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NNDBRER T 5 RFEHEDNDE Hemodynamic state at

BREEHAWMEFERBERS  rest and during maximal

& bicycle exercise in uni-
versity students with
small cardiac silhouettes
on chest radiography
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Summary

To clarify the hemodynamic state of an apparently small heart; i.e., a small cardiac silhouette on
chest radiography, chest radiographic and echocardiographic studies, physical fitness tests (a battery
of tests consisting of vertical jump, side step, floor push-up, and modified Harvard step test) and graded
uninterrupted bicycle exercise test were performed.

1. The cardiothoracic ratio (CTR) in 3,461 newly-enrolled university students (18.7+1.2 years
old: mean+SD) distributed normally and the mean value+SD was 40.2+3.69,. No difference was
observed between male and female students.

2. A small heart was defined as one having a cardiothoracic ratio (CTR) =359, which com-
prised the lower 109, of the normal distribution. There was no significant difference in results of
physical fitness tests between students with small heart (n=134) and normal controls (n=136, 459,
<CTR<509%,).

3. A maximal bicycle exercise test was performed in 14 male students with small heart (S:
CTR=31.9+2.19,) and nine normal controls (C: CTR=46.5+1.09,).

a) Body weight (S: 57+7, C: 69+8 kg, p<0.001) were less in students with small heart; Body
height was similar in both categories (S: 171+5, C: 17547 cm, NS).

b) All controls finished 200 W workload, whereas all students with small heart ceased exercise
earlier than the control subjects (three at 125 W, three at 150 W, eight at 175 W).

c) Resting heart rate was higher in cases with small heart (S: 92+14, C: 77410 beats/min,
p<0.02). Left ventricular end-diastolic dimension was smaller in small heart (S: 39+4, C: 48+4 mm,
p<0.001).

d) During exercise, blood pressure and oxygen intake at the same workload were similar in both
groups, but peak oxygen uptake was higher in the controls (S: 43+5, C: 50+7 ml/kg/ml, p<0.05).

Heart rate and blood lactate concentration were higher throughout exercise in students with small heart
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(lactate at 175 W; S: 12.7+1.6, C: 7.8:£2.0 mmol/L, p<0.001) (heart rate at 175 W; S: 194+6, C:

173+21 beats/min, p<0.05).

We concluded that hemodynamic conditions at rest and during low grade exercise are preserved in
students with small heart. However, their aerobic work capacity decreases, because they reach their
maximal heart rate earlier due to their smaller left ventricular cavities and higher concentrations of
blood lactate. The latter may be related to the paucity of daily endurance training in this group.
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Fig. 1. Method of calculating cardiothoracic ratio (CTR) on chest radiograph.

CTR=(a+b)/c.
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Table 1. New point system of Tokyo University physical fitness test
Male Female
Viimp. Sidesep Ul Sepest | | hemp  Sideste 0% S e
(cm) (times) (beats) (cm) (times) (beats)

~41 ~32 ~9 259~ 10 ~23 ~22 0 229~

42 .43 33 10 254~258 11 24 23~25 226~228
44 34 11~13 249~253 12 25 26 - 27 223~225
45 - 46 35 14~16 243 ~248 13 26 28 - 29 1 220~222
47 17 236~242 14 27 30.31 218~219
48 36 18 .19 229~235 15 28 32 2 214~217
49 20~22 223~228 16 29 - 30 33 210~213
50 37 23 220~222 17 31.32 34 3. 4 207 ~209
51 38 24 217~219 18 33 35 5.6 204 ~206
52 39 25 215~216 19 34 36 7.8 200~203
53 213~214 20 35 37 9 195~199
54 40 26 210~212 21 36 191~194
55 41 208 ~209 22 37 38 10 188~190
56 . 57 27 204 ~207 23 38 39 11.12 184~187
58 42 28 201~203 24 39 13 .14 179~183
59 43 29 197 ~200 25 40 40 15.16 174~178
60 30.31 194~196 26 41 17 - 18 170~173
61 . 62 44 32 191~193 27 42 .43 41 19.20 166 ~169
63 45 33.34 187~190 28 44 42 21.22 162~165
64 35.36 183~186 29 45 23 157~161
65 46 37~39 179~182 30 46 43 24 .25 151~156
66 - 67 47 40 - 41 174~178 31 47 . 48 44 26 - 27 146 ~150
68 42 - 43 170~173 32 49 28 - 29 138~145
69 - 70 48 44 . 45 166 ~169 33 50 45 30.31 134~137
71 49 46 ~48 162~165 34 51 32 130~133
72.73 49~51 158~161 35 52 46 33~35 124~129
74 50 52~55 154~157 36 53 36~38 118~123
75 .76 51 56 ~59 149~153 37 54 47 39~41 114~117
77 - 78 52 60 - 61 144~148 38 55 42 .43 112~113
79~81 53 62~64 138~143 39 56 48 44 . 45 110~111
82~ 54~ 65~ ~137 40 57~ 49~ 46 ~ 109~

