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Modification of Classic FontanModification of Classic Fontan

Staged Fontan: BCS
Baffle fenestration
Lateral tunnel operation
Extracardiac conduit Fontan
→ ↓early mortality & morbidity
↑long-term survival

Staged Fontan: BCS
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Lateral tunnel operation
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→ ↓early mortality & morbidity
↑long-term survival
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Failing Fontan(?)Failing Fontan(?)

• Acute  failure
LCO ± postop Cx

• Late failure
progressive exercise intolerance
congestive heart failure

± Late sequale
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± Late sequale • Arrhythmias
• Cyanosis
• PLE/ Plastic brochitis
• AVV regurgitation
• Thromboembolism
• Prolonged pleural/pericardial effusion
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Acute Failure of Fontan ProcedureAcute Failure of Fontan Procedure

Low CO

Cyanosis

Thrombosis

Effusion

Arrhythmias

Low CO

Cyanosis

Thrombosis

Effusion

Arrhythmias
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Factors for progressive 
deterioration of functional status

Factors for progressive 
deterioration of functional status

Arrhythmias
Ventricular dysfunction
AV valve regurgitation
Cyanosis
Fontan pathway obstruction

Arrhythmias
Ventricular dysfunction
AV valve regurgitation
Cyanosis
Fontan pathway obstruction

Prolonged pleural/pericardial effusion
Thromboembolic events
Protein losing enteropathy(PLE)

Prolonged pleural/pericardial effusion
Thromboembolic events
Protein losing enteropathy(PLE)
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Pulmonary CirculationPulmonary Circulation
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Low Cardiac Output

Ventricular dysfunction
AV valve stenosis or insufficiency
Arrhythmia
Tamponade
Outflow obstruction

Ventricular dysfunction
AV valve stenosis or insufficiency
Arrhythmia
Tamponade
Outflow obstruction

highhighhighhigh

Fontan pathway obstruction,
↑PVR - pulmonary vascular disease

- PA spasm
Pulmonary artery hypoplasia
Branch PA stenosis

Fontan pathway obstruction,
↑PVR - pulmonary vascular disease

- PA spasm
Pulmonary artery hypoplasia
Branch PA stenosis

LowLowhighhigh

HypovolemiaHypovolemiaLowLowlowlow

CausesCausesLAPLAPCVPCVP

2004년추계순환기학회



Prevention of Acute FailurePrevention of Acute Failure

• Preop. evaluation & correction
Aortopulmonary collaterals
AV valve regurgitation
residual subaortic stenosis
residual CoA or PA branch stenosis

• Ultrafiltration
• Fenestration in high risk group

adjustable or fixed

• Preop. evaluation & correction
Aortopulmonary collaterals
AV valve regurgitation
residual subaortic stenosis
residual CoA or PA branch stenosis

• Ultrafiltration
• Fenestration in high risk group

adjustable or fixed
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Management of LCOManagement of LCOManagement of LCO

Low CVP → Volume challenge
High CVP & Low LAP
Low CVP → Volume challenge
High CVP & Low LAP

Fontan obstruction

Branch PA stenosis

Fontan obstruction

Branch PA stenosis
OperationOperation

NO inhaltion
Prostacyclin
Beraprost
Sidenafil

NO inhaltion
Prostacyclin
Beraprost
Sidenafil

PA spasmPA spasm Lowering PVRLowering PVR

Pulmonary vascular disease
pulmonary arteial hypoplasia
Pulmonary vascular disease
pulmonary arteial hypoplasia

Fenestration
ECMO
Takedown/HT

Fenestration
ECMO
Takedown/HT
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Management of LCOManagement of LCO

High LAP(>10mmHg) with low TPGHigh LAP(>10mmHg) with low TPG

Arrhythmia
Tamponade
Arrhythmia
Tamponade

TxTx

Ventricular dysfunction Ventricular dysfunction 

AV valve stenosis or insufficiency
Outflow obstruction
AV valve stenosis or insufficiency
Outflow obstruction OpOp

Inotropic supportInotropic support

VAD / ECMO?VAD / ECMO?

