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Principles of Cardiac Critical Care: Shall we “CCU"?
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Patients with various heart diseases require treatment in the pediatric intensive care unit. However, hemody-
namics, anatomy, and cardiac function vary widely. It is crucial to understand the basic concepts of circulatory
physiology for perioperatively managing patients with severe heart failure or complex heart disease setting.
Although this knowledge alone will not ensure a positive outcome, aiming for “physiologically correct” circu-
latory management is recommended. A cardiac care unit would provide the expertise needed for management.
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T/OGERDSEZS "REREER"

HHAIRAE (RSB T DEERDFIA oxygen use)
(Fig. 1

EEBHOTIOVF L, 7T/ Y= VU
(adenosine triphosphate: ATP) T»H D, fRFERMN5
TCA [Hl% « EFRERNDWNT, 10 FDT KV
B (CH,00) M5, 36 0 FD ATP 2 &IKT 5.
IZ2 b3 Y RY 7 (mitochondria: Mt) T H D
B LERE T ATP DR E NS (BRI Y V(D).

KD

2H"+1/20,+3ADP - H,0+3ATP

EDRIEM Mt TELSH, TIIKBENPRNMEE
W, TOATPH T 7/ > =V Vi (adenosine

diphosphate: ADP) \Z#1 & 11 % BRI, #)7kcal
(529300)) DTFVF—#FEET 3.

SO (35 S A A D SR MRS (R L, SR
WAL TH BT (sarcomere) OHICT 7 F & 34
VUDQMEBEDT 4 T AV IAH S, mHIET IO A
TV VTHIEN, FNATIL T & TOIEENE T
5. IXAVVIEHEEINT DIC, ATP BRET, 106
DIART ) IY A7) 157FD ATP BHE &
N5, DFHEH AT < I & iR 2 0R LT
518, WKz ATP L35, 0T
FIVF—D 60~70% D72 NEREE D BRI AKAT
LY, ZOBETHL=FUNRETHD, L
ZF > 20 umol/L K3 HiFEMBETH B, HAROT

G - RIS BT 2 BRI R DR R
WEREHOHME, BE2MGL, WAL ATP Z
FELELKIT B L EEVIHRAONS.

Es % fRBkERAR (oxygen dissociation curve: ODC)
ODC &, FHRIE L EREMEOMGRZRT S7
R TH O, fEc~E /Ly (Hb) &HELT
W2 BRI R AORIE (SaO,) 7, HiliC BYAR ifn i
FE (Pa0,) %/~ (Fig. 2A). TD ODC i, #
> CO, #ihn, 7> F— Aefr, Al ER, 2,3-
DPG (2,3-diphosphoglycerate) Hfc X -><C, £/
f@hid % (Bohr #HD). T HUIMINRNOMEEFEA
WIRIAT, BB E DRV ARHERIC, X oigkzY)
DEEL> I GRBBHEEN > TWa. 77/ —
I OBEER T RO, SpO, MMEWIRAET
b, KRB RZE X RIS, ODC DOffF
fiZE#d 5 &, HEESaO, Z8E L9,

%27 (oxygen cascade)

K& B2 HEIL, Mt OE ok E Tk
T BRIRICIE R DK T 2R LIct Oz 2R Am
(oxygen cascade) &PES. Fig. 2B X fdHEZENKLD
5FE 2D A, 100mmHg O #3577 E O #i ik il
DA I R 2 2 L, AR Mt N\ %2
RORAOHT 2R, Ml E ORI 5~40
mmHg EIEAH 207, UM DM E 1
R 75728 Y, R T OMED T RO

BRORELIIVF—DEZ 570, Dl OmE ERTVWENETHS. mGBREOREILNY ikt
| carbohydrates | | protein |
fatty acid glucose amino acid
oty |

electron transport
chain

NADH

Fig. 1 ATP production within cells

pyruvic acid — lactic acid

Acetyl CoA
~_,

Oxaloacetic acid

citric acid cycle

Succinic acid

 micchonrc|

citric acid

matrix

ATP is not produced in the TCA cycle. FADH, and NADH are used in the electron transport chain to extract electrons
and accumulate them in the mitochondrial intermembrane space. When it flows instantaneously into the matrix, ATP is

produced.

ATP, adenosine triphosphate; FAD, flavin adenine dinucleotide; FADH,, Reduced flavin adenine dinucleotide; NAD, nico-
tinamide adenine dinucleotide; NADH, Reduced nicotinamide adenine dinucleotide; TCA, Tricarboxylic Acid
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Fig. 2 ODC (oxygen dissociation curve) and oxygen cascade

(A) The red dotted line is the ODC when shifted to the right and the green dotted line is the ODC when shifted to the
left. @ is the point which indicates the oxygen partial pressure in the capillaries. @ is P50 which indicates the oxygen
partial pressure at Sa0,=50%. (B) is the diagram of oxygen cascade.

