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Background: Protein-losing enteropathy (PLE) following the Fontan operation has been an extremely difficult
complication to treat successfully. This study aimed to assess the prognosis and to establish appropriate treat-
ment strategies for PLE.

Methods: From 1991 to 2014, 23 patients with PLE following the Fontan operation were identified from clinical
database at Okayama University Hospital. Data were collected retrospectively.

Results: A total of 401 patients underwent Fontan operation at our institution during the study period. In this
cohort, the 5.7 % incidence of PLE was relative to the total number of Fontan operations. Following PLE diagno-
sis, patients had a 68 % and 54 % survival rate at 5 and 10 years, respectively. The causes of death included sepsis,
multiple organ failure, heart failure, and intracranial bleeding. In the treatment of PLE, 23 (100 %) patients were
treated with medication, 10 (43%) patients underwent catheter intervention and 15 (65%) patients underwent
surgery. Patients who died were older at the time of PLE diagnosis and were associated with a longer interval
between the Fontan operation and PLE diagnosis. Decreased survival was observed in patients with the fol-
lowing conditions post-PLE treatment: a cardiac index (CI)<<2.8L/min/mm, decreased ventricular ejection
fraction (vEF)<50%, and high central venous pressure (meanCVP)=15mmHg.

Conclusion: Our current treatment for PLE was only partially successful. Strategies for reducing CVP and
improving both CI and vEF may be effective. Further studies are necessary to determine better treatment strat-
egies for the future.

Keywords: protein-losing enteropathy, Fontan operation, central venous pressure, ventricular ejection
fraction, cardiac index
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FRIR M S AU A1E (Oxygen saturation of aorta and
mixed vein: Sa0, and Smv0O,), “FHEMMBEIRE (mean
Pulmonary artery pressure: mPAP), FHHULEHIRIE
(mean Central venous pressure: mCVP), fififi 5%
$1 (Pulmonary vascular resistance: PVR), LZEfLIE
KRHAIE (ventricular End-diastolic pressure: VEDP),

DEBRH# (ventricular Ejection fraction: vEF) 7%
Lb#e U7z, PLERIERTOD A 7 — 7 )VFi# (pre PLE
treatment) & RFIZWN S 17 AUANICHEITTL TV
%. L OEF O T, PLE ZWi#YIE O 7 T —
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Ty VT I AEREGEACHERESRL S
F757 1 TORLATRMEL LS5 Kee% 6 7 AL L
HERF UTodER 2 &7 (remission), IMiE 7 )V 7 2 Ml
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Table 1 Medical and interventional treatment of PLE patients
Survival (n=17) Death (n=6) Total (n=23)
Medication 17 (100%) 6 (100%) 23 (100%)
Diuretics
Furosemide/Spironolactone 17 6 23
Tolbaptan 2 1 3
Digoxin 4 3 7
ACE-l ARB *' 9 0 9
Pulmonary vasodilator *? 12 2 14
Antiarrhythmic drugs *3 2 1 3
Carvedilol 3 3 6
Pimobendan 8 1 9
Heparin 5 5 10
Steroid 3 5 8
Albumin, y-globulin infusion 16 6 22
Surgical intervention 11 (65%) 4 (67%) 15 (65%)
Fenestration creation 10 4 14
TCPC conversion 2 2 4
AV valve repair * 4 1 1 2
Relief of stenosis site ™ ® 2 1 3
Ablation * 8 1 1 2
Diaphragm plication 1 0 1
Catheter intervention 10 (59%) 0 (0%) 10 (43%)
Fenestration
BAP*7 4 0 4
stent 1 0 1
Pulmonary artery
BAP *7 3 0 3
stent 2 0 2
APCAs coil embolization *8 5 0 5

*1Captopril, Irbesartan, *2Bosentan, Sildenafil, Ambrisentan, Tadalafil, *3Propranolol, Verapamil, Sotalol, Disopyramide,
*4Mitral valve, Common AV valve, *°Stenosis of pulmonary artery, aortic arch, Fontan route (conduit), *6\AZE, Cryoablation
*7BAP(Balloon Angioplasty), * € Aorto-Pulmonary Collateral Arteries coil embolization by catheter.
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1, Hemodynamic assessment