BE L. o7 i3, Kb L 500pl o 06N
HCIO, %A CHEAL, MFRIEIC X MPILER
% v b (Lactate-UV-Test: _X—Yy o4 — -
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1+ 2 n=1364
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On-1=3.6
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Fig. 2. Distribution of the cardiothoracic ratio in newly-enrolled university students.
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Table 2. Correlation between the cardiothoracic
ratio and physical data (n=479)

Mean+SD r P

HR (beats/min) 76.9 +13.9 0.047 0.0001
SBP (mmHg) 1274 +11.8 0.024 0.0006
DBP (mmHg) 68.3 +11.0 0.0001 0.7639

BH (cm) 171.6 + 5.7 0.018 0.0032
BW (Kg) 63.4 + 9.6 0.096 0.0001
Bust (cm) 88.2 + 6.3 0.050 0.0001
BSA (Mi) 1.73+ 0.13 0.051  0.0001
Obesity index(%) 0.99+ 0.14 0.159 0.0001

HR=heart rate; SBP=systolic blood pressure;
DBP =diastolic blood pressure; BH=body height;
BW=body weight; BSA=Dbody surface area; obesity
index=body weight/ideal body weight estimated by
body height (%).

2. INDEEEEBIIZ BT AEEL B UICER
(Table 3)
N S FREEIC L ARICHERENR/NT b
Y, FREIEVWERAICh -2, BELY, KEK
LU, BESZIRBABGESR, KA 41EH X 9
RENZEAEHT 2 LTk, AFYUY, F—%
ERTRL I, BERBERIFERICBNT
INDEREE DS FRBEC L L - T i, [RI—#ERM T
W, ANDBEEE - R L b B REABER R, B
BRBEICREWT, AREHFICHL, F—FEKT
RRICEENR D b vz,

3. INDERREEDIC 81T 5% BESER A O TR
BHEE (Table 4)

Pkt & UTo/NDERE (S) ek (C) ickk
LEETRABERELR ORI (8=1706
+5.1, C=1728+6.6 cm, NS), fk& (5S=56.5+
6.9, C=67.5+82kg, p<0.0l) # bV EEHL
AEk#IR (S=38.5+4.0, C=48.0+4.2mm, p<
0.001) &, zofkREHic THIELHE S=
234426, C=26.7+24, p<0.0l) 2B WT/IT
Bbote. INDIREE 4, HREE L FICRiE SR
RO, K ESATTR L b REIROH
Ha@whhrot.

BRI 26 200W £ ToARMERET LA
2, DR T, 125W T3 A, 150W ©3 A
175W <8 ADEH n-»ESZhiEL, 200W
PRETLERREIVWRP T

REEICB VT, ME, ILERME, HRHRKE,
BENBRE, /VTEXT7Y UE wFhigewy
TLHBBICELTZD B b o 2. 7 LLAK
X, AOEEEICTEETCH -7 (5=92+14, C=
77 +10 beats/min, p<0.02).

EHARSRAELEL, IFERR—ARICHL
Tik, WMREECTEEsr o (Fig.3). L%
i, SOW AR X Y FIC/NDIREE b BB I b
LEECEER LV, 175W i S=194+6, C
=173+21 beats/min (p<0.05) T - 7= (Fig.4).
SREREEE, MOERC CEHARSRIELYE

Table 3. Comparison of Tokyo University physical fitness test between small heart stu-

dents and normal controls

Vertical  Side Floor Harvard
Age (yrs) BH (cm) BW (Kg) Term jump step push-up step test
50%=CTR=45% 18.8+1.6 1706 68+11 A 2445 2545 2516] 27i5]
* % * %
(n=136) B 2446 25+5 28+6 29+5
CTR<35% 18.7+1.0 172+5* 60£7** A 26+5* 2645 26 +6* :I 271—5]
* %k *
(n=134) B  26+5* 26+6* 304+5** 28+5

