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Background: This study aimed to ascertain midterm prognosis by comparing adult and child patients while
accounting for the risk factors of complications and the effectiveness of the total cavopulmonary connection
(TCPC) procedure.

Method: We analyzed data for 25 patients aged 18 or older who underwent TCPC procedure. The data for 75
patients aged 5 years or lower were analyzed for comparing the results.

Results: We observed perioperative complications in 13 patients including one perioperative death. The overall
5-year survival ratio after performing the TCPC procedure in adults was 96.0%, which was not different from
that in child patients. On the contrary, cardiac events after discharge occurred more frequently in adult patients.
Three patients died after performing the Fontan procedure in the observation period, all of whom had high
end-diastolic pressure of the main ventricle and high pulmonary artery pressure. Cardiac events after discharge
occurred more frequently among the patients with heterotaxy. Supraventricular tachyarrhythmia occurred more
frequently after conducting the TCPC procedure in adult patients than in child patients both in the hospital and
after discharge. Percutaneous oxygen saturation and cardiothoracic ratio improved significantly after the Fontan
procedure; however, the mean cardiac index remained low at 1.9 L/min/m?2.

Conclusion: The overall survival after performing the Fontan procedure with TCPC was satisfactory in adults.
TCPC improved cyanosis and reduced volume overload in adult patients. However, certain patients may
develop supraventricular tachyarrhythmia, and some may have high central venous pressure and low cardiac
output after the surgery.
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Table 1 Patients’ backgrounds and clinical status before Fontan procedure

Adults Children
N % N %

Total numbers 25 75
Sex Male 15 (60.0) 31 (41.3)
Main diagnosis SV 14 (56.0) 13 (17.3)
SRV 12 (48.0) 10 (13.3)
SLV 2 (8.0) 3 (4.0)
DORV 5 (20.0) 14 (18.7)
Complete AVSD 2 (8.0) 10 (13.3)
HLHS or HLHS variant 0 (0.0) 13 (17.3)
MA or TA 0 (0.0) 9 (12.0)
Others* 4 (16.0) 16 (21.3)
Main ventricle Right 19 (76.0) 48 (64.0)
Left 6 (24.0) 27 (36.0)
Heterotaxy Right isomerism 3 (12.0) 15 (20.0)
Left isomerism 2 (8.0) 2 (2.7)
Arrhythmia before Fontan procedure 6 (24.0) 6 (8.0)
Regurgitation Moderate or severe AVVR 5 (20.0) 15 (20.0)
Moderate or severe AR 1 (4.0) 0 (0.0)

* Other main diagnoses include Tetoralogy of Fallot, complete transposition of the great arteries, Ebstein anomaly, congenital
corrected malposition of the great arteries and pulmonary atresia with intact ventricular septum. AR: aortic valve regurgitation,
AVSD: atrioventricular septal defect, AVVR: atrioventricular valve regurgitation, DORV: double outlet right ventricle, HLHS:
hypoplastic left heart syndrome, MA: mitral atresia, SLV: single left ventricle, SRV: single right ventricle, SV: single ventricle,

TA: tricuspid atresia
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Table 2 Patients’ characteristics and medical therapy before Fontan procedure in adult patients

Median Range
Age at Fontan procedure (years old) 28.3 (18.3-45.5)
Duration between BDG and Fontan procedure (years) 1.7 (0.0-18.0)
Follow up period after Fontan procedure (years) 7.9 (1.4-12.3)
Preoperataive laboratory data Hemoglobin (mg/dL) 18.9 (12.9-25.0)
Platelet (10%/uL) 16.9 (8.1-59.2)
Albumin (g/dL) 4.2 (2.9-4.9)
Creatinine (mg/dL) 0.74 (0.49-1.04)
ALT (U/L) 19 (9-81)
yGTP (U/L) 36 (16-212)
Preoperative catheterization data EDP (mmHg) 9 (5-15)
Mean PAP (mmHg) 12 (6-19)
PA index (mm?/m?) 300 (104-608)
N %
Additional medical therapy before Fontan procedure ACE-I 12 (48.0)
B blocker 13 (52.0)
Coil embolization for APCAs 13 (52.0)
PMI 2 (8.0)
ABL 3 (12.0)
HOT 4 (16.0)