D BMrons Mt NEERTHER 72 > 72 1mmHg
THneEN TS, T oxygen cascade 2 FEfif L
TWa L, WAMREERT TRIRLZLN)LTH
SN AL CHEN T2 FIF 5 2EZ 5 N TE
%. R REARIC I MR A ORI AU, A
I ERR EZ2 < DWELH D, WY ARG ZE
MLz,

BEEEE (Ca0y)

CCETRBESTEOBATEZTERD, BRI
FiCIEFH O Hb I k> THEE SN 5728, ki
GENS&E, BRERIAE (C0,) Z2E A 0END
%. THiEMmK 100mL (1dL) WICEFENEEE
TREN, UTOXTRDENS.

CaO, (ml/dL)=1.34 X Hb(g/dL) X Sa0,
+0.003(ml/dL) X PaO, (mmHg) (£ 2)

CaO, ZHPT 72 Sa0, (FEEAIME), Hb, PaO,
(7T ZHEMETENE XV Ebh %, Hb=7g/dL,
$a0,=97% (Pa0,=100mmHg) DHEH A &, Hb=
14g/dL, Sa0,=90% (PaO,=60mmHg) DHEH B
EZTHBE, BH AICETS Ca0, 13K 9.5mL/dL,
BHE BICEIT 5 Ca0, 13 17mL/dL TH 5. Sa0, &
WA HD BEWVEE BOIES A BEIAERIZZ VO
Ths.

ExiEME (oxygen delivery: DO,)
B BB 725 Z T2hFcid, ODC PEEZRAm O JF
IKHEDWT, BMIMENBREEZHfERFT22 M

Mt \DBEZHERICEETH 5. LH LIMIKRIEHEICH)
WCED, EMIME NIRRT 57201,
Hb IZRE TR ZE R L & < Tld»idawv. £
D& S TIEER BHHE 2 RIS 5 7o DI OWER 2
MAZRENDH D, TNH 1 RIS AR E R <
ha#mz R BAERE (DO, ThO, MHES
g (Ca0,) &DifE (cardiac output: CO) DFf
TEINS.

DO, (ml/min)

= Ca0, (ml/dL) X CO(L/min)X10 H3-D

chici2zabEs L, LFDOXSICK%.

DO, (ml/min)
=(1.34 X Hb X Sa0, +0.003 X PaO, ) X CO X10
(#3-2)

0.003XPa0, IFIEHIT/hE L, 32U TFDXSIC
faiusbcE %.

DO, =1.34 X HbXSa0, X COX10 (#3-3)

COZ 1 [EHHIE (stroke volume: SV) &DMH%L (heart
rate: HR) OFETHD, R 3-3WELUTFDOXIICEHT
x5.

DO, =1.34XHbXSa0, XSVXHRX10 (K 3-4)

Sa0, ME<L T&, DO, & SV HR, Hb DN X >
TRIETEZD, AL DINT A—Z—=ITIZE % HiPH
HHY, HERICKEL TEEDIFIEAEY. ThZDN
T d %.
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EZR=h#E (Pressure-Volume loop: PV loop)

SV &, #haEARHAZ R (end diastolic volume: EDV)
EUNHEAR AR (end systolic volume: ESV) DT
H% (SV=EDV—ESV). TSV Zfli/RFA—%
LeiciiEs 5y —ILe LT, PViloop dH % (Fig.
3A). HEERARIAO— UL T @— I AR @—Hkak
FH@EZ{bE8 5 & T, loop M5 L, ZDHE
B2y, SVIC/x%. CC Tk EIC X vaifafz2
fLERTHA R PV loop Z1ED, ZN5DEHDOO
Z0ix &, YhaRAEZ g iR (end-diastolic pres-
sure-volume relationship: EDPVR) MBI 5. D
@& BEWTIZHRAY, WNHEREZ KK L, Emax % ESPVR
(end-systolic pressure-volume relationship) & FEHEN
%. EHIHRARBIAR®) LOZMATLKOMHE
B EN (Ea) 2K, LTSV 2RI 2D
PV loop ECEZ CH% &, Emax Z EIF T Ea Z/)
ELTNERNT EADNS. TTTEDV ZHICK
LTI, SV2RXDREITERETED, Th
MiBHEDRIZA S ?