*: p<0.05, **: p<0.01.
A: in April, 1987, B* in February, 1988.
BH=body height; BW=body weight.
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Table 4. Results of maximal bicycle exercise test in students with small heart and nor-

mal controls

Load (Watt) (mlrsng) (beats/min) (1/;’151) (1/\;1?3) (;Jfrf;?/tle,)
0 S 14 127+19 92+14 18+ 6 0.44-0.1 1.7+0.6
C 9 133+17 77+10 20+ 8 0.6+0.1 1.54+0.2
25 S 14 133420 99+13 21+ 6 0.7+0.1 1.9+0.4
C 9 138+15 91+10 21+ 5 0.8+0.1 1.7+0.4
50 S 14 139+17 114116 25+ 4 0.9+0.1 2.4+0.5
C 9 142+ 14 101+11 26+ 4 1.1+0.1 2.240.7
75 S 14 153418 132+17 34+ 5 1.2+0.1 3.5+1.1
C 9 152+19 114+13 34+ 4 1.4+0.2 2.5+0.9
100 S 14 164+18 153 +21 45+ 7 1.6+0.1 54+1.9
C 9 163 +21 132416 41+ 7 1.7+0.2 34+1.4
125 S 14 177+17 172422 61+13 1.94+0.1 8.4+3.6
C 9 171+18 153415 51+ 9 2.0+0.2 4.54+1.7
150 S 11 184+22 182+10 77+12 2.3+0.2 10.24+3.2
C 9 183+19 160+20 62+14 2.4+0.2 5.9+2.2
175 S 8 193+12 194+ 6 102412 2.6+0.2 12.7+1.6
C 9 189+14 173+21 76414 2.6+0.2 7.8+2.0

200 S 0 — — — — —
C 9 190411 185420 94+20 3.0+90.3 12 +3.5

BP =systolic blood pressure; HR=heart rate; VE=ventilation; VO,=oxygen consumption.
HR (beats /min)
200} *
SBP o) ol
* p<0.05
200 o small heart - :233%

o control

150

100t

A L " L L N L L .
] 50 100 150 200
watts

Fig. 3. Changes in blood pressure during maxi-
mal bicycle exercise.

lﬁﬂk

|

o
=}
o

T T/ R |- B—T T
watts

Fig. 4. Changes in heart rate during maximal
bicycle exercise.
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CTHBRICH LETEEZ LY, AR 125W
IvzroEIEELeY, 175W T3 S=102+
12, C=76+14l/min (p<0.01) T& - 7= (Fig. 5).
MASHHAE CHIE LI BB R, TR
B BEEOFINLEEICHE LK TH » 228 (S
=7.8+2.2, C=9.8+1.4 ml/kg/min, p<0.05), ;&
BAREAESD, R—AFCx LT, mEEHicE
¥ED AR o7 (Fig.6). Lo L/INDIBEEORK

VE (1/min)

*¥¥

o small heart
100% o control

* p<0.05
wax <0.01
50#

(—]

I

50100 1% 20

watts

Fig. 5. Changes in ventilation during maximal
bicycle exercise.

VO, (mi/kg/min)

®small heart

Ocontrol
50 *P<0.05

40

30

20

10

an 50 100 150 200

© watts

Fig. 6. Changes in oxygen intake during maxi-
mal bicycle exercise.

*kkk

lactate (mmol/L)

o small heart
o control
10+ *p<0.05
% 0<0.02
wxx 1< 0.01
sorrx 1< 0,001

=)

0 50 100 1% 200
watts

Fig. 7. Changes in blood lactate concentration
during maximal bicycle exercise.

AR ESHBRCE LEW D, BRIEWHAECH
I L KB ERE I MINBE CTHERIC/NTD
-7z (8§=434+4.8, C=50.5+6.7 ml//kg/min, p<
0.05). furheLEREEE X, 75 W A%E:X v /N0
BErAERCEERZ LY, 175W AffRTER S=
12.7+1.6, C=7.8+2.0mmol/L (p<0.001) TH
51z (Fig. 7). /O T 175 W AR O FLER
BEE, SBEETO 200W AR OLBBEIC
CE LT W, BfEHZDO/, Ly 27 Y VEI
TR CEE RO » o 7= (5=1385+661, C=
1563+1014 pg/ml, NS).
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HOW S 2 s I T L2 0MERDHS. TTHD
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BT BEF 41.8+3.6%, &F 43.3+3.6% T,
KEFOEHEIEEICKRTho Tt HELTW
5. ¥Too@ETIR?, K¥1ELOHEETR
A OISR 2T 40.1%, REREEDFY
X 435% ThY, F- BREROZE—Y B0
BRI B R SR 52 5 LIEHL T Vv 5.
LE DL OBETE, FRFERLWLREFET
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X, 40~42% #EHE L LICERSHETL, #
seond 40% LATF % /D L B2 L BT,
HREESNDRE BT S h D, oz kiR, O
BRI 5 Fllh - R ORBEERL ARV D
KEZZFERTHS. WE X REELOLEY
DRKEE, BRILDER L ZNEHET LHEO
j( % é ‘C, Qg%laﬂs) fJf BU ‘Cﬁ;%ll,lﬁ,lﬂ @_5‘%_ %
HEBIREVWZ LEEICHESh TV 3. Hic
H 5130 60 FAEEEA QLS I, BT 48.0
+5.6%, & 53.9+57% &, fFEZFA OB
HEREhELXETS. $45E0ORETYL, R
ERTOLMERLICE LT, §iE, GROES
DO T, HE O FAETE OIS L,
FEFEHERIC & 2 54 TIOR3k & WER &
N LT, DRERHE & MLFE o BN AT & AHRR IR ©
bhY, EFMEANDOMEML, BIILECHE L
By, DIEROEFICRVBERVWEEIZONS.
2. INVDERE B OB E FE R ER B & A H

