TECHNICAL REPORT
6-60

¥ M B & B

EFFECT OF AGE UPON EXTENSIBILITY OF ISOLATED
AORTIC SEGMENTS OF THE JAPANESE
BERAAOBHABREOHEMEICH T I2FEHROTE

EDWIN T. NISHIMURA, M.D.
MIGAKU MATSUOKA, M.D. #&[  #f
GORO ISHII, M.A. " R HFERD

SIDNEY C. MADDEN, M.D.

ABpCcC

ATOMIC BOMB CASUALTY COMMISSION

EoL TP e - FERBEREZR S

. JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE MINISTRY OF HEALTH AND WELFARE



TECHNICAL REPORT SERIES
M OB & ® £

The ABCC Technical Reports provide the official bilingual statements required to meet
the needs of Japanese and American staff members, consultants, advisory councils, and

affiliated government and private organizations. The Technical Report Series is in no way
intended to supplant regular journal publication.

ABCC ¥ &5 (&, ABCCORARABLURABMER, MM, RS B0 0LRE
MoOMEHEAFROERIZE L 22 DOHEMBIZ L3088 TH 5, HAWMS WL LR L GER O
HERZFIR2 0TI LW,



TECHNICAL REPORT
6-60

* W B & =

Approved ?ﬁéﬂ 22 ]zme 1960
Research Project Number 28-60
MEREEGE S

EFFECT OF AGE UPON EXTENSIBILITY OF ISOLATED
AORTIC SEGMENTS OF THE JAPANESE
HERAOHRHBHAREBREOEMECH T2 EHOEE

EDWIN T. NISHIMURA, M.D.!
MIGAKU MATSUOKA, M.D.t #4[& #f
GORO ISHII, M.A.2 HIHEH

SIDNEY C. MADDEN, M.D.!

Departments of Pathology! and Statistics?
RIRER ! B & UMERH AR 2

A :&ﬁcc

ATOMIC BOMB CASUALTY COMMISSION
HIROSHIMA AND NAGASAKI, JAPAN

A Cooperative Research Agency of
U.5.A. NATIONAL ACADEMY OF SCIENCES . NATIONAL RESEARCH COUNCIL
JAPANESE NATIONAL INSTITUTE OF HEALTH OF THE ‘MIN[S!‘RY OF HEALTH AND WELFARE

with funds provided by
U.S.A. ATOMIC ENERGY COMMISSION
JAPANESE NATIONAL INSTITUTE OF HEALTH
U.S.A. PUBLIC HEALTH SERVICE

E % # £ M T F AR =

kU

*E ¥ LR - ¥# &8 EEHEE LT NG EMNRE AN
EoH R EREMETRBEMN

KEMHFHERZ, BEHELTHNERAN G L CAALRBEROFRERIL S



ACKNOWLEDGMENT
B#OZ &

The authors are indebted to Dr. Gilbert W. Beebe, Chief, ABCC Department of
Statistics for his numerous suggestions and- advice in planning the statistical design
for this investigation.

#d513, ABCC ##t8E Dr. Gilbert W. Beebe 7 6, A MO -5 1T 2 HaF e
EHEIzEMLTHsoRBE s CIIHEs it nk, 2 LALTREOELET 5.



B &
IGEEOMUCTION T o sieeinnhohin s m st s e s SEUE 5000 0 wrem s s om0 o e £t et s 1
Materials and Methods MRt & UF 0k 1
Results e 7
DIBEUBSION B T rrunu s s s s e 50 s s o mm s e et ettt e ettt 19
Summary e 20
REFEIONTER B8 DM vt s s a0 o R S B R SR ST BT s s e st e s 21
Table 1. Distribution of sample by sex and age at death
% T T BB e I O S I S e N O P VS0 i S nm e s smmmean s kbt mmar e n s 6
2. Distribution of sample by broad causes of death
FELIRERNZ RB T WA it st s e e s v ot am e e s n e pm 6
3. Distribution of sample by age of specimen at examination
FEHEBEEMBIDH Y T FA ciiieiiriiiieinreereesseessssrnnaias TR S 6
4. Correlation ratios between age and selected indices of elasticity nonexposed only
FHEBMEDS DT HLFEMEBRINE N AT OB oo er s 10
5.  Relation between length of postmortem period and mean relative volume at 200 mmHg, by
age, sexes combined
MR M L 2 FER R & 2000m Hg O TE N % 00 2 7= 05 o FH & 09 2530 7 t910 0 PO 1%
UIBRIOERED (ovvisiiuimesmmsnvovivansssmmiin st s s s oo Vo s s S e Y Y e BT L e U 12
6. Distribution of sample by socioceconomic status
FEEBRKIE D 5 B 723 7 T D A0 ciiiii i e reiieer s e e e ses s eensattesaeneeenns 13
7. Relation between socioeconomic status and mean relative volume at 200 mmHg, by Age,
sexes combined 1
EMRIIC AL At S ARFEIRAE £ 200mm Hg O£ % 30 2 20 04X WS, PHHEOME
e P R U U oY 14
8. Distribution of sample by distance from lower border of specimen to diaphragm, in mm
Ao THL» S HBEE TORBE(H ) 2 62 2H Y TLOFA coierrnerreeeeecerrrreereeeens 14
9. Relation between location of specimen and mean relative volume at 200 mmHg
HEHO L £ 200mm Heg OES) % 12 72 1 O M B ERFE MO EFE v, 15
10.  Distribution of sample by inner circumference of aortic segment
REURSTEREEIFR 2 5 B 724 27 T I D TET tiriiireerrerrurnreiesiesssrsnseesssreaniesemssnssmnnessssenres 15
11.  Association between age and inner circumference of aortic segment
ERy & RBIIRAEREM B O BIER oo ee e cceaeee e e e e s es e e e s e e ee s sermmnnees 15
12. Relation between inner circumference of segment and mean relative volume at 200 mmHg
KUK A A& & 200mm Heg O JE &M 2 2B O AR B9 B FE I DO BIE covveeeeeeeeeeeeenns 16
13. Association between age and arteriosclerotic rating

CONTENTS

SEB LM IE GBI oocoscnuovicosnmmmsnussayoiias siaviossssssyisssnsaiss soauseisesissss v seshavisioss 16



14. Relation between arteriosclerotic rating and mean relative volume at 200 mmHg

0l IR RE fLBE & 200mm He o) FE 1 % 00 2 7= 5 o0 HE 04 A9 25 2 49 4 o0 BALR

15. Relation between principal cause of death and mean relative volume at 200 mmHg

FERCHE L 200mm Hg @ EN & I 7= B o A 09 255910 o MG

16.  Distribution of sample
FrTNOHR

Figure 1. Apparatus to measure the relative volume change of the aortic segment

[ KO IR 5 o> HE xE A9 EHZE (L 00 35 A

2. Volume pressure readings on a representative specimen

B E 2 EM, EAMERERTHE ... e e a i R o R

D Average increase in relative volume by age at death and sex

A &5 £ CHEBIER A ETF M oo e e

4. Regression of relative volume upon age, by sex

HM 2R b HESOEROEMEIRE e S e

5. Difference between observed and expected relacive volume

AR IR BN SR ED MO R v nnmnmin i s e G e



EFFECT OF AGE UPON EXTENSIBILITY OF ISOLATED AORTIC SEGMENTS
OF THE JAPANESE

BAEAOBHBEXBREOEECH T 3 E8mOE

INTRODUCTION

Correlation between the aging process and the
progressive loss of aortic elasticity* was observed
by Roy!l in 1880 and confirmed by several investi-
gators.2"4  Most of these studies relate to physical
measurements of elasticity of human aortas on
strip preparations, but some were designed to
measure elastic properties by the application of
internal pressure. Studying isolated segments of
human aortas, Hallock and Benson® showed that
the relative volume change, induced by varying the
internal pressure, progressively decreased with the
advancement of age. Although it is common
knowledge that arteriosclerosis increases in
severity with aging, Yater and Birkeland? and
Krafka3 noted that no apparent relation existed
between aortic extensibility and sclerosis if
seriously calcified specimens were excluded.