C D PV loop 13, /DififileRiHE = & MEMNIORT .
Fig. 3AICHF 577+ (potential energy: PE) &%
PN (stroke work: SW) DFI1%Z [F74 & ik (pressure-
volume area: PVA) &MTF, THUdDAMBZRIEE & T
9% (Fig. 3B)”. SW/PVA Fti, DMEOEH%
g, flAE, Fig. 3CICBT 5 A40D PV loop
Tl&, SW/PVA LEAVNE S, JEhRZom &5 &
%. Fig. 3CICHlT % SV B severe AS D PV loop T
b5, BAMNELENDT, ESPAEL, SVO

(A)

Ennai(ESPVR)
> Sy

MVO,

(B)

excitation-contraction association

basal metabolism

mechanical energy

PRI PRV, SW/PVA LHEAVNE L, 72 PVA EKEW
DT, BFRHENZ L, DOZORRMENT EhHbD
M%. £7z, VA-ECMO (veno-arterial extracorporeal
membrane oxygenation) H# T PV loop *° PVA %
#EZ BT ELLAHEETHS (Fig. 3C SV@)'Y. APkD
iR EBHFITH L C VA-ECMO 238 A LTz H% %5 A
ZEDMORTV. WRED—HNTT, MR EWALE
FREWVIREET, PVADKREL, DHIRRIHEDZ
V. ZOIRRETIE T997% cardiac rest LIE S AT, LV
unloading (LV vent 7% &) %2 L TR E 2/
ELLERLTRVWIRY. EFE, RAZETH 5N
% Impella+VA-ECMO &, PVA Z/NE < L, Dfifg
EWEEmA B .

ETC, BRI BT B HTAN O IR ZERE,
MEsRARBNC B B EEIG 1) T %. Laplace DiEHI
(Fig. 4) Ti&, MZEDOBKIKICIT BBERT)(T) ENJE
(P), ERIAD:FE (r) DRIFRIE

P=2T/r (# 4-D

LRIND. BEEJI(TIE, wall stress(S) & BEE (w)
DIETHZM, TOSTENOHNDARTHD, X

4-1 LI NICE#Tx 5.,
S=PXr/2w (70 4-2)

DE D wall stress (N & FBRICEHBIL, BRI L
BId 5. DARTOIROER U TZIRRETIE, PN
BRLT, BEREDMRIFMETT 5. Thid PV loop
M Fig. 3C DX LT 2T Lz L, £z SW/

(7

sV@

ESV EDV

Fig. 3 Concept of PV loop

PVA

(A) ® is the point that connects @ and @ and intersects with the horizontal axis indicating EDV. The area surrounded
by the red line represents the potential energy (PE) and the area within the loop (the area surrounded by the green line)
represents stroke work (SW). As PVA correlates with cardiac oxygen consumption, reducing PVA leads to cardioprotec-
tion. (C) SV@ indicates the PV loop in steady state. SV@ is a PV loop in heart failure. Emax has decreased and EDV has
shifted significantly to the right. SV is smaller and blood pressure is lower. The SW/PVA ratio is assumed to change only

slightly.

EDP, end diastolic pressure; EDV, end diastolic volume; ESP, end systolic pressure; ESV, end systolic volume; SV, stroke
volume; SW, stroke work (cardiac work); VA-ECMO, veno-arterial extracorporeal membrane oxygenation
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Fig. 4 Laplace’s law

Consider a situation where the radius (r) increases from (A) to (B) (r®O—r@®). Considering the case where the same pres-
sure (P) is generated, the wall stress increases because the curvature decreases. Conversely, if the wall stress remains
the same even though the radius increases, the generated internal pressure (P) will decrease.

(A)

pressure

unstressed volume stressed volume
(Vu) | (Vs)

volume

(B)

perfusion pressureI

Fig. 5 “Stressed volume (Vs)” and “unstressed volume (Vu)”

(A) When blood is pumped into collapsed blood vessels, the intravascular pressure does not increase until a certain
point. The amount of blood up to this point is called Vu and that beyond the point is called Vs. (B) The difference
between the intravascular pressure and right atrial pressure due to Vs is the driving force for venous return. Addition-
ally, the vena cava is present as resistance. Vs increases when vasoconstrictors are administered.

RA, right atrium

PVA LEAVNE S TRIHENEL, DAMARKENT L
LEBET S, CORETHEROBERUERRES
BBHiIclE, XOEVEEENZ AT E UTHBRINE
WMHEZ 5. DARTOEDILRL TWAEE, FIRA]
BEICE > TLOENED ERMERZNET S P DIk
TDiHTH5. BEICEDV 2T D TIEERL,
DHIFERTFERRNRE DOINT U A EEBT 5T EHE
FETH5.

g2 (venous return: VR) (122W0T
CZETOAM (E0ENSED HENS MR I

HHLT, ERZHEBILE. LAML, 2MKEON

60~70% lEFIRGRIC T—ILEN Y, BRI ROZ

fLICHIS LT3, T Th5EkRER (VR) ICBH
ZTCTHB.

