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Long-Term Survival, Modes of Death, and Predictors of
Mortality in Patients With Fontan Surgery
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» 261 Patients born in 1985 or earlier with Fontan (Boston Children)
» First Fontan surgery at Median age of 7.9 year

» Mode of Fontan : AP 51% / RA-RV 9.6% / TCPC 38.7%

» PeriOP mortality account for 68.4% of all death

Paul Khairy. Circulation. 2008
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Long-Term Survival, Modes of Death, and Predictors of
Mortality in Patients With Fontan Surgery

» Thromboembolism(91% at 25y)
Median 24.9yr
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Paul Khairy. Circulation. 2008
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Table 2. Predictors of All-Cause Mortality or Transplantation Table 3. Predictors of Thromboembolic Death in Perioperative

in Perioperative Survivors Survivors

Characteristic Hazard Ratio 95% Cl P Characteristic Hazard Ratic  95% C| p

Multivariate Univariate
Protein-losing 25 11-5.3 0.0217 Airial fibrillation 54 1.0-294  0.0529
enteropathy Lack of aspirin or warfarin therapy 5.7 1.0-32.3  0.0515
Hypoplastic left heart 101 1.0-98.3 0.0472 RA pressure on follow-up, mm Hg 126 1.03-153  0.0247
syndrome Thrombus within Fontan 49 21-116  0.0002
RA pressure on 1.20 1.07-1.36 0.0023 -
Tolow-up, mm Hg 27 431200 00002
Diurefic therapy 8.7 1.9-40.7 0.0058

0.0041

Cl indicates confidence interval; PVR, pulmonary vascular resistance.
Table 4. Predictors of Heart Failure Death in Perioperative

Survivors

Characteristic Hazard Ratio 95% Cl P

Multivariate
Protein-losing enteropathy 1.1 1.9-272 0.0043
Single right ventricle 105 1.1-1004  0.0429
RA pressure on 1.30 1.05-1.62 0.0016

follow-up, mm Hg

(I indicates confidence interval.

Paul Khairy. Circulation. 2008
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Long-Term Survival, Modes of Death, and Predictors
of Mortality in Patients With Fontan Surgery

- The leading cause of death - periOP, particularly in earlier
era. The gradual attrition, thereafter, predominantly from 3

common causes

- Actual freedom from all-cause death or transplantation 70%

at 25years

- The Incidence of Sudden death - 0.15%/yr, with most events

of presumed arrhythmia origin

Paul Khairy. Circulation. 2008
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Contemporary Outcomes After the Fontan Procedure
A Pediatric Heart Network Multicenter Study

\ _ Diagnosis I %
» Recruited subject : 6-18 year
Tricuspld atresla 119 22
» Enrollment : 2003-2004 Hypoplastic left heart syndrome 112 )|
LA Double Inlet left ventricle 80 15
546/644 eligible /total 1,078
: - i US & C ) Heterotaxla 42 8
rom nter In n
\ CRE atlacd Double outlet right ventricle 41 8
» Similar Age, time since Fontan Pulmonary atresla intact ventricular septum 33 6
procedure, & functional health Miral atesia 31 6
Abnormal tricuspid valve 2 4
status score
Atrioventricular canal defect 22 4
Other 38 1

Study Design and Sample § Cardiac Anatomic Dx
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Fontan Cross-Sectional Study patient
Characteristics by Age at Enrollment

Overall Ays 9t <Ly 10 <Lhyrs 215
Characteristi N Mean = D, Median or%  Mean = SD, Median, or%  Mean = S0, Median, or%  Mean = S0, Median, or%  Mean £ S0, Median or%  pValue
I 546 138 (25%) 120(22%) 169 31% 19 (22%)
Age ot enrollment, yrs 119234 19207 100206 128412 170+11
Age at Fontan, s 342 30113 30715 32119 4630 <0000
Fontan type b3 <0001
Ariopulmonary connection 13 b i 15% 3%
TGP ifracarli atera el 5% o2 62% 0% 50%
TGRC extracardiac laera tunne 13 2 1% & b
TGPC extracariac conduit ik} 2 5% % 6%
Stage | surdery peromned b6 15 93 b 8% 3 <00t

