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Protein-losing Enteropathy after a Fontan Operation Resolved by Beta-blockers and
Renin—-Angiotensin-Aldosterone System Blockers Following Steroid Therapy:
Two Consecutive Cases
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Due to the lack of a ventricle to pump blood to the pulmonic circuit, Fontan circulation induces high central
venous pressure and low cardiac output. This may lead to the onset of protein-losing enteropathy (PLE). We
report on two patients with PLE after Fontan type operation who were treated successfully with Beta-blockers
and Renin-Angiotensin-Aldosterone System Blockers following steroids. Both patients had right isomerism, a
functionally single ventricle, and post-operative fenestrated total cavopulmonary connection. They developed
PLE after fenestration closure. We initially used prednisolone (PSL) to improve PLE and performed cardiac
catheterization when protein loss ceased. Based on hemodynamic data, we administered four agents and
increased their doses: a beta blocker, an angiotensin-converting enzyme inhibitor, an angiotensin II receptor
blocker, and spironolactone. The PSL dose was tapered gradually over 7-8 months. On remission by PSL, both
cases showed reduced cardiac index (CI) and right ventricular ejection function (RVEF), and increased systemic
vascular resistance (SVR) and ratio of the right ventricular end-diastolic pressure to CI (RVEDP/CI). When PSL
was discontinued, both cases showed reduced SVR and RVEDP/CI and improved CI and RVEE. Concomitant
administration of a sympathetic blocking agent and renin-angiotensin-aldosterone system inhibitors may be a
treatment option for PLE after a Fontan operation. Increased SVR may occur as a reaction to low cardiac output,
and it may cause dysfunction of the systemic ventricle and further low cardiac output. These sequences may be
a cause of PLE.
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Fontan fAEIC U 2 lifEER IR 2 1 % .03 2 R RIS & 2 HuodiiE (CVP) o k5,

DR M X 28 7 HITERRE (PLE) OFFEER EEZ 5N TV S, WA IGHHEARPH%E 2 525
\C PLE %2 %&JE L, prednisolone (PSL) I X2 Fififpt, 165 ICImiTEREZ fFffli U & Haokiis 2 i b
Lice T, HiR7zHER U7X X PSL 2k U1G72 2 JEGIZREER L 7 D THtE 9 4. 2JEfl& & PLE
BRER O AT — 7 I)VIE TOHREE (CD & AZEBHER (RVEP) O, AKiEEHT (SVR) &
HREORREZ R T LE 2 S NSHZEIEARME (RVEDP)/CI O LA 5N, fEihRiEE
DREHZFHIE UTLIERSE (BB), 7 VFA T vy VAR ES (ACED, 7 F4 T
VU ZAEAFEH IR (ARB), spironolactone (SPL) D fif ik Z ok L7c & & A, PSLHIERKICIE
SVR, RVEDP/CLI3{& F L CI, RVEF [32# L T 7. PLE FEICIEOHAHEIK FADKIETH % SVR
EFE, TNCKBRMEROERER OG5 E D eHEM SN, £ie, EMHRECRINTHHE &
renin-angiotensin-aldosterone (RAA) FZHNHIFEOFFH##LIZ, Fontan FZICHENET % PLE ig#E D

—ERREEX SN

X CoIc

Fontan 5 ER 1 Al BRI 1k 72 SR H 9 % 02 72 R <
jz&, CVPIXMiENRTE & RIS & O ARIFER O = I
M BETERIE OB L TR Y. PLE &
Fontan iif& & OHIE O — D TR TN E N izih
BEREERTRIARTHS Y. S0, R
(Fenestration) DOPMSHAZ ML U THRIEL = 260D
PLE I %} LT BB, ACEi, ARB & SPL» 5 7% %
BEZ AT L, steroid BEE M 5 B LU1G 72 D THA
9 5.