VR FIEERICE S LT 5 Ik i =stressed volume
(Vs) LZNLINDIE s =unstressed volume (Vu) IZ
S TEZS (Fig. 5). Vs & Vu DRIz Rk (total
volume: Vt) LFETF, Vs ZFMIRITICET S L Vit D 20~
30%Zdi® 5. Vuldiigd VU P —1—ThHbH, K
MRIIELIC XD, Vuh b VsA\D v 7 b2 d 5%
EMM 2RO, KEHMFHCENRED T35 I VI
KD Vurb Vs A7 b L, TEERIMEZRD.

VRIZHT % EELBEZE LT, Guyton O VR Hiify
Wb 5 (Fig. 6A)'™'. Ml AFIE, i VR %
EE, VR=0IC&E-o7T&EDER, FARIME /T
(mean systemic filling pressure: Pmsf) &/E#T 5.
CUd Fig. 6A DARALTRENS. Pmsf (ZTEERAE (1
TNOMENEN—EICZ > ROIET, EHIE 7~8
mmHg 2 TH 5. MEILTI47 2 A(C)IFIMEN
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VR or CO (A)
(L/min)

VR or CO (B)
(L/min)

Rv T + Pmsf 1T

——— cardiac contraction 1

Right atrial pressure

Fig. 6 Physiology of venous return

-4 -2 0 2 4 6 (mmHg)

Right atrial pressure

(A) @ indicates normal condition. VR is the value obtained by dividing (Pmsf-Pra) by Rv (venous return resistance) (VR=
(Pmsf-Pra)/Rv). The slope of the VR curve is slope=1/Rv from the relationship AV/AP=VR/(Pmsf-Pra). Considering this,
as Rv increases, the slope of the VR curve decreases (change in ®) and conversely, as Rv decreases, the slope of the VR
curve increases (change in ®@). Furthermore, the VR curve moves horizontally as Pmsf increases or decreases. If Pmsf
is increased, the VR curve will move upward (change @) and if Pmsf is decreased, the VR curve will move downward
(change ®). An increase in Pmsf is caused by fluid or sympathetic stimulation. (B) Rv increases and changes from A to B.
Furthermore, Vs and Pmsf increase and Pmsf shifts from B to C. Due to 8 effect, cardiac contraction is accelerated and
changes from C to D. Thus, administration of Noradrenaline increases CO and venous pressure (A—D).

VR, venous return; CO, cardiac output

FEZALAP 1A 2 MENEEZL (Vt—Vu=Vs) T
HY, VunFEZLCFHFGLEVDT, C=Vs/AP D
DI D. Pra=0mmHg 75 D2k, AP=Pmsf &
RHTE, Pmsf=Vs/C £75%. MEMNINHIT S E Vu
MHEVsANTY 7L, £CELIEKTFT2ZDT, Pmsf
3HEINY 5. T T THEMRE & ORI R ORRZRT,

Frank-Starling DI & % CO iz L TH5B &,

VR #ifi & [ CEHER > T0B T itk DL,

£oT, Inb 200l ZR— Vi FICEd#d %
&, Guyton DX & 75%. DR (Fig. 6A ICH
B RHD 2R T, OO R ZR
9. RRRZRIERESS, HAIOMH T, T Guyton D
IR 2 7225 (b 27 d 19, Noradrenalin f#]ic &
D Guyton O VKNt 2 9 % D% Fig. 6B ICHE
RSB, IMEIHEER &OINMOEERIC X b, &8
CO WA B DM %. restrictive RV physiology
29 BRIER]IC Noradrenalin 5L, Vuh b
Vs IC shift £ 5 ENERTH > Tz Lo 55
% Fig. 71C/”9 . [ABEIC Fontan F4fi & i % failed
Fontan H&FDIERARITH LT, Vs (STEERIMIKE)
DYz X U T Noradrenalin Zffi 4 % C & 13k
PPARNCEIC VG S . RloDBEEME M I, G
D EFAU, BiEMAHEINT %5 & d VR HhifROZ1L
MHHOM 5. PV loop ICHWT, Emax X MR K
Bz L T0EWICE b5 e, loop RIANE T

ARNRBERSBSFRIME F£40F E35

s e—%HT % (Fig. 3CIKHBIFBSVO
—SV @DZHb).

B HER (oxygen consumption: VO,)

CCCHRZZZT, FEICHRRN ENE E DN
RERELLTVE0D, EXTHL. Mt NigH
S ImmHg THARDEEZE= 2 VI TEXR
V. FNEIHET 372013 ENET ORER DD
5.0 AL REND 2 DN % 0EMNHHH, Th
ERRFHRE TR ENFZOHE LIzOh, ZH
THTENRETHD. TNDEHENER (oxygen
consumption: VO,) TH b, LUTDOX S ICFHHEEN
2.

VO, =COX(Ca0, —CvO, ) FH 5-1)

Lin%. CvO IXRGEHIRINEESERETHD, v
RH A4 RTWE SVC I TRATE 5. SvO, ZiEAHR
MEEEME L LT, R5-1 1 ZUTFOX S IcE#TcE
3.

