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Abstract.

[Mpu chuamonornyHa kopekyms Tun Fontan Ha KOMNEKCHU BpogeHm cbpaeyHu mandopmaummn (BCM) ¢ obuiokamepHa xe-
MOZMHaMMKa nuncBa cybnynMoHarnHa kamepa, nopagu Koeto KpbBOTOKbT KbM 6enus apob e naciBeH 1 ocurypsiBaHeTo
Ha afeKBaTHO MbIIHEHE Ha edMHCTBEHATa Kamepa 3aB1CKU OT LEHTParnHOTO BeHO3HO HansraHe (LIBH) n 6enogpobHoTo
cboBo cbnpoTusnenune (BCC). MosuwasaHeTo Ha BCC BoamM [0 peayKumMs Ha KaMepHOTO MbiIHEHE, HaMansBaHe Cbp-
Ae4Hus [ebuT 1 HegoctaTbyHOCT Ha Fontan-umpkynauwsTa (T.Hap. failing Fontan). LienTa e nHBa3uBHa oLeHka Ha Xemo-
AMHaMUYHUS eIeKT OT NieYeHNeTo ChbC cungeHadun npu Aela ¢ egHokamepHa Fontan-umpkynaums. Matepuan n meto-
Au. Viacnensanm ca 26 peua (12 momuyeTa, 14 MomyeTa) CbC 3aBbPLUEHM eTany Ha onepauus Tvn Fontan, npu kouTto B
X04a Ha NpoCcneasiBAaHETO € NPUNOXEH CenekTnBeH 6enoapobeH Basoagunatatop — cungeHacun. MpoBeAeHo e OTKPUTO,
HepaHLOMW3NpaHo, NPOCNEKTUBHO MPOYYBaHE BbPXY XEMOAWHAMUYHUS €CDEKT OT NeYeHne CbC cungeHadur, oLeHeH
MHBA3VBHO MpM NaLMeHT CbC 3aBbpLLeH eTanu Ha Fontan-onepauus. Pe3yntaTi. YCTaHoBM Ce 3HAUMMO MOHWKEHME
Ha KaBoMynMOHanHOTO Hansraxe (ot 16,58 + 1,88 mm Hg go 13,80 + 2,20 mm Hg; p < 0,001), 6enoapobHoTo CbA0BO
cbnpoTuenenue (012,02 £ 0,72 WU po 1,42 £ 0,41 WU; p =0,001), yBennueHne Ha oTHoLleHNeTo GenogpobeH/cnctemeH
kpbBoTok (0T 0,71 £ 0,21 Ha 0,83 £ 0,18; p < 0,05), KaKTO 1 CUrHUCOUKAHTHO MOBULIEHWE HA CUCTEMHATA KNCIOPOAHA
catypaums (ot 85,65 + 7,48% po 90,72 + 4,53%; p = 0,005). He ce ycTaHOBW 3Ha4MMa pasnnka B XeMOAUHAMUYHUTE
nokasaTenu B 3aBMCUMOCT OT KamepHaTa MOponorusa 1 Tuna Ha npeaxoxaallara nanvaums. EAMHCTBEHOTO n3kntove-
Hue e 6enoapOBHMAT KPBBOTOK CMEA NeYeHne Cbe cungeHacdnn, KOTO e 3Ha4UMO NO-ronsiM Npu AeLata ¢ npeaxoxaall
CUCTEMHO-MYNIMOHASEH LUBHT B CPaBHEHWe ¢ Tean ¢ npeaxoxaaly 6eHaumHr (p < 0,05). 3akntoyenue. Pesyntatute ot
NpOoy4BaHETO MoKa3axa CUrHUUKaHTHa BnaronpusTHa NPOMsHa B ONPEAENsLLM NapaMeTpU Ha XeMOAMHAMUKATa Npu
npunoxexue Ha cungeHacun. ®apmakonornyHoTo NoBnusiBaHe Ha 6enogpobHUS CAOB CTATYC € BaXEH EneMeHT B
TepanusiTa Ha nauueHTuTe ¢ Fontan-umpkynauus.