(Anderson,jAm Coll Cardiol 2008) Long Term Outcome after Fontan 2011-12-03



Fontan Cross-Sectional Study Patient
Characteristics by Age at Fontan Procedure

<2yrs 210 <3yrs Jto<dyrs 24 yrs
Mean = SD, Mean + SD, Mean = SD, Mean = SD, Age-Adjusted
Characteristic Median, or % Median, or % Median, or % Median, or % p Value p Value
n 113 191 104 138
Age at enrollment, yrs 111 108 108 133 <0.001*
Age at volume unloading surgery, yrs 09+05 12+08 1712 2824 <0.001
Fontan type <0.001 <0.001
Atriopulmonary connection 6% 15% 15% 15%
TCPC intracardiac lateral tunnel 81% 62% 54% 42%
TCPC extracardiac lateral tunnel 6% 9% 15% 21%
TCPC extracardiac conduit 4% 13% 12% 20%
Tei index (by tissue Doppler) 0.57 0.60 0.62 0.65 <0.001* 0.012
Overall AV valve regurgitation 0.002f 0.010
None 32% 21.1% 26.7% 188%
Mild 55% 57.5% 50.5% 55.6%
Moderate 13% 14.9% 228% 25.6%
Severe 0% <lh 0% 0%

(AI‘IG’GI’SOI?,_/A/TI Coll Cardiol 2008) Long Term Outcome after Fontan 2011-12-03



Fontan Cross-Sectional Study by Age at Enroliment

- Cardiac Function

Overall <9y o <l ys 1110 <1byrs 21515
Characterstic n - Mean+ SD. Median.or%  Mean+ SD. Median. or%  Mean + SD. Median. or%  Mean + SD. Median. or % Mean + SD. Median. or% o Value
Mass Z score 40 10223 07+20 09223 08121 17:20 001
Eiection fraction, % i 59:10 5910 60210 M+ b1 025
Mass/volume rati, ¢/ml 406 124039 1164041 1202038 1234038 1267038 031
Mass volume ratio Z score 406 265322 197306 2402291 286315 349363 001
dP/dt., tom He/s W9 LA5(802, 4700t 1257 (n=113) L134(n=106) L140n=13) W= 00
Tei index by tssue Doppler) 462 0642049 06004 m=101)  062z034(n=%) 063:047(n=144)  070z024(n=1202 <0001
Restrictve patferm present U 5% 5% ol o6% 4% 0421
Diastolic dysfunction grade o 0438
Normal 2% 2 M h 3
Impared relavation % 1% 8 %% 8
Pstudonormalzation ith 45k 7% 2% 2
Restictive g 20 18% W 26%
Long Term Outcome after Fontan ~ 2011-12-03
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Fontan Cross-Sectional Study by Ventricular morphology
- Cardiac function
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Fontan Cross-Sectional Study by Ventricular
morphology -Cardiac function

LV RV Mixed
Age-Adjusted

Characteristic Mean £ SD, Median, or%  Mean £ SD, Median, or% ~ Mean + SD, Median, or % p Value p Value
Overall AV valve regurgitation <0,001 <0001

Nong 38% 12% 200

Mild 4% 6% 490

Moderate 15% 18% 3

Severe 0% 1% 0%
Semilunar valve regurgitation 0004 0001

Nong 58% 3% 58%

Mild Lo h% 32

Moderate 8 10% 10%

64/767’6/’50/7,_//4/77 Coll Cardiol 2008) Long Term Outcome after Fontan 2011-12-03
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Fontan Cross-Sectional Study by Age at Enrollment
- Arrhythmia related