E B

FER 1

JEBNE 4% 47 H, B ZWndGHEE, e
FEPRRRAE, fEREIPR, mRINE ARG, Hl
B, MBS, OOBRAS IR RS, A
O HR 21 IR AROR i S RS 1A, 17 ARRIC
7 Blalock-Taussig Ffifi 2 Jitif7T L 7z. 8 7 HKFIC Wi /5
M1 Glenn Tl 72 i T U728, T OO AE b g JhR
Pt LTz, 2 RHC il T U 7ol 7— 7 VR
A7) THEMM#RE (mPAP) (& 18mmHg,
P HLLBE E 7mmHg, it B4 5T (PVR) 13 4.1
Wood Units (WU)-m* & &l TdH > 7ehd, Hibawt
JRRIEE NG 1) T 3 - T Te O RERR IR RERi 2174971
2 7% 2 7 HIFIC fenestrated total cavopulmonary con-
nection F-ffj (f-TCPC) Z fiifr. BEFif2 D#E@EBI%E
HHCRE R I SR BRI S A L, 1R1% 11 7 H CHlEf T
L7o 17 CHIZIBO B IAPASEZ MR LTz, T OROD
CVP (% 13~15mmHg & LN & o 7208, B=EFfF
Wiy (CAVVR) (FBE T O EIIRIZNTE O H
IO BARPABIC T 9 2 WE T D JICREEBIE L L

7z (Table 1). f-TCPC 5 24 17 H, ikl T
W5 1A 2 r A1RIC G TR & ISR 2 TR kR
L7 (Fig. 1. ABilRoIfiiisax > /37 H 3.5¢g/dL,
M7 V7 2 EIE 2.3g/dL EARAET, ™ Tc ik e
ME7 VT R VG Y Y F T T N TRMOE
Wik ER® 5N PLE L 2. [MIHM 5 PSL (2mg/
kg/day) &7 )V7 X VEFIORE 2B LT, ABk
OIS AR Tld CAVVR Y 1 4ERTOIRED 5
FEEEA N L TV 2728 enalapril, carvedilol 7z
BEL, ABHIch SRRUE CRICHRE LD,
carvedilol % bisoprolol ICZTE L 7z.
PSLICHS 2 [t RAFC, fifcaL CliE7 V7
I UEEHEFE T E B X 9 Sk o RIS T R ETT
L7z (Table 1). ffif% 11 4 AR & HXT mPAP, PVR
I bIZ7m o 7z. CAVVRIZEEE D & R FEEA
#4hn U RVEDP (& 57 5 8mmHg, SVRZ10.8 05
18.5WU-m? & FH L, CIiZ 3.6 05 2.7L/min/m* ™\
WL TV, 7OVA R TSI THIRE LA =HRA
FS PRI DB I (E/A) 1& 0.45/0.60 m/s
TREILREE S X — V2R LT, 2Ol
FEHEARE, FHCILERAEIK F D PLE BIENOB 572 E 2,
#r721C losartan potassium & SPL % Bf#ii L ACEi, ARB,
SPL 35X U BB O & PSL &z 17 L Tlr-o 7.
WS 77 HBICPSLEH I LG, Z0
12 RRIC< A a7 5 XX lidfe i 2 Z26%IC PLE B
FBALTz. PSL 7Z 1mg/kg/day THEILIzL ZAED
AR & > 2827 EE T SE U PSL & 3 o A 2 Cilliisi b
kU7, TOBEDIVA R T TETHERABD E/A
(& 0.55/0.4m/s T, PLE FEAENF & s & ilfisn LT
Te. FBARED PSLHIED S 1497 AR U 7255
TOATZNE{T LTz, PLE JEME 4 & L L C CVP
IR, HENREAE (PAWP) X8h5
10mmHg, RVEDP & 8 5 9mmHg i< |5, RVEF

© 2016 Japanese Society of Pediatric Cardiology and Cardiac Surgery



346

Table 1 Hemodynamic data at cardiac catheterization for cases 1 and 2
Case 1 Case 2
PLE 1 year and 9 Before PLE Before
11 months .
after £-TCPC resolved months after fenest. resolved stopping
by PSL stopping PSL closure by PSL PSL
CVP (mmHg) 15 13 13 11 14 7
mPAP (mmHg) 13 13 12 10 13 7
PAWP (mmHg) 9 8 10 7 8 3
RVP (mmHg) 67/edpb 77/edp8 71/edp9 70/edp6 87/edp9 64/edp3
EF (%) 58 56 68 51 42 53
Cl (L/min/m?) 3.6 2.7 4.0 4.2 2.8 3.3
SVR (unit-m? 10.8 18.5 9.0 11.6 20.7 10.6
PVR (unit:m?) 1.6 1.6 0.5 0.8 1.8 1.5
CAVVR Mild Moderate Moderate Mild Moderate Mild
RVEDP/CI (mmHg/(L/min/m?)) 1.4 3.0 2.3 1.4 3.2 0.9

CVP: central venous pressure, mPAP: mean pulmonary artery pressure, PAWP: pulmonary artery wedge pressure, RVP: right
ventricular pressure, EF: right ventricular ejection fraction, Cl: cardiac index, SVR: systemic vascular resistance, PVR: pulmo-
nary vascular resistance, CAVVR: the severity of common atrioventricular valve regurgitation, RVEDP: right ventricular end-

diastolic pressure, edp: end-diastolic pressure.
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Fig. 1 Clinical course of case 1

PLE: protein-losing enteropathy; TP: total protein; Alb: albumin; NT-proBNP: N-terminal pro-brain natriuretic peptide;
BW: body weight. Polygons depict changes in the amount of the agents used (in mg by body weight [kg] per day).