The apparent lack of correlation between sclerosis
and elasticity would suggest that measurements of
aortic extensibility be included among the data on
the effect of aging upon the aorta for subjects
studied at ABCC in Hiroshima and Nagasaki. The
present report provides extensibility curves of
isolated aortic segments believed to be typical for
Japanese adults in different age groups.

MATERIALS AND METHODS

Apparatus  The device to measure the relative
volume change of the aortic segment was construct-
ed as shown in Figure 1. It was designed to
permit the entire system (from burette A to trap E)
to be filled with 0.85% NaCl solution. The instru-
ment so constructed eliminated the use of an air
gap between the aortic segment and the manometer.
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IZRoy I&-THEZR,! SV THEOMEEIZLY
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*The term ELASTICITY is used interchangeably with EXTENSIBILITY although, technically, the two properties are not
synonymous. According to Seifriz,6 substances which bave bigh modules of elasticity have low extensibility or stretch,
(e.g. steel) and substances which bave a low modulus of elasticity bave bigh extensibility (e.g. rubber).

Bt (elasticity ) &S Z B F & B ( extensibility ) L0 ) Z L, BELCVAEZ>OMRERL5H, JCTHAEELLT
AT 3. Seifrizb [k hlf, MOMMBELFTIHRE, L L2 IRSIMENEYL 2L, BEVHEEI» AT 2K, 2T

il R ATk % w.
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FIGURE I APPARATUS TO MEASURE THE RELATIVE VOLUME CHANGE OF THE AORTIC SEGMENT
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The inset in Figure 1 shows in detail the glass
jacket B which surrounds the aortic specimen, as
well as the ground glass coupling-socket a with the
stopcock arrangement b. The segment of aorta to
be tested is secured to a well-fitting grooved
one-holed rubber stopper secured with fine wire
and the stopper ¢ is attached firmly to the glass
nipple. The opposite end of the aortic segment is
similarly wired to a grooved solid rubber stopper.
Care is taken to secure the specimen tightly so that
no leak occurs (Figure 1). The empty test segment
with attached rubber stoppers and the ground glass
coupling piece are then weighed on an analytical
balance. After weighing the empty specimen, the
apparatus is completely assembled as shown in
Figure 1.

The entire system of tubes to the right of B is
completely filled with 0.85% NaCl solution from
reservoir C so that no air space is present. To fill
the apparatus completely with physiologic saline
solution, the air must be removed through trap d in

Tk, REIRR EEHHOMICELAMBE S LB, 2
. Ktk EANS T 7AYo 5 bB, &5 UUZ
EiEb Do v+ 7 ARERE Y v ba LI
Lizm L, KBIRAFICIEAELZS 2049 B
DT Lk LTHOHETLED, 0l 5t
FAM= o TN L 2VEIND DS, RBIRA Do
WERAMBIIERT 2 RIIHEETLEY 235, RN
Lzt sy, ZhbooRIZEL LIED 2 THBA
BIZILLZVIIITERLE. TARBIUVT I T AN
B 7y PERD O AEABEORBIRKIE, SHFIE
AT EORERRENS. BEATORB O HE AR
Shbd, MRt EPIEBEHATITE2RT T 5.

FrEMC 2 50.85%REKEXR S, TB » 5 G0l OB 4
REsEeicis L, EFRMEIZRsLVwESIcT5. &
BWrwSItEEMNAEKRTHZ T 20101, REEHH



the mercury manometer D. This is accomplished by
applying a negative pressure (with vacuum pump G)
to the proximal limb of the manometer and closing
stopcock 3 and covering the orifice of the distal
limb e of the manometer with a finger. When a
sufficient vacuum is established in the proximal
limb, stopcocks 2 and 3 are opened and the finger
is quickly released to permit the solution from
reservoir C to fill the manometer trap. Repetition
of this procedure will eventually fill the trap
completely with the solution. When filling the
specimen with saline solution, air bubbles trapped
in the segment are eliminated by repeatedly
squeezing it prior to attaching coupling a to the
instrument.

Burette A and jacket B are filled with physiologic
saline solution and jacket B is artached to the
ground glass stopper as illustrated. To establish
equilibrium  with  atmospheric pressure, glass
stopcocks 1, 3, 5, 6 and 7 are opened for a few
seconds. Stopcock 1 is closed and the glass jacket
B is removed. Glass stopcock b is then closed and
the ground glass coupling a is detached. Any
excess of the solution is wiped away and the small
quantity retained in the open end of the ground glass
socketis blotted off.

The aortic segment with the entire attachment is
weighed again on the analytical balance and the
difference between this and the empty weight is
recorded as the initial volume of the segment.
Finally the entire unit with the attached aorta is
refastened to the apparatus and jacket B is filled
again with 0.85% NaCl solution so that no air is
trapped in the system. Pressure is allowed to
equilibrate on either side of the specimen by
opening cocks 1, 3, 5, 6 and 7 once more.

Burette A is now filled with physiologic saline
solution to zero level from a beaker through the
open nozzle at the bottom. Suction is applied via
the rubber tubing attached to the top of the burette
as shown in Figure 1. This facilitates rapid filling
of the burette for each test.

After a few moments the fluid level in burette A is
recorded as the initial or zero reading at one
atmosphere (the barometric pressure and room
temperature are read prior to each test). The
changes in the pressure gradient to be applied to
the aorta are controlled by the careful manipulation
of stopcock 7. The relative changes of volume in
burette A in a typical sample of aorta under different
conditions of pressure shown in Figure 2 are thus
recorded.

DOLZy 7d PoERARBEEL AR EEZS 20, 2
MIZEiER I 2L, ENHOEMEMOEe 12754 4
TTHEE, Moz (RERY 7GT)AELM
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2oL U3 aME, TREFHLTEFEEC oM
BEAN, BEhEO S o Fd il ZoFEERE
THIENY y 7HERELICHETHAEN S, RECR
WAkE ANSBIE, @y y ba BB
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ShzRid &b <.
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The test is performed in a stepwise fashion, as
indicated by individual points on the diagram, so
that different values of pressure and the correspond-
ing changes in the aortic volume are recorded in
rapid succession between the range equivalent to
one atmosphere and one atmosphere plus 400 mmHg.*

In the beginning, readings for the first 32 cases
were made at 0, 2, 4, 6, 8, 10, 20, 30, 40, 60, 80,
100, 120, 140, 160, 180 and 200 mmHg above one
atmosphere (temperature corrected). In all subse-
quent cases, additional readings were made at
40 mm intervals up to 400 mmHg above one atmos-
phere. Hence, more information is available at the
region of 200 mmHg and below. For each specimen
three runs were made and re corded.