VO, = COX1.34 X Hb X (Sa0, —SvO, )(ml/min)
(R 5-2)
T D VO, IFLEHE D 5 EBIFFHC AT TR E L ZLT

%7, ZDOVO, DN LT, #KEE CO DY
ITHIRT 20, S EOEIICHd % CO DD
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Fig. 7
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Vital Chart of a 6-month-old boy after Ross-Konno surgery

Due to the low RV volume and residual bilateral pulmonary artery stenosis, high CVP and high-dose inotropes were
required to maintain the SBP. While maintaining CVP at 10-13mmHg, SBP was 60mmHg, and the water balance
remained positive every day. Maintaining the fluid control is difficult. Therefore, | started Noradrenaline from POD3 (®).
It started at 0.05y and gradually increased (@). After starting Noradrenaline, CVP gradually decreased and the SBP
increased. The amount of fluid administered could gradually be reduced and consequently, the amount of urine increased.
CVP, central venous pressure; POD, post operative days; RV, right ventricle; SBP, systolic blood pressure

VO (ml/min) Critically ill patient ...
citical DO, e
T e /
/ Normal patients

a
r

&
<«

DO, (ml/min)

Relationship between VO, and DO,

When DO, falls below “critical DO,,” VO, follows a downward trend. In short, if DO, is lower than this value, oxygen
delivery fails. However, changes occur in patients who are critically ill, as indicated by the red dotted lines. Even if DO,
is higher than normal, VO, becomes dependent on DO, and the critical DO, increases.

e

%%u@&<”’co%ﬁ&¢:amﬁ%?u&w
VO, IZFEEE « S NY 25« FEEN « SRR L -
FaATIVHRERETHEATS P 0T, thwﬁ
KARF7ZWT 2 EDEMHICIIEETHS.

V0,=D0, T+4hH

T, DO, VO, & A I—Vic 7z B REICHERF S
NN niEA5h? %9, HaShizBRoN, £
N SWVHE S NTcDOh 2R 9 TR (oxygen
extraction ratio: O,ER) I DWTHIZHENH 5.
OER IFLL FDOAXTRDENS.

0,ER=VO0, /DO,

AL (DO, IE LT, RRTHEEZENLD
WIHE L7=Dh (VOy, DEIaZRL, MHEE20
~2B5%HEETHS. THFEFEEIIBWVT, SVO,
T5%IZENERETHZ T L LHBTHD. Lighi
D VO, FRELZILEVAENT, DO, ZHH5 LT
W< &, Fig 8D XS AZAEWS Y. THZH S
FREE % T DO, M- TH, VO, I ZFiEhzn, [
R =critical DO, Z# % % &, VO, &L LIAD
5. O,ERIDPRVEINE DI 40~60%IFEETTH
v, DO, ZRALTE VO, D 2 0L FIdHER L&
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WIFRW. £z, JREEIC K 5 TE, VO, B DO, Ikt
B9 % & 5129 % critical DO, DA EI1Z 25T
% 1820 EHCEIENE S 3 v 7 OBRFETIE, DO,
FEHRICH 2 L -BbNTE, VO, BT % i HEM:
e ENTED 2, critical DO, ZHEET 21213,
SvO, DEL - B ZBS T ENEHTHS. F7
J — PO TIE ODC AR LT, O,ER D
AB RSB &, SvO, 7Y 50~60% TEFLMET > K—
Y AIFHETLIC KW, Sa0, B 70% itk Th, Pk
7Y R— A 5750 low flow O BT &+ > ME#H
EEZNL, WEEAS.

2/ 0fEER (microcirculation)

ARHSFHREANOMEZROILEL - DB E LT, 71
BB E VS HEEN D S 2. £ 100 um ATEOHBR «
EMME - MEdRD> SR SN, 25 ERTZ
BUES % HEFUME] TdH 2 /NEIR> Bk & O H
W BE R & OESERE TIE T O/ afERE
WHRIC UTeRNZ SAHEL, TEEREETMERO I,
THLEFEHESN TV S, HENROBOITHRIC ORI
WHERIE E X KB TWRICED D ST, KIE
BRNECHBEN ISR L2 LIFLIERERT 5
A, TOWRREIR I 7 OEEROBES THIIATRETSH 2.

27 uffiRiE, diffusive component (B ML & =5
J& capillary density) & convective component (ifii &t
flow) D2 DOBEZTHMENG. LHFHTIZETO
EMIMEDFFE L T0a DI TR, BEARMBEINRD
Ui « obz CAAEEE N, BERFREDEIN U 2RI B/
MEANOIMBEAHEING 2 (EMME®EEOZ(L). X
Tz, BHIMEIC BT 2 MmikiiE O M, AREHFHRAN
DEZMIEORANCERT 5. Poiseuille DIERITH
A% &, BMEMREEBUTOLSICEDS (!
EMMESE, AP:EE, L BHMEER, »: MK
KD .