BpOLEHa CbpfieyHa MandopmaLus, oblya kamepa, Fontan-Lupkynawus, cunaeHadun, XeMoauHamuka

[-p Enucaseta JleByHnueBa, KnuHuka no aeTcka kapanonorus, HaumoHanHa kapgnonoruyHa 6onxuua, yn. ,KoHbosu-
ya“ Ne 65, 1309 Codous, e-mail: levunlieva@gmail.com)

There is no pumping subpulmonary ventricle in patients with univentricular hemodynamics after Fontan type physiological
correction of complex congenital heart defects (CHD). Hence the blood flow to the lungs is passive and depends on central
venous pressure (CVP) and pulmonary vascular resistance (PVR) to provide adequate filling of the single ventricle. The
increase in PVR leads to a reduction in ventricular filling and cardiac output, resulting in failure of the Fontan circulation
(the so-called failing Fontan). Purpose. Invasive assessment of the hemodynamic effect of sildenafil treatment in children
with single ventricle Fontan circulation. Material and Methods. Twenty-six children (12 girls, 14 boys) with completed
stages of Fontan type surgery in whom a selective pulmonary vasodilator (sildenafil) has been administered during the
follow-up have been investigated. An open-label, non-randomized, prospective invasive study of the hemodynamic effect
of sildenafil treatment in patients with completed Fontan surgery stages was performed. Results. A significant decrease in
the cavopulmonary pressure (from 16.58 + 1.88 mm Hg to 13.80 £ 2.20 mm Hg; p < 0.001) and the pulmonary vascular
resistance (from 2.02 £ 0.72 WU to 1.42 + 0.41 WU; p = 0.001), increase of the pulmonary/systemic blood flow ratio (from
0.71+0.21100.83 £0.18; p < 0.05), as well as increase in the systemic oxygen saturation (from 85.65 + 7.48% t0 90.72 +
4.53%; p = 0.005) were found. No significant difference in hemodynamic parameters related to the ventricular morphology
and the type of previous palliation was found. The only exception was the pulmonary blood flow after sildenafil treatment,
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which was significantly higher in children with a previous systemic to pulmonary shunt compared to children with a previous
banding (p < 0.05). Conclusion. Our study showed significant beneficial changes in the main hemodynamic parameters
after sildenafil treatment. The pharmacological modulation of the pulmonary vascular status is an important component of

the treatment of patients with Fontan circulation.
congenital heart defect, single ventricle, Fontan circulation, sildenafil, hemodynamics
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BbBEOEHME

Mpn pusmonornyHa kopekuma Tun Fontan Ha Kom-
NMekcHW BpoAeHu cbpaedHn mandgopmauum (BCM)
c obuiokamepHa xemoguHamuka nuncea cybnynmo-
HanHa Kamepa, nopagu KOeTo KpbBOTOKbT KbM be-
nns gpob e nacMBeH N OCUTYpPsIBAHETO HA afEeKBATHO
NMbiHEHe Ha efMHCTBEHaTa kamepa 3aBWUCU OT LIEH-
TpanHoTo BeHO3HO HansraHe (LIBH) n 6enogpobHo-
TO cbgoBo cbnpoTtuenenne (BCC). lNMoBuwaBaHeTo
Ha BCC Boau 0o pedykums Ha KaMepHOTO MbIIHEHE,
HamansiBaHe Ha CbpaeYHUs 4edbuT N He4OCTaTbYHOCT
Ha Fontan-umpkynaumsaTa (T.Hap. failing Fontan) — ka-
MepHa ANCYHKLMS, CUCTEMHU YCIOXHEHUST (nnac-
TUYEeH OPOHXUT, NPOTEUH-Tybella eHTeponaTtumsl) Unm
XPOHMYHA HepocTaTbyHOCT Ha Fontan-umpkynaums-
Ta, NpeAcTaBnsBalla CbCTOSTHUE HA XPOHMYHA Cbp-
[e4yHa HedoCTaTbYyHOCT C HaMarleH cbpaeyeH nebut
N MOBULLIEHO LEHTPANHO BEHO3HO HansraHe paxe
npu nMnca Ha kamepHa ANCHYHKLMS U CUCTEMHU YC-
noxHeHus [1, 2]. Henyncupawmnat xapaktep Ha Kpb-
BOTOKa B 6enogpoOHOTO CbAOBO PYCIo Npy TO3WU TUI
UMpKynauus e egHa oT NpUYMHUTE 3a nporpecupaya
eHpoTernHa OUCHYHKUNS U MMa CbLUEeCTBEHO 3Haye-
HVe 3a pa3BMTUETO Ha HebnaronpuaTHO pemopenu-
paHe Ha 6enogpobHuTe cbaose [3-5]. Mpu naumeHTn
C efHOKaMepHa uMpkynauusi 6enogpobHOTO CbOOBO
pycro 4YecTo Beye e yBpeaeHO npean 3aBbpLUBaHETO
Ha Fontan-npouegypaTta BcrneacTBme Ha pegyuuvpaH
©enogpobeH KpbBOTOK, MpUYMHA 3@ HaMarneHa obLua
HanpeyYHa Now Ha NyrIMOHanNHUTE CbAOBE, UMK MO-
pagu yBenuyeHn 6enonpobeH KpbBOTOK U HandraHe
C pesynTaT — CbOOBO pemogenvpaHe. W gpata Ba-
puaHTa ca npuymHa 3a abHopmHo nosuweHo BCC u
ca 3annaxa 3a (yHKuMoHupaHeTo Ha Fontan-uupky-
nauusTa [6]. MpuUnoxXeHNeTo Ha MHXMBUTOPU Ha doc-
dogmectepasa-5 (PDE-5) n aHTaroHucTn Ha eHpo-
TENUHOBUTE peLenTopu ce 6asupa Ha TeopeTuyHaTa
noctaHoBka, 4ye noHmxkasaHeTo Ha BCC cnepn Fontan
MOXe [da nogobpu CbCTOSIHMETO/XeMoguHamMuKkaTa
KaTo MOBULLM CbPAEYHOTO NpeaHaToBapBaHe U CbOT-
BETHO — CbpAeYHus 0ebut [6].
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INTRODUCTION