At the end of each test, the appropriate stopcocks
are opened allowing the pressure to return to the
atmospheric level in preparation for the rerun. An
adjustment is made for local variation in atmosphe-
ric pressure and temperature and the volumetric
readings are then transformed to multiples of the
adjusted readings at 760 mm, generating a series of
relative volume changes such as 1.00, 1.02, etc. for
0, 2, etc. mm Hg pressure above one atmosphere.
The relative volume change is expressedas

TAMIZT I 7 EOERFhOBEFRY &0 BREMIC
EheL, BELZRIITA3ENLL VIR BT 5 K
BIREM O E(L A, 1 SUEHEYOEN 4 5 2412 400amHg
EMAZEAYCES E CoMwMT, MR
X s,

Y, BHMoRFlizowtl, LRECFAFRO, 2,
4,6,8, 10, 20, 30, 40, 60, 80, 100, 120, 140,
160, 180, & X tF 200 nmHg % 0l 2 235 & (B E) 12
DWTHEZERBLE. 20B0#ERIZo VI, 14
[E1240nmHg M T 400 mHg = ¢ % W0 2 7238 100 & %
Thot. LAY T200mHg L FTOENEMEZ »~ 3
DIZo2wTIE, ZhllEoEhHE2Mz=846L0 &8lE
BRAZG., wFhoEBIzowTtdFAME3ME<Y
WLUEREL, chesigL .

TAMFREDD W, BLOBE®REMOTENE X
REOHEETREL, KOFTALOEMIM L. Xk
[EZSFIRABEMHIZoWTIIREELNLZ, AEN
760mmHg TH B0 FEMOALOffEr L3 ZLick
ST 1REEME AEH Omn, 2 a5 (258 + 3 FHAAOZ

HZEL, $4b51.00, 1.02%& 152, fAMAEMERD
TiEOBTHb L L.

volume at test pressure MERF 27

initial volume at one atmosphere 1 HE 12 & WV TRPICE L 7= 25

Three runs were initially decided upon in the
expectation that their average would have greater
stability than a single run, bur it soon became
apparent that the three series differed systematical-
ly as illustrated in Figure 2. This shift may itself
reflect some fundamental property of the tissues
under physical stress,! but has, thus far, not been
subjected to analysis. For the present analysis it
was decided to employ the first run in preference
to the average of three runs.

After completion of the test, the system of tubes
and trap E are drained and rinsed with physiologic
saline solution from reservoir C by the manipulation
of stopcocks 5, 6, 7, 8 and 9 so that the used
solution will run off into reservoir F situated
behind the apparatus.

FEHCOWTTFAME3AERLADIE, 20FEHIE
LERY DT A FOBRLIDEBOREREERT EER
THRMPELALOTHEA, M2I2R/+T e, 3@
DT A LOFRRIIPOTHRUNEERORH bR EZ Z L
TRELBIZBS LS, 20BN FNES, W
MIENOTFIcE 206 2O IAMERT 2 K1+
3301 Ay Lhhnd, ThETHEZIBIFONR
LlTwion, SHOBHFIZEVTER, 3EOFZ D
FHELDE, BIEAFAIOKELEZZE L LA

FALOMTHRIZIERS,6,7,8, bLUIDBREIL
D, BEEIU L7 o 7TERAOWEHOTHEENC 0L
A EEACHREL, 7 OB, BROBIIZH BT
HBHF chhAb L5z L.

*The manometer actually measures negative pressure in the evacuated limb of the instrument. Since negative pressure
is equivalent to positive pressure of the open limb, or the pressure within the aortic segment, the values reported in this

paper will be expressed as positive pressures.

Ehftizdetld, #EREzoHAchAHAORARELXNET 3. AEGMBEOERE, +2bbAMRARNOENIZEL VAL, A8BE

LU AMMIBEREL LTRT.



Preparation of the Unembalmed Aortic Segment
Aortas from autopsies performed in Nagasaki or
Hiroshima ABCC* were examined at Nagasaki
between September 1958 and May 1959 and the
program has continued thereafter. The specimens in
Nagasaki were tested immediately after each
autopsy while those from Hiroshima were placed, as
soon as possible, in vinyl bags, iced in an insulated
jug and shipped to Nagasaki. The shipment was
completed usually within 12-24 hours.

In preparing the segment, the loose fibro-areolar
connective tissues surrounding the adventitia of
the unsectioned aorta are stripped from each
specimen. Standard measurements are made on the
circumference of the test segment at the base of the
heart, at the diaphragm, and at the bifurcation. The
distance of the test segment from the diaphragm,
which is used as the reference point is also
measured. Gross evidence of arteriosclerosis is
noted and classified for each segment as defined in
Table 13. For the test, a thoracic segment in the
immediate vicinity of the diaphragm is used when-
ever possible. Narrow rings above and below the
test segment are fixed in 10% formalin for histologi-
cal studies.

The Sample Between September 1958 and May 1959,
154 aortas from both cities were examined. There
were 101 specimens from male subjects and 53 from
females with age distribution shown in Table 1.
The aorta from every autopsy in this period was
examined. The principal causes of death are
listed in Table 2. For the purposes of statistical
analysis, the causes of death were coarsely
grouped under the headings shown,

Most specimens (67%) were examined within 72
hours following death as shown in Table 3. The
longest lapse of postmortem time (145-198 hours)
for this series occurred in four cases and the time
could not be ascertained in one.

For each individual in the series, information was
obtained as to presence in either city at the time
of the atomic bomb (ATB). Among the cases
studied, 24 individuels were within 2500 m from the
hypocenter. This range is believed to include all
those individuals who may have received at least
5 to 10 rad.” Sixty persons in this series were
technically in Hiroshima or Nagasaki or their
immediate environs ATB, but at distances greater
than 2500 m; 70 individuals were in neither city.

