 m
SHEEO, 17#, B, #ME I, 2800m SHARAE 1, 308, HiE, HEBH 1, 100m

Grade 2, 18 year old female, Group 1, 1500 m Grade 3, 40 vear old female, Group 2, 1600 m
SN 2, 18R, 4oif, BBFE 1B, 1500m SPHUE 3, 408, ff, BMMBE2H, 1600m

Figure 3 Classifications of Morphological Changes of Minute Vessels
of Bulbar Conjunctiva
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The photographs were examined for the frequency of
pigmented spots and hemorrhagic spots, but no
statistically significant difference was observed by
age, sex, or exposure group. Therefore, these were
not included in the above criteria.

METHOD OF ANALYSIS

To detect any possible changes in the superficial
minute vessels of “he survivors due to exposure to a
single varying dose of radiation, the data were
analyzed by sex, age at the time of examination,
and age-sex combined with the aim of ascertaining
the relationship of capillary grade to each variable
and to dose by age and sex. The capillary grade of
the 4335 cases is distributed as follows:

Grade 0
ST 1
2
3

In the X2 tests these grades were grouped as 0 vs
1+2+3 and 0 vs 1 vs 243 and in the multiple regres-
sion analyses these grades were used as if they
were measurements. [f the distance between grades
or degree of abnormality is not linear with the grade,
analyses based on this assumption may be insensi-
tive. Therefore, some multivariate analyses were
attempted without making this assumption (i.e., in
three-way contingency tables).

RESULTS

Morphological Changes in Relation to Age and Sex
In Table 2, and Figures 4 and 5 the sample is shown
by sex, age, and capillary grade. There is a strik-
ing difference between sexes in virtually every
5-year age group, and in the absence of any strong
trend with age the difference in percentage with
normal capillaries (53 for males and 71 for females)
may be taken as a measure of the effect of sex
(P< .01).
females.

The effect of age is not very evident for
The size of the male sample is small and
the finding suggesting that abnormalities diminish
with age is statistically insignificant. For females,
however, some statistical evidence of heterogeneity
by age was found with a trend of decreasing
abnormality with age (P <.02). From this standpoint
it is perhaps unfortunate that the sample does not
extend beyond age 44. However, since the influence
of secondary factors such as hypertension and
arteriosclerotic changes would probably complicate
the results, the older age groups were completely
excluded from this analysis.
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¥ 107
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FIGURE 4 PERCENTAGE WITH NORMAL CAPILLARIES BY AGE AND SEX
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FIGURE 5 PERCENTAGE WITH NORMAL CAPILLARIES BY EXPOSURE GROUP AND SEX
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TABLE 2 DISTRIBUTION OF EXAMINEES BY SEX, AGE, AND CAPILLARY GRADE

#2 WHEOMWER, FEeH, M ME O 5 B 5 A6
Grade SIHMA

Age Total
i 0 1 2 3

Tortal Male Femal

a o % T# MB F#& T# M®B Fx T# M#% Fi Ti M# Fx
10-14 56 28 28 35 17 18 18 10 8 301 2 o 0 0
15-19 34 14 20 17 7 10 v £ 3 0 g3t 0
20-24 31 9 22 22 5 A7 A 2Rl 1 0. o 0
25-29 125 17 108 80 8 72 32 7 25 125 20 10 1 0 1
30-34 111 13 98 87 7 80 16 3 13 8 3 5 A ]
35-39 63 19 44 40 9 31 18 6 12 2 N1 1 S AR
40-44 15 2 13 =1 4. #D 3 W -5 00 0 TR e ]
T:tal 435 102 333 292 s5a 238 o7 By 72 AL 9 22 P
&t

Morphological Changes in Relation to Exposure HBEEL L UMIBER - FENTIEEONE SHED

Group and Distance Contingency table analysis
shows that the proportion of abnormal grades (1 to 3)
varies significantly by group
(P £ .02) with sexes combined. When the relation-
ship is examined by sex, the percentages of those
with normal grade and the probabilities correspond-
ing to the values of X2 calculated for 3 degrees of
freedom are as follows:

quite exposure

B ClE, REOSGEE(1H»53FT)0k%E L, B

T AFHLALS, BERBEBHCELVWABELRT (P

02). ZORFZREMRBICHE~NS L, ERGSMELET
ZEDEHDHELEAHEIO X ARG T 2FE T
KODEENTH 5.