2, Differential diagnosis (ex, inflammatory bowel disease,
intestinal lymphangiectasia, other protein loss disease)
3, Treat other bad conditions (ex, infection, anemia,

Control general condition

endocrine disease)

1, Albumin and y-globulin

> |replacement
/

2, Diuretic therapy

3, Waterbalance

4, Adjustment of electrolyte
5, High protein, low fat diet

Manipulate hemodynamic condition

1, High CVP: selective pulmonary vasodilator,
fenestration creation, Fontan take-down, APCAs coil
embolization

2, Low EF and cardiac output: 8-blocker, PDE3-inhibitor,
ARB, ACE-inhibitor, digoxin, cardiac resynchronization
therapy, fenestration creation

3, Stenosissite (Fontan route, PA, PV, systemic route):
catheter or surgical intervention

4, Valve regurgitation: ARB, ACE-inhibitor, surgical repair
5, Arrhythmia: medication, pacemakerimplantation,
TCPC conversion, maze, cryoablation, catheter ablation

Improve intestinal
condition

\/ 1, Heparin

2, Steroid
3, Octreotide

% Surgical intervention is considered when effects of
medication and catheter intervention is insufficient.

Fig. 1 Treatment strategy for patients with protein-losing enteropathy following Fontan operation
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Bm R

BEER

G AR H IS B LR A e T1T - 72 Fontan FRAE
Bl 401 Bl TH O, ZDOWN23H6] (5.7%) H PLE
FIEL, SROMZENRE L. 74a—7 v THR
(1991~2014 4£) IZ35\F % PLE #521d Fontan Tl
%54 T58%, 10-T84%THo Tz,

23 Bl DI W, 2O B RE 6 151,
DA PIBEEATAERE 5 51, RIS AT S AAE 4 51,
877 BABAAE 2 1], =2Q7PPHSHIE, Ebstein @71, =
SEMIEFPIRASE, B IERMETENE, NEREMEA =
DFE, KEZEZRBLLESE (DILV: double inlet left ven-
tricle) WZNZFN1HITH > 7. Fontan FHRATICIT >
Tl EiE BT > v > b 8 5, RV-PA >+ > bk 6,
B IR A Gli fil % 28) 4 451, m-Norwood Fii 6
B, FRMfEIRER R SR AEAEAE 2 B, w5 A Glenn

Fi 2261, B = S I B 2 ], Dams-Kay-Stansel
Fili, Starnes B ZFNZFN 1HITH -7z,

)3 PLE RIERARE

PLE {5 D Fxip—E %279 (Table 1). CC
TIEFHFEREOBBENAITEFL L TRV, PLERER
DOFYREFIEHNCIT> TB Y, TREHNE, FIRHA
(Zuat3I R, R/ a3y, MUNTRY), #
RBEMENLRS (R 2>, YT F 7100,
7TV RY, ZAXTT 1)), EERNVZY,
ARy a—)b, ")V, A7aA RTh-olz. 7
VT Iy - yZ a7y Ui 22 Bilic T o Tz,

ARHEE I 1561 (65%) ICiT>THBD, NER
fenestration {EJi%fl;, TCPC conversion, sk ik
fit, BRI, KENRSEEGT, TCPC conduit 52
Hagli, WEPRIEKENEIT, MAZE *® cryoablation O %
IRFMTd - 7z

AT —TIViEEIE 106 (43%) IKiT->THD,
fenestration IZ ¥ 9% /N )V — VIR A T > M
i, WEIRIC RS B L — VB A T > bR E
fits, PREGFRIENMATERIC NS % a1 IV TH - /.