FIRAEEHE S VABREEREE BT 120G
ABCC Iz 5 A8 TAF L ABIRIZ> &, 19584
IR 519595 2 CRMIZCEVWTFDBREL ER L
. ZOFREIEOBEFIEHEEREIhTw S, B
TAF LRIV TIREBORE 2 DERIZF A b
AEBLAY, BBEORBEA3-RE Y- L
IZEES, BOMEUCALARTEHBK L, BW~%E 7~
CHUZTHEI2ME R v L4 IC B c R LTS,
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HWT, KERERE DK & 120 2 SLHERYRE & 1T 2
5. FEUEL & U O LRI A 5 KINIRK £ Co B
BEH W 5. PIRRATIZER W & N B BINRAE (L SERIR 12 L,
BFERBILRBOERICEVGEEZTLY. FA M
i, TESAEUHREE L EHERD G- T 3Rk
HorHvs, HEREOZOEBO L TFizh 2385
ORIIRE HF P ICH - TI0%FV<) YHEICEEF 5.
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BA 101 5, &FHEARES3MFT, F0EMTMITE]L
ZRT EEVTHS. LEMEINICERL - 28 8E:
DWTKRMIRF OMELT L -4, FERCHERIZE?
I L, SETSHAVMI AT 2 9 2012, FECHER XA
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* One specimen was obtained from Nagasaki University Medical School, Nagasaki.
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TABLE 1 DISTRIBUTION OF SAMPLE BY SEX AND AGE AT DEATH
£1 RS L UHCEBRINOY T LS

Age at Death Male Female Total
FEC i 3 S it
10-19 3 0 3
20-29 4 5 9
30-39 11 10 21
40-49 20 8 28
50-59 20 10 30
60-69 29 10 39
70-79 11 9 20
80+ 3 I 4

Total #t 101 53 154

TABLE 2 DISTRIBUTION OF SAMPLE BY BROAD CAUSES OF DEATH
#2 WUEBERIZEZH > 75T

Cause of Death Number

FEE 7l ¥
Inflammation: a) Tuberculosis #5#% 20
SR PE AR h) Other # Ot 24
Malignancy BRI 61
Cardiovascular LB Il % 7 % A8 19
Cerebrovascular Fi il % % &8 8
Other z Ol 20
Unknown AHi 2
Total # 154

TABLE 3 DISTRIBUTION OF SAMPLE BY AGE OF SPECIMEN AT EXAMINATION,
IN HOURS AFTER DEATH

#3  FEREBEEMBIOY Y TSR

Age of Specimen Number
FE 1 #5568 1 B 17
0 — 24 hrs 33
25 - 48 46
49 = 72 24
73 - 96 22
97 — 120 17
121 - 144 7
145 — 198 4
Unknown A 1
Total t 154




RESULTS

Figure 2a illustrates the characteristic curves
obtained with the apparatus. The specimen used in
this example was obtained 103 hours after death
from a male aged 41 (case 58 AH138). The small
but systematic variation in the curves for three
determinations are apparent. These curves are well
approximated by an equation of the form:

y=a(l — ¢

y denotes increases in relarive volume

B i

H2axzoE@R+tHucilres®dsEsris. -
DT A MCfER LR EHE, A0S (SIHH58 - AH -
138) 22T 103 R #B L TAF LAEDO TS
5. 3EOMEORERIZ, bFALd s LRI % th
BMOZLY, Mo IZBDENS. Zh6OHBITIEE

/\.X)

AL -TEbDTIENTES., ROy ITHMAHE
o winc

(V =Vo)

x is pressure above one atmosphere (mmHg) while a
and A are constants. For the data in Figure 2b the
estimated values of these constants are a = 2,34
and A = 0.0103. The values from 45 cases were
fitted using the formula and in only a few was the
fit not excellent.

Descriptive Curves by Age and Sex The mean
extensibility curves of the aortic segments, based
on values from the first run of each test, are plotted
in Figure 3 separately by sex and age (10 year
intervals). For fixed pressures, the average
volumetric readings decline steadily with age for
both sexes. In males, a wide gap separates the
curve for those under 29 years of age from that for
individuals aged 30-39, but the curves for ages
under 30 are based on very few cases. In contrast,
the curves for females show a gradual transition
(Figure 3). The transposition of curves for age
groups (0-69 years and 70-79 for females (Figure 3)
may be the result of inadequate sampling. Despite
the small number of cases summarized by certain of
the curves, all are quite smooth and, as shown in
Figure 2, curves for individual cases are almost
equally smooth.

Choice of Index for Statistical Analysis  The
present preliminary analysis was undertaken to
explore the possible significance of exposure to
ionizing radiation and a number of other characteris-
tics which might potentially influence the elastic
property of the aorta. In view of loss in aortic
extensibility with age it was considered essential
to find, for each case, some single measure from
which the effect of age had been removed. For such
analyses, the following measurements or values
were considered:

x W 1AEZMASED (B omHg ), a &4 137E %
R, B 2b DEEHI PO TIFEROHEEMIE, a =2.34,
A =0.0103Th 5. SSHOHMIZ>VTZDLREHL
TYUTROHTAHLY, BTRELSLZVLEDIED T H A
T il S P

FEEA S SR O SR AR 55 1 [l A 2D Hg
HRE IR WEEOFEERE, 2hFnEdls &0
SRR (L10ERR) Itk TR3IZRLA. —EOEN
ZowTanE, EHERGERIEDIZIOR TR L L
BICKREIZHT S, BFizckwll, 298 LTOERE
E30-39ICELSEMBOMBOMIIKE ZEZNFRADS
ha. =FL, o84, 0ERBOEBBIzOVTI,
o E b TrEMETVALDTHE. 2 h
IR UBAIZE T2 HEOZERIT02erTHE (H3).
WA OB 4E, 60695 12 FE 5 EMERE O Mg & 70 - 795 1

EIEBB OB ANEL s T30 (H3 )7

W AEYC b EBEbN S, b AEERIZO
WTIk, ThyEfe LTHLe BB L p 5 /-
ZE2hhe T, WThishbh TLdEILELHE,
BACEF 88, R2IZRTEI12, 1EEA SR
ZhBHLEATHS.

Mt ST ICREAT BIRROEIR S0 T (9 AT
I, EEERATRES S LT zobu o0 BERA KD
TRoOBHEIERLBREEZS 22280 EHET S0
CHEFEhAZ0THS. FlMAPED S LS IZRBIIRD
HEEARGDATOWRELHAT, Iz THE
WOREERVELOOHEREA DTS LEAHEESE
Abhl, Zoi)aEFETRET A LHIz, THD
MEZGLHAEEZEZEEL 2.



FIGURE 2 VOLUME PRESSURE READINGS ON A REPRESENTATIVE SPECIMEN (-
2 BRI AEM, EAMEGEE TN (_)

a. Readings adjusted to br. Increase of relative volume
and fitted function
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The constants a and A in the fitted curves;

Areas under the curve from 0 to some fixed
pressure (e.g., 0 to 200 mmHg);

Differences between volumes at two fixed
pressures (e.g., between 10 and 80 mmHg); and

Adjusted volume for any fixed pressure (e.g.,
100 mm, 200 mmHg, etc).