There is no pumping subpulmonary ventricle
in patients with univentricular hemodynamics after
Fontan type physiological correction of complex
congenital heart defects (CHD). Hence the blood
flow to the lungs is passive and depends on cen-
tral venous pressure (CVP) and pulmonary vascu-
lar resistance (PVR) to provide adequate filling of
the single ventricle. The increase in PVR reduces
ventricular filling and cardiac output, resulting in
a failure of the Fontan circulation (so-called fail-
ing Fontan), i.e. ventricular dysfunction, systemic
complications (plastic bronchitis, protein-losing en-
teropathy), or chronic Fontan circulation failure rep-
resenting a condition of chronic heart failure with
decreased cardiac output and increased central ve-
nous pressure even in the absence of ventricular
dysfunction and systemic complications [1, 2]. The
non-pulsatile nature of the pulmonary blood flow in
this type of circulation is one of the causes of pro-
gressive endothelial dysfunction and is essential for
the development of unfavorable pulmonary vascular
remodeling [3-5]. In patients with single ventricle cir-
culation, the pulmonary vascular bed is often dam-
aged before the Fontan procedure due to reduced
pulmonary blood flow, a reduced total area of the
pulmonary vessels, or increased pulmonary blood
flow and pressure resulting in vascular remodeling.
Both variants lead to abnormally elevated PVR and
are a threat to the functioning of the Fontan circu-
lation [6]. The use of phosphodiesterase-5 (PDE-
5) inhibitors and endothelin receptor antagonists
is based on the assumption that lowering PVR in
Fontan patients could improve the condition/hemo-
dynamics by increasing cardiac preload and cardiac
output [6].
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LUEn

LlenTa Ha HacTOALLOTO n3cnefBaHe e Aa ce Hanpa-
BV WHBA3MBHA OLIEHKA Ha XeMOOUHaMUYHUS eddeKT oT
nepoparHo fieyeHre cbC cungeHadun npu geua c ea-
HokaMepHa Fontan-umpkynauus.

MATEPUAN U METOAMU

3a nepuog ot 20 r. (oT sHyapwn 2000 r. 4o AekemBpuU
2020 r.) B HaumnoHanHa kapguonornyHa 6onHuua npu
159 pgeua ca 3aBbplleHu eTanuTe Ha Tun Fontan-one-
paums. ObekT Ha npoyyBaHeTo ca 26 geua (12 mo-
Mmuyeta, 46,2%; 14 momueTta, 53,8%), nekyBaHu cbe
cungeHadun nopagu yCTaHOBEHO MOBULLEHO KaBo-
nynvoHanHo Hansrane (KMNH) Hag 15 mm Hg npeau
Unu crnep 3aBbplUBaHe Ha etanuTe Ha Fontan-one-
pauusata u/vunu pasBuTME Ha NpoTeuH-rybella eH-
Teponatusa unu nnactudeH 6poHxuTt (Tabn. 1). MNpwu
BCUYKM U3CnegBaHM nauueHtTn moamdukauusatTa Ha
Fontan-onepauuata e ToTanHa KaBoMynMOHarHa

Alms

Invasive assessment of the hemodynamic effect of
treatment with oral sildenafil in children with single ven-
tricle Fontan circulation.

