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IN PATIENTS AFTER FONTAN OPERATION

E. Levunlieva, K. Nenova-Karakasheva, A. Kaneva-Nencheva
Clinic of Pediatric Cardiology, National Heart Hospital — Sofia

®eHecTpauusta npn Fontan-onepauus npegcTaensiBa Cb3faBaHe Ha KOMyHWKaLMs MeXOy BEHO3HATa LMpKynauus u
NyNMOHANHOTO BEHO3HO MPEACHPAVe, NO3BONSABALLA AMPEKTHO NPEMWHABAHE Ha KPbB OT BEHO3HATa KbM CUCTEMHaTa
UMpKynaums (4sCHO-NSIB LUBHT). HAMa KOHCEHCYC OTHOCHO CTOMHOCTTA Ha CpefHOTO HansraHe B 6enogpobHaTa apTepus
(mPAP), Hag koeTo Aa ce Cb3aaBa heHecTpauus. Hama obLLonpueTH nokasaHus 1 3a 3aTBapsiHe Ha heHecTpaumsTa. B
HacTosiLiaTta paboTa NpeAcTaBAME HalW Pe3ynTaTi OT WHBa3MBHA XEMOAMHAMMUYHA OLEHKA NMpy BPEMEHHO 3aTBapsiHe
Ha dheHecTpaumsiTa npu naumeHTn cned Fontan-onepauusi, N3non3BaHu Npy B3eMaHETO Ha pelleHne B Nonaa 3a unu
npoTuB LeMHUTUBHO 3aTBapsiHe Ha heHecTpaumsiTa. [PeAcTaBsaT ce U HalKTe NPENOPBbKY MO OTHOLLIEHME Ha OLleHKaTa
Ha nauueHTuTe ¢ heHecTpaums cneq Fontan-onepauyus.

Fontan-onepauws, heHecTpaums, BpeMeHHa OKIy3usl, 3aTBapsiHe Ha eHecTpaLus

[-p E. NleByHnueBa, KnuHnka no getcka kapanonorvs, HaunoHanHa kapanonornyia 6onnuua, yn. Konsosuua Ne 65,
1303 Codpust, e-mail: levunlieva@gmail.com

The fenestration in Fontan operation consists in creation of a communication between venous circulation and the pulmonary
venous atrium, allowing direct passage of blood from the venous to the systemic circulation (right-to-left shunt). There is no
general agreement concerning the mean pulmonary artery pressure (mPAP) level above which fenestration is indicated.
There are no strict guidelines for the indications for fenestration closure as well. Here we present our data about invasive
hemodynamic assessment before and after temporary closure of the fenestration in patients after Fontan operation. Our
recommendations regarding comprehensive evaluation of patients with fenestrations after Fontan surgery are also presented.

Fontan operation, fenestration, temporary occlusion, fenestration closure
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INTRODUCTION

B ,paHHaTa epa“ Ha Fontan-nanvauusara ca Habnto-
AaBaHu Npobrnemn Ha paHHWUs criegonepaTvBeH Nepuos
KaTo: 6aBHa agantaums KbM MogudvumpaHaTa eaHoka-
MepHa XxemMmoavHaMunKa ¢ TPaH3UTOPHM HUCHK CbpaeyeH
0ebUT 1 BUCOKO KaBOMYNMOHAMHO HansaraHe; AMacTtor-
Ha OMCYHKUMS Ha edMHCTBEHaTa KaMmepa; Npoabimku-
TENHO OTAENsHE OT NNeBpanHUTe PEeHaXN BCreacTBue
Ha MOBULLEHO LIeHTpasiHO BEHO3HO HarnsraHe (LIBH) nnu

In the early age of Fontan palliation, postopera-
tive period problems were observed. These include
slow adaptation to the modified single ventricle he-
modynamics with transitory low cardiac output and
high cavopulmonary pressure, diastolic dysfunction
of the single ventricle, prolonged pleural drainages
due to increased central venous pressure (CVP) or
pulmonary vascular resistance (PVR) in the early pe-

This is an open access article distributed under the terms of the Creative Commons Attribution License (CC BY 4.0), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.



54

E. JlesyHnuesa, K. HeHosa-Kapakawesa, A. KbHega-HeH4eaga

©enoapobHo cbaoBo cbnpotueneHne (BCC) B paHHUsA
nepuop crieq ekcrtpakopropanHa uupkynaums. Tesu
npobrnemu ca 6uny NpuYMHa 3a CUrHUMKaHTHa Nepu-
onepaTtuBHa U paHHa cregonepaTneBHa 3abonsemocT 1
CMBPTHOCT, 0COGEHO NPU BUCOKOPUCKOBUTE NaLNEHTN.

Mpe3 1989 r. Bridges n cbTp. npegnarat moandu-
Kauusi Ha onepauusita 3a BUCOKOPUCKOBUTE KaHauAaa-
71 3a Fontan-npoueaypa. Npu Tasn mogndurkaums ce
Cb3gaBa KOMyHMKaUMsa Mexagy obwoTo npeacbpane
(MynmMoHanHo, BEHO3HO npeachbpane) U aHacTomMo3a-
Ta, CBbp3Ballia [oNHa npasHa BeHa ¢ GenogpobHara
aptepus. Tasm KOMyHMKaUuUsA n3nbiHsaBa yHKUMATa
Ha ,BEHTUN“, MO3BOMsBall, OUPEKTHO MpeMuHaBaHe
Ha 0ebuT oT BeHo3HaTa KbM CMCTEMHATa LMpKynaums
(OSICHO-NSIB LWBHT), C KOETO CbpAEYHUAT JedbUT ce no-
[obpsiBa 1 ce orpaHM4aBa NPEKOMEPHOTO MOBULLIABA-
He Ha LIBH [1-3]. Ta gaBa Bb3MOXHOCT 3a nogabpXaHe
Ha CbpAevHUs ebuT Npu NOBMLLEHO CLNPOTUBIIEHNE B
KaBonyrnmoHanHaTta Bpb3ka 1 6enogpobHOTO CbOOBO
pycro, KaTo LueHaTa e NOoHMXaBaHe Ha KucropogHarta
caTypauus Ha apTepuanHaTa kpbs [4].

BbB BpemeTo KoHLUenumaTa 3a cb3gaBaHe Ha de-
HeCTbp MpW BCUMYKM BapuaHTu Ha Fontan-onepauus e
Jokasarna cBosiTa e(PeKTMBHOCT. TS € LUMPOKO npuna-
raHa He caMO MpU BYCOKOPUCKOBUTE MaLUEHTU, KaTo
MOHSIKOra € BBbMPOC M Ha WHCTUTYUMOHANHO npuerta
onepaTtuBHa TakTuka [5].

HsiMa KOHCEHCYC OTHOCHO CTOMHOCTTA Ha CPenHOTO
HansiraHe B 6enogpobHata aptepust (MPAP), Hag koeTo
Aa ce cb3gaBa oeHecTbp. YecTo ToBa e BbNpoc Ha WH-
cTUTyLMoHanHa koHuenuusi. Cnopeg, Nordmeyer u cbTp.
VHAVKaums 3a doeHecTpaums € HanMyYMeTo Ha AOMUHAHT-
Ha asicHa kamepa n/unyu mPAP > 13 mm Hg w/vnu nHaekc
Ha Nakata < 250 mm?m? [6]. Baek un cbTp. cb3gagasar
doeHecTpaLmmn Npn MHTpaonepaTneHo namepeHo mPAP >
20 mm Hg v cbpaeyeH nHaekc < 3.0 I/min/m? unu npu Ha-
nn4Yme Ha ronsiM NneBpaneH U3nuBe, acuuT, Taxvkapaus,
HEKOHTpOnMpaHa MeTabonuTHa aumugo3a U HamareHa
avypesa crieq Fontan-onepauus [7]. Hama obwonpreTtn
nokasaHusi 1 3a 3aTBapsiHe Ha beHecTpaumaTa.

MHOXecTBO HepaHAOMU3UPaHW W €edHO paHOo-
MU3NPaHO Mpoy4YBaHe [okKaseaT, Ye peHecTpauusta
nogobpsiBa KIMUHUYHWUS XOA4, CKbCsIBa NPOLBLILKUATEN-
HOCTTa Ha OTAENsIHETO OT MrieBpariHUTE OPEHaXU U
06w BoNHMYEH NPEeCToN NPW BCUYKW NaLMeHTH cnea
Fontan-onepauus [8]. ToBa cTaBa 3a cmeTka Ha ,403u-
paH® OACHO-NSAB WHHT MeXay ABe CTPYKTYpU C OTHOCK-
TENnHO HUCKO HansiraHe — Fontan-aHactomo3ata (ekc-
TpakapgwaneH KOHAyWT, nateparneH TyHen) u cucTem-
HoTO npeacbpave. Cnen npeogonsisaHe npobnemute
Ha paHHWS cnegonepaTMBEH MEepuon WM afeksaTHa
agjantauusa kbm moauduumpaHata crnegonepatvMBHa
efHoKaMepHa LMpKynaums, (beHecTbpbT MOXe Aa ce
3aTBOPM CMOHTAHHO UMM TpaHCKaTETLPHO (Npy nauu-
€HTU C NoaxoAsLLla XeMogUHaMKMKa).

riod after cardiopulmonary bypass. These problems
caused significant perioperative and early postoper-
ative morbidity and mortality, particularly in high-risk
patients.

In 1989, Bridges et al. offered a modification of the
operation for high-risk candidates for the Fontan pro-
cedure. In this modification, communication is created
between the common atrium (pulmonary, venous atri-
um) and the anastomosis connecting the inferior vena
cava with the pulmonary artery. This communication
acts as a valve allowing direct blood flow from venous
to systemic circulation (right-to-left shunt), thereby in-
creasing cardiac output and limiting excessive CVP
elevation [1-3]. This makes it possible to maintain the
cardiac output in the presence of increased resistance
through the cavopulmonary connection and the pulmo-
nary vascular bed at the expense of lower arterial blood
oxygen saturation [4].