The magnitude of its correlation with age was
used as the criterion of efficiency for each such
measure or value, and the potential measures of
extensibility were then compared in this respect.
The correlations were first sought for 24 non-
exposed males distributed uniformly over the age
range of the sample. As may be seen from Table 4
the resulting correlation measures* do not favor a,
the fitced constantin the equation

ATt 2EHa L UA

ORPSRBEDEHIIELET, 2L 21F0H 5200
mmHg F o hi o i il

2Oo0WENEN, &2 1810mmHeg & 80mmHg @ JE
HEMZ AEOEHO %

HAEDES, HEZ1F100mmHg, 200 mHg %
DIED &M Z =8 o7

INLGOFBESE Z3EE O EE R8s L L CER
T AEMEEAER LRI BROEEL LY
IAOTIREVALBELRALDIIOVTHEL2ITE 5
o EFA TN OERBEROEEIC VT 206
PRTHFEMHBEURIZ VT, HEELZRD -, &
123 rBN, ZOHERBAEREE RAR AT
B EH. 2B EL 035,

Y =a(l — e —Ax),

and graphic analysis showed A to be uncorrelated
with age. A more sensitive test of the areal
measures was then sought by adding 22 more cases
to these. The correlation ratios for all 46 cases
are shown in adjacent columns in Table 4, from
which it seems clear that the areal measures are
probably less correlated than the observed volume
at pressures of 200 mmHg or more above one
atmosphere. Accordingly, the areal measures were
dropped from consideration and all nonexposed
individuals were studied to select the best measure
from among the single readings at fixed pressures
and differences between them. These values also
are shown in Table 4 and suggest that the highest
correlations are found in the region of 200-400 mmHg
pressure, but that the improvement beyond 200 mmHg
is small indeed. Since there are more data available
at 200 mmHg than at higher pressures, the
volumetric reading at 200 mmHg was chosen for the
analytical work.

Consideration of Independent Variables Other than
Age In addition to age and exposure to radiation
from the Hiroshima and Nagasaki atomic bombs, the
following variables were studied:

Postmortem period (interval from death to
elasticity determinations, in hours);

TSI ELTAGFEREAMMEGR Rz
RS LA Rz asic2a Mz, BEEHO S
LTELITEDL VLD ERD 2. EEH46HICH+ 3
APtz Fe 4 o BEEM IR LD, Tk hidis
VR E RIS 200 nmHg L) B E J) & 0N 2 2o R
HE LY LFEMmE 0B ECEDEEbNhS. 22T
MEBHAERICARZ VI E2 LA F L THEBIBG
DEFIzOVTHRFHETE - T, BEQEN A 21
DHEUMEMB LTI 0ZEDhH SRBO L O &8N
ZElZLA ZhbicT MM ELIIRLAE. Th
12 & EFHBE O & BV o £ 200mm Heg 2 5400mmHg

SO TEB A, 200mmHg 2 NS ERE BT

HishwvwkirzBbNE. 200mHg OFEHEME 1
BEOERAY, ZhiaMz3ENEMZAKORERRLY &
EWEZAh 6, BHTIZIE 200 mHeg &0 2 720% o A
HE il & A 72

FHUADOHITEHICOVWTOER FHb L OEE -
Bl Iz H 17 52 BFREEBoOREOMIZ, KOoEHIZ2

WTEMATETE - /2.

FEh #EE R (FEC 2 5 BRI E £ T ORFRH)

*The correlation index is used here in lieu of the Pearsonian product-moment correlation coefficient (r), as the underly -
ing relationship is curvilinear. For linear relationships the two measures are identical.

— R HIEE L IR S R AR T H B 20, Pearson OMEAMEH (v )bz, TITERHMEEH L EHENK

FOLEIZIWMBEE—BATS.



TABLE 4 CORRELATION RATIOS* BETWEEN AGE AND SELECTED INDICES OF ELASTICITY,
NONEXPOSED ONLY

F4 EEBEOHIOVTHEREBRS WAk SE oMY *
Male 5 Female 4
Uniform Age Distribution Total
Measure H—WERTT &E Number Ratio
Ei:25] "
25 Male 46 Male** 1A ¥ FHIM L
Number Ratio
Number Ratio Number Ratio 15 % FE T He
1l ¥ FEBY 17 ¥4 FH M
Constant a ¥ 24 95 - - % 3 & =
Area under curve BT o Hfl
0 - 100 mm 24 .89 46 .80 - - - -
0 - 200 mm 24 .92 46 G4 - = = =
0 = 400 mm 24 .92 46 T - - - -
Volume at fixed pressure
WEOIES &ML 7=k &
10 mm . . = = 82 .62 41 .56
30 mm - - - - 83 71 42 .44
80 mm - - = = 83 .82 42 .66
200 mm 24 .94 45 .86 82 .89 42 .81
320 mm - - - - 67 .89 28 .92
400 mm 16 .96 37 iB2 66 .90 28 .93
Differences in volumes at
2 fixed pressures
2ONHEENEMZ 2050 FH O %
80 and 10 mm - - - - 82 B2 41 71
200 and 80 mm - - - - 82 .85 42 .81
320 and 200 mm - - - - 67 .90 28 .85
400 and 320 mm - - - - 66 .76 28 Tl
*See text for definition of correlation ratio
HMEoERIZ>LWTIEELEMOZ &,
**Include 24 in adjacent column
MMM O2UE LS.
Socioeconomic status; &R IRE
Anatomic location of specimen (mm above the HERRIE O BERE A nmBLGL TFE D L AR B o g 50y
diaphragm); L i
Inner circumference of aortic segment; i 4 R TR B o> P TR

Arteriosclerotic rating of the specimen based

on gross appearance; and
Principal cause of death.

Each of these variables was analyzed for its
influence upon the elasticity of the aortic tissue,
with the possibly associated influence of age

removed.

POSTMORTEM PERIOD Roy observed in 1880 that
the curve of aortic elasticity of any aorta remains
the same until development of advanced putrefaction
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and when kept in physiologic saline solution it has
been shown that only a slight loss of elasticity
occurs in strips of aorta even months later.1

In the present study seven aortic segments were
tested daily for postmortem periods ranging from
6-198 hours. Once placed in the apparatus the
aortic segments were kept in clean physiologic
saline solution (changed daily) at room temperature
for the entire period of the test. Although it was
quite obvious that conditions set forth here did not
parallel the autolytic and putrefactive processes in
cadavers, they did disclose, nevertheless, whether
a long delay in the examination of specimens will
significantly affect the results. A slight variation
occurred in these specimens after seven postmortem
days and the range of variability was somewhat
greater in the aorta from one young subject whose
extensitivity curve was high, as would be expected
from his age (under 20 years, Figure 3). The
results clearly indicated that no greac variability
of the elasticity curve occurred for many hours
following the autopsy.

The interval from death to the laboratory study
varied from 6-198 hours, and was considered a
variable potentially capable of introducing enough
require form of
The distribution of the sample
in this respect is given in Table 3. To study the
effect of the postmortem period, the cases were
grouped in two alternative age patterns for males
and females combined: first, 30-49 and 50-69 years;
and second, 0-39, 40-59 years, and 60 years or
Within each age group the cases were further
subdivided into postmortem intervals of 24 hours
in length, as indicated in Table 5.  Analysis
then extended to the computation of mean relative
volume at 200 mmHg for each age-postmortem
interval and stacistical testing of the five means
for each age group. As may be seen in Table 5, the
comparisons provided no evidence that the
length of the postmortem period influences the
relative volume.  Accordingly, this variable was
disregardedin further analy ses.

influence to
statistical control.

extraneous some

more.,

five

SOCIOECONOMIC STATUS The socioeconomic
rating of autopsied subjects for this study was
based on employment records. The classes were
divided into seven broad categories, ranging from
professional and technical workers to those who
were unclassifiable. Table 6 gives the distribution
of the sample together with the groupings adopted.
The analysis for this variable was considered of
interest in the light of its possible correlation with

dietary habits and occupational effort. The data
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BFPRIRMA LTI 0MEEELIIITE L0
EERBHR?