TransplantationTransplantation
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Extracorporeal Membrane Oxygenation Support of  
the Fontan and Bidirection Glenn Circulation

Booth KL, Roth SJ, Thiagarajan RR, Almodovar MC, del Nido PJ, Laussen PC
Department of Pediatrics, Surgery, and Anesthesia, Children’s Hospital Boston, 

Harvard Medical School, Boston, Massachusetts
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Fontan

Patients: Dec. 1984- June, 2004
20 with cavopulm. Connection
(14: Fontan, 6: BDG)
median age: 4.4 yr in Fontan(1-42 yr)

17.1 mo in BDG(4.7-26.9 mo)
median Wt : 14.5 kg(7.9-82 kg) in Fontan

8.4 kg(4.4-10.5 kg) in BDG
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17.1 mo in BDG(4.7-26.9 mo)
median Wt : 14.5 kg(7.9-82 kg) in Fontan

8.4 kg(4.4-10.5 kg) in BDG

BDG
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Aortopulmonary collateralsAortopulmonary collaterals

Gianturco coilGianturco coil

• Ventricular volume loading
Increase CVP
→ prolonged effusion

• Catheter intervention coil:
Giantruco coil
Tornado coil

(microinfusion cath)

• Ventricular volume loading
Increase CVP
→ prolonged effusion

• Catheter intervention coil:
Giantruco coil
Tornado coil

(microinfusion cath)
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Coil embolization caseCoil embolization case
Case: 조 Ο Ο
Dx : T. atresia Ⅰa
1st op : both m-BT, BAS
central sh

2nd op : BCS at 9yr
3rd op : APC with 
fenestration d/t small PA
LV function↓
2002.1: massive hemoptysis
cath: SaO2 88%
PAP:m=5, LVEDP 9
multiple collateral
→ coil

2002. 7: hemoptysis recur
→ coil
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Coil embolization caseCoil embolization case

Case: 이 O O, 2yr/M
DX: DILV, cc-TGA, VSD, mild PS
1st OP: Atrial septectomy, PAB at 8 mo of age
2nd OP: BCS, BVF widening at 19 mo of age
Cath(04, 9,16): PAP m=8, VEDP 10, collaterals(+) 
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Catheter intervention for 
Fenestration

Catheter intervention for 
Fenestration

• Fontan without fenestration
Transseptal puncture
– Transseptal needle
– RF perforation catheter(5J)

Fontan with ↓ fenestration

• Fontan without fenestration
Transseptal puncture
– Transseptal needle
– RF perforation catheter(5J)

Fontan with ↓ fenestration

Balloon : oversized→ cyansis↑

Stent    : fixed-size (3-4 mm ?)

Fenestrated Amplatzer septal Oclludor

Balloon : oversized→ cyansis↑

Stent    : fixed-size (3-4 mm ?)

Fenestrated Amplatzer septal Oclludor

Balloon dilatation

Stent implantation

Balloon dilatation

Stent implantation

Fenestration size ?Fenestration size ?
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Stent FenestrationStent Fenestration

Technique
3-4 mm loop with epicardial pacing wires
distal 5 cm of two wire tie→ 90cm length 
resultant loop placed over mid-portion of
balloon catheter(15-25 mm): A
sl. dilate stent with the help of 10-14 Fr        
dilator
Bare stent mounted on the balloon: B
11-14 Fr long Mullins sheath 
across the atrial septum
stent-mounted balloon with radio-opaque
wire loop centered at atrial septum
Delivery sheath withdrawn to IVC 
and balloon was fully inflated : C

Technique
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11-14 Fr long Mullins sheath 
across the atrial septum
stent-mounted balloon with radio-opaque
wire loop centered at atrial septum
Delivery sheath withdrawn to IVC 
and balloon was fully inflated : C

• Goal for failing Fontan
SaO2 80-85% at room air

• Goal for failing Fontan
SaO2 80-85% at room air
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Arrhythmia after Fontan OpArrhythmia after Fontan Op

40% of Fontan pts at 10 yr FU
Most common : APC
Atrial tachyarrhythmia(IART) 
SSS
Arrhythmia substrate