1356 5% 68%, CI&2.7h 5 4.0L/min/m?\ & & ]
ICHINL Tz, SVRIZ 18505 9.0WU-m? Ik F
L CW/z (Table 1). RVEDP/CI {& PLE J&JiE i £
14775 3.0N& EF LU, PSLHIE#%ICIE 2.3mmHg/
L/min/m” IZ{K F LTV .
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IR I S A I 7 S TN B ARAHERG, 7 2 g
(&5 1 Glenn T M 5@ b5 %8 #7718 pifl % i 7
U7z itk DS I U flecainide, bisoprolol
WU, 157 KO0 7T T mPAP 7Y 16
7 U 17mmHg, “FEHLFE E 9mmHg, RVEDP
12mmHg & KU X7 L3 E A5V H £-TCPC % T iE
Ulz. 753, FMMBIIREE OGRS % 727
LilfEIR ORI N D, PVRIIER TE X
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A VERAZ 1T LTz, 1% 9 7 HIEIC -TCPC % fiti
17, itk 6 r H 11> 72017 T CVP 11mmHg, CI
4.2L/min/m? PVR 0.8 WU-m?, RVEF & 51% T >
7z (Table 1). FAZEEBOMERNZHHIC K > T, CVP
1 15mmHg I X D 98% F T ik ifi 1% 25 B A1 A
FRU. C2O=difitg 8 7 AR MBI 5k
0)5%?%&:%‘9‘5%“&5@1\‘»— HEKAfT & Flipper coil

I CHIBEREASHI 217 5 58t & Uz, B )—
HHBAARIL KA K O FABIFERE 3.6 mm A 5 4.9 mm
ICHER L, BAZEREASIT T3tz & D | O s DR
17, Sa0,1% 84% M5 91%~\D FRICHE > T-. BI&
EOPASH 2 r A%, TR EFERAKZ 2R, K7 IVT

S UIMEZFZED T T D ABiE Lz (Fig. 2).

T ESR FME TV T I v EHWEY VFY
T LTHENOEA N Z 8 L PLE & Z#i, PSL
2mg/kg/day &7 )V T I UG ZBIR L Tz

iFE UCIEROME 7 VT 2 AN TE %
JREEICIm > T2728, OA T ZhEfT L7z (Table 1).
PRSI O 7 — 2 & EXCVPIE 11D 5
l4mmHg, SVR (& 11.6 »» 5 20.7WU-m’, RVEDP
& 6 M5 9mmHg N & 5 LTz, RVEF 51 H
542% N\, CliZ42h 5 28L/min/m*> N\ &K F L
CAVVR EBHEN S HFEHEANE EL L Tz, 79—
PR 2 1T U 7o Ae i Eh iR B a2 i3 7 <, BRA7

(meg/dI)
8 1% catheterization 2" catheterization 3rd catheterization
7
¢ onset of PLE
5
4 ™
e Alp
3 fenestration occluded
2
NT-proBNP 563.8 (pg/ml) NT —proBNP 307.2 NT —proBNP 189 NT —proBNP 353
o BW 10.3 (kg) BW 10.9 BW 12.0 BW 13.4 BW 12.4
0
1y10m 2y4m 2yém 2y9m 2y10m 3y5m 3yém 3y8m (age of the
£-TCPC stop PLS stop steroid patient)
predonisolone 20 0.3
furosemide 12 0.4
i | 1. \
spironolactone \\\\\\\\\\E\\\\\\\\\\\\\\\\\\\\ AN AN \\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ &
enarapril X 02 BB R 036 S s 04
bisoprolol f“marate
candesartan 0.1 0.3
Fig. 2 Clinical course of case 2
beta blocker ACEi ARB spironolactone
carvedilol  bisoprolol imidapril  enalapril candesartan  losartan aldactone
(ratio)
3.0 25 14 1.4
X (o]
X X X
1 o 1 >¢
(e]
X X o
o 8 X
fo) 1
1 o
(o]
(e]
g © o 8§ o 5
0 0 0 0
Fig. 3 Therapeutic dosage ratio for the treatment of protein-losing enteropathy

