n B

Fontan & #9] ¢ ¥ A8c & 7|4
& @zl X8 #A4 A4 gEXe gk 19
U o] & F9] H9%d EHUEC Foldt
A nEsool & BAFEO] US2E o] o]
3le] E98 1A k. Fontan physiologye] 4
£ 715A Aol s BJoz A FHIAY &
& 32& Zed v F AJNAFF == A
E%HQs,CO)S HERZFQA AL H¥F
F2 HIF AYRpl AHY IFE den
Aed HIT AY, 4o HEUeL HEHY
T23 A Tol HYFFY FFHol AA
¢l 847} Su, Fontan physiology®] 5474 4
Ao FAY &, ojrEYolv HA FERY
3 f5F 5ol HEFF J¥L FAHD, W
A sdete] HRAs Fof 242 ZE{r o
3|24 glojA ANEE ANSVRE F8 WF
2 Z43A ¥t GEtA Fontan ¢ F 8449
8ol oA HLE oo} T JjEH UHLS

AR, AAe 23l afterload F, AAEFA
& o Folof k. AN JH AYE F3=
849 3} mesenteric circulation Ud] ©] 9
¥ 7 portal circulation®] A& WA =7 @&
o|t}. & Fontan 4~& ¥ systemic venous pressure
7} sdA Hed ojZe] BAHoRE AT
toneS AsAE F vk Aojth o] HANY ¥

&

F A=

#AgE @¥57] A8 nitroprusside$} amrinone
2L gAE & & Utk

E#, %% preload(central venous pressure)E
FA 8 FHAM HEDG AFE LA A 3=
dl, sl Fontan & F9 Hede 54,
Aed B4 ¢4¥o] W& systemic venous
pressure7} <89 driving force® 2§317] W&
ojt}.

AR, Fontan circulation®] physiology& ZATA|
Z3l= 7ol bidirectional cavopulmonary circu-
lation®E =&} %} Fontan T<°] AHY
tn wdd A9 9P o 2o
Systemic venous pressure’} 16-18 mmHg o] 4
%3}11, mixed venous saturations©] SOlX|EA] A
AutzZo] A%d W, ¥x, AN #AFV UGB
o, A4 e inofropics®] F97F YR3HA H
Ad, A9t = HAWo] 12 mmHg ©) %
A&FHo 2 Ae¥ o Folth o wWe Az
AEAE ANAS] HIHOE residual defectE
Zhojof it

YA, §HF A A=oltt. EF F M3
o] APSA He AL pleunal, pericardial
effusion E+= ascitesO|th. BE3 etiology= €A
Z3Ae A AUgta d9d AT Aol
t}. 19843 Kawashima®] complex anomaly 4%
B0 jdea® POl Norwood Fol BWeol Al&d
hepatic vein exclusion®] Fontan % @AM &
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SEe] w4 WEs WA Zasgod
“fenesirated Fontan” $&%o] 2Jslo] Lehatae)
A7} G4 Bold Aol 1 FA & 4 U

ZIIAIZ0] DjXl= KA

Woods’ units= 2 o3 43 HIA A, 15
mmHg o349 H# #HFUY, JEF YR
pulmonary artery distortion, 44 715 3 F, 12
mmHg o149 A4 &7 sl Z4ag A2 &
Z8 A2 vlFE ventricular muscle mass®}
dimension 57}, A4 &2 ¥, WAuse 5
HA5H, = 53713, 24D HA4F5 ol9)
T Z 4EA A3 8480t o= W
H systemic E3= pulmonary venous anomalies, 7
Az A Fol

F% ¥ YAFQA pulmonary vascular E
parenchymal dysfuncion 3! YA|AH myocardial
dysfunction= AP €¢lo] Erh. Myocardial edema
o 2]¥ ventricular wall thickness®] $7}2 ventri-
cular compliance$} volume Z4a7} dojulr] W&
oltt. o]Z L F& F FF BE ¥ AH
JEHJE @t

Fontan?} Choussat(1977) 5°| A|A¢ Fontan 4
& g9 A9 71&, & Yo|7t 4AlE =HojoF &
3, Adelsoln, dAWo] AMH dAolofok
30, $4ge 830 Aol HeE HAZAY
o] 16 mm Hg °|3to]Z HBF AFL 4 unitsm’
Bt} Zolof 3io, HFHe oFdd] i 273
o "7} 075 ooy AutEATI 60% ol
2 Agolojof 3k, ojAd A& shuntdl] 37
otgato]l Qlojof Atk AEL o] =J] A
A JAAE WA A s Aolth Mayo
Clinicol Al HZ ¥4l 41(1973-19893 9] 7021,
1995) Z7]AFgolY takedown®] 9 URZA] o]
d uo], 1980 o]Ael £ <4 B2 AT
& % B3, asplenia, Fontan & ¥ F&3ol
A ZA% RAPZF ¥S 739, long aortic cross
clamp time, 59 A& & AA}A