MATERIAL AND METHODS

For a period of 20 years (January 2000 to Decem-
ber 2020) at the National Heart Hospital, Sofia, in 159
children, the stages of the Fontan type operation have
been completed. The study involved 26 children (12
girls, 14 boys) treated with sildenafil due to cavopulmo-
nary pressure (CPP) elevated over 15 mmHg before or
after completion of the Fontan surgery stages and/or
the development of protein-losing enteropathy or plas-
tic bronchitis (Table 1). In all patients, total cavopulmo-
nary anastomosis (TCPC) with extracardiac conduit
(EC) was created. In 21 of the patients, the EC was

Ta6nuua 1. Jlemorpadcka xapakrepucTuka, MOponorMyHu 1 Apyrv npegonepaTMmBHU AaHHU 32 u3cneaBaHuTe aeua
Table 1. Demographic characteristics, morphological, and other preoperative data of the examined children

. Bpoii/cTonHocT OTHocuTeneH gan
Moka3sarten / Indicator
Number/value Percentage
06wy 6pon
p 26 100.0%
Total number
Momwnyeta
- 12 46.2%
Girls
MomueTa
14 53.8%
Boys
CpepnHa Bb3pacT npu onepauuaTa (roguHm
pen pact np paumsiTa (roauHm) 439 +1.70
Age at surgery (years)
CpepgHa Bb3pacT npu 3anoyBaHe Ha Tepanusita (roguHu
2 - p . i ( ) 6,61 +4,50
Age at initiation of therapy (years)
MHTepBan oT onepauusata A0 HA4anoTo Ha feYeHneTo (roguHm) 38426
82,
The interval from the operation to the beginning of the treatment (years)
[eua cbe 3anoyHaTo nevenve npeam Fontan-onepaunata 5 23.1%
Treatment initiation before Fontan surgery o
[eua cbc 3anoyHaTo nevenve crneq Fontan-onepauusta
— 20 76,9%
Treatment initiation after Fontan surgery
ObLa kamepa AeceH MOpdONorMyeH Tun
- - - - 14 53,8%
Right morphological type single ventricle
O6Lwa kamepa nsiB MopdponormyeH Tun
- - - 12 46,2%
Left morphological type single ventricle
Mpeaxoxpall 6eHanHr Ha GenogpobHaTa apTepus
P - - P pTep 10 38,46%
Previous banding of the pulmonary artery
Mpepxoxaall, CMCTEMHO-NYNMOHAsEH LWbHT
P - - Y 12 46,15%
Previous systemic-to-pulmonary artery shunt
Bes npepnlwecrtBalua onepauus
- 4 15,38%
No previous surgery
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aHactomo3a (TCPC) c ekcTpakapauaneH KoHOyWUT
(EK). Mpwn 21 ot tax EK e deHecTpupaH. Kputepun-
Te 3a BKIO4YBaHe B Npoy4yBaHeTo ca: (1) 3aBbpLueHn
etanu Ha Fontan-nanunauus, (2) Har-manko ABe NHBa-
3MBHW XEMOANHAMMWUYHW U3CreaBaHust — npeaun u crnea
cTapTMpaHe Ha Tepanus cbe cungeHadcun, (3) npuem
Ha cunageHadun ¢ NPOAbMKUTENHOCT Haa 6 Mecela.

CpepgHata Bb3pacT Ha naumeHTuTe npu Fontan-one-
pauusaTta e 4,39 + 1,70 roguHn. CpegHata Bb3pacT npu
3ano4BaHe Ha TepanusaTa CbC cungeHadun e 6,61
+ 4,50 roguHm (ot 1,5 go 16,7 roanHn). NHTepanbT
MeXxay onepauusita U CTapTUPaHETO Ha JIEYEHUETO €
oT 1,14 roanHn npean onepauuaTa Ao 8 rogmHu crnepg
Hes (3,8 + 2,6 roguHm). Npu 6 geua TepanusTa e ctap-
TupaHa npean TCPC.

YetupuHagecet (53,8%) oT peuata ca ¢ obuwa
Kamepa geceH mopdonorudeH tun, a 12 (46,2%) — ¢
obua kamepa ¢ neBokaMmepHa Mopdonorus.

Mpn 10 peua (38,46%) npe-Fontan nanuaumsaTta
e buna GeHauHr Ha GenogpobHata aptepus, npy 12
(46,15%) wma npegxoxgall CUCTEMHO-MYNMOHAaNEH
WHHT, a npu 4 (15,38%) HAMa npedLuecTaalla onepaums.