40% of Fontan pts at 10 yr FU
Most common : APC
Atrial tachyarrhythmia(IART) 
SSS
Arrhythmia substrate

persisting preop. arrhythmia
scar/patch/fibrotic area by atrial dilation
natural barrier : AV valve, IVC, Pulm vein
hemodynamic theory(?)

persisting preop. arrhythmia
scar/patch/fibrotic area by atrial dilation
natural barrier : AV valve, IVC, Pulm vein
hemodynamic theory(?)
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Interaction of arrhythmia to failing FontanInteraction of arrhythmia to failing Fontan

ArrhythmiaArrhythmia

Myocardial failureMyocardial failure

Atrial thmrobiAtrial thmrobi Pulm. Vein compressionPulm. Vein compression

LCO
Pulm HT
Cononary sinus HT

LCO
Pulm HT
Cononary sinus HT

enlarged RAenlarged RA
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Management of failing Fontan
with Atrial tachyarrhythmia

Management of failing Fontan
with Atrial tachyarrhythmia

Extracardac conduit Fontan approach
Exclude atrium from systemic vein circuit
Avoid additional atrial suture line
Extensive atrioplasty with removal 

arrhythmogenic atrial tissue
Intraoperative cryoablation 
Intraoperative RF ablation
Fontan conversion, heart translantatin
Anti-tachycardial pacemaker insertion
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Extracardiac Conduit With a Limited Maze 
Procedure for the Failing Fontan With Atrial

Tachycardias
Shaun P, Setty, MD, Kirsten Finucane, FRACS, Jonathan R, Skinner, MD, 

FRCPCH, and Alan R, Kerr, FRACS

Extracardiac Conduit With a Limited Maze 
Procedure for the Failing Fontan With Atrial

Tachycardias
Shaun P, Setty, MD, Kirsten Finucane, FRACS, Jonathan R, Skinner, MD, 

FRCPCH, and Alan R, Kerr, FRACS

Ann Thorac Surg 2002;74:1992-7
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Arrhythmia of Fontan- Patients in AMC

Preop. Fontan Arrhythmia
6 cases/144(’89-’04.6)

Postop. Fontan Arrhythmia
6 episode in 5 /144(’89-’04.6)

CAVB
4
DILV

JET
1
TAⅠb

SSS
4*
APC: 1
LT   : 1
ECC: 1

SSS
1
Lt isom

IART
2

APC+
Fenestration

ECC ECCECC+
DDD: 3
DDDR:1

Amiodarone 2ECC
1

ECC+ Maze
RA reduction
1

VVIR:2
PPM(?) 1
No   : 1

Sepsis, ARDS
→ EXPIRE

no relapse



Cyanosis after Fontan ProcedureCyanosis after Fontan Procedure

Pulmonary AV marfomationPulmonary AV marfomation

Ventricular dysfunctionVentricular dysfunction

Excessive fenestrationExcessive fenestration

Coil occlusion
Surgical resection
Coil occlusion
Surgical resection

Contrast ECHO
Pulm. Angio
Contrast ECHO
Pulm. Angio Systemic-pulmo. 

Veno-venous coll.
Systemic-pulmo. 

Veno-venous coll.

Coil occlusionCoil occlusion

Test occlusionTest occlusion Device
closureCVP ≤ 15 mmHGCVP ≤ 15 mmHG
Device
closure

Heart TransplantationHeart Transplantation
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systemic-pulmonary venovenous collateral closure

Case: 김 O O, 5yr/M
Dx: cc-TGA, VSD, MV straddling, No PS
1st OP: PAB at 5 mo of age
2nd OP: EC conduit Fontan(18 mm GTVG) at 5 yrs 
old prolonged pleural effusion for postop 2 mo
→ Cath: SaO2 93%, PAP m=10, VEDP 5

Systemic –pulm. Venovenos collateral(+)