F=nr*AP/8Ly W)

EHIMERPEI ZZ(L SRS LMLV, R
ENARBICaY ba—)LTCEZDE, EHmECHH,
ZERENE L MRS TH 5. BREIEE, (KINE &k
JEQETRES N, MmikkiElE, FICHMHETEZS
TENTES.

CODXIEI/filz Z—"7y b & LIk IxiA
Wi (BRIEE 2 R MmELEEK Y, Wik > &)
IRZREINTVED, WINBBIRT TOHERE L)L
SR~ AN

ARNRBERSBSFRIME F£40F E35

Perfusion &EREITDOWNT

7 OfERE, MR (perfusion) &[A&ETH
D, REHRRANERZEXDATEIHNITHS. TD
1fit 3 & 1 Poiseuille DL ((X7) I2ED <A,
7 a2 S % EMIME & 5~100um (& £°T,
' 13/NE 72 % 728, perfusion IFIFIEAP ICHHE
N5. TOAPEKIMEEH#HIREDETH D, perfu-
sion ISR HEHERE W AHT H 5. RAKR ORI
(critical closing pressure: Pcc) &, fif#gsC &ICHR%
A, CFERIER, #rA4T 35~45mmHg, LY T
40~45mmHg, %) T 45~55mmHg, *##& T 50~
65mmHg # H% L 3% 2. KT TND OIS
H%< CO 2R E DD, B IHE/ALGRE T DR 2
9% &Ilix%b. perfusion DH|WHTIZIREDE= X
VY TDEETHD, RIKTE 0.5mL/kg/h DJREZ
MERF L 7200,

ABEMRHEE L TOAE

TEERGFHGO—> & LT, L (Lactate: Lac) = H
WA ENZV. BEKRIEOTIHETIZ 2 b
NTWVBH, HBRITIEM R D EMT, TARNICET 3
Lac DA L ACH - HEHtDONS V2] ek > TikZE
%. WEIE®T S Lac EROFERELTIE, vav
7 AREVE - ISR - B, ZAKREE - 7 Uk
EMH%. ULhL, KEERIMAEDHEI T Lac 2 L5
THBIiF, Pa0,<35mmHg (Sa0,67%FE) & &
bnTHo 7, WinF 7 /) —BLUNCRIKER
EMMDFKEHEZ BN D 5. F A - PENCIEAT
it & BB S L THD, MaREEOMEZ R TNS
ZEEdhs.

"EIRERE ICEDERERE

C T E COMEEREHEOMEZ, MIKROBGICEE L
AT RIZD, FADW S B, Fia DERE
D TEARWVD, AIFERIR D MEEN 2 ED T
<.

B oA EERE (low cardiac output syndrome:
LCOS) 12\ T

LCOS DRI EHRIZEE > TVAEWVL P LD,
LD R > THEREDIK Fic X 2 R IHR RO -
KR 205 OB —RNGEERTHS. Thic
WET %728 [DO,/VO,>2 & perfusion Z#fEHF L i
FEh S, OO wall stress 2 AJREZZFR D IS 9 C & |
DAFEZEE X 72 LCOS EH O &7 5.
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9 DO, ZLONCHERThEEZ S L, X3-3H
5 Hb - Sa0, * SV - HR Z i XV &b
5. TOBRNTESVEHR I ENEETHD,
PV loop T4 A% & Emaxz LiF, EaZ FIF5 2 &
MWENTHS. EDVZRKEL TR EE SVENIC
BHEEGT M, [T PVA & KEL A0 DMBEN
BT OERENRETH S, FIILRAENMK
TLTWBIERITIX, EDPVR BPRAIEICIR->TED,
EDV 7Z#{>9 & EDP WHEL bic ERHT 5. EFE
E LS, MEgmotEirhoitimzkdc bt dHs
728, EDV ZH09/ ALL)S - ik 58 s
RN L < TERWIF RV, DO, ZWMCHER T
%fﬁ?%ﬁ@ibﬁﬁwﬁmem%ﬁmﬁﬁﬁé

, N EL S I VafFRomkgsZE %
%}:, FTAYw hHKEWV. i, HREZ EFSC &
X DO, B9 C LICHEAET D, A2OTREY
DIAENS DEREDBIEE T, SV MK R L T SVXHR
DN LANEL 5255855, HIEAWAETE
HR ARG ES &, LRI Z iR TE 3 SV AV E
7%, Wi, HERARIAREMSN/NEWEERITIE, HR
HEITBHZET/NHNEWSY ZHfid T L& HEITRS.
COXIICEME HRITEM &, KT IcH
%. %7z atrial kick (Z.0FED SOEADMMFED 20~
30% BT 2720, HR 21 T DE-D
MEEH#TZHCLELEETHS.