MeTomnonorus

[MpoBeneHo e OTKpUTO, HepaHAOMU3MPaHO, MpPocC-
MEKTMBHO MPOYYBaHE BbPXY XEMOANUHAMUYHUSA edeKT
OT fnevyeHne cbe cungeHadmn, oueHeH NHBa3MBHO Npu
nauMeHT cbC 3aBbplleHn etanu Ha Fontan-onepa-
uus 3a nepwuog ot 10 roguHm (o1 2010 go 2020 r.). Mpwm
n3crieqBaHuTe Aela e npunarad cungeHadun B Aosa
0,5-1,0 mg/kg/24 h npu Terno nog 10 kg, 3 x 10 mg npu
Terno ot 10 go 20 kg 1 3 x 20 mg npwu Terno Hag 20 kg.
MHBa3nBHM ouEHKN Ha XxemodnHamMmmKaTa ca OCbLUecT-
BEHW MO NPOTOKON NPeAun cCTapTMpaHe Ha NEYEHNETO U
B X04a Ha npocriegsasaHeTo. [pn BCUYKM n3cnensaHu
Jeua e B3eT0 MHAOPMMPaHO CbInacue oT pogutenure.
Mpu n3cnegBaHeTo NauMeHTUTe Hag 3-rogulHa Bb3-
pact ca 6unM Ha CNOHTAHHO OULIAHE C NapuHreanHa
Macka 1 atMocdepeH Bb3ayx, a Te3n nog 3-roguiiHa
Bb3pacT ca UHTYOUpaHu 1 BeHTunmpanu ¢ Fi02 — 0,21.
[Mpy BCMYKM NaumMeHTVM e npunaraH xenapuH B J03a
100 Ul/kg i.v. UsBbpLuBaHu ca AsicHa v nsiBa CbpaeyHa
kateTepusaumsa. MaHoOMeTpuuTe M OKCUMETpUUTE ca
ocblLecTBsiBaHM B 6asanHu ycrnosus (Npean aHrmokap-
avorpadckute nscneaBaHus). XeMoguHaMmmyHUTE na-
pameTpu ca usdmncnssaHu no popmynara Ha Fick. Kuc-
riopogHaTa KOHCymauus e onpegernsiHa no Homorpama.
Mpu nauneHTuTe crieg Fontan-onepauusa HAMa JocTbn
0o 6enogpobHMTE BEHU, NOpaAmM KOETO KMcnopogHara
caTypauus B 6enogpobHa BeHa yCrnoBHO € npueTa 3a
paBHa Ha 95% mnn paBHa Ha aopTHaTa, ako cbluaTa €
Hag 95% [7-9]. Nopagn nuncata Ha JOCTBbMN A0 NSBOTO
Npeacbpane HansraHeTo B HErO e NPUETO 3a paBHO Ha
BKIMMHEHOTO MyNMOKanNWNApHO HansraHe Unu kamep-
HOTO TeNeamacTonHO HansraHe.

fenestrated. The criteria for inclusion in the study were:
(1) completed stages of Fontan palliation, (2) at least
two invasive hemodynamic studies (before and after
initiation of sildenafil therapy), (3) sildenafil administra-
tion over 6 months.

The mean age of the patients at the time of Fontan
surgery was 4.39 £ 1.70 years. The mean age at initi-
ation of sildenafil treatment was 6.61 + 4.50 years (1.5
to 16.7 years). The interval between surgery and the
start of treatment was from 1.14 years before surgery
to 8 years after surgery (3.8 + 2.6 years). In 6 children
the therapy was started before the total cavopulmonary
anastomosis (TCPC).

Fourteen (53.8%) of the children had a morpholog-
ically right single ventricle, and in 12 (46.2%) the mor-
phology was left ventricular.

In 10 children (38.46%) pre-Fontan palliation was
pulmonary artery banding, in 12 (46.15%) there was a
previous systemic-to-pulmonary artery shunt, and in 4
(15.38%) there was no previous surgery.