X =
Monitoring

CATHETER LINES:

Hemi-Fontan: Intemnal jugular vein©]\} subclavian
veino] AQ=o] e lined FAULL FEAll
RAY ABHA A lined Y3 systemic
atrium®] pressure & monitoring ¥}

Complete Fontan: RASA] lateral tunnel %S
catheter® X318 PA pressuret} systemic venous
pressureE  monitoring & 4 Utk Subclavian
catheter2 = AL Ach. Systemic atriumo] S
o7t A& catheters WFAT caval catheter= W
& AT o AAs= Fol Frh Thrombosis?|
7Fs/del $171 w&oltt.

Position

Semi-Fowler’s position & §A|3ke Ao F&t
0|22 jugular engorgement® €Y 4 Utk 53
hemi-Fontan ¥ #Z 0 29] draino] ZEA 3o
facial edema® Fol=to] =80 €t

Pain

%%& pulmonary vasospasme FEAIF|EE §l
S8 3ta] Folof @k

Inotropic support

Dopamine®|t} dobutamined 5-10ug/kg/min®] £
Fo g FEojir)

Medications

Prostaglandin E1(PGEl, Alprostadil) : Direct effect
on vascular smooth muscle .
Amrinone : Adrenergic agonist agent

- Use - Low cardiac output(sepsis, congestive heart

failure), adjunctive therapy of pulmonary
hypertension
Action - Positive inotropic effect, systemic and
pulmonary vascdilator effect
Dosage - Neonates: 0.75 mgkg LV. bolus, 2-3



min, maintepance infusiocn  3-5
ug/kg/min

Children: 075 mg/kg LV. bolus, 2-3 min,
maintenance infusion 5-1Cug/kgfmin

Nitoglycerin : Vasodilator

Use - CHF, pulmonary hyperiension
Nitroprusside : Antihypertensive, vasodilator
Use - Hypertensive crisis, congestive heart failure
Action - Peripheral vascdilation, reduce
peripheral resistance & afterload

Tolazoline(Priscoline): Alpha-adrenergic blocking
agent, antihypertensive, vasodilator,
coronary

Use - Persistent pulmonary hypertension

Action - Peripheral vascdilation, reduce peripheral
resistance

Neonates: initial 1-2 mgkg LV. over
10-15 min, maintenance 1-2 mg/kg/hr

Dosage -
Diuretics
Sedatives

Ventilation,
circulation

respiratory care & pulmonary

PEEP modex= AMH8-31A] ¢bx Zo] FIL positive
pressure ventilation® FolE ol F2t] Ut
AP Z4AE 7RI ot 183 Jhs
P wa Ar|EFLE FMIEE = A9
Zv}. H¥A AL functional residual capacityol
A zFo] g o /A HojAd: ARt ¢l
t}. Mechanical ventilationg & w VI& IA F
©j(20 mikg 7}A)) respiratory alkalosis?] 3El(pH
7.50-7.65 AE)E FASI sleHe £5& A
3t &3 f=dtd HEHLE RET Res-
piratory acidosis®} AEl7} HE HIA AYE 4
FA71A H 22 CO; retention®] HE 4HE T
EA Lolop I} &, pulmonary vasospasmeS
WA 7l 84E¢ hypercapnea, hypoxia® THEA
golol jith FAE GAAIE o] ¥l T8
3}t}. Tracheal suction® FA2HI H-=gHA 3§
ook &5 gl HFE AlZFE(suction dura-

tion) H4 2 dtojol Jct Tty gl 4
3l w3E uhgo2E pulmonary vasodilatorsQl
ANG fAE EASAY nitric oxide(NO)E &
NG EdL=