Thromboembolism after Fontan procedureThromboembolism after Fontan procedure

• True incidence unknown
→ underestimated

• Stroke incidence: 2.6%

• True incidence unknown
→ underestimated

• Stroke incidence: 2.6%

Diagnostic tool
• TEE(TTE less sensitive)
• Heart CT/MR
• Cath. Angio

Diagnostic tool
• TEE(TTE less sensitive)
• Heart CT/MR
• Cath. Angio

Sx of thrombus formation
• Venous obstruction
• Progressive cyanosis
• paradoxical emboli
• Atrical arrhythmia
• Asymptomatic(40%)

Sx of thrombus formation
• Venous obstruction
• Progressive cyanosis
• paradoxical emboli
• Atrical arrhythmia
• Asymptomatic(40%)

Predisposing Risk Factors
• Slow nonpulsatile flow
• Enlarged thickened atrium 
• small TPG, LCO
• Abnormality of clotting system
( protein C/S deficiency,ATⅢ↓, VWF↑)

Predisposing Risk Factors
• Slow nonpulsatile flow
• Enlarged thickened atrium 

Longterm anticoagulation: controversal
• good Fontan : no anticoagulation vs
all Fontan : antiplatelet/oral warfarin

• risk of hemorrhagic complication
• Wafarin (INR 2-2.5)

• small TPG, LCO
• Abnormality of clotting system
( protein C/S deficiency,ATⅢ↓, VWF↑)
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Protein Losing Enteropathy 
after Fontan OP

Protein Losing Enteropathy 
after Fontan OP

Hemodynamic alternation
• ↑SVC pressure
• severe turbulant flow in RPA
near Rt BCS

Hemodynamic alternation
• ↑SVC pressure
• severe turbulant flow in RPA
near Rt BCS

• 5-10% of Fontan operation
• Inflammatory cause     
Mechanical cause

• 5-10% of Fontan operation
• Inflammatory cause     
Mechanical cause

Clinical feature
• Hypoproteinemia
• Ascites, edema
• Diarrhea(α-1 antitrypsin↑in stool)
• Immunodeficiency
• Hypocalcemia

Clinical feature
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• Diarrhea(α-1 antitrypsin↑in stool)
• Immunodeficiency
• Hypocalcemia

Risk Factors
• ↑ Rp ≥ 4 unit
• Heterotaxic synd(polysplenia)
• Ventricular dysfunction

(VEDP ≥ 12 mmHg)

Risk Factors
• ↑ Rp ≥ 4 unit
• Heterotaxic synd(polysplenia)
• Ventricular dysfunction

(VEDP ≥ 12 mmHg)
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Protein Losing Enteropathy 
after Fontan OP

Protein Losing Enteropathy 
after Fontan OP

PathophysiologyPathophysiology

Hemodynamic
↑CVP, turbulance on RPA

Hemodynamic
↑CVP, turbulance on RPAInflammatoryInflammatory

Lympathetic
Cap. membrane
instability

Lympathetic
Cap. membrane
instability

Ca malabsorption
fat soluble  vit-D malabsorption
Ca malabsorption
fat soluble  vit-D malabsorption

↑ Pr to lympath.
drainage
↑ Pr to lympath.
drainage

Lymphatic distension
& obstruction

Lymphatic distension
& obstruction

GI loss of proteinGI loss of protein

hypocalcemiahypocalcemia

↓Ca++on enteric
epithelium
↓Ca++on enteric
epithelium

↓ binding of protein 
on cell memb.
↓ binding of protein 

on cell memb.
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Protein Losing Enteropathy 
after Fontan OP

Protein Losing Enteropathy 
after Fontan OP

management
• Medical
dietary manipulation/ albumin infusion
correction of hypocalcemia 
diuretics/ high dose steroid 
systemic administration of heparin → osteoporosis↑
High-dose aldosterone receptor antigonist

• Intervention for ↓ CVP
balloon dilation of narrowed PA
occlusion of aortopulmo. collateral arteries
creation of  fenestration

• Takedown and /or transplantation

• Medical
dietary manipulation/ albumin infusion
correction of hypocalcemia 
diuretics/ high dose steroid 
systemic administration of heparin → osteoporosis↑
High-dose aldosterone receptor antigonist