Methodology

An open-label, non-randomized, prospective study
was performed on the hemodynamic effect of silde-
nafil treatment evaluated invasively in patients with
completed stages of Fontan surgery for a period of 10
years (from 2010 to 2020). Sildenafil at a dose of 0.5-
1.0 mg/kg daily in children with a weight of less than
10 kg, 10 mg t.i.d. in patients with a weight of 10 to
20 kg, and 20 mg t.i.d. in cases with a weight of more
than 20 kg was administered. According to a protocol,
invasive hemodynamic assessments were performed
prior to treatment initiation and during follow-up. In-
formed consent was obtained from the parents of all
children examined. In the invasive study, patients over
3 years of age maintained spontaneous breathing with
a laryngeal mask and atmospheric air, and those un-
der 3 years of age were intubated and ventilated with
FiO2 of 0.21. To all patients, heparin was administered
intravenously at a dose of 100 IU/kg. Right and left car-
diac catheterizations were performed. Manometry and
oximetry examinations were performed under basal
conditions (before angiocardiographic examinations).
Hemodynamic parameters were calculated using the
Fick formula. Oxygen consumption was determined by
nomogram. In Fontan patients, there is no access to
the pulmonary veins and oxygen saturation in this part
of the vascular bed is assumed to be 95% or equal to
the aortic saturation if it is above 95% [7-9]. Due to the
lack of access to the left atrium, mean atrial pressure
is assumed to be equal to wedged pulmonary capillary
pressure or ventricular end-diastolic pressure.
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OueHsBaHu ca cnegHuTe XeMmognHaMnyHM nokasa-
Tenm:

e CpefHo kaBonynmoHarnHo Hansaraxe (KrMH)

e benogpobHo cbaoBo cenpoTtueneHune (BCC)

e [lepudepHo cbaoBo cenpotueneHune (MNCC)

e benogpobeH kpbBOTOK (QP)

e CuctemeH KpbBOTOK (QS)

e OTHOWweHne 6GenogpobeH/cncTeMeH KpPbBOTOK
(Qp/Qs)

e CuctemHa kucnopogHa cartypauus (SatO,)

MNokasaHusiTa 3a 3anoyBaHe Ha Tepanus CbC CUM-
aeHadun ca ounu:

e KaBonynmoHanHo HanaraHe Hag 15 mm Hg npu
HEMOBWLLEHO KaMEPHO TENEeANacToNHO HansaraHe.

e HebGnaronpusatHa esontouns creg Fontan-one-
pauusi ¢ n3gBa Ha NnacTuyeH OPOHXMT wMnu npoTe-
WH-ryBeLlla eHTeponaTusl.

Cratuctuyecka o6paboTka Ha AaHHUTe

3a ctatuctnyecka obpabotka Ha AaHHWUTE OT Npo-
YYBaAHETO € W3MOoMn3BaH cTatucTuyeckm naker SPSS
21.0 3a Windows. [aHHUTe ca npencraBeHu KaTto
CpenHn CTOMHOCTW + CTaHAapTHO OTKMOHEeHWe (mean
+ SD). lNonyyeHnTe pesyntatv ca AageHun kato abco-
MNIOTHU CTOMHOCTU MU OTHOCUTENHM YecToTu (MpoueH-
). lMpunaraHn ca gucnepcuoHeH aHanm3 (ANOVA,
Analysis of variance) n T-TecT 3a ABe He3aBUCUMU U3-
Bagku (Independent samples T-test). OcbLluecTBeHa e
npoBepka 3a HOPMarnHOCT Ha pasnpeaeneHneTo Ha Ko-
nuyecTBeHWTe npomeHnMen no Kolmogorov-Smirnov
n Shapiro-Wilk. N3BbplieHa e npoBepka 3a Hanuyve
Ha CTaTUCTMYECKM 3HAYMMa Kopenauus C U3nonsea-
He Ha KoeduumeHTa Ha kopenaumsa Ha Pearson. M3-
NOM3BaHOTO KPUTUYHO HMBO Ha 3Ha4dmmocT e a = 0,05,
KaTo CbOTBETHATA HyreBa XunoTe3a ce OTXBbPrs Mpu
p-CTOMHOCT < . YcTaHoBsiBaHaTa Kopenauus Gelue
KnacuduympaHa Kato MHOroO HWcKa npu koeduuneHT
Ha kopenauus r ot 0 go 0,19, Hucka npwu r ot 0,20 go
0,39, ymepeHa — ot 0,40 go 0,59, Bucoka — ot 0,60 go
0,79 n mHoro Bucoka — ot 0,80 go 1,0.

PE3YNTATH

KaBonynmoHanHoO HansiraHe. YCTaHOBU ce CTa-
TUCTUYECKM 3HAYMMO MOHWXKEeHue Ha cpegHoTto KIMH
oT 16,58 + 1,88 mm Hg go 13,80 + 2,20 mm Hg (P
< 0,001) (®wur. 1, Tabn. 2). MNpu 6 geua c KIMNH Hag 15
mmHg ©n TpaHcnynMoHaneH rpagneHt Hag 6 mmHg
npy KOHTpOSHaTa KateTtepusauus KbM Tepanusta ce
£o6aBuv 1 BTOpW NyrnMoHarneH Basogunararop (eHgorte-
NIMHOB MHXMBUTOP) — BO3EHTaH.