Exposure Group*

Sex Pt T(.J-Fal
YERI P
1 2 3 4
Male 44 % 60 % 64 % 48 % 53 % > .10
Female % 61 73 77 78 71 .04
Total &f 56 72 73 70 67 .02

*See footnote Table 3. H i MHiE4s 28

It is evident that the inclusion of Group 4 has
little or no effect on these comparisons. Hetero-
geneity the behavior of females
Group 1. The abnormalities do not extend to
capillary grades 2 and 3, but involve an excess of
Grade 1 (Table 3).
differences requires, first, that the age be introduc-

stems from in

Further investigation of these

that more
refined measures of radiation exposure be employed.

ed as a control variable and, second,

When the observations on exposed females were
studied by means of a three-way comparison for age,
capillary grade, and exposure group (Table 4), the
condition of these three variables was statistically

INS5OBIIHLT, BBREAREMZI AL IE-
THRIIFEREILALZVWILEHL»TH S, BE
HRERE IBOLMIIL2L0THE, ZOEKIED
BUE L2l BR &R 50 47T, A O 55 HE
2:%3 HhEHYRATVREW(ERI). 512, Th
EDELFLLEANS DI, THETHRELTEAT
b, IV IEMLRESEHWTRL .

- 13
e

2
i

TOFRFERAIIRTESVEB BT 28HHE%
3EMD e (FRs, M AMERE S EUHEBBE) 2L
ThHiT 3L, 2hs “2OFEHOMGIEEHE MR



suggestive (P = .07). Further, in order to determine
the relationship with radiation dose the sample was
reclassified by distance instead of exposure group,
and the analysis was repeated for females (Table 5).
The radiation effect is only suggested in those
10-19 years of age:

BEETH-72(P = 07). 5612, BHEHBEREL: OME
RS0z, HBRROMRLY CHEMN-BESEL, &
Bl LTEBITE DDA LITA-R(FRS). BEIRE
BL0—1GE M CREROREIRE S L,

Distance Grade 5 Hifi Total

2 B 0 1-3 it

0-1399 m (55+rad®) 3 8 11

1400 - 1999 14

2500-4999 10

Total &f 19 16 35
¥2=5.95 with df =2 (P = .05)
BHE2O X HHR=5.95(P = .05)

Further, the relationship of grade to distance group
(within 1400 vs 1400+ m) was statistically signifi-
cant by the exact test with P =.035.

These suggest that radiation effect is stronger in
the 10-19 age group. In the males the proportiont of
normal cases in the 10-19 age group showed a
similar linear trend as that of females, though it
was not statistically significant. Tests of the
association between age and morphological abnor-
;nality within the three distance groups (females)

showed:

=512, FEBERX 4y (1400m 3 x4 1400m 113t ) & 55 HifE
OEGEEEIHERELIT 2 - 2EER, H¥ENCERET
H =i (P=.035).

Llbka s, MESORETII0-19FEMECLDEERD
nTwsZeAfEflsn s, W0—19EOBEIZETSE
EHBEOLE L, HEPFNICAERTR Ao Y, T
DFNEFMEAERAED SR, oD HRER ()
ICHE I AFEREMIPMERERE EOREXRDESD
ThHb.

Distance fHf#

0-1399 m
1400 - 1999
2500 - 4999

< .01
> .10
> .10

In a linear regression analysis of age, morpholo-
gical abnormality, and distance for exposed
females only, the multiple correlation coefficient is
.15 and is significant at the .05 level.

Because of variation in the shielding situation,
many survivors exposed within 1400 m may not
have received large doses of radiation. There-
fore, the sample was distributed by both distance
and shielding, and the analysis performed on
Table 5 was repeated (Table 6) after restricting the
female sample exposed within 1400 m to those who
were very lightly shielded. Exclusion of those with
heavier shielding or unknown shielding configura-
tion does strengthen the evidence of association

WL 20 EE, 0 DEBERE S & B
FTOEMEE BT IZ BT, EHMFHEEILISTHN,
5 %RETHETHS.