• Intervention for ↓ CVP
balloon dilation of narrowed PA
occlusion of aortopulmo. collateral arteries
creation of  fenestration

• Takedown and /or transplantation

management
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Effect of High-Dose spironolactone on Proein-Losing Enteropathy 
in Patients with Fopntan Palliation of Complex Congenital Heart Disease

Effect of High-Dose spironolactone on Proein-Losing Enteropathy 
in Patients with Fopntan Palliation of Complex Congenital Heart Disease

Ringel et al. Am J Cardiol 2003;91:1031-2Ringel et al. Am J Cardiol 2003;91:1031-2

SpironolactonSpironolacton EplerenoneEplerenone

Aldosterone
receptor

Aldosterone
receptor

kidney
colon
sweat gl

kidney
colon
sweat gl

nonselectivenonselective selectiveselective

Tetosterone ↓
Progesterone ↓
Tetosterone ↓
Progesterone ↓

Gynecomastia
Dysmenorrhea
Gynecomastia
Dysmenorrhea

Direct aldo.inhibitionDirect aldo.inhibition

Inhibition of GI protein lossInhibition of GI protein loss
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Ventricular dysfunction after
Fontan OP

Ventricular dysfunction after
Fontan OP

contributing factorscontributing factors

Increased ventricular mass
Morphological type of ventricle
Impaired coronary artery flow

Increased ventricular mass
Morphological type of ventricle
Impaired coronary artery flow
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Ventricular remodeling after Fontan OPVentricular remodeling after Ventricular remodeling after FontanFontan OPOP

Pathologic remodelingPathologic remodeling
Pressure overloadPressure overload

Chronic volume overloadChronic volume overload Long standing 
hypoxemia
Long standing 
hypoxemia

Diastolic WS↑Diastolic WS↑

Eccentric hypertrophyEccentric hypertrophy

Dilated, thin-wall Vent.Dilated, thin-wall Vent.

Inadquate myo. 
capillary
Inadquate myo. 
capillary

Syst. WS↑Syst. WS↑

Myo. hypertrophyMyo. hypertrophy

↑collagen in ECM↑collagen in ECM

↑subendo fibrosis↑subendo fibrosis

Ischemic damage in 
subendocardium
Ischemic damage in 
subendocardium

Regional WM abnlRegional WM abnl



Left ventricular remodeling in hearts with tricuspid 
atresia : Morphologic observations and possible basis 

for ventricular dysfunction after surgery
Maria Angelica Binotto, MD, Maria de Lourdes Higuchi, MD, Vera Demarchi Aiello, MD

Left ventricular remodeling in hearts with tricuspid 
atresia : Morphologic observations and possible basis 

for ventricular dysfunction after surgery
Maria Angelica Binotto, MD, Maria de Lourdes Higuchi, MD, Vera Demarchi Aiello, MD

J Thorc Cardiovasc Surg 2003126(4):1026-1032J Thorc Cardiovasc Surg 2003126(4):1026-1032 2004년추계순환기학회

Method
32 heart with T. atresia  at autopsy
27 control heart 

die of non-cardiovascular related Ds

Method
32 heart with T. atresia  at autopsy
27 control heart 

die of non-cardiovascular related Ds

Morphometric analysis
• Myocyte transverse φ
• capillary volume fraction
• nuclear volume fraction
• quantification of fibrous tissue
• endocardial thickness
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for ventricular dysfunction after surgery
Maria Angelica Binotto, MD, Maria de Lourdes Higuchi, MD, Vera Demarchi Aiello, MD
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Myocardial Perfusion and Coronary Flow Reserve 
assessed by Positron EmissionTomography in 

Patients after Fontan-like Operation

Myocardial Perfusion and Coronary Flow Reserve 
assessed by Positron EmissionTomography in 

Patients after Fontan-like Operation

Patients: 10 (Fontan-like OP)
M:F=6:4(m age:15.8±5.01yr)
OP age : 5.9±3.7yr
FU after surgery : 9.4±4.2 yr