Benoppo6Ho cbAoOBO chnpoTuBneHue. 3uumc-
neHoto BCC npean npunoxeHve Ha cungeHadpun e
2,02 £ 0,72 WU. lNo Bpeme Ha neveHmne cbC cungeHa-
dun 10 e 1,42 £ 0,41 WU. YCTaHOBEHOTO MOHWXKEHNE

The following hemodynamic parameters were eval-
uated:

e Cavopulmonary pressure (CPP)

e Pulmonary vascular resistance (PVR, Rp)

e Systemic vascular resistance (SVR, Rs)

e Pulmonary blood flow (Qp)

e Systemic blood flow (Qs)

¢ Pulmonary-to-systemic blood flow ratio (Qp/Qs)

e Systemic oxygen saturation (SatO,)

The indications for sildenafil therapy initiation were:

e Cavopulmonary pressure above 15 mm Hg
with ventricular end-diastolic pressure in the normal
range.

e Unfavourable evolution after Fontan surgery with
plastic bronchitis or protein-losing enteropathy.

Statistics

The statistical software SPSS 21.0 for Windows
was used for the analysis of the survey data. Data
are presented as mean * standard deviation (mean
+ SD). The results obtained are presented as abso-
lute values and relative frequencies (percentages).
Analysis of variance (ANOVA) and T-test for two in-
dependent samples were used. The normality of the
distribution of the quantitative variable was checked
using Kolmogorov-Smirnov and Shapiro-Wilk meth-
ods. The statistical significance of the correlations
was checked using the Pearson correlation coeffi-
cient. The critical significance level used is a = 0.05,
and the corresponding null hypothesis is rejected at
p-value < a. The established correlations were clas-
sified as very weak (correlation coefficient r of 0 to
0.19), weak (r from 0.20 to 0.39), moderate (r from
0.40 to 0.59), high (r from 0, 60 to 0.79) and very
high (r from 0.80 to 1.0).

REsuLTS

Cavopulmonary pressure. A statistically signifi-
cant decrease in mean CPP from 16.58 + 1.88 mmHg
to 13.80 + 2.20 mmHg (p < 0.001) was found (Fig-
ure 1, Table 2). In 6 children with CPP over 15 mmHg
and transpulmonary gradient over 6 mmHg during the
control catheterization, a second pulmonary vasodila-
tor (endothelin inhibitor, bosentan) was added to the
therapy.

Pulmonary vascular resistance. The calculated
PVR before sildenafil therapy was 2.02 + 0.72 WU. Af-
ter treatment with sildenafil, it was 1.42 + 0.41 WU. The
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Ha BCC e ctatuctnyecku sHauumo (p = 0,001) (dwur. 2,
Tabn. 2).

CuctemMHa kucrnopogHa catypauus. CuctemHa-
Ta KMcnopogHa catypauusi HapacTBa CUrHUMUKAHTHO
oT 85,65 + 7,48% po 90,72 + 4,53%. PasznukaTta mex-
Ay pesynTatuTte No oTHoweHue Ha SatO, cblo e cTa-
TMcTUYeckn 3Hadmma (p = 0,005) (dur. 3, Tabn. 2).

OTHolweHne 6enogpobeH/CUCTEMEH KPBbBOTOK.
YCTaHOBUM Ce 3Ha4MMO HapacTBaHe Ha OTHoLleHneTo Qp/
Qs or 0,71 £ 0,21 Ha 0,83 £ 0,18 (p < 0,05) (Tabn. 2).

BenonpobeH KPbBOTOK. YCTaHOBU Ce TEHAEHUMUS
3a yBenu4yaBaHe Ha 6enogpobHMs KPbBOTOK NMpeau u
cnep npuroxeHne Ha cungeHadun, KosSTo He JocTura
CTaTUCTMYECKN 3HaYMMa CTOMHOCT — Npeau cungeHa-
dun — 2,66 = 0,59 I/min, cneng cungenadpun — 3,05 +
0,83 I/min (p = 0,06) (cbur. 4, Tabn. 2).