Cardiac output & physical examination

AR 2R A FA AN A
g fdo] )¢ Fasich @ &5, AF 4
7z, @A Hez} 5o #AL Wl ool 3}
u, ABGA, VBGA A9 314(53] base deficit),
A¥F So| COE FHY & Q& Fo A
A 27T

soialE & E49 £y FUgte] ¥
%o @o] Y AP Yo|dFE By & @
t}. A9&@e] o3 microvascular permeability 2]
Z7ls @ Yoltt. WAE F AAH 3= AL
2oz HAAF 9 2L dook I,
protein loss2 Q18] YFo E#Pol & F 3L
B2 protein B3& 3] Folof dr}. 5% albumin
& 98 Fo $AURME 1015 mmHg A=
A AR sloop @t FAI Frkske
ascites® ©}F7] 9430 peritoneal catheter& AU
4% 9lch. microvascular pores7} #A chylothorax
2 dAg £5 9on o] g Jdays us
3 & Folok @} HYY Fe= e F &F
7+ fluid retention, hepatomegaly FEi= ascites7}
A7l Aol & A7IO|BE sodium¥} fluid
restricion® 23] & F:ojof ). Effusion®] I
4L Zo]7] 93 hepatic venous drainageE
systemic circulation® 2 diversion 3h= %
ANeHNE SHEH oA effusion?] incidence
t Z29A9 §YFOF intrahepatic collaterals ©}
Y} pulmonary A-V malformation®] AL
cyancsis7} F7}eH= Aol RIHY EE fene-
strated Fontan® 3}3L delayed occlusions 3 €
Hol AlgHEd <R FWFLEE  pae-
doxical embolismo] 2 4 gih.

RA pressure

‘RAP7} &€& 7$(>1618mmHg) CO.§ #A3
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7] 9% volume replacement WEo}7|x= 3A|qH
1 dde HIHoF Zolof 3}W, fenestrated
Fontang & W& arterial desaturation©] 413)3]
< Aol 1 AF "k FAKsystemic
atrium)°] o|AHT} FOWHA A&HOFZ 43
A A Jsold Hadutd BAs g8 A
At RAP7F LAPETE £ PAP7} #o] o}
QS® pulmonary vascular disease, pulmonary
artery spasm X pulmonary artery®] size7} &
ol EAY # A, ol¥ A4 arterial PaCOE
25-30  mmHg7} =A  hyperventilation® A]7]al
FO2E 1022 Fof Pa0,E SN 7]WA
nitroprusside(0.5-1.0 ughkg/min)E 3ol Y F
Y43l HolA whgo] glow HEPAAY, small
pulmonary artery F°] SJAEZE Fontan F&&
modification 371} takedown & A& 312]3}oof
ok 91U LAPY PAPE A &-2u] RAP(caval
pressure)’t ELAA TlSo] Azt Zie] uiel A
& A48H RA EE cavaedA] FHEHo29
new pathwayoll ¥3}o] Q15-& 9Ju|dtm 2 Echott
Angio HALE SiA AFe Q¥-E ARk &
t}. Adjustable ASDE WSS & A% shunt7} 3%
A Lol size® E4E Yast A& 4 3l
t}. :

Prevention c_)f thrombosis(thromboembolism)

ol 8AYs-E f¥Ae]l I8 warfarn
therapyE € ¥ TURH &5 e F4YT
IA/|E Frh 1 FE aspiring 2oplA Y
Y &F 80 mg, AUNA 325 mgE 2 7|3t
& 5 JdoH, ofF oY Aol AHEYH
aspiring € 4 Ut} Dipyridamole £4& %
Aot Low cardiac output, pleural effusion® 2 #7]
T AYse @A, L3EQL RAPE ¥ ¥4,
residual R-L shunt, atrial arthytthmias 5 high risks
7t e A9 A71t warfarin therapyE 3=
Zlo] Ft.

Arrhythmia
1990\ Children’s Hospital of Philadelphia®]

Aol oJ3td & AF M EF EFYL
accelerated junctional rthythm( >100 beats/min)©] %]
oo, RQgHAHez A4 FAHNYL rapid
accelerated junctional rhythm( >190 beats/min), atrial
flutter, complete heart block, supraventricular tachy-
cardia, ventricular tachycardia Fo]1th -39
X8E BE medicationd pacemaker§ ©] 4
overdrive 5 ¥u¥H3 RAuel gy} gt

Fenestrated Fontan2| =& =¥ &3

AANH AE 7% Aske}t 53} diastolic ventri-
cular function®] #3t=o] gl= o] we] CO.&
e} F31, F-AWolL} respiratory insufficiencyol
o & A4 4 o