FRES OSERCREB A4 Th 2O T, 1400m FK il o #H IR
HTH, AROBHEHGERELZITVEVWELEZNTH S
3. LA T, WEHERHEBELERLIZE - TS L,
BOBIE 12 1400m K Th - B Ltk h T & §E
DEFREIZS S EFOHIZO>VT, 5 O %L
DAz LA(£6). EEREFIZI, > £H, FA3ERK
REFTHOEEBILILE-T, £#50F—-4—



TABLE 3 DISTRIBUTION OF EXAMINEES BY EXPOSURE GROUP, SEX AND CAPILLARY GRADE
# 3 HREOHBER, MR, E0E o 5B 5 A

Total 3 Male Female #
Group *
R Total Total Total
e Ted o 1 2 3 l°_f|f"' 0 s o2 % ol gt
L i [
1 126 b 44 11 0 32 14 14 4 0 94 3 30 7 0
2 124 89 22 10 3 15 9 2 1 3 109 80 20 9 0
3 93 68 20 5 1] 28 18 9 1 0 65 50 11 4 0
4 92 64 21 5 2 27 13 10 3 1 65 51 11 2 1
5 102 54 35 9 4 333 238 72 22 1

Total 435 292 107 31
&t

*1 0-1999 m from bypocenter, reported major radiation symptoms. 2 0-1999 m reported no radiation symptoms.
3 25004999 m. 4 10,000+ m.

I tELids 0—199mizwT, BERHEERLSELEZE,. 2 SO4HMI50-19Pmiz0T, BHERMRERLII Lo LE.

3 2500—4999m iz v, 40 10,000m DL 2w A

TABLE 4 DISTRIBUTION OF EXAMINEES BY AGE, EXPOSURE GROUP AND PROPORTION
HAVING GRADES 1'3;_FEMALE ONLY

L4 EBEOEBI, BMBN, SEE 1 -3 5 HTIEORENNG, KOS

Group #

Age Total

i it % 1 % 2 % 3 % 4 %
10-19 48 41,7 20 60,0 5 40,0 10 20.0 13 30.8
20-29 130 31.5 27 33.3 54 37.0 24 25.0 25 24.0
30+ 155 21.9 47 34.0 50 14.0 31 22.6 27 14.8
Total 333 28.5 94 39.4 109 26.6 65 23.1 65 21.5
oA

TABLE 5 DISTRIBUTION OF EXAMINEES BY AGE, EXPOSURE DISTANCE AND PROPORTION
HAVING GRADE 1-3; FEMALE ONLY

#5 WMEOFEHED, BRERDN, S8WA1l -3EFHTIHFOLENSH, KEob

Age Total = Exposure Distance Mg (m)

L 7 0-1399 % 1400-1999 % 2500-4999 % 10,000+ %
10-19 48 41,7 11 F20T 14 42,9 10 20.0 13 30.8
20-29 130 31,5 32 BE3 49 38.8 2% 25.0 25 24.0
30+ 155 21.9 58 22.4 39 25.6 31 22.6 27 14.8
Total 333 28.5 101 30,7 102 34.3 63 23.1 65 21.5
&t




TABLE 6 DISTRIBUTION OF EXAMINEES BY EXP OSURE DISTANCE, AGE,

AND PROPORTION

HAVING GRADES 1-3; FEMALE ONLY UNDER LIGHT SHIELDING

#6 FiEEOMBREMD, FE, SHElE1-3% HHE ORI, Bl Lo &
Distance Total . Age R
B 2 it ;
10-19 20-29 b 30+ %
0-1399 m 33 36.4 5 100.0 10 20,0 18 27.8
1400-4999 167 29.9 24 33.3 73 34.2 70 24.3
Total 200 31.0 29 44.8 83 32,5 88 25.0
& a5t

between radiation and morphological abnormality in
aged 10-19. Thus the borderline P of
Table 5 (age 10-19) is now replaced by an exact
P of .011.