Over the years, the concept of fenestration creation
in all modifications of the Fontan operation proved its
effectiveness. Presently it is applied not only in high-
risk patients. It is also a matter of institutional policy in
the operative management [5].

There is no consensus concerning the level of the
mean pulmonary artery pressure (mPAP) above which
fenestration should be created. Often this is a matter of
local practices. According to Nordmeyer et al. indica-
tion for fenestration is the presence of a dominant right
ventricle and/or mPAP > 13 mm Hg and/or Nakata in-
dex < 250 mm?/m? [6]. Baek et al. created fenestrations
in cases of intraoperatively measured mPAP > 20 mm
Hg with a cardiac index < 3.0 I/min/m? or in the pres-
ence of a large pleural effusion, ascites, tachycardia,
uncontrolled metabolic acidosis, and decreased urine
output after Fontan operation [7]. Of note is that there
are no generally accepted indications for fenestration
closure.

Several non-randomized and single randomized
trial demonstrate that fenestration improves the clinical
course, shortens the duration of pleural drainages, and
shortens mean hospitalization period in patients after
Fontan surgery [8]. This happens at the expense of a
“limited” right-to-left shunt between two structures with
relatively low pressure, i.e. the Fontan anastomosis
(extracardiac conduit, lateral tunnel) and the system-
ic atrium. After overcoming the problems of the early
postoperative period and adequate adaptation to the
modified postoperative single-ventricle circulation, the
fenestration may close spontaneously or in patients
with appropriate hemodynamics it can be closed using
a transcatheter procedure.
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LEn

OueHka Ha pesynTtatute OT MHBa3VBHO XeMOOWHa-
MUWYHO M3crneaBaHe Mnpu TpaHCKaTETbPHO 3aTBapsHe
Ha deHecTpaumaTa npu naumeHTn cneg Fontan-one-
pauus, 3Non3BaHn 3a yTOYHABaAHETO Ha MoKasaHudATa
3a Ae(UHNTUBHO 3aTBapsiHe Ha heHecTpaumaTa.

MATEPMAN N METOAMU

M3cneoBaHu ca 52 geua cbC Ccb3gagdeH doeHec-
Tbp no BpeMe Ha Fontan-onepauus. MNokasatenute Ha
XemoguHamukarta npu nscnegBaHuTe geua ca oueHs-
BaHW Npeauv v crieq BpeMeHHa OKINy3usi, KakTo 1 cnepg
OeUHNTMBHO 3aTBapsiHe Ha (beHecTpaumsaTa.

OueHeHn ca cnegHUTe XeMoguMHaMUYHM napame-
TPU: CUCTEMHA KUCIOpPOAHa caTypauusi, HansraHe BbB
vena cava u benogpobHata apTepusi, KaMEepHO CUC-
TOMHO 1 TeneamacTosiHO HansdraHe, TpaHCMynMoHaneH
rpafueHT, CUCTEMHO apTepuarHo HansraHe, 6enogpo-
OeH 1 cucteMeH KpbBOTOK, 6ernogpobHO U CUCTEMHO
CbJ0BO CbMPOTUBIEHME.

MHBa3MBHOTO  XeMOAMHaMWYHO  U3crnegBaHe
BKMOYBa MbJlHA OLlEHKa C MaHOMETpuM BbLB vena
cava superior, vena cava inferior, oBaTa krnoHa Ha Ge-
nogpobHaTa apTepusi, BKIIMHEHO GenogpobHo Kkanu-
NAPHO HansaraHe, neeBonpeacbpaHO HandraHe (npes
deHecTpaumnaTa), CUCTONTHO U TeneguacToNHO Hans-
raHe B obuiata Kamepa, CUCTEMHO apTepuarnHo Ha-
ngraHe, KakTo M OKCUMETPUU OT ABETE NpasHu BEHU
(3a kucrnopogHata caTtypaums Ha cMeceHaTa BEHO3Ha
KpbB), 6enogpobHnTe apTepuu, NABOTO Npeacbpane
n aoprara.

Mo Bpeme Ha v3cnegBaHeTo feuarta Hag 3-ro-
OVLWHa Bb3pacT ca Ha CMNOHTaHHO AullaHe Ha aT-
MocdepeH Bb3AyX C NapuHreanHa macka, a Tesu
nof 3 roamHn ca MHTy6upaHm n seHTunmparu ¢ Fio,
— 0,21. MNpwn BCUYKM NALUEHTUM € npunaraH xena-
puH i.v. B go3a 100 Ul/kg. N3BbpwBaHM ca AsicHa
U ngBa cbpAedHa katetepusauyus. MaHomeTpuute
N OKCUMETpUUTE ca M3BbPLIBaHW B HGasanHu ycro-
BUS (Npean aHrmokapguorpadckmute nscrnenBaHus).
XeMOoAMHaMMYHMTE NapaMeTpu ca U3YMCIsBaHu no
dopmynata Ha Fick [9-11]. KucnopogHaTa KOHCcyma-
umMs e onpegernsiHa no Homorpama. Npu nauneHTuTe
cnep Fontan-onepauus Hama goctbn go 6enogpob-
HUTE BEHW, Mopagmu KoeTo KucropogHaTa caTypauus
B 6enogpobHa BeHa e YyCIOBHO NpueTa 3a paBHa Ha
95% wnu paBHa Ha aopTHaTa, ako cbllaTta e Haj
95%. Mopaan nuncata Ha gocTbn Ao 0bLWoTo npea-
cbpave, Npu 3aTBopeHa heHecTpauusi cpegHoTo
NpPeAcbpAHO HansraHe e NMpueMaHo 3a paBHO Ha
BKITMHEHOTO MNyfMOKaNuMspHO HansaraHe unu ka-
MEPHOTO TeneamacToNiHO HansaraHe.

AHrnorpadckute n3cneaBaHus ca u3BbpLllBaHN B
cnegHuTe npoekummn [12]:

AIM

Assessment of the invasively acquired hemo-
dynamic parameters in transcatheter fenestration
closure in post-Fontan patients, which are used for
evaluation of indications for definitive fenestration
closure.

MATERIAL AND METHODS

Fifty-two children with fenestration during Fontan
operation were studied. In the studied children, hemo-
dynamic indices were evaluated before and after tem-
porary occlusion, as well as after definitive fenestration
closure.

The following hemodynamic parameters were eval-
uated: systemic oxygen saturation, caval and pulmo-
nary artery pressure, ventricular systolic and end-di-
astolic pressure, transpulmonary gradient, systemic
arterial pressure, pulmonary and systemic blood flow,
pulmonary and systemic vascular resistance.

The invasive hemodynamic examination included
a complete assessment by manometry in the superior
caval vein, inferior caval vein, both pulmonary artery
branches, pulmonary capillary wedge pressure, left
atrial pressure (through the fenestration), systolic and
end-diastolic pressure in the common ventricle, sys-
temic pressure, as well as oximetry from the two caval
veins (to assess mixed venous blood saturation), pul-
monary arteries, left atrium and aorta.

During the study, the patients over 3 years of age
were breathing atmospheric air spontaneously using a
laryngeal mask. Those under 3 years of age were intu-
bated and ventilated with FiO, of 0.21. All patients re-
ceived intravenous heparin at a dose of 100 Ul/kg. Right
and left heart catheterizations were performed. Manom-
etry and oximetry were performed in basal conditions
(before angiocardiographic examinations). Hemody-
namic parameters were calculated according to Fick’s
formula [9-11]. Oxygen consumption was determined
using a nomogram. In Fontan patients, there is no ac-
cess to the pulmonary veins, therefore the oxygen sat-
uration in the pulmonary vein was assumed to be equal
to 95% or equal to the aortic if it was above 95%. Be-
cause of the impossible access to the common atrium
in cases with closed fenestration, mean atrial pressure
was assumed to be equal to pulmonary capillary wedge

pressure or ventricular end-diastolic pressure.
The angiographic studies were performed using
the following projections [12]:
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— dpacoBa — 3a OLEHKa Ha aHaToMusiTa Ha KaBo-
nyrIMOHanHUTE aHacTOMO3U U KITOHOBETe Ha Oenoa-
pobHaTa apTepus;

— AasicHa koca 0/30° — 3a n3obpassiBaHe Ha KOHAY-
UT C (beHecTpaLms 1 OLeHKa HA kKaMepHaTa CMCTonHa
PyHKUMS;

— NPOMUIHA 1 SOMBITHUTENHO aHrynMpaHu Npoek-
Lunn B cneumnduyHn cutyaumm.

Kputepunte 3a AeUHUTUBHO 3aTBapsiHe Ha de-
HecTpauusaTa no nNpeariokeHus OT Hac MpPOTOKON ca
cnegHuTe:

¢ HapacTtBaHe Ha cucTemHara SatO, Hag 90%;

o MOBULLABaHE Ha KaBOMyfIMOHANHOTO HansaraHe <
4 mm Hg oT usxogHoTto (MakcmumarnHo go 16 mm Hg);

e NoHwxaBaHe Ha SatO, B cMeceHa BEHO3Ha KpbB
< 20% oT usxogHaTta (v apTepuo-BEHO3Ha pasnuka
0o 30%),

e HamarnsiBaHe Ha cbpAevHMs 4eduT ¢ No-marnko ot
30% oT n3xogHus,

e MOHMXaBaHe Ha CUCTONHOTO apTepuarnHo Hans-
raHe ¢ no-marnko ot 15 mm Hg oT usxogHoTo,

e niunca Ha gebapacupalyy BeHO3HN Konarepanwm.

Ha c¢wur. 1 e nokasaHa yacT OT npoueaypara 3a
BPEMEHHa OKIy3us Ha dpeHecTpauusita ¢ GanoHeH Ka-
TeTbp, a ur. 2 npeactaBs AePMHUTUBHO 3aTBapsiHe
Ha dpeHecTpaumsaTa ¢ Amplatzer Duct Occluder Il.