Fenestrated Fontan #2| fenestrations |24

A test occlusionS R} o] A= HAF o
= Adted, A AR e 4
& ¥35, ERAYY 22 X3E, AW A
3% 3o] T Wilz Adt FHY A&
E3 T} 100% 74 LE3 RAPS LAP/F #Ag
SHA COE & fAHA dF HHA I

Al : 49 EYd A= Y}, A4
71%5 -7, aortopulmonary collaterals 5°] UL
oo #HEHW P2 catheter dilatationd A=F
4 %13, collaterals2 embolizationS Fch A

Advantages of Total Cavopulmonary Anastomo-
sis than atriopulmonary anastomosis '

Lateral tunnel(cavocaval baffle)?] ¥FY8HH o]
AL COJF %713k turbulance’} §13(laminar
flow) Aol A systemic venous pathway2] =7
7t ot HAHEFA kg JEA et =
7] =¥ 9] atrial arrhythmias 44 W=7} Ht},
O|AL opuiE AT AU =E:E Aol
oAl A 2ok Aol A wuke] Fxo
BAglo) A&str] £ol8t sinus artery®] &4
o] A, A ¥A LYYl EoET

Autogenous  intraatrial tlmnel(Hashiinoto, Kuro-
sawa, et al, 1995):. ©] -2 pulsatile flow7} Yo}
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s A4S SRS 7] S5 s
pulmonary arteriovenous malformation= o8& <+
A& Aeg FAY

Conversion to lateral tunnel cavopulmonary
connection

Atriopulmonary anastomosist} RA-RV conduits
progressive exercise intolerance, effusions, aihy-
thmiast} protein losing enteropathy’} & $ALE
oA lateral atrial tunmelE WFFH U4H FHo|
Qe 457 gk = A 39 Adol HA34
& qtulsial ojZo] PVRE Z7MA7IY HESFH
ZaA71E 80 AAH COE F715H
o

it o

M=
Takedown of the Fontan operation

RAPS} PAP7l %3 LAPY RAPHT} 5 mmHg
ol Yowx HYHFAGFHoE Ars] =W
takedowns &}o{oF Jth Total cavopulmonary
comection®] Fontans S} SH lateral tunnel
baffled AA3E SVCY RA FHE TolF:
hemi-Fontan® £ conversion. &% 3] Folof ¥
t}. Atriopulmonary anastomosisE SIS A4
interatrial  septation(patch)& A A3HA XA
arterial desaturation®] A4 4 YCEBE o] W=
bidirectional cavopulmonary smnt2 A& 4 Sl
At

Reoperation for pathway obstruction

Atriopulmonary anastomosis& ¥ 7$-ol|lA ¥AY
Hie7l A3 53] conduitsE ©]-83H-E -9l
gon £¢ ¥ 159 AHoll= F 60 % =R
reoperation free rate7} Eoj At}

Cardiac transplantation

Valveol] ti3F reoperationo] LY <+ glow,
myocardial failure®] Z13) 0. F transplantation®] case
7 3 Yok

&3, =5 g

1992'd Mayo ClinicolA 352%¢] 1985 d o] A
F& FAE gz B4T lower survivaloll €
e 8AES AMEY wicuspid atresia ©]9]¢]
univentricular heart Y} complex anomalies, F&'d
57} o|E4°E, heterotaxia syndrome §#}, FE
2 Yo7l ojdE, HEYge] AeHA YSF
E, NYHA class7t YESE survivalo] ¢ F3%Th
= AEAL] 0% AN HEAH] glo] FoF
& WAL} pacemaker inserionS I, 7-10%2] &
Aol A= protein losing enteropathyt} hypoproteine-
mia7} AAcH

Survival

Zz7) Aee AAFHow BY ¢ 20% A=
o] o]2A%t complete Fontan ¥ 5% AEZ ¥
ol 9l longterm survival 2z} Biol u}
2} o)zl AT 104, 153 o] diE 65%,
50% AEEHY ideald oA 153 AEEo| o
0% A= 457 = .