females

Morphological Changes and Radiation Dose The
1965 dose® was used to explore the
relationship between radiation dose and morpholo-
gical abnormality. However, dose information was
available for only 158 of the 250 subjects (37 male,
121 female) exposed within 2000 m. Together with
the 93 subjects located at 2500-4999 m, whose
instantaneous dose may be assumed to be 0 rad,
251 cases (65 male,
The
capillary grade is

tentative

186 female) were available for
ratio of normal to abnormal by
124:62 for 186 females with
known dose, and 63:19 for remaining females with
unknown dose, demonstrating no difference between
Mean dose was 60.2 rad (y-rays 48.1 rad +
neutrons 12.1 rad) for 186 females, 59.9 rad (y-rays
47.6 rad + neutrons 12.3 rad) for those with normal
findings and 60.8 rad (y-rays 49.1 rad + neutrons
11.7 rad) for those with abnormal findings. Further
analysis was made on the effect of age and exposure
dose,

analysis.

the two.

but no significant relationship could be
found. Neutrons are reported to penetrate up to 3 cm
below the surface of skin.? There is no wvalid
available on the RBE of neutrons for

consideration in the present analysis.

information

DISCUSSION

Morphological changes of the minute blood vessels
of the bulbar conjunctiva as evaluated by a standard
criterion have been found to increase among patients
with abnormal blood pressure. However, all subjects
of this study were confined to those aged 44 or less
and having normal blood pressure.
any disease considered to affect the minute vessels

Cases having

were excluded as much as possible”8 as described
in the previous reports. 34
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The effects of radiation on the older age groups are
interesting from the standpoint of acceleration of
aging, but because the of possible
complicating factors such as hypertension or arterio-
changes, the older groups
excluded from this study in the planning stage.

influence

sclerotic age were

The correlation coefficient between the total score
for fingernail fold presented in the previous report4
and the grade in the present paper for the entire

SR E 12T 2RO BED MBEED i 5 Bk
ATl L7 k9 e, iR (bR S &
ODRAFOfAE, BREBEILTAE IR S S
i, SEEEBEML .

PRV A,

BLE TR AR AGITREL O & S s AR 1 53
EREARIIHT 55 - OHBEREIE, 5% T THEE

sample is significant at P < .05. Further, the THDd. sH1z, BWEMBMOMHMERD 2 LREHRIZ 1%L
correlation between the two was found to be A .
significant (P < .01): L.k
Grade Score & &t FE(E{E Total
e <5 59  10-14 15+ it
Normal 0 49 104 87 49 289
1E#
Abnormal 14243 23 38 34 46 141
£
Total &7t 72 142 121 95 430
X2 =14.11 with df = 3 (P <.01)
EHE3IO X i R=14.11 (P<.01)
A significant correlation could not be observed B4 &z, OBREES SME > TIEEE2i N E

with regard to oral mucosal capillaries, but this
may be attributable to the poor sensitivity of the
examination. The oral mucosa unlike the nail fold
is liable to various types of stimulations and thus
the effects on
modified by a number of factors.4

the oral mucosal capillaries are

SUMMARY

The superficial blood vessels of the bulbar con-
junctiva of 435 subjects aged 44 or less have been
analyzed for evidence of association of morpho-
logical abnormalities of the capillaries to age, sex,
exposure group, distance and dose. A striking sex
difference was noted in that the capillaries of 71%
of the females were judged normal in comparison
with only 53% of the males (P < .01). In both males
and females no evident increase in the distribution
of morphological abnormalities with age could be
observed. This is attributable to restriction of the
age range of the subjects studied.

When both sexes were combined, a significant
difference (P = .02) was observed in the distribution
of morphological abnormalities by exposure group.
This was found to be due to the abnormal findings
among the females in Group 1. Further, a suggestive

relationship of morphological abnormalities to
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radiation dose was observed in females aged 10-19
at the time of examination or under 10 at the time of
the atomic bomb.

It is of that the above
results strongly suggest that radiation can affect
the peripheral vascular system of the younger age
group. It is hoped that a more definitive evaluation
of the late effects of the entire
vascular system will be made from data collected
through future studies.

radiobiological interest

radiation on
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