ABL: myocardial ablation, ACE-I: angiotensin-converting enzyme inhibitor, ALT: alanine transaminase, APCA: aorto-pulmonary
collateral artery, BDG: bidirectional Glenn shunt, EDP: end-diastolic pressure of main ventricle, HOT: home oxygen therapy, PA
index: pulmonary artery index, PAP: pulmonary artery pressure, PMI: pacemaker implantation, yGTP: gamma-glutamyl trans-

peptidase
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Adults (N=25) Children (N=75)
p Value
Perioperative managements Median Range Median Range
Mechanical ventilation (day) 2 (1-54) 2 (1-45) 0.364
ICU stay (days) 3 (2-61) 2 (2-77) 0.427
Chest tube drainage (days) 8 (4-14) 7 (3-78) 0.911
Hospital stay (days) 23 (6-106) 22 (10-88) 0.638
Perioperative complications N (%) N (%) p Value
Total 13 (52.0) 28 (37.3) 0.197
Supra ventricular tachycardia 7 (28.0) 3 (4.0) 0.002
Pleural effusion 4 (16.0) 12 (16.0) 0.753
Renal failure 2 (8.0) 0 (0.0) 0.061
Infection 1 (4.0) 9 (12.0) 0.444
Thrombosis 1 (4.0) 1 (1.7) 0.439
Fontan failure (death) 1 (4.0) 1 (1.7) 0.439
Phrenic nerve palsy 0 (0.0) 3 (4.0) 0.571

Mild pleural effusion, non sustained supra ventricular tachycardia or other conditions, which didn’t need any additional therapy,

were excluded from perioperative complications.
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Table 4 Risk factors of perioperative complications

Adults

Children

Number of complications Relative risk p Value Number of complications Relative risk p Value

Male 8/15 (53.3%) 1.07
Older age (>30 years old) b5/11 (45.5%) 0.80
Heterotaxy 2/5 (60.0%) 0.73
Single ventricle 10114 (71.4%) 2.62
Arrhythmia before Fontan 4/6 (66.7%) 2.22
NYHA 2-4 8/19 (42.1%) 0.51
CTR>55% 5/11 (45.5%) 0.80
Mean PAP=15mmHg 3/5 (60.0%) 1.20
EDP=10mmHg 7111 (63.6%) 1.48
Moderate or severe AVVR 2/5 (40.0%) 0.73
Additional procedure 7/10 (70.0%) 1.75

1 16/31 (51.6%) 1.89 0.032
0.695

0.645 77 (41.2%) 1.14 0.930
0.047 713 (53.8%) 1.59 0.299
0.645 3/6 (50.0%) 1.38 0.665
0.162

0.695 14/28 (50.0%) 1.68 0.080
1 23/41 (56.1%) 3.81 <0.001
0.5629 13/44 (29.5%) 0.61 0.097
0.645 6/15 (40.0%) 1.09 0.952
0.288 11/24 (45.8%) 1.38 0.297

AVVR: atrioventricular valve regurgitation, CTR: cardio-thoracic ratio, EDP: end-diastolic pressure of main ventricle, NYHA: New
York Heart Association classification, PAP: pulmonary artery pressure

a. Cumulative all over survival

b. Cardiac event free survival after discharge
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Fig. 1
adult and child patients

T2 16ZkR< 24 BITHETI LIz & 25, DIEA XY
bk EEER I 1R 87.5%, 5K 702% TH - 1z
/N2 Fontan FEG] T OO A X AR 14
K 95.9%, 54K 86.0% CTd b, M Fontan fiE
TIIEDOIME A X b EREERNE ISR T
Holc (Fig. D. WA Fontan JEFNCBWT, Ab
BREELEAGINELE LTREZ N> DI =M
1 6B, 25.0%) T, ZHNLITiEkErE (36,
125%), DAEEE Qfl, 83%) FEEZFED.
PLE ZFIE L7z DRWETC LIz 1BlOATH -7z, —
77, /I Fontan SEFNC 35U Tl BISHAR I EE
B C AR 2 2 U 7ERIZ B 59, LilE A NV
F D% {1 M/KETEES® PLE 7% & Fontan fEERARICHE
NI 2EDEo7z.