RIS, VO, ZOMICIKDSTHh E VS BlEM D, 1k
U - BEEREDE o NP - R\ EREZD. ANDK
id1°C FRI 28I, BEHEEN 13%HEINT
783, S A AR PE LCOS i L LTH

PV return

‘ CpvO,

SvC

CsvO,

|

CaOz

IVC

Fig. 9 Overview of single ventricle circulation

TH5. B - BUREHL BENBRBREMZ S
&, [ARRIC LCOSHBHIICHH TH 5. N LIS B
KB L T, OAEES TR E A I U4l
FRHBEED 10~20%Z HHTEDH, AN TERERIC
XD VO, B ERZENTES. EHICHFH
RIS KO BENED LR LT, ODEBRAREKT 230
REHb. TNUEHFNC THZDOREDRFCED S
N%. iz, FEEH, BEMK - BETO VO,
OEEE RHEE. VT EA%KE EIC SVRIK R
S IMEE FREBRMER KT T EHD, HHEIC
JISCTHIBICHI D B2, HOEHIRKRELERT . =
NV 727 adrenaline £ 5 T & #likD VO, A LA
%%, COMEsZE#dT 52H %I, P adrena-
line &R 51T K > THERFAE/NT Y AZHA L TWRWE
A5 ? 7% adrenaline ZIET 5 & T, Lac
ME T % EBIFICHEERT 5.

LCOS IFiGH LT LT, ZOKNZE Z % EM
$%. PICU TEICHS DIZFEMIAD LCOS 72h, %
ML DZAME LCOS TIIEHE L 5 2R ELRE RN
B ENMEET BIREDEN TV A EENH S Y 7=
®, FREMREEETHS.

HORERICOVT (Fig. 9)

HOZERE (F7 /—BH0ERE) TH-TE,
BAMZBRLTHS. KEHEXDZDE, (ki
it (systemic blood flow: Qs) &Jfifilfilifi (pulmonary
blood flow: Qp) D/NT VAT, MATEIENKE L E
LT ETHO, K\ Sa0, T, BEEFHNT VA%
MR 2080 H 5. TNHBLLEZHROMTHY,

@
Body

-

This figure shows a blood flow model of a patient with a Blalock-Taussig shunt. This indicates oxygen content and

blood flow (modified from Reference 34).
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(A)
Oxygen delivery (mlO,/min)

Spv0,=96%

Spv0,=65%

0.1 1 10

Qp/Qs

Fig. 10 DO, simulation by Barnea et al*¥

(B)

Oxygen delivery (mlO,/min)

800ml/min

500ml/min

1
Qp/Qs

(A) DO, becomes maximum when Qp/Qs<1 and CO is constant. Moreover, the higher the SpvO,, the lower the Qp/Qs.
(B) When the oxygen consumption and pulmonary venous oxygen saturation are held constant and Qp/Qs<1, DO,
reaches its maximum. The greater the amount of CO, the lower the Qp/Qs. (modified from Reference 34).

CO, cardiac output; Qp, pulmonary blood flow; Qs, systemic blood flow

LU e ik < 32
X9, IMERTEAS L, BRHHHEBRIHEDE
&, FEIRIERZAE (CsvO,) & Qs DRICFL

{7%%.
Ca0, XQs—CVO, =CsvO, XQs (7 8-1)

FIMEIRCTEA S &, MinkbNiziikic, BEN
BOAENT, FEIRIMCZZ DT, UFORMKD
VED.
Ca0, XQp+SVO0, =CpvO, XQp (KX 8-2)
5L,
CO=Qp+Qs (4 8-3)

TLHY, LHRHTIIIRRE & R IR Tl
%D,

HEEEDD. K 8-1~8-4 ETZ=EDYE T CaO, X
Qs (=D0, %®Ez2%k,

DO, =Ca0, XQs
1

X COXC,, 0, — —-—XCVO,
1+ 2 @
Qs Qs

(X 8-5)
L7510, DO, Qp/Qs & CO, CVO,, CpvO, DEH
ICk > THIEENS C EWbH%B. Qp/Qs & CVO,
BANEVIES A, CO k CpvO, IEAELME S A DO,

ARNRBERSBSFRIME F£40F E35

ZHERT, LWV EEMICNSTZ DRI LIRS T N
MO RENS.

Barnea 51 DO, Zix Kb T % 72HIC, £5TRE
heva3IL—v 3L, Fig 10 DX &fER%E
R, chickdl, Qp/Qs<l D X DO,
FRAIET 20, COMZITNIE Qp/Qsid Kk b/
CTH &KWV DEDIRKDO, ZHHd %11 Qp i
DIENE I MKV, LML, Sa0, WMEL KD T ET
E, HRERE 2R CE R R B RENDH 2 DT
FEMNRETHS.