Table 11X TN TV 5 LA DIBEIZ.OFEHIE)
(AP) 2 X202 (EDP E5) ICH L TEX
FIRRHBI Z1T > Te DM 1l > 7o, IBENAEE LT,
HHN O HTIHEEE LU TAERNE 4 61 CEfFE2, JELC2),
HEN+H T —T IViREN 46 CERFE 4, HHI+ Tl
FREM 9B (ETES, B, FEH+AT7—T )ik
B+ FpEED 6 il (417 6) Th-oTz.
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LI
PLERZWitkD 7 + t—7 v THIRNZ, 0.8~134 (1
YUK 4.7 4F) THolz. 74+a—7 v TP OIET
Bilik 6 1d& O, PLE ZZ2Wih 5 OAEFHIL 5 4 68%,
104 54% TdH > 7z (Fig. 2). SECH R BULE 2 1],
PLEH{HIC X 3 ZEas A2 6] Qe LA S
), HIELASR 16, SEEANMIM 1 FITH - 7.
PLE ¥JEf%, IS UEMROER 2Tz LTz
& DM 15 Bll, FAEMD 46, B E BRI LD
4TI > 7. #Iml PLEIAHHRIC Efif (B EiRE )
L, ZO%HERERDEN>TZEON 66, H¥EE—
B8 LN ORI 2RO T8 DN 13615 - 72,
BEAFER DO 17 JER DR T + 1 —7 v T
TOIMFE 7 VT I MEOKETTIE, ME7 VT IV
3.5g/dL ZHEZ % DiE 8 (47%), 3.5g/dL LARIE 9
FlcdH D, ZOHT 2.0g/dL KGOREFIH 2§ - 7=
(Table 2).

Patients at risk
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100% -
80% -
2
g
= 60%
Z
UEJ 40% -
20% -
0% T T T T T T 1
0 2 4 6 8 10 12 14
Years from PLE diagnosis
Fig. 2 Kaplan-Meier survival curve after the diag-

nosis of protein-losing enteropathy

The survival was 68% at 5 years and 54% at 10
years.

PR OEE LG OHE & UTRUIE 6 B, SRS
SR 2B, AR i 3 1, SHEE I 16, R
FRIESPITH Tz

ETFRER & FETRER & DEEER

AAERER 17 B & FETIER] 6 flic 08 LERFE =%,
WA AE, 717 — 7 )VIREMEIS N U C et 2
1T- 7z (Tables 3-5). Hl, F.0=TEHE, Fontan T
i CEiin, ) ICHEZEE DT, FECHlcE
T PLE 2 A <, Fontan Bilih 52 M E C
DOHMMNEITH -7z, PLE 2RO MAfdiE (i
i, ) ICBVTEREYILE i (0.47%0.38:0.89
+0.77mg/dL, p=0.04) DN HEARZRSNED 5
7z.

AT — T IVIREOMATHREMEIC DWW T, BRI
CI (3.15%+0.43:2.30£0.34L/min/m? p=0.002), i
% CI (3.32£0.42:2.37+0.42L/min/m? p=0.001), A
##% mCVP (14.4+1.6:16.4=2.0mmHg, p=0.03),
G #EHT VEF (61.026.0:50.1£10.9%, p=0.03), 5
#% VEF (60.1+5.0:48.0=11.2%, p=0.01) I & 2%
Rz, Sa0,, SvO,, mPAP, vEDP, &#¢H1 mCVP,
PVRICDWTCIdHiHFM THEEZTRO ENEN 5
7z. Fig. 31CiEME% D mCVP, CI, vEF Z iV, T4
Ktz ) Z7 D AL E LUTIERK L7 ROC fi
2R d. THIC KD cut-off fiZ mCVP15mmHg,
CI2.8L/min/m’ VvEF50% & #E L, ThZNDIH
HICOWTOEERZILKRLIZE T 5, mCVP=
15mmHg (p=0.02), CI<2.8L/min/m*> (p=0.01),
VEF<50% (p=0.01) OHDEFRIEREAEZE >
TE» -7z (Fig. 4).

Table 2 Response to PLE treatment, and current PLE states

Survival (n=17) Death (n=6) Total (n=23)

Effect of PLE treatment

remission 14 1 15

partial remission 2 2 4

no remission 1 3 4
Recurrence

no 6 0 6

one 2 0 2

multiple (=2 times) 8 3 11
Current Albumin level

>3.5g/dL 8 — 8

3.0-3.5g/dL 3 — 3

2.0-3.0g/dL 4 — 4

<2.0g/dL 2 — 2
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Table 3 Demographics of PLE patients

Survival (n=17) Death (n=6) p-value Total (n=23)