CTtaTucrtuyecka obpaboTka Ha JaHHUTe

3a cratuctmnyecka obpaboTka Ha JaHHUTE OT npo-
YYBaAHETO € U3MoMn3BaH cTatucTtuyeckn naker SPSS
21.0 3a Windows. [aHHuTe ca npenctaBeHu KaTo
CpeAHW CTOMHOCTU + CTaH4apPTHO OTKIIOHEHMe (CpeaHo

— anteroposterior — to evaluate the anatomy of
the cavopulmonary anastomoses and the pulmonary
artery branches,

—right anterior oblique 0/30° — for imaging of
the conduit with fenestration and ventricular systolic
function assessment

— lateral projection and additional angulations in
specific situations.

The criteria for definitive closure of the fenestration
according to our protocol were the following:

e increase in systemic SatO, over 90%,

e cavopulmonary pressure increase < 4 mmHg
from baseline (maximum up to 16 mm Hg).

e SatO, reduction in mixed venous blood < 20% of
baseline (or arteriovenous difference up to 30%),

e reduction of cardiac output by less than 30% of
baseline,

¢ decrease of systolic arterial pressure by less than
15 mmHg from baseline,

e absence of debarrassing venous collaterals.

Figure 1 shows one of the stages of the procedure
of temporary occlusion of the fenestration using a bal-
loon catheter. Figure 2 shows definitive closure of the
fenestration using Amplatzer Duct Occluder II.

Statistics

The statistical package SPSS 21.0 for Windows
was used for statistical analysis of the study data. Data
are presented as mean values + standard deviation
(mean * SD). The obtained results are presented as

®dur. 1. BpemeHHa okny3ns Ha dheHecTbp

Fig. 1. Temporary fenestration occlusion

®ur. 2. [lednHUTUBHO 3aTBapsiHe Ha deHecTpauusTa c Amplatzer
Duct Occluder Il

Fig. 2. Definitive closure of the fenestration using Amplatzer Duct
Occluder Il
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+ SD). MNony4eHnTe pe3ynTtatu ca nNpeacTtaBeHn KaTo
abCcomnoTHN CTOMHOCTM U OTHOCUTENHW Yectotu (%). 3a
OLEeHKa Ha HOpPMarHoCTTa Ha pa3npeaerneHneTo Ha Ko-
NYECTBEHNTE MPOMEHIINBM Ca U3MON3BaHN TECTOBETE
Ha Kolmogorov-Smirnov un Shapiro-Wilk.

T-TecT 3a AgBe HesaBucuMu npobu (Independent
samples T-test) e u3BbpLLBaH B cryyante ¢ HOpMarnHo
pasnpegeneHve B ABe rpynu Ha edHa Koru4ecTBeHa
npomeHnuea. U-tect Ha Mann-Whitney e nsnonssaH B
crniyyauTe Ha HeHopMarHo pasnpegeneHve B ABe rpy-
Ny Ha edHa KonmM4ecTBeHa NPOMEHNNBa.

3non3BaHOTO KPUTMYHO HMBO HA 3HAYUMOCT € O
= 0,05 n cboTBETHATa HyNEBa XMNoTe3a € OTXBbPIsiHa
npu P-cTonHOCT < a.

PE3YNTATH

OT nscnegsaHuTe 52 feua cbe cb3fjaneHa deHec-
Tpauwms no BpemMe Ha Fontan-onepauus 26 ca Mmomuye-
Ta n 26 — momyerta. lNpun 18 (34,6%) dbeHecTbpbT Cce
€ 3aTBOpWI CMOHTaHHO B XOA4a Ha nNpocneasiBaHeTo, a
npu 24 ot geuata (46,2%) e oCbLLEeCTBEHO TpaHcKaTe-
TbPHO 3aTBapsiHe Ha CblUecTByBaLlaTa peHecTpauus.
Mpun 10 (19,2%) cbeHecTbPBT NEpCUCTMpa Npu Npocne-
OsBaHeTO, Tbil KaTo XeMoguHamuKata, aHaTtomudaTa
WU KNYHUYHaTa Haxodka He nossonsBaxa AeduHu-
TMBHO 3aTBapsiHe Ha beHecTpauusaTa.

PasnpeneneHneTo no non B TpuTe rpynu e:

e CnoHTaHHO 3aTBOpeHa deHecTpaunst — 9 Momu-
yeTa, 9 MOMYeTa;

e TpaHcKaTeTbpHO 3aTBOpeHa heHecTpauma — 14
MomMmunyeta, 10 MomyeTa;

e [lepcuctumpalla eHectpauma — 3 momuyera, 7
MoMYeTa.

M3non3BaHuMTe  3aTBapdAM  yCTpOWCTBa  Cca
Amplatzer centaneH oknygep, Figulla Flex, Amplatzer
DO II, Amplatzer VP 1.

Pe3ynTtatu oT TeCTOBM OKNy3uu npu geuara
¢ nocneaBauo AethUHUTMBHO 3aTBapsiHe Ha
¢eHecTpaumaTa

Jeuarta ¢ nocnegpawo gedMHUTUBHO 3aTBapsiHe
Ha eHecTpauusaTa creq TectoBaTa OKNy3ust ca 24.
Mpn TAX pesynTaTnTe OT XeMoAMHaMMYHaTa OLEeHKa ca:

e CucrtornHo aptepuanHo HansraHe (CAH). Cucro-
FIHOTO apTepuarnHo HandraHe npegu 3aTBapsHe Ha de-
HecTpauusaTa B Tasm rpyna e 87,83 + 12,29 mm Hg. Cneg
3aTBapsiHe Ha heHecTpaumsTa ce yCTaHOBABa MUHUMAT-
Ha npomsiHa — o 86,48 £ 13,69 mm Hg (P = NS).

e CpegHO nynMmoHanHo HansiraHe. CpegHoTo
nNyrMOHANHO HarnsraHe, OTYETEHO npeau 3aTBapsaHe
Ha deHecTpauuara, e 12,83 £ 2,35 mm Hg. Cnen 3a-
TBapsiHe Ha (peHecTpaumsaTa To ce nokadsa Ao 13,74
t+ 1,74 mm Hg, kaTo pasnukara He € CTaTUCTUYECKU
3Haumma (P = NS).

absolute values and relative frequencies (%). Kolmo-
gorov-Smirnov and Shapiro-Wilk tests were used for
the assessment of the normality of distribution of quan-
titative variables.

T-test for two independent samples (Indepen-
dent samples T-test) was performed in cases with
normal distribution in two groups of one quantitative
variable. Mann-Whitney U-test was used in cases of
non-normal distribution in two groups of one quanti-
tative variable.

The critical level of significance used was a = 0.05,
and the corresponding null hypothesis was rejected at
P value < a.

RESULTS

The study includes 52 children with fenestration
created during Fontan operation — 26 girls and 26 boys.
In 18 children (34.6%) the fenestration closed sponta-
neously during follow-up and in 24 (46.2%) transcathe-
ter closure of the existing fenestration was performed.
In 10 (19.2%) out of the 52 children, the fenestration
persisted during follow-up. In these cases the hemo-
dynamics, anatomical, or clinical findings did not allow
definitive fenestration closure.

The gender distribution in the three groups was as
follows:

e Spontaneously closed fenestration — 9 girls, 9
boys;

e Transcatheter fenestration closure — 14 girls, 10
boys;

e Persistent fenestration — 3 girls, 7 boys.

e The closure devices used were Amplatzer septal
occluder, Figulla Flex, Amplatzer DO Il, Amplatzer VP I.

Results of test occlusions in children with
subsequent definitive fenestration closure

Subsequent definitive closure of fenestrations af-
ter test occlusion was performed in 24 children. The
results of the hemodynamic assessment in these chil-
dren were as follows:

¢ Systolic blood pressure (SBP). In this group,
systolic blood pressure before fenestration closure was
87.83 + 12.29 mm Hg. After closure of the fenestration,
minimal change to 86.48 + 13.69 mm Hg was found (P
= NS).

e Mean pulmonary artery pressure. The mean
pulmonary artery pressure before fenestration closure
was 12.83 + 2.35 mm Hg. After closure, it increased
to 13.74 £+ 1.74 mm Hg, but the difference was not
statistically significant (P = NS).
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o TenepgMacToniHO HanfraHe. YCTaHOBeHaTa npoms-
HaTa Ha TeneguacTofHOTO HamnsraHe Npu 3aTBapsHE Ha
heHecTpauuaTa € MUHMMarnHa U HECUrHUUKAHTHa — OT
8,70+ 2,10 mm Hg po 8,87 + 2,16 mm Hg (P = NS) (dour. 3).

e CuctemHa SatO,. lNpu BpemeHHaTa OKIy3ns
Ha deHecTpaumaTa B rpynarta ¢ nocneasawo gedu-
HUTUBHO 3aTBapsiHe Ha beHecTpauusTa ce YCTaHOBM
NOBULLUEHWNE HAa CUCTEMHATA KUCNOopoaHa caTypauusi ot
87,87 + 3,78% Ha 94,52 + 1,62% (P < 0,001).

e BenogpobeH kpbBOTOK (Qp). BernogpobHuat
KPBbBOTOK, YCTAHOBEH NpeAu 3aTtBapsiHe Ha dheHecTpa-
umsaTa, e 2,85 + 0,51 I/min. Cnep 3atBapsiHe Ha dheHec-
TpauusTa Ton HapacTtea go 3,16 + 0,55 I/min. Mpoms-
HaTa He e cTatucTnyeckn 3Hadmma (P = NS).

e CucrtemeH KpbBOTOK (Qs). Npyn HalwmMTe naumeH-
TW C nocnengallo AeMHUTUBHO 3aTBapsiHe Ha dbeHec-

TOH
14
12 _i
0 . __'_-_,_,.'—-"'-'-
8
[
4
2
0
A. TOH (npegu) TOH (cheg)
Qs
8
7
[c
5
E
£,
E
3 —
=
2
1
o
C. Qs (npean) as (chen)

e End-diastolic pressure. The observed change
in end-diastolic pressure after fenestration closure was
minimal and nonsignificant, from 8.70 + 2.10 mm Hg to
8.87 £ 2.16 mm Hg (P = NS) (Figure 3).