Qp/Qs IF A ME KT (systemic resistance: Rs) &
Jifi & #4517 (pulmonary resistance: Rp) D737 2 A
THET . Rp% FF31C1E COT T ¥ R—2
A, REeRfSRE (B3R (NY), Rp Z FF3ICid
g —ibz=EE (NO) O A, CO,|, ML
BRI EWERITH B . FHT Rp 22L& 1 5 K
A (NO®N, OMHEFHHMLTEINET
HBH. NICBLTIE, KEERICEK S Qp/Qs DK A
A2 CHULDAEMTBEKIC 7R 2 DY, [ARHC CaO, DK FIC
X0, BEFOGNT VY AZLZELTELNEVATHE
MH 3. & 512lE, Dobutamine & Rs 2% F & &
5EEDbNTVEH, Qp/Qs & ¥ T, DO, %
WO EEMEEHD . BRIBTE Rs DAY b
O—)VIENET EDIESINEL, Rp DA D
% DT 7 < ARIME RR/IGHEREZ A RN N 720,

FERICWEZ K DNNT A= NEMICEAE > T
Sa0, *° Qp/Qs WZALT %. J5 S P .l /],
DHEIC K D DO, 82t 5. DNTODIFT VT
HAHKK K-> T, I zmiicxsc et dhs. E
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HEIERTIZH LD Sa0, R 7% E 7213 THIW LA
BH1ZH, Lac % SvO, * JREDRIFZ(LAEETH 5.
AHANCIE LUIEHE - MAZ L T0HUE T2 O%E
{7%%139) L#HBlTsC b TES. Fiz, MliMmiE
WMENDOEFHDETZERHED, KmENTohE S
b, DEFDHIZ> TWEWEA I ?  HOENE
BICBWTE DO, M 0h, OHMNEETHS.
RHCEIX U T2 2 HIc 3 BIREIRIC A5 T &
L2, TOHAEITEEMMTZFELDD, DO,
W ES D, DFEEEE S wall stress I3FTA S
N3 2h%EEZTIEILL.

NRIBIRBEFRRORE

RO XS HIRERAEMZ B R A TG T, JHWa
DR i s LR = 02 o S ANG c8 1= e oY e /APl D)
) 7 HIERTE T TR L E IR ORI - BR8N 2
EENTWS. LUF, FHICHEHEEEZ 5N HEIC
DT Cs.

T, MEEROMRELTECSEINETD
. PPEFEE, WMOOHE, FUEER, BEZETEAR (nec-
rotizing enterocolitis: NEC), [l RS, bR
RERRIEE, MEPRATR & DIBRYEMAKRINTH 5. FFICR
MO G HHIE T B % FLEERI® NEC, i OHIE I T1%
ICRESHET BN, TOMRRRHERTEIEE >
THEHY, SHBOFETHS. EMmPRIETTERL,
BOHEZIED LT D QOL Z& b KWnE DI LT
%, FHBEORNIEEA 5.

L5 DO, TETYARETHS. TOMH
BOWBHETIE, A735 I VOB EEBRIRE,
i Hb i, Ca 57 L, EANMENPHERR DA D
HERRE LRI BHEEANZ L, FHTARD K S 7%
IBIFIESR, TOEEDNODLRWIRHRZ AT 5.
AT —ZDANEL TV ARG 2, SBEADD
LERELTHERL.

HERHEMERETH S, FERRAER R CTHAR
WT/NRIEERARSEHARICBIL T, WCRD K 5 HHH
TGS LS B Y 3R TH . (e
HEE &M &9 % PICU AN B filiag THEA HIREIC
FELDEVONBINTH D, EHET 1T T Lo
B L CBETREMIR DER LD TH B

®

FERRBIC BT 2 HEREHOBMKIC OV THR U
Tz NROEBRERE ISR IO A R OERE T, [ UIE

BNIFAE LRV, REZICBWT, ffudEE T
AR, DO, B0 hZERUERNCE Z TIE LW,

WE%, KRR 75578 T “less is more”, [X O DR E
DTERRMROTDIC, F/NROERIZFICTHKD A
Bl LW EZHDIEN S TS Y, BRI EE,
RIUDIZNIEAE D K5 eS8 T AL, fERE
HICHDOWEHETE HE T E A MEERER (SRIKEO
FWHE) MROENTVWE. VIV DE%ENTEZ
7T, EHHERNCHIFL TIE LW, 517> TV 1R
EHIIRIZ LT MEMZNICELYY EABZER->T
BABEAIM? AN ZDO—EhTENITFENT
H5.

FEHER
PR NEFRSHSCIRAEIR H D T B AL

EERA
FZHEN @ S O, SCHEERICBI G L, sz L e,
RIRFER @ GRSUREZITY, B NERROIEZTT > T2
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