Control : 10 healthy adults

Patients: 10 (Fontan-like OP)
M:F=6:4(m age:15.8±5.01yr)
OP age : 5.9±3.7yr
FU after surgery : 9.4±4.2 yr

Control :

Method
Clinical exam. ECG, TTE
Cath. Angio/TEE
PETwith N-13 ammonia 

at rest &  adenosin stress  

Method
Clinical exam. ECG, TTE
Cath. Angio/TEE
PETwith N-13 ammonia 

at rest &  adenosin stress  10 healthy adults

Hauser M et al. Pediatr Cardiol 2003;24:36-92Hauser M et al. Pediatr Cardiol 2003;24:36-92

Result
Vent.dysfunction(VD): 6/10
ESSm, ESDm↑ in FLO
MBF higher in FLO than normal 
MBF and CFR ↓ in FLO(esp. V.D)
CVR↑ in FLO

Result
Vent.dysfunction(VD): 6/10
ESSm, ESDm↑ in FLO
MBF higher in FLO than normal 
MBF and CFR ↓ in FLO(esp. V.D)
CVR↑ in FLO
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Plastic Bronchitis after Fontan OPPlastic Bronchitis after Fontan OP
Formation of large 
branching bronchial cast*
Formation of large 
branching bronchial cast*

symptomatic airway obstructionsymptomatic airway obstruction

Inflammatory cast :  fibrin > mucin
eosinophil Charcot-Leydon crystal

Acellular cast : mucin > fibrin, eosinophil(-)

Inflammatory cast :  fibrin > mucin
eosinophil Charcot-Leydon crystal

Acellular cast : mucin > fibrin, eosinophil(-)

Mechanism : unknownMechanism : unknown

Predisposing factorsPredisposing factors
Ventricular dysfunction
AV valve insufficiency
Arrhythmias
PLE

Ventricular dysfunction
AV valve insufficiency
Arrhythmias
PLE

CVP↑CVP↑

third-space fluid lossthird-space fluid loss

cast (?)cast (?) 신 ◯◯, s/p Fontan신 ◯◯, s/p Fontan
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Plastic Bronchitis after Fontan OP Plastic Bronchitis after Fontan OP 

ManagementManagement Reports of Plastic Bronchitis

• Mucolytics & bronchodilator

• Dnase & steroid← inflammatory

• removal of cast 

repeated bronchoscopy

aerosolized urokinase

tissue plasminogen activators

• pacer- induced synchronous

AV conduction(atrial rate:120/min)

• Mucolytics & bronchodilator

• Dnase & steroid← inflammatory

• removal of cast 

repeated bronchoscopy

aerosolized urokinase

tissue plasminogen activators

• pacer- induced synchronous

AV conduction(atrial rate:120/min)
Brogan et al. Pediatr pulmonol 2002;34:482-7Brogan et al. Pediatr pulmonol 2002;34:482-7
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Plastic Bronchitis in Children:
A case series and review of medical literature

Plastic Bronchitis in Children:
A case series and review of medical literature

Group Ⅰ: asthma/allergic, GroupⅡ : cardiac, Group Ⅲ : noneGroup Ⅰ: asthma/allergic, GroupⅡ : cardiac, Group Ⅲ : none

Brogan et al. Pediatr pulmonol 2002;34:482-7Brogan et al. Pediatr pulmonol 2002;34:482-7
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Summary Summary 

• To prevent  progressive ventricular dysfunction
- avoid prolonged PAB state till Fontan operation
- correct residual shunt through catheter intervention to avoid 

chronic volume overloaded state
- correct residual anatomical defect surgically to avoid pressure 

overload
- High-risk group for Fontan OP→ fenestration
- avoid long standing hypoxemia through catheter intervention 

(pulm.AVM, system.to pulm. Venoveno collaterals, fenestration)
- correct late sequales medically or through catheter intervention

• Life threatening late sequale( esp. PLE or refractory arrhythmia) 
combined with ventricular dysfunction Fontan conversion or heart 
transplantation  

• Long-term anticoaguration : controversal
Fenetrated Fontan , Extracardiac conduit Fontan : warfarin (PT:2-2.5 
INR)  
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