ZOUPOFRIZBCTIE, KBRKF 7{@IZ20vTIE#H
ERFf A5 198 M E S THHT A FEEREL .
KENVRF 3w o 2 ARBIZRD S~ LY, FAOS
HEMzBELCT, HHFLEEMEERK(ZLIEAIRY
ZA3)A, ERTCRELE. ZZUBEShAELRMY
FIEOECER S L VUBHOATE L FITMELAE L o w
TLREHLBTHLATHEA, 2hizdrdrbsT,
TREEMHChEZEERBEORE L/~ L THEOK
BELAEOTHErOREMobIz L. BHTHEE
BYsEzhnsnREBIZEECER EbhA
OKBIRK I2HWTIE, ZOFEM (200 F, M3 28)
AoTFHRENS & HICHEHBEAEL, FoELofEHE
ERReRkEh o, L LelL T 2 Foig, M|
S ICEIf R EEMAE LMk LT ke %
8LV EERLE.

FEC A6 TOREMIE 6 A 5 198 B o i 1z
blhoTWwad, Zhixh AL PO CHIFMRI £
MABTAEES LIRS A S 5 TRl % 5%
SEMTHIEEZLONE. ZORIZET AT L
FAERIIIARL A, FEREBEMORELER~< 20
12, ERHZBEL2AHLET2o0OOFEMBEIZT T /-,
ThbbZ20—21230 -495 & & U750 — 69 @ F RE ¥,
WwE—2(3 0 —395, 40-595, ¥ & U60RELL ko s
HThd. BEMBIIOWTIEEHIZERSIZRT LB,
FEHhFAM MU S oS ETE- 20 LT,
FHAEMTIZ DV TIEH R MR IZ 200 mHg O E 1 %
MMz 7B O 00 B 0 BRI £ 1T 4 vy, B E R
CHEIAHS2OFEHMIZ >V T OHIFMRE 2 ERE
L., BSIIRTEEFEVINLS DO L I L 58
B, FEBAEHEER O REAHEMAOERN R L BIETH®
Rz cHh @O Lo LENST, 208
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TABLE 5 RELATION BETWEEN LENGTH OF POSTMORTEM PERIOD AND MEAN RELATIVE VOLUME
AT 200 mmHg, BY AGE, SEXES COMBINED

RS A 5 U A FERARARE I & 200 amHg O JE S % 10 2 72 05 0 40 ah Ay 25
T oG (BLaE)

# 5

Postmortem Period in Hours #E 7% #3640 [
25-48

Age at Death 0-24 49-72 73=96 97 + Test Result*

FECE M Number Mean Number Mean Number Mean Number Mean Number Mean BRIEOER
Bl¥ Pl ke 54 il ¥ P ¥ P ¥ T
30-49 7 2,25 14 2.26 8 2.33 10 2.16 8 2.33 NS
50=69 17 1.82 20 1.82 11 1.97 8 1.90 11 1.90 NS
<39 7 2.74 10 2.81 4 2.31 5 2.32 7 270 NS
40-59 10 1.99 17 2.14 2,22 10 1.97 8 2.09 NS
60+ 16 Ly 18 1.66 175 4 1.74 13 1.72 NS

*F-test on homogeneity of means; NS, not significant at the 5% level.

T OB M T B, REOSE,

NS IE5 %HEKRKEZSVTHET LA L LERT.

were analyzed as described for the postmortem HEHIFEE SRR oM A R HikC X0 BiF L~
period and vyielded the negative results shown R e

ih TableT. A, TORPRIRTIIRTLEEVERLZER L > 5 1.
LOCATION OF SPECIMEN A record was made of REHENOAME HEo T &SRR S oMo g% om
the .dlstance betwee_n the lov.Ver border of the WMo CHRER L o . BSOS IZM+ 5+
specimen and the diaphragm (in mm). Table 8 ; . e

indicates the distribution of the sample in this TINDGARERT. BITIZH TIEHEMRIZ 0 —19mm,
respect. For analysis the cases were grouped as 20 —3%mm, & 40Pl Lo 3ITWICH T, T hE &5
follows: 0-19, 20-39, and 40 mm or more. This ICHERINCES LA, BMIORE, CoRTLEAE

permitted a finer subdivision by age, but again the
factor under scrutiny obviously had no affect on
elasticity with age controlled ( Table 9).

CIRCUMFERENCE OF SEGMENT The inner
circumference of the segment sampled ranged from
23-87 mm, and was distributed as shown in Table
10. Correlation with age was quite high, as may be
seen from Table 11. For analysis, ages 50 and
over were studied, but without detecting evidence
of a significant association between circumference

BSRG Z BE LT MM I LTHEE I A L0 E
1525850 TIE a1 (F£9).

KB EROMAE K@) IR A M E I 28m 2 5
BT fEFIZH 720, ZOFMIEXRIIIRT L BN TH
5. FisE OMHBBFREERILIIRT LB EhdTH V.
R OB AT 4 - T L o izo v T#F %
FERL AR, HRAEHMEOMIIZA SHELBHFREE

and elasticity, once age had been controlled
(Table 12). Hohhdho ik (F12).
ARTERIOSCLEROTIC RATING Classification

employed appears in Table 13 together with the
distribution of the sample in this respect. A high
However, with age
no effect of this

correlation with age is evident.
in Table 14,
variable could be demonstrated.

controlled, as

PRINCIPAL CAUSE OF DEATH Causes of death
were coded as indicated in discussion of the sample
composition. For analysis they were further
grouped as shown in Table 15. In one of the five
age groups listed in the table, involving deaths
under age 40, a significant discrepancy was seen

12

EBRECENTEE CZIERLASEEYY TL0g
FHELRIBICR LA, 2B IZHEREOHE DR
BAEDOLENE., LALAENSERWMIIRT LS ICERE
DI/ T4 - G, COEBOBERZE2{BOHLN
i

FERTRHRE FECoOBEIE, L4y PR oHIC
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BREOMEE(P<.03) 2o AY, ZhitfboIzIzE



TABLE 6 DISTRIBUTION OF SAMPLE BY SOCIOECONOMIC STATUS

#6 HEBERELLLAHYILOST
Code Socioeconomic Status Number
5 2 R IR 15 ¥
v Professional and technical workers W[ i) 5 o9 fE S
0 Managers and officials 7 EMREHMEHEH 12
1 Clerical workers WEHEHE
2 Sales workers e RHE 22
3 Farmers, lumbermen, fishermen & related workers
Bk, Ak, ks b UMM RH 12
4 Mine and quarry workers 3% 8 54 09 RE S5 Ui
5 Transportation workers #L#ifi R 3 5E 95
8 Service workers - ARERE 4
6 Craftsmen ¥FERTENEL o
7 Production process workers and laborers
i TRMERSE D & SR
X Unemployed #EW 74
9 Not classifiable #FHFAHEL & D 7
Total it 154

(P < .03), but this was true of no other age group
and in a combined test the aggregate discrepancy
seemed well within the power of chance to produce
in this small sample.