e Systemic SatO,. In the temporary fenestration
occlusion in the group with subsequent definitive
fenestration closure, an increase in systemic oxygen
saturation from 87.87 + 3.78% to 94.52 + 1.62% (P <
0.001) was found.

e Pulmonary blood flow (Qp). Pulmonary blood
flow before fenestration closure was 2.85 + 0.51 I/min.
After the closure of the fenestration, it increased to 3.16
+ 0.55 I/min. The change was not statistically significant
(P =NS).

e Systemic blood flow (Qs). In our patients
with subsequent definitive fenestration closure, the
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®ur. 3. TenegmactonHo Hangraxe (A), kucrnopogHa catypauus (B), cuctemeH kpbBoToK (C) 1 oTHOLWEHME ,6enogpobeH/cuctemeH KpbBoToK” (D)
npeav v crnep oknysus Ha dpeHecTpaumaTa Npu gelara ¢ UHTEPBEHLMOHANHO 3aTBOPeH heHecTbp

Fig. 3. End-diastolic pressure (A), oxygen saturation (B), systemic blood flow (C), and pulmonary/systemic blood flow ratio (D) before and after

fenestration occlusion in children with interventional fenestration closure
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TpauusaTa nNpu BpeMEeHHaTa OKIy3usi ce YCTaHOBMW 3Ha-
YMMO HamansiBaHe Ha CUCTEMHWSI KpbBOTOK (OT 4,12 +
1,25 1/min Ha 3,29 £ 0,58 I/min [P < 0,01]), HO Npux BCKYKK
naumeHT 1o e nog 30% oT naxoaHus (dwur. 3).

e OTHoweHue Qp/Qs. OTHowweHneTo Qp/Qs npe-
0w 3aTBapsiHe Ha heHecTpaumuaTa e 0,72 £ 0,13. Crneg
3aTBapsiHe Ha deHecTpauusiTa TO ce nmoBuwasa Ao
0,96 + 0,05. MNMpomsaHaTa Ha oTHolweHneTo Qp/Qs npe-
OM 1 cnep 3aTBapsiHe Ha beHecTpauusaTa e cTaTucTu-
yecku 3Hadmma (P < 0,001) (dur. 3).

B tabnuua 1 ca npeagcraBeHn 06006LWeHn xemoaun-
HaMW4YHWU nokasaTenu npu AedUHUTMBHO TpaHcKaTe-
TbPHO 3aTBapsiHe Ha peHecTpauudaTa.

Pe3yntaTtu oT TecToBUTE OKNy3uM Npu geuara
6e3 nocnepgBalo gethMHUTUBHO 3aTBapsiHe Ha
c¢heHecTpaumunaTa

WacnegsaHuTe geua, npy KOMTO Bb3 OCHOBA Ha pe-
3yrnTara OT BpeMeHHaTa OKNy3us Ha heHecTpaumsTa He
€ OCbLUEeCTBEHO Ae(MHUTMBHO 3aTBapsiHe Ha (eHec-
TpauusaTa, ca 7. lNpu Te3n geua 6axa nonyyeHn cneg-
HUTE pe3ynTaTn OT XemoanHaMuyHaTa oueHka (dwur. 4):

CUCTONMHO apTepuanHo HansiraHe. YCTaHOBU ce
3Ha4YMMO NMoHWXeHune ot 95,71 £ 9,29 mm Hg po 80,86
1 8,11 mm Hg (P < 0,01) (Tabn. 2).

KaBonynmoHanHo HansiraHe. To ce NoBuLLM CUT-
HudpmkaHTHO oT 14,86 + 0,90 mm Hg Ha 18,14 + 1,07
mm Hg (P < 0,001) (tabn. 2).

CuctemMHa KucrnopogHa caTtypauus. Ts nokasa
HapacTtBaHe oT 86,00 + 2,31% Ha 93,71 £ 1,89% (P <
0,001) (Tabn. 2).

CucrtemeH KpbBOTOK. CUCTEMHUST KPbBOTOK Ha-
mans ot 3,86 + 0,52 I/min Ha 2,75 £ 0,46 I/min (P =
0,001) (Tabn. 2).

temporary occlusion caused a significant systemic
blood flow reduction (from 4.12 + 1.25 I/min to 3.29 +
0.58 I/min [P < 0.01]). In all patients it was less than
30% of baseline (Figure 3).

e Qp/Qs ratio. The Qp/Qs ratio before
fenestration closure was 0.72 + 0.13. After closing
the fenestration, it increased to 0.96 + 0.05. The
change in the Qp/Qs ratio was statistically significant
(P < 0.001) (Fig. 3).

Table 1 presents summarized hemodynamic pa-
rameters during transcatheter fenestration test occlu-
sion in patients with subsequent definitive fenestration
closure.

Results of test occlusions in children
without subsequent definitive fenestration
closure

Seven children were studied in whom definitive
fenestration closure was not performed based on the
results of the temporary occlusion of the fenestration.
The following hemodynamic results were obtained in
these children (Figure 4):

Systolic arterial pressure. A significant decrease
was found from 95.71 + 9.29 mm Hg to 80.86 * 8.11
mm Hg (P < 0.01) (Table 2).

Cavopulmonary pressure. It increased signifi-
cantly from 14.86 + 0.90 mm Hg to 18.14 + 1.07 mm
Hg (P < 0.001) (Table 2).

Systemic oxygen saturation. It showed an in-
crease from 86.00 + 2.31% to 93.71 + 1.89% (P <
0.001) (Table 2).

Systemic blood flow. Systemic blood flow de-
creased from 3.86 + 0.52 I/min to 2.75 + 0.46 I/min (P
=0.001) (Table 2).

Tabnuua 1. XemoguHaMU4YHU NoKasaTenu npu 6anoHHa OKny3usa Ha c¢heHecTpaumaTa npu naymeHTUTE ¢ nocrenBallo

AedUHUTUBHO 3aTBapsiHe Ha heHecTpauusATa

Table 1. Hemodynamic indices during balloon fenestration occlusion in patients with subsequent definitive fenestration closure

Mpeau 3aTBapsiHe Cnep 3aTBapsiHe
Before closure After closure
MokazaTten // Parameter P
CpeagHo +SD CpegHo +SD
Mean - Mean -
CucTonHo apTepuanHo Hangrade (mm Hg)
. ’ 87,83 12,29 86,48 13,69 NS
Systolic arterial pressure (mmHg)
KaBonynmoHanHo HansraHe (mm Hg)
12,83 2,35 13,74 1,74 NS
Cavopulmonary pressure (mmHg)
TeneguactonHo HansraHe (mm Hg)
. . 8,70 2,10 8,87 2,16 NS
End-diastolic pressure (mmHg)
CuctemHa kucnopopaHa catypaums (%
_ poara carypauus (%) 87,87 3,78 94,52 1,62 <0,001
Systemic oxygen saturation (%)
BenoppobeH kpbBoTOK (I/mMin) 285 0.51 316 0.55 NS
Pulmonary blood flow (Qp) (I/min) ’ ’ ' ’
CucTemeH kpbBOTOK (I/min) 412 195 3.29 0.58 <0.01
Systemic blood flow (Qs) (I/min) ’ ’ ' ’ '
OTHoLlweHne 6enoapobeH/cMcTeMeH KpbBOTOK
. 0,72 0,13 0,96 0,05 < 0,001
Qp/Qs ratio
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dur. 4. XemogMHaMUYHM NokasaTenu oT TECTOBa OKIy3usi Ha heHecTpaumsiTa c HebnaronpusaTeH otroBop. A. CUCTONHO apTepuanHo HansiraHe,
B. KaBonynmoHanHo HansiraHe, C. KucnopogHa catypauus, D. CuctemMeH KpbBOTOK.

Fig. 4. Hemodynamic results of test occlusion of the fenestration with unfavourable response. A. Systolic arterial pressure, B. Cavopulmonary
pressure, C. Oxygen saturation, D. Systemic blood flow

Ta6bnuua 2. TecTtoBa OKIly3usa — NnpomMsaHa Ha XxemoAWHaAMNWYHUTE NOKa3aTesiu Npu BpemMeHHaTa OKny3usa (He3aTBOp8HM)

Table 2. Test occlusion — change of hemodynamic indices during temporary occlusion (not closed)

Mpeawm // Before Cnep /| After
Moka3saren // Parameter P
CpepHo = SD // Mean * SD CpepHo * SD // Mean £ SD

CucTonHo aptepuanHo Hansgrade (mm Hg) 9571 +9.29 80.86 + 8.11 < 0,01
Systolic arterial pressure (mmHg) T T

KaBonynmoHanHo HansraHe (mm Hg) 14.86 £ 0.90 18.14 £ 1.07 < 0,001
Cavopulmonary pressure (mmHg) T T

CuctemMHa kucnopopaHa catypaumsi (%) 86.00 £ 231 93.71 £ 189 < 0,001
Systemic oxygen saturation (%) T T

CucTemeH KpbBOTOK (I/min) 3.86 £ 0.52 275 £ 0.46 =0,001
Systemic blood flow (I/min) DR T
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B Tabnuum 3 n 4 ca cpaBHEHN XeMOAMHAMUYHUTE MO-
KasaTenu npu BpEMEHHO 3aTBapsiHe Ha peHecTpaumaTa
npv naumeHTuTe cbe N 6e3 4ePUHUTUBHO 3aTBapsiHE Ha
deHecTpauusiTa crneg TectoBaTa OKIy3usi.

XeMogMHaMW4YHU OAHHU cneq, TPaHCKaTeTbpPHa
OKIy3us U NpU nocriegHaTa KateTepusauus

CpaBHeHMETO Ha pe3ynTatute, MNOMyvYeHu crep
TpaHCKaTeETbpHA OKMy3ust U Npu KateTepusauusi, oCb-
LecTBeHa B oTganeyveH nepwuog (cpeaHo 3,2 + 2,8 ro-
OVHWU cref 3aTBapsiHe Ha oeHecTpaumsita) nokassat
nvnca Ha 3HauyMma MNpoMsiHa Ha KaBoOMyrMOHAaNHOTO
HansraHe, CUrHUPUKaHTHO NOHWXXEHWE Ha CcMCTEMHaTa
KMCNOpOoAHa caTypaums ¥ CUrHUPUKaHTHO HapacTBaHe
Ha CUCTEMHUSA KPBbBOTOK (Tabn. 5).