Male 8 4 NS 12
Ventricular morphology NS

right-ventricle 12 3 15

left and bi-ventricle 5 3 8
Fontan operation

age, yrs old 3(1.6-11.5) 6.8 (1.6-22.8) NS 3.2(1.6-22.8)
Type of procedure NS

Lateral tunnel 5 3 8

Extracardiac conduit 12 3 15

fenestration 7 2 9
PLE

age at diagnosis, yrs old 5.4 (3-13) 17.4 (3-3b) 0.03 6 (3-3b)

interval (Fontan operation-PLE diagnosis), yrs 2.3 (0.4-9.0) 6.0(1.7-12.2) 0.03 2.5(0.4-12.2)

Table 4 Laboratory data at PLE diagnosis
Survival (n=17) Death (n=6) p-value Total (n=23)

Total protein (g/dL) 45+0.7 4.0+0.4 NS 4.4+0.6
Albumin (g/dL) 2.7+0.4 2.4+0.3 NS 2.6+0.4
19G (vg/dL) 275+92 300=70 NS 281+86
BNP (pg/dL) 43+29 6234 NS 48=+31
GOT(IU/L) 2614 3722 NS 29+17
Total bilirubin (mg/dL) 0.47+0.38 0.89+0.77 0.04 0.51+0.41
UN (mg/dL) 22.2+7.9 29.9+11.2 NS 24.4+9.1
Creatinine (mg/dL) 0.49+0.43 0.66+0.33 NS 0.52+0.38
Hemoglobin (g/dL) 10.6:3.4 11.4=4.3 NS 11.0=4.0
Stool a-1 antitrypsin clearance (mL/day) 167+170 298+199 NS 190+175

IgG: Immunoglobulin G, BNP: Brain Natriuretic Peptide, GOT: Glutamic Oxaloacetic Transaminase, UN: (Blood) Urea Nitrogen.

Table 5 Catheter evaluation of pre and post PLE treatment

Parameter Survival (n=17) Death (n=6) p-value Total (n=23)
Cl (L/min/m?) pre 3.15+0.43 2.30+0.34 0.002 2.93+0.56
post 3.32+0.42 2.37+0.42 0.001 3.07+0.60
Sa0, (%) pre 89.7+3.0 91.7+3.0 NS 90.6+4.3
post 87.1x4.7 90.8+4.7 NS 88.2+4.6
SmvO, (%) pre 60.0+5.4 53.7+6.9 NS 57.9+5.6
post 60.3+4.3 54.3+7.3 NS 58.8+5.8
mPAP (mmHg) pre 15.3+2.1 16.8+3.5 NS 15.7+2.6
post 14.1+£1.6 15.8+2.4 NS 14.5+2.0
mCVP (mmHg) pre 156.9+2.1 17.3x4.0 NS 16.3x2.1
post 14.4=1.6 16.4=x2.0 0.03 14.9+1.9
PVR (WU) pre 2.32+0.70 2.98+0.85 NS 2.49+0.78
post 2.17+0.54 2.93+0.80 NS 2.37+0.70
VEF (%) pre 61.0+6.0 50.1+x10.9 0.03 59.1+8.9
post 60.1+5.0 48.0+11.2 0.01 57.5+9.3
VEDP (mmHg) pre 8.9+2.2 10+2.3 NS 9.2+2.2
post 8.6-1.1 9.8+1.3 NS 9.0+1.2

Cl: Cardiac index, Sa0,: Oxygen saturation of aorta, SmvO,: Oxygen saturation of mixed vein, mPAP: mean Pulmonary artery
pressure, mCVP: mean Central venous pressure, PVR: Pulmonary vascular resistance, VEF: ventricular Ejection fraction, VEDP:

ventricular End-diastolic pressure.
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Fig. 3 Receiver operating characteristic curves of
Cl, mCVP, and VEF

Area under the curve were 0.794 (mCVP), 0.931 (ClI),
and 0.892 (VEF).
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Fig. 4 Comparison of survival rate

A significant difference was observed in patients
with of CVP (=15mmHg: p=0.02), Cl (<2.8L/
min/m?: p=0.01), and EF (<50%: p=0.01). The
three parameters were evaluated following treat-
ment of protein-losing enteropahy (Table 1).
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