DISTANCE FROM HYPOCENTER In the entire
series, 24 individuals were exposed to possible
radiation effects of the bomb by virtue of being
within 2500 m from the hypocenter ATB. Their
distribution by distance from the hypocenter is
given in Table 16.

In view of the small number of cases with possibly
significant no powerful test
could be made on the hypothesis of a radiation
effect. Nevertheless, it seemed desirable to make
the most sensitive test possible. In order to obtain
an individual of elasticity for direct
comparison with exposure distance, use was made
of the difference between observed elasticity and
the value typical of persons of the same age and

radiation exposure,

measure

sex. The latter values were approached via
regression analyses, separately for males and
females.
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FoERBAEE L0 EB bk, WIREM - EELET
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TABLE 7 RELATION BETWEEN SOCIOECONOMIC STATUS AND MEAN RELATIVE VOLUME
AT 200 mmHg, BY AGE, SEXES COMBINED

7 R SIE L At SRAIREE & 200 mHg @ E ST & D0 2 72 0 0 KR 09 2 Fil
T4 o BE (B L 43

Socioeconomic Status T # &8 FIRIE

Age at Death v,0,1,2 3,4 5,6,7,8 9, X Test Result*
ECER

Number Mean Number Mean Number Mean Number Mean 17 0 #5 :
ik PHE FE THE R EHE Ml T

30 - 49 12 2.31 4 2.27 13 2.16 18 2,30 NS
50 - 69 18 1.86 5 1.93 10 1.91 34 1.85 NS

<39 8 2,57 3 2,44 4 2.71 18 2.68 NS
40 - 59 13 2.12 3 2.23 15 2:11 23 2,03 NS
60+ 12 1.80 6 1.69 5 1,79 37 1.69 NS

*F-test on homogeneity of means not significant at the 5% level; actually all P's exceeded .25.
FRMO—RECHT 3 FREREOKE, NSRS %UBABE W THB b2 bR+, ERLVFHO
HBHELP >.25

1See Table 6 for code to classification.

FHEFHIZ>wTRERROZ &,

TABLE 8 DISTRIBUTION OF SAMPLE BY DISTANCE FROM LOWER BORDER
OF SPECIMEN TO DIAPHRAGM, IN mm

#£8 HEOTHA,SHBIEE TOEME (KTm) 25 Lk4y TLO5TE

Distance above diaphragm Number

HEB B 77 & ) F I ' 1l &
0= 9 mm 7

10 - 19 25
20 - 29 40
30 = 39 33
40 — 49 14
50 — 59 12
60 — 69 5
70 = 79 7
80 + 3
Unknown 7B 8
Total #f 154
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TABLE 9 RELATION BETWEEN LOCATION OF SPECIMEN (DISTANCE ABOVE DIAPHRAGM)
AND MEAN RELATIVE VOLUME AT 200 mmHg, BY AGE, SEXES COMBINED

£9 HEBICHHELARBOME (FEEAS 5 OERE) & 200mHg OED 2N 7
B o0 AELAT Y A RT A 0 BIR (B &3

Distance above Diaphragm #iF i~ & o 56

Age at Death 0— 19 mm 20 — 39 mm 40 + mm Test ResultT
LB Number Mean Number Mean Number Mean REDER
7 ¥ Tl ¥ FHIR FE T
0-29 2 3.10 7 2.88 2 3.81 "
30 - 39 6 2.52 8 2.29 7 2,25 NS
40 — 49 8 2.13 9 2.13 7 2.26 NS
50 - 59 8 1.96 15 2.06 7 2.00 NS
60 — 69 6 1.86 19 1.73 12 1.82 NS
70+ 2 1.67 9 1.63 12 1.63 NS
Combined probability, all tests %7 A b 0# & HF .26

{F-test on homogeneity of means; NS, not significant at 5% level; *denotes .05> P> .01;
the combined probability represents the combined discrepancies of all 6 independent
tests.

PO~ M T AP RERBOBE; NSRSSABABISOUTHECAP o L L ETT.
¥ . 05>P>.01: AR LOHOBILAMELES L AHELRT.

TABLE 10 DISTRIBUTION OF SAMPLE BY INNER CIRCUMFERENCE
OF AORTIC SEGMENT
#£10 KBREERMERBL» S &A2H Y T OS5

Circumference Number

M ¥
20 = 39 mm 5
40 — 49 32
50 - 59 55
60 — 69 46
70+ 11
Unknown A M 5
Total ¥ ' 154

TABLE 11 ASSOCIATION BETWEEN AGE AND INNER CIRCUMFERENCE OF AORTIC SEGMENT
#11 i L RTIIRAEMENTE O BF

Number by Circumference of Segment

Age at Death R o B & R

AL <55 mm > 55 mm Unknown 78
< 30 10 0 2

30 - 39 21 0 0

40 — 49 24 3 1

50 - 59 13 15 2

60 - 69 7 32 0

70 + 2 22 0

Total -#t 77 72 5
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TABLE 12 RELATION BETWEEN INNER CIRCUMFERENCE OF SEGMENT AND MEAN RELATIVE VOLUME
AT 200 mmHg, BY AGE, SEXES COMBINED

#12 FEFNC G L 2 REIIRK &R ME & 200 amHg 0 [EH % 00 2 7 85 o0 S i) 206
FHEOBF (BLEH)

Circumference & MR

Age at Death <55 mm > 55 mm Test Result
T W Number Mean Number Mean RE DR
141 ¥4 RE=N 17l P
50 - 59 12 2.04 14 1.95 .50
60 - 69 7 1.83 30 L77 S0

TABLE 13 ASSOCIATION BETWEEN AGE AND ARTERIOSCLEROTIC RATING
#13 e & BHIRME(L A o BA %

Age at Death Arteriosclerotic rating* B R4t fE
FCEM 0 1 2 3  Unknown &%  Total ff

<30 2 6 1 0 3 12
30 - 3¢9 0 19 1 0 1 21
40 = 49 1 12 9 1 5 28
50 - 59 1 7 17 2 3 30
60 — 69 0 4 22 10 3 39
70+ 0 5 5 12 4 24
Total it 4 51 55 25 19 154

*Defined as 0, no lipoid fleck nor atheromatous change; 1 - with lipoid fleck
or atheromatous change under 0.5 mm in diameter; 2 - with lipoid fleck or
atheromatous change over 0.5 mm in diameter; 3 - atheromatous change with
calcification and some ulcer.

W TRIZEA, 0 -BRIWHES Z H@EETERBO L vEd 0. 1 -Z0.5mbl T oI
FRREAEMELEED L0, 2 -F05mbl EoREIHEE A 3WEEER LB L0,
I-HRRES S URMENE I BARELLERD I L 0.

