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BEAETIXDEEENTTET HEMEEEXIEMT S
A True, B False
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)
1. metabolism
2. growth
3. reproduction
4. adaptation to environment
5. ability to respond to stimuli
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- TEREEMH = 25kcal/kg/dayhr s W o EBERBIZH TS0, B EZ (X

ZR&DE(1cal = 4.18J) (Iml O,=20JD TR )LF—EH)
25.103:4.18/(86.4-10% = 1.21W/kg 1.21-60/20 ~ 3.5ml/kg/min
. {KE 60 kgt = LMETS

1.21-60 = 72.6~70W @ L
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CO=5.0L/min . MAP=100mmHg & 3"
BHEOKEEDLEE=13.6. g=9.81 m/s?)
Cardiac power output (CPO)I&

CPO =5-100-103-13.6-9.8/60
= 5-100/450
=11W
= MAP-CO/450

t=12LEnergyZ #15h & (&
PVA=-EW=0.6,
MVO,=PVA=0.2

&) MVO2-EW=0.12h"51/0.12~81&

(~9W) MEnergyZ;HE&LTL 5,
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7 \ BRI Ca0,=15x1.34 = 20 mI/100 ml|

Sa02=100%
20 ml

CO =100x3.5/(20-15) = 70ml/kg/min
= 70x60 = 4.2L/min

2020/2/8 AR2020 fEIREIEET HTS— 10



BEEEEZADMDNATTIL

3.5 ml/kg/min (1.21W) 70 ml/kg/min
4.2 L/min/60kg
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MEREMRER 1 Resistance

Pressure-flow relationship

XEFR EFE 3cm &S
Bk ERF 15um &S

50cm
1.0 mm

2000
500
1/3-10%0
1/3-108
1/100
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a* HEEIEIALLL
Po 1/R=G: conductance &%
£ L (K/3H)
The law of Poiseuille
L ——
8T]L Rtotal - Rl + R2
=r(a)
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mE#EBES Compliance, Elastance

Pressure-volume relationship

P=EWV -V,
= EVS == Vs/C

total volume (V5)

Unstressed Stresged
volume (V,) volu (V) I
V=CP

C: compliance (1/E)

Stress Volume (&, V=CP (or P=EV)
MREETEDRBMAEDT

_dv_ dP

F=—=(C—
dt Cdt

CREZEBNHDHE (S # 0) AN ELD,
DEFIHEIL TERH 9 5D T, ClEmmEA
MRIHEEEZE5EZ 5,
& R O I % (X stressed volume (V) &
unstressed volume (V) THERBIN TS,
ERA%PX)

Vtotal = Vu + Vs
BEAZEV ZEA. V2 EELSED,
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K=E=1.0 kg/cm?
(AR MEFE=170x50=8,500 cm?
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Sunagawa K et al. Ann Biomed Eng 1984

o M AICENIELRENOHAE
1SI0SR
FEEES Do TR TS
DO EEIZRIh 0 - T T m

o DifHEmMEIBIRERNTESS .

(%<1 3) mABIETEE LI (mmHg)

CO (L/min)

P

2020/2/8 KMx2020 BIREIETHTI— 17



2020/2/8

TEIREHE DB = HES
=3 T 10N =3
EE)
L/min

4 ) 15 -
[v'd
=
'—
w . 4
” 9 | £ 2 nin
é’ ] = 4 o EE
2 Esiate gmmean i
S =
2 :
% ﬁ I

HJI’E ~
e A N DAL
2 IR 5-
5 sy iy
o (
g Ar;lfléxlr'g(f. Guyton
& 0
g T T 1 | [ | [ |
Q

RIGHT ATRIAL PRESSURE - 0 4 8 12 16
ABEBEE(mmHg)

o BIRFEEHLEFLLAEFNDSLOMITEIREZFREA
® ELFEPLALFEFFREMICERTEY ZRIEICRA,

KMx2020 BIREIETHTI—

18



FIRZ AR 2HFRTIL—T %<

=i\

® 2HADFBRICENS MAHEHR, BIRERZ2AOEDREHELTESR

Systemic cardiac output surface Pulmonary cardiac output surface
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I SRAVANHL.0 mmHg/mID EMRIZ100mID K%
AN IKETImMIZED S, KKEMNL0%EMT HE
B DiER E (XS I12HLH

A 100 B 860 C 1012 mmHg

P =100+760+76+76
= 1012 mmHg

P IREBEEDESHS TPETE
=9 DHE

P =1012-760-76-76
=100 mmHg
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A True,
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(percent of control)

B False
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MFEIAX 3

—RICEMTIECOMNEMT 4, HOWNF T E BE
RIKMOBRBINENTETHNIL., COIXEITED (A
True, B False),

/ \) Bk MCa0,=15/2x1.34 = 10 m|/100 ml

Sa02=100%
.
‘ 10 ml . | ‘

Sv0O2=75%

AR M CvO,=15/2x1.34x0.75 7.5 m|/100 m| &m i

CO =100x3.5/(10-7.5) = 140ml/kg/min
= 140x60 = 8.4L/min
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MFEIAX 4

IDMig D 51 &R 2R (Power output) [F £ B DEFERD
A 1/7 B 1/70 C 1/140

CPO = MAP-CO/450=1.1 W

t=12LEnergyZ #15h & (&
PVA=-EW=0.6,
MVO,=PVA=0.2

&) MVO2-EW=0.12h"51/0.12~81&

(~9W) MEnergyZ;HE&LTL 5,
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Systemic cal

25 kcal/kg/day

g

70 ml/kg/min

4.2 L/min/60kg

3.5 ml/kg/min (1.21W)
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