Tables 3 and 4 show comparison of the hemody-
namic parameters during temporary closure of the fen-
estrations in patients with permanently closed and not
closed fenestrations after test occlusions.

Hemodynamic data after transcatheter occlu-
sion and at the last catheterization

Comparison of the results obtained after tran-
scatheter occlusion and in the follow-up catheteriza-
tion (mean 3.2 + 2.8 years after fenestration closure)
showed no significant change in cavopulmonary pres-
sure, a significant decrease in systemic oxygen satura-
tion, and a significant increase in systemic blood flow
(Table 5).

Tabnuua 3. TecToBa OKNy3us — XeMOAWHAMUYHU NOKa3aTenu Npean BpeMeHHaTa oKiy3usi
Table 3. Test occlusion — hemodynamic parameters before temporary occlusion

MokaszaTten HesaTtBopeHu (n =7) // Not closed (n =7) | 3atBopeHu (n = 24) // Closed (n = 24) P
Parameter CpegHo % SD // Mean + SD CpeaHo * SD // Mean = SD
CwucTonHo apTepuanHo HansraHe (mm Hg) 1+99 £12 N
Systolic arterial pressure (mm Hg) 95,71£9,29 87,83 412,30 S
KaBonynmoHanHo HansraHe (mm Hg) 14.86 + 1283 42 <
Cavopulmonary pressure (mm Hg) 86 + 0,90 83+2,35 0.05
CuctemHa kncnopogHa carypaums (%)
Systemic oxygen saturation (%) 86,00 2,31 87.87+3,78 NS
CucTtemeH KpbBOTOK (I/min) . .
Systemic blood flow (I/min) 3.8610,52 4122125 NS
Tabnuua 4. TecToBa OKNy3usi — XeMOAUHAMUYHU NOKa3aTenu crej BpeMeHHaTa okny3us
Table 4. Test occlusion — hemodynamic parameters after temporary occlusion
HeszaTtBopeHu (n = 7) // Not closed (n = 7) | 3arBopeHu (n = 24) // Closed (n = 24)
MNokasarten // Parameter P
CpepHo * SD // Mean * SD CpepHo * SD // Mean * SD
CucTonHo apTepuanHo Handrade (mm Hg)
Systolic arterial pressure (mm Hg) 80,86 £ 8,11 86,48 £ 13,69 NS
KaBonynmoHanHo HansraHe (mm Hg) 18.14 + 1 1374 4 1.74 1
Cavopulmonary pressure (mm Hg) 8,14+1,07 37417 <0,00
CucTtemHa kucnopogHa catypaums (%)
Systemic oxygen saturation (%) 93714189 94,52+ 1,62 NS
CucTtemeH KpbBOTOK (I/min)
Systemic blood flow (I/min) 2,75+0,46 3.29+0,58 <0,05

Tabnuua 5. XemoaMHaMU4YHM AAHHW cnep TpaHCKaTeTbpHa OKIy3us U NpU NocrefHaTa KaTeTepusauus (3aTBOpeHM).
Table 5. Hemodynamic data after transcatheter occlusion and at follow-up catheterization

Mpeawn okny3us Cnep okny3us OTpaneyeH
MokasaTten
CpegHo * SD CpepgHo * SD CpepgHo * SD P
Before occlusion After occlusion Follow-up catheterization
Parameter
Mean * SD Mean * SD Mean * SD
KasonynmoranHo HansraHe (mm Hg) 1283 +2 35 1374 + 174 14.02 + 284 NS
Cavopulmonary pressure (mm Hg) meT T e
Cucrema kucnopoaka catypauws (%) 87,87 3,78 94,52 + 1,62 89,09 + 4,80 <0,001
Systemic oxygen saturation (%) T e T ’
Cucremen kpwaotok (I/min) 412125 3,20 40,58 4,01+ 1,11 <0,05
Systemic blood flow (I/min)
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OBCBXAOAHE

[MbpBOTO CHOOLLEHNE 3a Cepusi C yCneLlHa TpaHc-
KaTeTbpHa OKny3unsa Ha deHecTpaumm npu Fontan Ttvn
onepauua e ot 1990 r. [13]. Mpe3 nocnegHute 30 ro-
OVHN OUCKYCUATa ,3a U NPOTUB® KOra, C KakBU YCTPOW-
cTBa M panv Bboblle ga 6bpaT 3aTBapsHU dheHec-
TpauunTe cneq Fontan-onepauus octaBa OTBOpeHa U
CbC CUIYPHOCT OTIOBOPBLT He e efHo3HadveH. OT egHa
CTpaHa, XMNoKCcusATa C BCUYKUTE 1 HEONAronpusaTHU Mo-
crneguumn MMa HeratuBeH OU3MONornyYeH edekT, KakTo
Mo OTHOLLEHME Ha PU3NYECKOTO pasBUTME U TbKaHHa-
Ta OKCUreHaums, Taka U no OTHOLUeHWE NoTeHuMpaHe
Ha MmokapgHa pmbposa n kpanHo HebnaronpusiTHaTa
XPOHUYHA XMMOKCUYHa BenogpobHa Ba3OKOHCTPUKLMSA
(XBB). XBEB B fonbriHEHWE KbM cneunduknTe Ha nyn-
MOHarHaTa umpkynauus npu Fontan-nauneHtute — He-
nyncatueeH 6enoapobeH KpbBOTOK M YECTO NpeaBapu-
TENHO pemopenupaHo/pegyumpaHo 6enogpobHo Cb-
AOBO pycrno, MOXe Aa cnocobcTBa AOMBbIHMTENHO 3a
nosuwiaBaHe Ha 6enogpobHOTO CbOOBO CLMPOTMBIE-
HWe 1 BriowaBaHe Ha Fontan-xemognHamukaTta [14].

[Opyra HebnaronpuaTHa nocrneguua Ha NepcucTu-
palwiata deHecTpauuss e Bb3MOXHOCTTa 3a napajo-
KcanHu embonuu. Mpu penatMBHO HUCKOTO HansiraHe
BbB BEHO3HaTa LMpKynaumsi U Npeacbpamero u xunep-
Koarynaumudarta, xapaktepHa 3a Fontan-nauveHTuTe,
BEPOATHOCTTa 3a NOA0BHO YCNOXHEHME e pearHa.

OT gpyra cTpaHa, 3aTBapsiIHETO Ha heHecTpaumaTa
npv Hegobpe cenekTMpaHyn nauMeHTn Moxe ga AoBe-
Ae [0 HapacTBaHe Ha KaBOMyINIMOHArHOTO HansraHe,
peaykums Ha CcbpaeyHust 0ebuTt n gekomneHcaums Ha
Fontan-unpkynauwmsTa.

B cepus ot 300 Fontan-naumeHTn, Npy KOUTO PYTUH-
HO e cb3gaBaHa deHecTpauums, Kotani n cbTp. cbobua-
BaT 3a 75 geua CbC CMOHTAHHO 3aTBOPEHN GPEHECTPU
[5]. Mpun 185 oOT Te3n naumeHTn PeHecTbpPbT € 3aTBO-
peH TpaHckaTeTbpHO, a 40 ca Gunu ¢ Henoaxogsila
3a 3aTBapsiHe Ha heHecTpauuaTa XxeMoguHaMmumka npum
TecToBaTta oknysus. Cnopen aBTopuTe nepcuctTmupalla-
Ta peHecTpauus, CbC CUTHUUKAHTHO BriOLLIABaHE Ha
XeMoAMHaMWYHWUTE NapameTpy Mpu TeCcToBa OKMy3us e
He3aBUCVM MPELVKTOP 3a HebrnaronpusaTeH oThanedeH
naxog npu Fontan-naumenTn. Cnopen Tweddell n cbTp.
HanM4MeTo Ha PeHecTpauus MMa 3HadYMM HeraTvBEH
edeKT Bbpxy T.Hap. event-free npexuesiemocT [15].

B ronsaim metaaHanmus, Bkntovall, 4806 nayueHTu n
obobwasaly, nybnvkyBaHuTe gaHHu ot 19 npoyyBaHus
Bouhout n cbTp., 3aknioyasart, Ye pUCKbT 3a HegocTa-
TbYHOCT Ha Fontan-umpkynauusita npu otgane4yeHoTo
npocnegsiBaHe e eAHaKkbB B ABETE rpynu — Ha oeHec-
TpUpaHn U HedbeHecTpmpaHn nauneHTu [3].

BpemeHHOTO 3aTBapsiHe Ha heHecTpauuaTa npu
naumeHTuTe cneq Fontan-onepauusa ce u3BbpliBa C
Len oueHKa Ha XeMOgMHaMUYHNS ehekT OT NpeKkbeBa-

DiscussIiON

The first report of a series of successful tran-
scatheter occlusion of fenestrations in Fontan sur-
gery was published in 1990 [13]. In the last 30 years,
the discussion “advantages and disadvantages,
when, with what devices, and if at all” to close the
fenestrations after Fontan operation remains open
and certainly the answer is not clear. Hypoxia with
all its adverse consequences has a negative phy-
siological effect in terms of physical development,
tissue oxygenation, potentiation of myocardial fi-
brosis and the extremely adverse chronic hypoxic
pulmonary vasoconstriction (HPV). In addition to
the specifics of the pulmonary circulation in Fontan
patients (non-pulsatile pulmonary blood flow and of-
ten pre-remodeled/reduced pulmonary vasculature)
HPV may contribute to further increase in pulmo-
nary vascular resistance and deterioration of Fon-
tan hemodynamics [14].