R Fontan SEFNCDWT, SBEBOOIME A N
BARNRBREBFZME $£34%5 $£35

0 1 2 3 4 5 6 7 8
(years)

Comparison of cumulative survival (a) and cardiac event free survival after discharge (b) between

Y EOFRERICHG TR T2 LIz T 5, OF
NIRSSNDERRERER 36 K ORI h gLl EOE =
FABA 226 3 ZIEHIC BV CGREHZODIME A X
kRN IS &N > 72 (Fig. 2). 7z, Cox Lt
NP — FETIVTIE0E WIEEENERERHED] N —
RE=12.5, p=0.008) &Afiiffi@iiRHE (NY— K=
1.27, p=0.020) MRFEDOIME A N> FOFEAI
BIS LTz,

M ARA Fontan fERIIC BT B TFIE DRSS &L U MiT
ENREIRAZDLEER (Table 6)

Fontan TliFi#% T SpO, Z tt#d % &, 1l 81.2+
4.7%h B it 93.7£43% NHEIC ERZZRDZ (p<
0.001) 7%, Fontan FfilEFIC fenestration % {Ek L 72
1 111 Fontan ff#ii#% T SpO, DEMNH S NIk >



149

Table 5 Death cases after Fontan procedure in adult patients

Case 1 Case 2 Case 3

Sex Female Female Male
Diagnosis SLV, SAS SRV, PS DORV, PS
Heterotaxy None None None
Operation in childhood PAB BDG BTS
Age at Fontan operation (years old) 18.9 18.5 28.3
Arrhythmia before Fontan None None None
Preoperative findings

SpO, (%) 80 82 81

NYHA Il 1] 1]

mean PAP (mmHg) 18 19 18

PA index (mm?%m?) 230 205 257

EDP (mmHg) 13 13 11

Regurgitation Moderate AR None None

ALT (U/dL) 38 26 36

Creatinine (mg/dL) 0.53 0.59 1.04
Surgical procedure TCPC, DKS, AVR TCPC TCPC, ASD creation
Major complications after discharge — PAVF PLE
Duration from operation to death 6 days 7.2 years 7.7 years

Cause of death

Cardiac failure

Sudden cardiac death (VF)

Sudden cardiac death

ALT: alanine transaminase, AR: aortic valve regurgitation, ASD: atrial septal defect, AVR: aortic valve replacement, BDG: bidi-
rectional Glenn shunt, BTS: Blalock-Taussig shunt, DKS: Damus-Kaye-Stansel anastomosis, DORV: double outlet right ven-
tricle, EDP: end-diastolic pressure of main ventricle, NYHA: New York Heart Association classification, PAB: pulmonary artery
banding, PA index: pulmonary artery index, PAp: pulmonary artery pressure, PAVF: pulmonary arteriovenous fistula, PLE: pro-
tein-losing enteropathy, PS: pulmonary stenosis, SAS: subaortic stenosis, SpO,: percutaneous oxygen saturation, SLV: single
left ventricle, SRV: single right ventricle, TCPC: total cavopulmonary connection, VF: ventricular fibrillation
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-1
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0.00 T T 0.00 T T
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1.00 heterotaxy 1.00 —— AVVR+
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080 4= oo \ 0.80 Tl
..... lecccmc————
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0.40 0.40 A
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Fig. 2 Cardiac event free survival after discharge in adult patients

AVVR: moderate or severe atrioventricular valve regurgitation, PAP: pulmonary artery pressure, SV: single ventricle
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Table 6 Comparison of examination data before and after Fontan procedure in adult patients

N Pre Post p Value
NYHA=II 15 10 (66.7%) 5 (33.3%) 0.143
SpO, (%) 24 81.2+4.9 93.7+4.3 <0.001
CTR (%) 24 54.8+7.4 51.7+6.0 0.017
IVCP (mmHg) 21 7.0+3.2 11.3+£3.2 0.002
EDP (mmHg) 21 8.8+2.7 8.7+3.3 0.94
SsvcO, (%) 17 61.3+7.0 58.7+6.9 0.287
SivcO, (%) 18 64.4+85 66.9+6.0 0.463
Sa002-SsvcO5 (%) 17 22.8+8.8 35.7+64 <0.001
Sr0c02-SicO, (%) 18 19.3+7.8 26.7+6.8 0.005
Cardiac index (L/min/m?) 21 1.9+04

CTR: cardio-thoracic ratio, EDP: end-diastolic pressure of main ventricle, IVCP: inferior vena cava pressure, NYHA: New York
Heart Association classification, S5,0,: oxygen saturation of aorta, SycO,: oxygen saturation of inferior vena cava, SpO,: percu-
taneous oxygen saturation, Sg,cO,: oxygen saturation of superior vena cava
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