22T

NGB DB, DHIERH 40% LATYD, 42%
PTFY, 37% UTF® LBEFICL>TELELT
b0, SEEAF, FEFEOLKELRTY
i 40.2%, BHREM 39%, B/ME 27%, BKfE
54% DEBRSE R LIz L& BEL, HES
HD5H 1001% % 5w 0BERE 35% T
INCMEHE & FEER U Te. JINDBEE o S R M 1T Bh BE
LTI, &B%4%0CICYUEETIC X 2HEY
Db FiE DX THEBHEORABTF X LHER
e 37% DT 194 (EH4EE 33 5%) ML,
BEBRABTFATZE2HB L LT M - FLx
a—RIC X R EITo 7. 2 ORER, NI
TIRER OFLRERBIEB X CUHERDIE 250 RIC
HLTHERI/NESL, EE%EE LBRHYERAE
BlcKTdhy, —EHHE, OHAHES R L
DEICEEZRZ D Rhrolct LT W3S, Fhicxt
L, 1985 4F, UHEOFEMBIEY, LI 40%
PAF & /N0EH & B LT oRRE T, Dz a—[K
HBIC X 2 ERIRRHIR, EZMERYE, £E

ANDE, & B AT

%, DEEEREE, SBRBHChL, MBETEER
WWINEWEEZRTLOD, LK, MITERE K
THEBOREYEERL, TOoKELAREHET
MET 2L, MECEFEDRVELTVS. F
bbb, INDIEEICB T 5/hE RLBRNEIEZ, &
B AREESSTBBCHELTEERERITHS

LIZHETZ2L0T, FRICHIELIZLDOTHS
L L7

AH, @EFEOLMEHEEMRICE W T,
ToE 10% % 5® 2050 27%~35% £To
TEG & NG & TESE L AT T, REE
THIIE LIz RN (S=23.4+2.6 mm) 33t fBRE
(C=267+24mm) L LEEIC/NES L, LY
B D 20~29 5% £ T OBEFERADEEHE (27.5+
25mm) HLTHLEEICNTH o7z, YEED
EEO#E LARE L 0ZOBEBE, MMFEOE
BIZIBbDEEZONRS.

DRTE Y, ANCBRES] T i 2o i o M4TENRE 1
EETH->Th, EBRFIIOMHEOHENHTR
RBERL, WAHRWARREFOFAICR S DTIEAR
wWhrknbhTwad., LaLEAHRERES
TANTHBRY, FHEEAME BESZRE) T/
[BEEGFREERL, 28FAE BEEHRE) T
INCMRRE &t FREE D REICEA & R 3R 2 b -
fz. BESZIRBAIZ I W TERE O e WNDBEEN A
FILDERTH o122, HFLUoPoBETIE, &
E 170 cm, {k&E 58 kg~74kg DREITI, BistiR
BAoBRCH LEEORBIBEDbhRVWE SH
TWwW5. BEABRICEALTE, FLUso@ETy
BR~NOEEORBIZDATHRY. Z0X
I IR LA DRV E R T/ NOBREE - 3t
BHEICEZEZEDY, JVEVWEBAF L LT
DRAMERES) L FFRBRBIEOBERICIIHIRET
NTRX—Z - L DEBRBEARPIFRAETH 5.

HIEET L T2 — 7 —iC X 25 BRESARN T
X, NOBEEEE, TR X Y SHRENICH LDk
BPRTHY, BEROHEEKCEES 20 LRV, &
BMFREERT, THFCIBEIETSEL L
2TW2 00, EEIAMHICEFR—ARICB W
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T, MEMCEZRD RV LaL, /N0
D BERATRISBERECH UK <, RKEBFKEE
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