Another adverse consequence of the persistent
fenestration is the possibility of paradoxical emboli.
With the relatively low venous and atrial pressure
and hypercoagulation in Fontan patients, the possi-
bility of such a complication to occur is not negligi-
ble. On the other hand, closure of the fenestration
without strict selection of eligible patients can lead
to an increase in cavopulmonary pressure, a reduc-
tion in cardiac output and Fontan circulation failure.
Based on analysis of a series of 300 routinely fenes-
trated Fontan patients, Kotani et al. reported 75 chil-
dren with spontaneously closed fenestration [5]. In
185 of these patients, the fenestration was closed
during transcatheter procedure, and 40 had inad-
equate for fenestration closure hemodynamics at
test occlusion. According to the authors, persistent
fenestration with significant deterioration of hemo-
dynamic parameters during test occlusion is an in-
dependent predictor of adverse long-term outcome
in Fontan patients. According to Tweddell et al., the
fenestration has a significant negative effect on the
event-free survival [15]. In a large meta-analysis in-
cluding 4806 patients based on published data from
19 studies, Bouhout et al. concluded that the risk of
Fontan failure at long-term follow-up was the same
in both groups of fenestrated and non-fenestrated
patients [3].

Temporary fenestration occlusion in Fontan
patients is performed in order to evaluate the he-
modynamic effect of blood flow interruption and to
assess the possibility of definitive fenestration clo-
sure. It is performed in patients with anatomy and
basal hemodynamic parameters suggesting possi-
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HETO Ha KpbBOTOKa Npe3 heHecTpauusaTa 1 npeueHka
Ha Bb3MOXHOCTTA 3a Ae(PUHUTMBHOTO My 3aTBapsiHe.
OcbluecTBsiBa ce Npu NauMeHTu, Npu KOUTO aHaToMU-
aTa 1 6asanHUTe XeMOgUHaMUYHM MokasaTenu npeg-
nonarat Bb3MOXHOCT 3a 4e(MHUTMBHO 3aTBapsiHE Ha
deHecTpauudaTta. NoBuwaBaHeTO Ha KaBonynMoHar-
HOTO HandraHe = 16 mm Hg, 3Ha4YMMOTO HamansBaHe
Ha CbpaeyHus O0eduT M NOHWXKAaBaAHETO Ha CUCTOSHO-
TO apTepuarnHo HansraHe BbMNPEKM NMOBULIABAHETO Ha
SatO, no Bpeme Ha OKIly3usiTa ca NMpOTMBOMNOKa3aHMs
3a edUHNTMBHO 3aTBapsiHe Ha heHecTpaumaTa [16].

Mpn nscnegBaHuTe geua ¢ nocnegsailo geuHm-
TMBHO 3aTBapsHe Ha peHecTpauusaTa nokasarenure
CMCTOSHO apTepurarHo HangraHe, CpPeaHo MyfIMOHarHo
HansiraHe, TeneamMactonHo HandraHe n 6ernogpobeH
KPBbBOTOK HE MOKa3BaT 3Ha4yMMa NpomsiHa Npu BpeMeH-
HOTO 3aTBapsiHe Ha dheHecTpaumaTa.

YCTaHOBEHOTO OT Hac MOBULLEHME HA CUCTeMHaTa
KMCMopoadHa caTypauusa npyv BpeMeHHaTa OKNy3usi Ha
deHecTpauuaTa e 3Haumma {ot 87,87 £ 3,78% Ha 94,52 +
1,62% (P < 0,001)}. To3un pesyntat CbOTBETCTBA Ha NnTe-
paTtypHuTe gaHHu: Momenah n cbTp. (oT 85,12 + 7,89%
00 94,56 + 3,63%) [17]; Mays n cbTp. (0T 92 £ 2% £o 96
1 2%) [18]; Ebeid n cbTp. (01 82,5 + 11% 80 93 + 3%) [19]
n Moszura u cbTp. (0T 81 + 5% 10 96 + 2%) [20].

Npv n3cnedBaHuTe NauMeHTy ¢ nocrneaeallo gedu-
HUTVBHO 3aTBapsiHe Ha dheHecTpauusaTa Npu BpeMeHHa-
Ta OKNy3usl ce OTYETE CUTHU(PUKAHTHO HamansBaHe Ha
CUCTEMHMS KPBBOTOK (OT 4,12 + 1,25 I/min Ha 3,29 £ 0,58
I/min [P < 0,01]). Mpux BCKYKM NaLMeHTU Ta3n peaykumsi
Ha CUCTEMHUSI KPBbBOTOK € ¢ no-marnko ot 30% oT usxoa-
Hus. MNogobHa pedykums Ha cbpgedHus 0ebut yctaHo-
BaBaT Mays u cbTp. (0T 3,01 £ 0,98 Ha 2,14 + 0,87 I/min/
m?) [18], Meadows n cbTp. (0T 3,2 Ha 2,8 I/min/m?) [21],
Kawasaki 1 cb1p. (o1 3,5 £ 1,0 Ha 3,1 £ 0,9 I/min/m?) [22].

B 7 oT HawwuTe cniyvaun cnep TectoBaTta oKny3us Ha
deHecTpaumsaTa He ce oCbLUecTBU OeVHUTUBHO 3a-
TBapsiHe Ha peHecTpauusaTa nopagn HebrnaronpusTHA
XeMOAMHAMWYHN MOoKa3aTenu — HapacTBaHe Ha KaBo-
nNynMOHAaNHOTO HansraHe Hag 16 mm Hg u curHudum-
KaHTHO MOHWXXEHWE Ha CUCTONMHOTO apTepuarHo Hans-
raHe, He3aBUCUMO OT NOAOOPEHNETO Ha KMCopogHaTa
caTtypauus no Bpeme Ha oknysudara. [pu Tax cpeaHoTo
KaBOMyrnMOHarnHoO HarnsraHe ce nosuLlaBa CUrHUdK-
KaHTHO OT 14,86 + 0,90 mm Hg go 18,14 + 1,07 mm
Hg (P < 0,001). CucTtonHOTO apTepuanHo HansaraHe ce
noHmxkasa ot 95,71 + 9,29 mm Hg po 80,86 £ 8,11 mm
Hg (P < 0,01). O4akBaHO kucnopogHaTta caTtypauusi
HapacTBa (o1 86,00 + 2,31% po 93,71 + 1,89%; P <
0,001). CuCTEMHMAT KPBBOTOK MpU M3crnegBaHuTe oT
Hac naumeHTU, NPeLieHEHN KaTo Henoagxoasawm 3a ge-
(PUHUTUBHO 3aTBapsiHe Ha beHecTpaumsaTa, Hamansiea
3Haummo (ot 3,86 + 0,52 I/min Ha 2,75 £ 0,46 I/min; P =
0,001) (cpegHo ¢ 29%).

ble definitive fenestration closure. An increase in
cavopulmonary pressure = 16 mm Hg and a sig-
nificant decrease in cardiac output and systolic
blood pressure, despite an increase in SatO, after
occlusion, are contraindications for definitive fen-
estration closure [16].

In children with subsequent definitive fenestration
closure, the systolic arterial pressure, mean pulmonary
pressure, end-diastolic pressure and pulmonary blood
flow did not show significant change during the tempo-
rary occlusion of the fenestration.

The increase in systemic oxygen saturation we
found after temporary fenestration occlusion was sig-
nificant [from 87.87 + 3.78% to 94.52 + 1.62% (P <
0.001)]. This result is consistent with data published by:
Momenah et al. (from 85.12 + 7.89% to 94.56 + 3.63%)
[17], Mays et al. (from 92 + 2% to 96 + 2%) [18], Ebeid
et al. (from 82.5 + 11% to 93 + 3%) [19], and Moszura
et al. (from 81 £ 5% to 96 + 2%) [20].

A significant decrease in systemic blood flow after
test occlusion (from 4.12 + 1.25 I/min to 3.29 + 0.58 I/
min [P < 0.01]) was found in our patients with subse-
quent definitive fenestration closure. In all patients, this
reduction in systemic blood flow was less than 30% of
baseline. A similar level of cardiac output reduction was
found by Mays et al. (from 3.01 £ 0.98 t0 2.14 £ 0.87 I/
min/m?) [18], Meadows et al. (from 3.2 to 2.8 I/min/m?)
[21], Kawasaki et al. (from 3.5 + 1.0 to 3.1 £ 0.9 I/min/
m?) [22].

In 7 cases, definitive fenestration closure was not
performed due to unfavourable hemodynamic parame-
ters after the test occlusion of the fenestration. These
parameters included an increase in cavopulmonary
pressure above 16 mmHg and a significant decrease
in systolic arterial pressure, regardless of the improve-
ment of oxygen saturation after the test occlusion. In
these patients, the mean cavopulmonary pressure in-
creased significantly from 14.86 + 0.90 mm Hg to 18.14
1+ 1.07 mm Hg (P < 0.001), and systolic blood pressure
decreased from 95.71 + 9.29 mm Hg to 80.86 + 8.11
mm Hg (P < 0.01). As expected, oxygen saturation in-
creased (from 86.00 + 2.31% to 93.71 + 1.89%; P <
0.001). Systemic blood flow in the unsuitable for de-
finitive fenestration closure patients decreased signifi-
cantly (from 3.86 + 0.52 I/min to 2.75 + 0.46 |/min; P =
0.001) (mean reduction of 29%).
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Mpwn octaHanuTe 3 geua 6e3 oedpHUTMBHO 3aTBa-
psHe Ha deHecTpaumsita hEeHECTbPBLT HE € 3aTBOPEH
nopagu HeNnoAxXoasLLM 3a 3aTBapsHe N3XOOHN Xemoau-
HaMWYHW NokasaTtenu (2 geua) 1 Hanu4vme Ha xunonna-
31 Ha KNoHoBeTe Ha benogpobHaTta apTepus (1 gete).