X: cases 1 and 2; O: other protein-losing enteropathy (PLE) patients. These ratios denote the ratio of the therapeutic
dosage by patient weight (kg) to maximal therapeutic dose for an adult in Japan per 50kg (i.e., 1=(max dosage for
adult)/50kg). Beta blocker (high dosage), ACEi (high dosage), ARB, and spironolactone were administered in both remit-
ted cases.
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§ 2 R EI B AR IS R LTI TRE/R R © O 1 L %E4R
iz fifr Lz, /SIVA R FHEIC X B AERALD
E/A & 0.57/0.58 m/s & E i & A I I IEHSE T
Hotz. LLENS SVR, CAVVR O8N, 45 R UNHERE
K RIS A THRREDIK F & 5V, f-TCPC flifgh 5
WAk L T /z enalapril, bisoprolol, SPL &, #i/c
IC candesartan % Bi#E U PSL #im /78t & L7z, PLE
LW D 8 H% 00717 C CVP 7mmHg, PAWP
3mmHg, RVEDP 3mmHg, SVR i 10.6WU-m* &\»
FTNE(EFL, RVEF X 53% &k, CLIZTARERIA
Wi 2.8 55 3.3L/min/m?* IZ B L T Wiz 728 PSL
WFH k& Uz (Table 1). & OB S CHifT U 7z Dd#E
FMRAE TIE CAVVRIIZBIEL L TEB D, HERA
%0 E/A 1 1.04/0.8m/s &2k L TW\/z. RVEDP/CI
13 PLE F&JERTO 1.4 BIBIERIC 3.2\ & FH L, PSL
HERFICIE 0.9 mmHg/L/min/m® ~ME R LTz,

fEGI 1,2 & LBRIC1T % PLE IEERAIDIRESE
LB ¢ Fontan M F4ii#%D PLE & L CHABEEIN T
DIEBNEEEE 10 Bl - T2 5 B D 2 FILISC E e
Bld7mnolc. HASRTTED SN TV S EIEFID
—HY72 0 DN 2 (K H 50kg TR U 7#
w13 BE, BEP1 & 2B S steroid FEEH
IERE DR 1kg 372 © DR E IS BB, ACEL, ARB D
3HNCBNCIEERMBI K D 2> 7z (Fig. 3). ¥z,
JEEf#5 T BB, ACEi, ARB, SPL @ 4 %% L < & BB,
ACEi, ARB @ 3 120t H U T filid - 7z

z ¥

Fontan i1 % > /37 DIFEWIC RS % RIA
REITIERIZZES DT EWVD, EOEIRE, KD
AtE, BERLERTO LR, 28O RIERISR
WA 1C F1F % heparan sulfate DR 275 EDEEGMNE
bNTV5 >,

PLE ICBU) % IAE & > 78 7 P O NI s N D
BEREFEKFZE75L, @ CVP EHE > Tl
BB MEAOKRHEE TS O, ENDOK TS
M ER IR E DD S, DI EDOIRD DI
53 CVP DK 253 mREENDH 2. DD
PLE ORJEE N Z MG 2 72D, HEANDX
87 IR K G ENANDIK IR RO IREE Tt
FRERL 217 5 BN H B & 2, ‘s PLE &R
155 12T &4 13 steroid FEEZ BN L Tz

RIB B RIVE Y O2EEE1E 1991 4£D Rothman
OHEMN BIRE O BIETE L < Fontan Fifif% D PLE

BRNRBRSBFSME £32F F45

REICV SN TV S 7. Steroid i DR RE S D
—i&, BEMIAIC X2 %84, SMHRRE, ST,
O 75 & ORIEF T 5. WK T EIE R
ZHMNE UTHIEED SRINENTE, #lEhmEz) R
1 K D) 90% DRI TE(L E 115 budesonide 7 F
Wiz steroid EEMN FRICEZ>TETVS Y. L
L, Fontan F-1li1% ® PLE T3 budesonide % ¥ L
THEWEFHOMEMEN L E SV Y. £i-, EN
512 X D PLE I3 % steroid DIBFEN AT S
T8, steroid 15 DEEFIZRHETH S & 5D
NTWw3 5. oINS AL O M LR ]
EEOERBRHEE, & U TfrBEOSREIc XD,
BIVE DR steroid 75 LIS X V287 DN R0,
IERIRmE 2 >N BIRE 2R T 2 KB HERFT 2 C
el