Ovral s 910 <Ly o <Lhys 20y
Characterste N Meant S0, Median, orh ~ Meanz S0, Median, or% ~ Mean £ S0, Median, or% ~ Mean S0, Median,or% ~ Mean £ S0, Median, or % p Valie
Precominant fhythm b 025
Normal shus Myt b7 63% % 1% 63k
Al escape b th 10 Th 0
Junctional estape Bl 0 B B 3
Paced B 10f% 4% h 14
Oter 1t B % h 15%
Clrently on pacemaker bl 13 1% 12 ith i 0081
Serolgy
Bran naturtic peptide, pg/m $3(7 261 il il I {] 000

(,4/70'6/’50/7,_//4/77 Coll Cardiol 2008) Long Term Outcome after Fontan 2011-12-03 13



Arrhythmias in a Contemporary Fontan Cohort

Prevalence and Clinical Associations
in a Multicenter Cross-Sectional Study

m Association of Anatomy and Function With History of IART

Flgure 1 Hazard of IART Followlng the Fontan
Operatlon, With 95% Confldence Bands
Cate of disgnosis was missing for 1 patient, thus the number
at risk initially is 519. IART = intra-atrial re-entrant tachycardia.
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Stephenson, JACC 2010

Variahle n History of IART n No History of IART p Value*

Anatomic diagnosis 38 482 0.24

Single LV: DILV and TA 47% 36%

Single RV: DIRV; MA and HLHS 13% 28%

SV, unbalanced AV canal defect 3% 4%

Other 26% 24%

SV, heterotaxia syndrome 11% %
Ventricular morphology 38 482 013

Left ventricular 61% 49%

Right ventricular 18% 34%

Mixed 21% 17%
L loop anatomy 38 32% 482 18% 0.05
AV valve regurgitation 37 78% 4% 0.70
AV valve regurgitation severity 37 465 0.38

None 22% 21%

Mild 54% 54%

Moderate/severe 24% 19%
Semilunar valve regurgitation 22 55% 279 49% 0.66
Semilunar valve regurgitation severity 22 279 0.94

None 46% 51%

Mild 50% 39%

Moderate 5% 9%
Echocardiographic ejection fraction, % 27 581+107 366 583104 95
Echocardiographic ejection fraction z-score 27 -10+21 366 -09+20 94
Long Term Outcome after Fontan 2011-12-03




IEL X Multivariable Cox Regression Model for IART (n = 464)*

Cox Regression Model Hazard Ratio 95% CI p Value

CHQ physical summary score 1.23 per 5-U decrease 1.09-1.37 <0.001
Predominant rhythm 0.002

Paced vs. atrial-based 401 1.84-8.75 <0.001

Paced vs. junctional escape 485 0.61-38.70 0.14

Atrial-based vs. junctional escape 121 0.16-9.07 0.85
Type of Fontan operation 0.04

Atriopulmonary connection —

Intracardiac lateral tunnel 0.17-0.75

Extracardiac lateral tunnel 0.75 0.20-2.87 0.68

Extracardiac conduit 0.22 0.03-1.77 0.16

*The data of 56 of 520 subjects were excluded from the model: 11 patients with “other” type of Fontan, 14 with other/unknown type of predominant

rhythm 30 with missing CHQ score, and 1 with unknown date of discharge after Fontan.

CHQ = Child Health Questionnaire; Cl = confidence interval; JART = intra-atrial re-entrant tachycardia.

Stephenson, JACC 2070
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» Overall prevalence of IART was lower in this cohort
(7.3%) than previously reported(16-22%).

» Lower functional status, an AP connection, and
paced rhythm were determined to be

independently associated with development of IART
after Fontan

» Cardiac anatomy and resting HR, not asso with
|ART

Stephenson, JACC 2010
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Fontan Cross-Sectional Study by Age at Enroliment
- Exercise Capacity

Overl Ay I <lys Ut cLhys 205y
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Long-term cardiopulmonary exercise capacity after modified
Fontan operation

Stanislav Ovroutski *-*, Peter Ewert ®, Oliver Miera®, Vladimir Alexi-Meskishwvili®,
Bjorn Peters®, Roland Hetzer"®, Felix Berger®

fable | » Spirometry at least twice
Pregperative and intra-operative data in children and adults. with median age 14(7-43)