OueHKa Ha nokasaHusATa 3a 4e(PUHUTUBHO
TpaHCKaTeTbPHO 3aTBapsiHe Ha (heHecTpauumsaTa

Cropeg Hijazi n cb1p. [23] n Pihkala n cbTp. [24]
HaN-BaXXHUST eNEeMEHT B MITaHUPAHETO Ha e4HO TpaHcKa-
TETBPHO 3aTBapsiHe Ha heHecTbp npu Fontan-nauneHT
€ OEeTalrnHoTO MHTpakapguanHo uscnegsaHe npeauv 3a-
TBaPSIHETO, BKITHOYBALLO MbITHA XEMOAUHAMMUYHA OLeHKa
B 6azanHu ycrnoBusi 1 NpoMsiHaTa Ha rnokasatenute npu
BPEMEHHA OKIy3usi Ha goeHecTpaumsita. He no-manko
Ba)KHa € TsxHaTa KOMMNeKCHa MHTepnpeTaums.

Thatte u cbTp. npunarat cnegHUTE KpUTEpMM 3a
TpaHCKaTETbPHO 3aTBapsiHe Ha heHecTpauuaTa cnen
Fontan-onepauus: 1) HeobcTpykTMBHaA Fontan-umpky-
nauusi, 6e3 3Ha4YMMKn AekoMnpecupalLm BEHO-BEHO3HU
Konarepanu, 2) U3xX04HO KaBOMyNIMOHANHO HansraHe
< 15 mm Hg, 3) n3xogeH cbpaeyeH nHaekc = 2 I/min/
m? 1 4) noHWXaBaHe Ha cbpaevHUs nHaekc < 20% npu
TeCcToBa OKy3us Ha doeHecTpauusaTa [16].

Mopxon npu B3eMaHeTo Ha pelueHue 3a aedpu-
HUTUBHO 3aTBapsiHe Ha (pbeHecTpauusaTa

Hsama eguHeH, odwmumanHo npuet npoTOKOon 3a
WHBa3nBHa XemMoAnHaMU4YHa OLeHKa Ha deHecTpupa-
HuTe Fontan-naumeHTn, KaHaugaTM 3a 3aTBapsiHe Ha
deHecTpauuata. Cneg 2010 r. HMe aganTMpaxme npo-
TokonuTe Ha Bridges, Hijazi n Pihkala, npenopbyBalum
JeTalnHa oueHKa Ha basanHuTe xemognHaMuyHu na-
pameTpu nNpeau 1 cned BpeMeHHa OKMy3ust Ha doeHec-
TpauwusTa. Npeanoxmxme NpoTokon 3a npocneasiBaHe
N XeMOOWHaMWYHa MHBa3nBHA OLEHKA Ha NauneHTuTe
¢ BCM Ttun obuia kamepa creq 3aBbplUBaHe eTanute
Ha pyHKUMOHanHa kopekums Tun Fontan [25], konto
cneaBaMe B HallaTa exefHeBHa pabora.

Mo OTHOLLEHWE Ha oLeHKaTa Ha naumeHTuTe ¢ de-
HecTbp cneq Fontan-onepauus npenopbyBamMe pyTUH-
Ha KaTeTepusaunst Ha BCUYKM MALMEHTUN B Kpas Ha Mbp-
BaTa roguHa cnepg onepauusaTa. Npu kaBonynmoHarn-
HO HansraHe nog 16 mm Hg — BpeMeHHa OKy3us Ha
deHecTpauusiTa C HoBa XeMoAnHaMM4Ha OLEeHKa cneq
10-ata MuHyTa. AHrnorpacumTe ga ce ocblyecTBaBaT
no BpeMe Ha TecToBaTa oknyaus. 1o To3n Ha4YMH Moxe
4a ce OUeHM KbMMnanbHCBLT Ha Fontan-uupkynauums
KbM ,0CTPO“ 00eMHO obOpeMeHsiBaHe. 3agbIMKUTENHO
OCblUeCcTBsIBaHe Ha aHrvorpadgum BbB V. innominata,
v. jugularis interna 1 npokcMmanHarta YacT Ha V. cava
inferior 3a nskno4BaHe Ha aebapacmpallm BEHO3HU KO-
nartepanu. AKO TakMBa ce OTKpuAT, Te TpsbBa fa ce
embonuampaTt NbpBu Npeau B3EMaHEe Ha peLleHne 3a
3aTBapsHe Ha (heHecTpaumsaTa.

In the remaining three children without definitive
fenestration closure, the fenestration was not closed
due to unsuitable for closure baseline hemodynamic
parameters (2 children) and hypoplasia of the pulmo-
nary artery branches (1 child).

Assessment of indications for definitive
transcatheter fenestration closure

According to Hijazi et al. [23] and Pihkala et al.
[24] the most important component in transcatheter
fenestration closure planning in a Fontan patient is
the detailed intracardiac study before closure. This
constitutes of a complete baseline hemodynamic as-
sessment and the change in indices during tempo-
rary occlusion of the fenestrations. Furthermore, the
interpretation of the results in complex is of no less
importance.

Thatte et al. used the following criteria for tran-
scatheter closure of the fenestration after Fontan oper-
ation: 1) an unobstructed Fontan circuit without decom-
pressing venovenous collaterals, 2) baseline Fontan
pressure < 15 mm Hg, 3) baseline cardiac index = 2 I/
min/m?, and decrease in cardiac index < 20% at test
occlusion of the fenestration [16].

Our approach to the decision making
concerning the definitive fenestration closure

There is no universally accepted protocol for inva-
sive hemodynamic evaluation of fenestrated Fontan
patients who are candidates for fenestration closure.
Since 2010, we have adapted the protocols of Bridg-
es, Hijazi, and Pihkala recommending detailed assess-
ment of basal hemodynamic parameters before and
after temporary fenestration occlusion. We created a
custom “Protocol for follow-up and invasive hemody-
namic assessment of patients with univentricular type
of congenital heart malformations after completion of
the stages of Fontan type correction” [25] which we fol-
low in our daily practice.

Regarding the evaluation of patients with fenes-
tration after Fontan surgery, we recommend routine
catheterization of all patients at the end of the first
year after surgery. At cavopulmonary pressure below
16 mmHg we perform temporary occlusion of the fen-
estration with a new hemodynamic assessment after
the 10th minute. Angiographies should be performed
during the test occlusion. This allows assessment
of the Fontan circulation compliance to an “acute”
volume overload. Angiography in v. innominata, v.
jugularis interna and the proximal part of v. cava in-
ferior to exclude debarrassing venous collaterals is
obligatory. If such collaterals are found, they should
be embolized first before making a decision about
fenestration closure.
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HaweTto MHeHuMe e, 4ye KOMKOTO no-nogpobHa u
CTPUKTHA € OuUeHKaTa B KaTeTepusauuoHHaTa nabopa-
TOpWS, TONKOBA No-Marika e BEpOSITHOCTTa [ja Ce HaBpe-
Ov Ha naumeHTa ¢ Fontan-umpkynaumsi. Hanpumep ka-
BOMYFIMOHAsIHOTO HansiraHe € CEH3UTUBEH, HO He U cne-
undcmyeH metoa 3a oleHka Ha Fontan-xemognHamuka-
Ta, Tbl KaToO Ce NOBMNMsIBA 3HAYMMO OT CbCTOSIHMETO Ha
obwa xugpartauusi, kKamepHata yHkuusi, 6enogpobHo
CbAOBO CbMNpoTMBMeHue. Mo Tasn npuynHa n3onmpaHo-
TO Mon3BaHe Ha NpoMsiHaTa caMo Ha KaBomnynMoOHanHo-
TO HangaraHe M KUCNopogHaTta caTypauusi Npy TecTosa
OKJy3Us KaTo Nnokasaren 3a 3aTBapsiHe Ha heHecTpaum-
ATa MOXe Aa noBeae Ao rpybum rpeLlky B oueHkata. Tbi
KaTo crep 3aTBapsiHe Ha oeHecTpauusitTa ce peayumpa
obLWMAT cbpaeveH aebuT, TpsbBa ga ce OLEHST NpoMsi-
HaTa B CUCTEMHUSI KPBbBOTOK M caTypauusita B cMeceHa
BEHO3Ha KPbB KaTo MokasaTen 3a CTeneHTa Ha KWUCIo-
pPOAHAa eKCTpaKuMst OT ThKaHUTE M BaxkeH Oener Ha no-
TeHuman 3a ,HUCbK 0ebuT* cnen 3aTBapsHETO.

Cnopen Hac Aopy Han-CTpPUKTHaTa OLEeHKa Ha xe-
MoanHamukaTta npu eguH Fontan-nauneHT B kaTeTe-
pusaunoHHaTa nabopartopus (B yCnoBusiTa Ha aHec-
Te3ns, MbfIEH MOKOW N penatvBHa gexuapaTtauns) He
OoTpassiBa peariHoTO XeMOAWHAMWYHO CbCTOSIHME Ha
umpkynauuata. HebnaronpuatHa oTtaaneyeHa eBorito-
ums ¢ gekomneHcaums Ha Fontan-kpbBoobpalleHneTo
NpW HAKOW NauneHTn ce cbobLaBaT BbB BCUYKM CEPUM
cnep, TpaHcKaTeETbpHA OKNy3nus Ha beHecTpaLun.

OTpaneyeHa eBonouus cnen AePUHUTUBHO
3aTBapsiHe Ha dpeHecTpayusaTa

Mpn nocnegHata kateTepu3aumsi Ha NauMeHTUTe
CbC 3aTBOPEH (PEHECTBLP OTOENsI3BAME CUTHUUKAHTHA
penyKkuMs Ha kucnopogHata caTypauusi U HapacTBaHe
Ha CbpAeYHnst 4ebUT ¢ MUHUMANHO, HECUTHU(PUKAHTHO
MOBWLLUEHNE Ha KaBOMYNIMOHANHOTO HansraHe. ObsicHe-
HMETO Ha TO3M (DEHOMEH € CBbP3aHO C OTBAPSIHETO Ha
nebapacupally BEHO3HU Konarepanu npu vacT oT na-
LMEHTUTE CbC 3aTBOPEH (PEHECTBLP (BEPOSITHO BCried-
CTBME Ha BKIMOYBaHe B [AEWCTBME Ha CblLECTByBaLLU
BEHO3HM KaHanu), u3nbrHsasawmy OyHKLUSATa Ha BEHTUI
C OACHO-NAB LWBHT, 3Ha4YMM npn 4acTt OT nauneHTuTe.
Bronorm4yHmaT cMuchbn Ha Tasn NpoMAHa e 3anas3BaHe
Ha CcbpaeyHuns 4ebuT 3a CMeTKa Ha CUCTEMHa LpnaHo3a.
PesynTtatnte OT MHTEpPBEHUMUTE, HACOYEHN KbM 3aTBa-
psiHe Ha Te3n KOMyHMKauMK, 3a CbXaneHne, He Nnokas-
BaT AbfrotpanHa e(peKkTMBHOCT NO OTHOLLEHME Ha CUC-
TEeMHaTa KMCMOopOoAHa caTypauus.