Modes of death

=7} AB-L acute cardiac failure7} 713 31 9]
ApH-& chronic cardiac failuret} sudden death® I3t
747t 744 ok % hemodynamic insufficiency”}
e A% pleural fluid, pericardial effusion,
ascites®] A 5 fluid retention 0.2 A7 B¢ 3
A %t

Risk factors for death

ACUTE VENTRICULAR DECOMPRESSION

LATE PULMONARY AND VENTRICULAR
DETERIORATION

YOUNGER AGE AT CPERATION

OLDER AGE AT OPERATION

CARDIAC MORPHOLOGY

SMALL SIZE CENTRAL RIGHT AND LEFT
PULMCNARY ARTERIES _

INCREASED MEAN PULMONARY ARTERY
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- PRESSURE AND

PULMONARY VASCULAR
RESISTANCE

ADVANCED MAIN CHAMBER VENTRICULAR
HYPERTROPHY

ATRIAL ISOMERISM

RIGHT ATRIAL CONNECTION TO THE
PULMONARY ARTERIES

Functional status

NYHA functional classification®. & < ¥ 1d9
o} 90% AESY FA7} class 19] &3k=d 108

Fole o 56% BETO| class 19 BFEh 1

FE o Fojzich
Hemodynamic status

Functional statust= FX|9} -exercise capacityl}
hemodynamic state= subnormal® 4 129, ven-
tricular ejection fraction® Y3l ventricular end-
diastolic volume2- UFAY &FA BEF F7tE
o] Aot RAPE &5 A5Hol o AW 5%
Aol cavael}l hepatic veins ZOE reflux’} Yol
T}. Pulmonary artery flows biphasic®] UAH& B
ol Arldls AT FF01g4F FHA T
A AARS emptying A=V FFE v =
respiratory cycle® #H|8Fo] Y-S 5= normal
inspiration A] $-7}3}3l Valsalva maneuverE 3}

Al ¥F7} gith
Cardiac rhythm

Multiform premature ventricular contraction®] <F
13 A= EAeA YEII  asymptomatic
bradycardia= 9F 20% A=A Utk Sinus
thythmo] ©ob'd 73-9- pulmonary blood flowol] @
FEFE F=A7 EEDYSAT sudden death$}
arthythmia death?} A8z A2 £ W thythm
disturbancesZ ¢1% late failure?] 7FsAdo] Uk
Holzlt} Mayooll A<= atrial dysrhythmiasE 1970
ddie} &3 16%14 213l Qo

Formation of arteriovenous fistulae

E3] Glemn ¢ ¥ JA=E Aol BuHY
e, 1984 KawashimaZ7} TCPC $¢& R
3 o]F TCPC & F X hepatic exclusion ¥
= ©] malformation®] HIEIT OB time
factor(aging), hepatic factor % nonpulsatile flow %
o] g% Zlog Ho|y, Hashimoto, Kurosawa
5 autogenous intraatrial tunnel &g HFH
oje] A& &Y Aolgty By Yt

Protein-losing enteropathy

oF 3-10%9] FAA B & F AVe
ANZlE BF 43 AS6-10071€, 1991, Mayo
clinic)o]t}. RAP7} Z43PE FA4o] Fopzint
Vena caval pressure®] 74522 IVC presssure’}
481 lymphatic drainage”} FojeSo=ZH W
At WA HAE jejunal mucosa®ll lymphatic
vessels®] Ho] W Qe AL #FE F Utk
Bidirectional ~ superior  cavopulmonary  shunt\}
fenestration®] Al&-& & &+ ot

Thrombus(Thromboembolism)

CVA incidence :
1978-1993) .
Fenestration - 4.3%, without fenestration - 0.95%

6-10% 7% Hilg.

Predisposing factors: Low cardiac output, a design
causing stasis(large atrium from atriopulmonary
anastomosis, PA stump after distal ligation .or
division, etc), atrial arrhythmia, synthetic material
(PTFE), AUolAe =& ¥F, clotting system
9 o), HF T 7% o] L2 QAR protein C
o] 49 Fol Utk

Site: PA stump, fenestrated atrial baffle, lateral
tunnel, mitral valve, or multiple

FU: %7139 A6)3(TEE) A2 monitoring &
. -

2.6%(645 pts, Boston Children,

g4 B

<2} Fontan®] W¥ 4% &, bidirectional Glenn
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anastomosis, fenestrated Fontan, adjustable atrial-
septal defect& THEO] Fv A FLE ¢ F
mortality\} morbidity& B0 ZAAI7]E FA T
A7) 4AL obA mAFE & 4 Ut} Fontan
&L pallistive operation . X FE-F3A 9 LA
3 %2 olH, Fontan circulation®] hemodyna-
mic outcome ©JU} long-term sequelac: o Z0] o]
Hoh wets dAHeR Fe] Qv ¥RY
83 AL A7 A AA 22 Fontand] ¥
& ¥ A3 etd ystojor & A
olz, wetx HEE XN8E FoEN AV ¢

43g ¥ & 98 Aol
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