Data (hildren, n=28  Adults,n=13 pvale  , Median time interval of
Gender (m/w, n) 14/19 B/7 5. 4.6(1.1-10.4) years
VIRV systemic momphology (n) 22/6 1213 1.
ey K () ” : L between early and late
Aorto-pulmonary shunt 1 ! 0.023 testing
Lateral tunnel/extracardiac 1315 4/ 13,

Fontan ()

BCPS: bidirectional cavopulmonary shunt LV: left ventricle; and RY: right
ventricle.

Ovroutski, et al. European_Journal of Cardio-
thoracic Surgery, 2010

Long Term Outcome after Fontan 2011-12-03
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Fig. 1. Cardiopulmonary capacity (VOymax) €arly and late postoperatively in
children and adults. The box-plot diagram shows the early (A) and late (B)
postoperative cardiopulmonary capacity (VO;max) in the comparison between
children and adults. The differences are clear, especially late postoperatively,
where they are statistically highly significant.

Fig. 3. The box-plot diagram shows the early (A) and late (B) postoperative
cardiopulmonary capacity (VOyma) in the comparison between children,
adolescents and adults.

Ovroutski, et al. European_Journal of Cardio-thoracic Surgery, 2010
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Neurodevelopmental Outcome

Oyenl Ay B0 < s o iy 21b )8
Characterist 0 Means S0, Modin, orh  Mean t S0, Medan, or'% ~ Mean ¢ S0, Median or’ ~ Mean 2 S0, Medin, or’h ~ Mean £ S0, Median, o~ p Vale
Meastres o unctional satus
CHO:PF Physical Summery score ol $h3t1y CYRAVA 28107 Ha+126 YRAIN 0689
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Cognitive Developmental Outcome

» 133 Fontan

- Mean full scale 1Q lower
than normal (95.7+17.4,86)

- 7.8%(18), below the
threshold for mental

retardation

- Independent variable -
HLHS

» No significant depression in
|1Q in Fontan including HLHS
HLHS( 93.8+7.3) significant
lower scores than non-

HLHS( 107.0+£7.0)

B,

Wernovsky, et al
Boston/philadephia, 2000

Goldberg, et al. Michigan,
2000

Long Term Outcome after Fontan 2011-12-03
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Thrombotic Complication

» Low-flow state, hypercoagulable state, atrial arrhythmia,

suture line, scarring, clotting factor loss
» High as 20-30%, TTE, 592 Fontan

» Freedom from thrombus 92% at 1year, 90% at 3year,
82% at 10year

» No difference in AP & lateral, fenestration or not.

» Not clear how to screen, prevention of thromboembolic

phenomenon.

Long Term Outcome after Fontan 2011-12-03
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Protein Losing Enteropathy

» Devastating Complication, respond poorly to present treatment
protocol.

» Prevalence of 2.5-24% with post onset 5-year survival rate of
approximately 46-59%

» Risk factors for development of PLE
High systemic venous pressure(?)
RV anatomy (?) Powel et al. 416 Fontan, Op 1973-91)

Postop(Longer CP bypass time, prolonged CT drainage, ICU stay,
PO renal failure)

Preop(low pulmonary vascular compliance)

Long Term Outcome after Fontan 2011-12-03
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Summary |

» Gradual attrition occurs predominantly from

thromboembolic, HF-related and sudden death.

» Ventricular systolic function and functional health
status were within normal range in the majority

of subjects.

» Ventricular function and valvular function were

negatively associated with RV morphology.

Long Term Outcome after Fontan 2011-12-03
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Summary Il

» Continued follow-up of Fontan subjects will
determine whether functional health status is
eventually related to measures of ventricular

diastolic function.

» Effective strategies to preserve ventricular and
valvular function, particularly for patients with RV

morphology, are needed.

Long Term Outcome after Fontan 2011-12-03
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