3AKNIOYEHUE

Fontan-onepauusita e nanuatveBHa npouedypa u
TOoBa He TpsibBa Aa ce 3abpaesa. OnepupaH1Te No To3u
HaYMH NaLUMEHTN ca C U3XOAHO KpalHo HebnaronpusTHa
cbpaevHa Mopdonorus U xemoaMHamuka. B otaane-

It is our opinion that the more detailed and strict the
assessment in the catheterization suite, the less likely
it is to harm the patient with a Fontan circulation. For
example, cavopulmonary pressure is a sensitive but
not specific parameter for Fontan hemodynamics eval-
uation as it is significantly influenced by the patient fluid
status, ventricular function, and pulmonary vascular re-
sistance. The isolated use of the change of cavopulmo-
nary pressure and oxygen saturation during test occlu-
sion as an indicator regarding fenestration closure may
lead to gross errors in estimation. Total cardiac output
is reduced after fenestration closure and the change in
systemic blood flow and mixed venous blood saturation
are used for the assessment of the tissue oxygen ex-
traction and as an important marker of potential for low
output after closure.

In our opinion, even the most strict assessment
of hemodynamics in a Fontan patient in the catheter-
ization suite (under conditions of anaesthesia, com-
plete rest, and relative dehydration) does not reflect
the actual state of the circulation. Unfavourable long-
term evolution with Fontan circulation failure in some
patients after seemingly favourable markers following
transcatheter occlusion of fenestrations has been re-
ported in all series.

Late evolution after definitive fenestration
closure

At the last follow-up catheterization in patients with
closed fenestrations, we noted a significant reduction
in oxygen saturation and an increase in cardiac output
with a minimal, non-significant change in cavopulmo-
nary pressure. The explanation of this phenomenon is
related to the opening of debarrassing venous collat-
erals in some of the patients with closed fenestrations
(probably due to activation of existing venous chan-
nels). These collaterals act as valves allowing right-to-
left shunt, which is significant in some of the patients.
This change preserves cardiac output at the expense
of systemic cyanosis. The results of interventions for
closure of these communications, unfortunately, do not
show long-term effectiveness in terms of systemic ox-
ygen saturation.

CONCLUSION

The Fontan operation is a palliative procedure
and this should not be forgotten. The cardiac mor-
phology and hemodynamics in these patients are
extremely unfavorable at baseline. In late evolution,
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YyeHaTa eBOMOLMSA Te NpogbipKaeaT Aa NoCTaBAaT npeq
KapgmonosuTe 3a Aela 1 Bb3pacTHM CMOXHMW, NMOHSAKOra
TPYSHO peLvMu Unu HepewwwmMmu npobnemu. Ha To3n
eTan HaMa KOHCEHCYC OTHOCHO CTOMHOCTTa Ha CpeaHo-
TO HansraHe B 6enogpobHaTta apTepusi, Hag KOeTo Aa ce
cb3faBa (OEHECTBLP, KAKTO M HAMa OBLLIONPUETU NOKa3a-
HWS 1 3a 3aTBapsaHe Ha heHecTpaumsTa. B HacToswaTa
paboTta npeacraBaAme Hawwy pesyntatv OT MHBA3MBHA
XeMmoanHamMmn4yHa oLieHKa npu BpeMeHHO TpaHCcKaTeTbp-
HO 3aTBapsiHe Ha (beHecTpauuaTa Npy NauMeHTn cneg
Fontan-onepauus. lNpeacraBeHnTe Npenopbku 3a KOH-
Tpora M oueHKaTa Ha naumeHTuTe C heHecTbp creq
Fontan-onepauusa morat ga ©bgat nonesHn 3a exe-
AHEeBHaTa KnuHu4Ha paboTa ¢ To3u TUM NauneHTn.

He e deknapupaH KoH¢hrukm Ha uHmepecu

Bubnuorpadus / References

1. Bridges ND, Mayer JE, Jr., Lock JE et al. Effect of baffle fen-
estration on outcome of the modified Fontan operation. Circulation
1992;86:1762-9.

2. Goreczny S, Dryzek P, Morgan GJ et al. Fenestration closure
with Amplatzer Duct Occluder Il in patients after total cavo-pulmonary
connection. Archives of medical science : AMS 2017;13:337-345.

3. Bouhout I, Ben-Ali W, Khalaf D et al. Effect of Fenestration
on Fontan Procedure Outcomes: A Meta-Analysis and Review. The
Annals of thoracic surgery 2020;109:1467-1474.

4. Jolley M, Colan SD, Rhodes J et al. Fontan physiology revis-
ited. Anesthesia and analgesia 2015;121:172-82.

5. Kotani Y, Chetan D, Saedi A et al. Persistent fenestration may
be a marker for physiologic intolerance after Fontan completion. The
Journal of thoracic and cardiovascular surgery 2014;148:2532-8.

6. Nordmeyer S, Rohder M, Nordmeyer J et al. Systemic
right ventricular morphology in the early postoperative course
after extracardiac Fontan operation: is there still a need for spe-
cial care? European journal of cardio-thoracic surgery: official
journal of the European Association for Cardio-thoracic Surgery
2017;51:483-489.

7. Baek JS, Park CS, Yun TJ et al. Identification of high-risk
Fontan candidates by intraoperative pulmonary flow study. Interna-
tional journal of cardiology 2021;324:60-65.

8. Bradley SM. Use of a fenestration should be routine during
the Fontan procedure: PRO. Seminars in thoracic and cardiovascu-
lar surgery Pediatric cardiac surgery annual 2010;13:55-9.

9. Kaneva A. Hemodynamic assessment of congenital heart mal-
formations with left to right shunt. Bulgarian cardiology 2022;28:7-12.

10. Conzarova M. Hemodynamics in congenital heart malforma-
tions with left to rigt shunt. In: Conzarova M, editor Hemodynamics.
Sofia: Arbilis, 2014.

11. Wilkinson JL. Haemodynamic calculations in the catheter
laboratory. Heart 2001;85:113-20.

12. Nenova K. Angiography in patients with congenital heart de-
fects. Bulgarian cardiology 2022;28:51-62.

13. Bridges ND, Lock JE, Castaneda AR. Baffle fenestration with
subsequent transcatheter closure. Modification of the Fontan opera-
tion for patients at increased risk. Circulation 1990;82:1681-9.

they continue to pose complex, sometimes difficult to
solve or unsolvable problems to pediatric and adult
cardiologists. For now there is no consensus on the
value of mean pulmonary artery pressure above
which fenestration should be created, and there are
no generally accepted criteria for fenestration clo-
sure. In this work, we present our results concerning
the invasive hemodynamic evaluation during tem-
porary transcatheter fenestration closure in patients
after Fontan surgery. The outlined recommendations
for evaluation and follow-up of patients with fenes-
trations after Fontan operation can be useful in daily
practice.

No conflict of interest was declared

14. Becker K, Uebing A, Hansen JH. Pulmonary vascular disease
in Fontan circulation-is there a rationale for pulmonary vasodilator
therapies? Cardiovascular diagnosis and therapy 2021;11:1111-1121.

15. Tweddell JS, Nersesian M, Mussatto KA et al. Fontan pallia-
tion in the modern era: factors impacting mortality and morbidity. The
Annals of thoracic surgery 2009;88:1291-9.

16. Thatte N, Dimas V, Nugent A et al. Use of institutional crite-
ria for transcatheter device closure of Fontan fenestration — Midterm
outcomes. Annals of pediatric cardiology 2020;13:327-333.

17. Momenah TS, Eltayb H, Oakley RE et al. Effects of tran-
scatheter closure of Fontan fenestration on exercise tolerance. Pedi-
atric cardiology 2008;29:585-8.

18. Mays WA, Border WL, Knecht SK et al. Exercise capacity
improves after transcatheter closure of the Fontan fenestration in
children. Congenital heart disease 2008;3:254-61.

19. Ebeid MR, Mehta |, Gaymes CH. Closure of external tunnel
Fontan fenestration: a novel use of the Amplatzer vascular plug. Pe-
diatric cardiology 2009;30:15-9.

20. Moszura T, Dryzek P, Goreczny S et al. A 10-year single-cen-
tre experience in percutaneous interventions for multi-stage treat-
ment of hypoplastic left heart syndrome. Cardiology in the young
2014;24:54-63.

21. Meadows J, Lang P, Marx G et al. Fontan fenestration clo-
sure has no acute effect on exercise capacity but improves ventila-
tory response to exercise. Journal of the American College of Cardi-
ology 2008;52:108-13.

22. Kawasaki Y, Sasaki T, Forbes TJ et al. Optimal criteria for
transcatheter closure of Fontan fenestration: a single-center expe-
rience with a review of literature. Heart and vessels 2021;36:1246-
1255.

23. Hijazi ZM, Fahey JT, Kleinman CS et al. Hemodynamic eval-
uation before and after closure of fenestrated Fontan. An acute study
of changes in oxygen delivery. Circulation 1992;86:196-202.

24. Pihkala JI, Jarvela M, Boldt T et al. Fate of fenestration in
children treated with fontan operation. Catheterization and cardio-
vascular interventions : official journal of the Society for Cardiac An-
giography & Interventions 2016;87:E233-9.

25. Levunlieva E. Univentricular Heart: Natural and Modified He-
modynamics. Sofia: Arbilis, 2023.