DA TICBIF BN 2 FEFI TR TH > 12/8F
X —%Z—Z CI, SVR, RVEE, RVEDP/CI T& - 7.
i, RVEDP/CI & — &I A ZITRAT 5 i
IZ X > T RVEDP W EDRREZL LT 2m LA EL
REEZKMT ZEDEEZ LN, KETHNIXILE
BEELUFTH . CI & RVEF (& PLE FEBEZICIK R L
PSL 7 5 O #1211 FF O 5, SVR & RVEDP/CI
\& PLE F8JER&IC A U PSL AIERIAICIHE L T
7. BRI OMZEBAMN PLERKZDEDIEEEZ
T, OIS CVP LA PLE BIEE K D—D
THBHEVIWELEFELEV 1 UL LFAKIC
SVR [ & RVEF X, RVEDP/CI & 7% EARGE
DEOUGE, LR PR LN TEBD, RS
PASHIC K 2 DRI M IC RS U Te i AR RV =
BB T & E 555 0AMEIKT 24 < &0 S HEER
& PLERIEICH ST 5DhE L. WA
B LEEE DRI EV SVR DM LA S FERED
A, DDA ENINL 722 & PLE GED— AT
HoTz[REMEDE Z 5Nz,

Senzaki 5, Szabo 5 1Z & 711X Fontan 7§ &R (& {4 If
BIR & RS ROMIC TS N EZ MEEROE 2 KN T
W5 728, RIEERDOZE X SVR & PVRICHI L T
T2 LICRD, TNHRIEERLZEDORAMA
BEZEL, HRIROIEP.OEBREK T ZE725
9", Fontan JEEIC BV TIXIATEER L O stiffness /Y
EL, TN FIREEK FOERNTH % & &b T
% 11 X 512 Ozawa 5 & PLE O FE & Hic {1
BIPUE LA L, FREBEZUEI T2 HBICED
PLE W59 % L RMERIIEXT T 2729, %A
i ANHEEAHY PLE DOFEIEIC S B R 8 2 B9 & i
LTHED, SHOREREFE LAWY, 7z Fontan
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T IEMNC I LI catecholamine *® RAA %
DRVEY LNIVHED EDBENRH D P, S
U7z mEHEESED S RN DA 1 L 58519 2
CLDHEET, LEMREE TR EES NS
vasopressin *° renin, angiotensin I11C & 2 iz ] i ifiL
BRI LR ZMH Lz &6 steroid ZHIETE /28
s L7z,

Ringel 5% PLE 3 filicxf U i Fl & SPL O fsf i #%5%
ZEWE L TO2M, 5MICid 3il& & ACEi & SPL
DOUFFSHEICHEITLTED 19, 15 OWEEL RAA
R E VS TR A DIREE LT 5. T
RAA FZAHISEIC K B0V €7 > ZHIf/ER> BB
D CanNy RV HWREER, OFEUL FER Y &
ELHEEBEEDOUGEN S PLE EEICEHS LTz algelk
EHBN, SHROMFDLETHS.

PLE #&JEWFICIE ACEi, BB, SPLEMREEICIRSGEIN
TWVWiICEBEDH 5T SVRIZ EF UAEHKEERE L
Tz, PSLHIERHCSEIO 2 FEFNIC R G TN TV
SPL LIS DI E LR O G813 2 F¢ D9 X T D PLE
JEFERHIE O KET, 4 R[MOFEADRRHRGEZ D
2HDOBHTH -7z, Fontan FEERICIIF % E\W SVR &
DEEREDNNET AHEICE TR T EE, BEADX
2T TR B R E B B OISR SEFI OB A DY
REIFTHTHZH, HIRAKROMEHLRE D Z A
BEADREZROME LIIR.

B

na

4+ [al, Fontan F-1li#% PLE O 2 JiE ] 7= 28 B Hi % 5
& RAA RINHRIBEOOFH T L RIF st Rz 157z,
PLE L #ZWi1% 7= 72 B PSL # Bl i L, PLE O % fif
BB LA TIC K ZIERBAEDF M Z T > /2. Z DR
R Fontan Fli#& D PLE FEJEIC SVR EH, ARIEERD
FREAEE N L ORI T O 5 HE S, BB &
RAA ZRINHIERO O FHEHEIX, PLEICHRTH % nlfE
PHEoRmEInz. LhL, DIh 26l TORKRTH

, SHROIEFIOEIREEEZ NS,

FIEER
RN DOWT, BRI NEFIFEM (COD 370,
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