TABLE 14 RELATION BETWEEN ARTERIOSCLEROTIC RATING AND MEAN RELATIVE VOLUME
AT 200 mmHg, BY AGE, SEXES COMBINED
F14 AN S LA BIIRFEILE & 200 mHg O JE 7 % 00 2 7= i o 48 5t Y 2 il
T O BR (B a3)

Arteriosclerotic Ratingt #f#R#E{kE

Age at Death 0& 1 2 3 Test Result*
FEC F i B O FE R

Number Mean Number Mean Number Mean
1 ¥ S fill 71 ¥ - H il 17 ¥ T i

40 - 49 11 2,30 9~ 212 1 2,03 NS
50 — 59 7 1.96 16 2.04 2 1.62 NS
60 = 69 4 1.80 20 L.77 10 1.74 NS
70+ 3 1.69 5 1.65 12 1.56 NS

tSee T@le 13.8B138Wn= k. *See Table 5. HEBWoZ L.
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TABLE 15 RELATION BETWEEN PRINCIPAL CAUSE OF DEATH AND MEAN RELATIVE VOLUME
AT 200 mmHg, BY AGE, SEXES COMBINED
#15 WA LA FEIECKHE & 200 mmHg 7 % M0 2 7 0 o0 45 Y 2Rl

FEEOBMR (B & &5)

Principal Cause FERECHE
Age at Death Inflammation Malignancy Vascular Other Test Result*
FELCIE S HAE B R AR 1 D fh BEOER
Number Mean Number Mean Number Mean Number Mean
¥ Tl ¥ THIE  HH FHEE R EHR
< 40 12 2,79 11 2.26 4 2.58 6 3.05 026

40 - 49 4 2.00 12 2.32 5 2.15 5 2.11 .3
50 — 59 7 1.93 14 1.97 4 2,02 3 2:12 5
60 — 69 10 E73 13 1.80 11 1.76 3 1.92 P
70+ 8 1.54 8 1.67 2 1.60 5 1.75 4
* Combined P # & Hi 3 5

TABLE 16 DISTRIBUTION OF SAMPLE BY SEX AND DISTANCE FROM HYPOCENTER
16 M & UHBERFIZE T3 HLH A 5 OREEER Y » LD 5T

Distance Male Female Total
LA 5 o BERE % S Bt

0~ 999 0 0 0
1000 — 1499 7 1 8
1500 — 1999 4 4 8
2000 — 2499 3 5 8
Total it 14 10 24

By the method of least squares, the firted curves
of Figure 4 were obtained for relative volume at
200 mmHg. Then, if Y’ is the regression estimate
for individuals aged i years at death; and Y; is the
observed relative volume for a particular person i
years of age, then the estimated volume, independent
of age, for that specimen is Y;-Y'i=2;.

The relation between Z and distance from the
hypocenter was then investigated. The resulting
data are plotted in Figure 5 in the form of a scatter
diagram. No association between the two variables
is suggested by the figure, and the regression
coefficient for each sex does not differ significantly
from zero. Also, mean Z does not differ significant-
ly from zero for either sex, as might be expected if
7 were cormrelated with radiation exposure.
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Relative volume

FIGURE 4 REGRESSION OF RELATIVE VOLUME UPON AGE, BY SEX
CONTROL ONLY*
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DISCUSSION

Several studies?*5 have shown excellent correlation
between the loss of aortic elasticity and the
advancement of age. Evidently it is one of the few
quantitative measurements on pathological materials
that is applicable to the study of the aging process.

Quantitative assessment for evaluating the relative
rate of aging in humans following exposure to the
atomic bombs at Hiroshima or Nagasaki is desirable,
since that
exposure of the whole body to ionizing radiation
shortens the life span of experimental animals.
While some have attributed this phenomenon to
acceleration of the aging process,1012 Mole, among
others, disagrees with the notion that ionizing
radiation evokes premature aging.l? There is,
however, good agreement that ionizing radiation, in
some unknown

many observations®? have shown

manner, induces deterioration of
certain bodily processes which eventually leads to

the shortening of the life span.

Correlation studies of ABCC data showed the most
reliable measure for evaluating the degree of aortic
is the relative volume change for any
given pressure (200 mmHg in this study). It is of
some interest that volume-pressure figures obrained
by Hallock and Benson3 for specimens of young
persons are S-shaped while the curves
shown here are typically hyperbolic for all age
groups. This difference is probably attributable to
the fact that an air-gap present in the instrument

elasticity

curves

designed by Hallock and Benson was eliminated in
the device used in this study. In general, however,
the curves are very similar to those given in
Figures 2 and 3. Of further interest is the fact that
Hallock and Benson’ were able to calculate the
pulse wave velocities from their mean volume-
elasticity The
comparison of mean pulse wave velocities determin-
ed in living individuals at corresponding ages, by
these authors, satisfactory correlation
(within 6%). In a more recent communication,l4 the
estimation of elasticity indices in patients and
normal individuals is reported to show good correla-
tion with chronological age. These studies show
that the clinical application of elasticity measure-
ments may be as valuable as the data obtained on

curves using Moen’s equation.

showed

postmortem material.

The obvious discrepancy noted between males and
females in groups under 29 years (Figure 3) may be
on the basis of inadequate sampling, but the possi-
bility of sex difference in the elastic behavior of
the aorta cannot be excluded. With the exception
of this one main difference the curves were very
similar for both sexes and the data derived from

them were readily adaptable to stacistical analysis.
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Although no parallelism was found between the
loss
arteriosclerosis
Krafka,?
these

of aortic elasticity and the progression of
by Yater and Birkeland? and
statistical data were not presented by
support of their conclusions.
of significance conducted on data in the
present study substantiate the views held by them
in that no correlation exists between the arterio-
rating of
Nonetheless,

authors in
Tests

sclerotic specimens and extensibility.

when the samples were
rated according to degree of sclerosis and compared
to the chronological age, an obvious relationship to
age could be demonstrated. The points
emphasized are that arteriosclerosis and loss of
aortic elasticity progress steadily with age, but
these two independent and not
directly related to each other. Abboud et al,14 in
correlating the elasticity indices of normal living
individuals with the arteriosclerotic
found that 23 among 26 cases studied showed the

individual

to be

processes are

individuals,

indices to be above the upper limits of normal. It
is noteworthy, too, that their observation disclosed
premature loss of arterial elasticity in 31 diabetic
patients on whom tests were conducted.

Other independent variables, considered important
in the evaluation of data in this study, were not
shown by statistical tests of significance to be
related to the loss of aortic elasticity. Hence the
extensibility appears to be a reasonably
reliable measure for estimating the chronological
age of autopsied subjects. Of particular interest
was the lack of correlation with atomic radiation
However, since the analysis was based
on a very small series and, moreover, in view of
the fact that the shielding of these individuals was
not taken into consideration, no conclusions can be
The final evaluation of
analysis

aortic

exposure.

drawn from the analysis.
such data must
adequate sample.

await critical of an

SUMMARY

An instrument for determining the extensibility of
described. Characteristic
curves obtained for Japanese individuals
autopsied at ABCC in Hiroshima or Nagasaki.
When the specimens were analyzed in relation to
age a progressive loss in the extensibility curve
was noted. Correlation studies showed that the
loss of extensibility was closely related to chrono-
logical age but was not significantly associated
with duration in the lapse of time after death,
socioeconomic status, variability of samples as
related to the location of the
segment, inner curcumference of aortic
degree of arteriosclerosis, or the principal cause of
death, when, suitable age adjustments were made.

aortic  segments  is

were

thoracic aortic
segment,
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