CuctemeH KpbBOTOK. Pasnukata B CUCTEMHUSA
KPBbBOTOK Npefun 1 crneq cungeHadun € MUHMMarnHa u
0e3 cTatucTuyecka 3Ha4MMOCT: nNpeaun cungeHadun —
3,69 £ 0,74 I/min, cnen cungeHacoun — 3,73 + 0,86 1/
min (p = NS) (dwr. 5, Tabn. 2).

Cavopulmenary pressure
{P = 0,001)

B Betorr uldenafil B ARy sikienahi

observed decrease in PVR was statistically significant
(p = 0.001) (Figure 2, Table 2).

Systemic oxygen saturation. Systemic oxygen
saturation increased from 85.65 + 7.48% to 90.72 +
4.53%. The difference between the results with respect
to SatO, was also statistically significant (p = 0.005)
(Figure 3, Table 2).

Pulmonary-to-systemic blood flow ratio. A sig-
nificant increase in Qp/Qs ratio from 0.71 + 0.21 t0 0.83
1 0.18 was established (p < 0.05) (Table 2).

Pulmonary blood flow. The pulmonary blood flow
showed a trend to increase which did not reach a sta-
tistically significant value (before sildenafil — 2.66 +
0.59 I/min, after sildenafil — 3.05 £ 0.83 I/min; p = 0.06)
(Figure 4, Table 2).

Systemic blood flow. The systemic blood flow
difference before and after sildenafil was minimal and
was not significant (before sildenafil — 3.69 + 0.74 I/min,
after sildenafil — 3.73 + 0.86 I/min; P = NS) (Figure 5,
Table 2).

Cavepulmonary pressure

Before widenalil Ailtee vildenatil

dur. 1. KaBO-I'IyJ'IMOHaJ'IHO HansraHe Npeau u cnep npunoxeHne Ha cungeHadun

Fig. 1. Cavopulmonary pressure before and after sildenafil treatment

Pulmanary vascular resistance

(P =0,001)

B Belore sidenafl B After widenafl

wur. 2. benoapobHO CbAOBO CLMNPOTUBMEHNE NPEAN U crieq,
neyeHvie Cbe cunaeHadun

Fig. 2. Pulmonary vascular resistance before and after
sildenafil treatment

Ouggen saturation
(P =0,005)

- o
ko o

B Bslorw uldenali B After wldeniafil

®ur. 3. KucnopogHa caTtypauuns Nnpeaun v cnep npunoxeHve
Ha cungeHadun

Fig. 3. Oxygen saturation before and after sildenafil
treatment
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Pulmonary blood flow
(P = 0,086)

E‘ | -
— ==

¢ |

B Bpfore sildenalil B ARer silderafil

dur. 4. BenoapobeH KPBBOTOK NPEAM 1 crep NpunoxeHve

Ha cungeHadun

Fig. 4. Pulmonary blood flow before and after

sildenafil treatment

Systemic blood flow

(P = N5}

B Before sildenafl B After sildenafil

®ur. 5. CuctemeH KpbBOTOK — NPeau 1 cneg npunoxeHvue
Ha cungeHadun

Fig. 5. Systemic blood flow before and after
sildenafil treatment

Tabnuua 2. XemoaMHaMU4HM NOKa3aTenu nNpu uscneaBaHuTe aeua
Table 2. Hemodynamic variables in the children studied

MNpepun cunpgexacun Before Cnepn cunpeHadun After
MNMoka3aTten sildenafil sildenafil p
Variable
CpeaHo +SD CpeaHo +SD
Mean Mean
KaBonynmoHanHo HansraHe (mm Hg)
16,58 1,88 13,80 2,20 < 0,001
Cavopulmonary pressure (mmHg)
BenogpobHo cbaoBo cwnpoTtunenerve (WU)
) 2,02 0,72 1,42 0,41 0,001
Pulmonary vascular resistance (WU)
CuctemHa kucnopogHa catypaums (%
. poa . ypauust (%) 85,65 7,48 90,72 4,53 0,005
Systemic oxygen saturation (%)
OTHolweHne 6enoapobeH/cucTeMeH KPbBOTOK
) . 0,71 0,21 0,83 0,18 <0,05
Pulmonary-to-systemic blood flow ratio
BenogpobeH kpbBOTOK (I/min)
. 2,66 0,59 3,05 0,83 NS (0,06)
Pulmonary blood flow (I/min)
CucTtemeH KpbBOTOK (I/min)
. ) 3,69 0,74 3,73 0,86 NS
Systemic blood flow (I/min)

®akmopu, noenusisauiu XxeMoOUHaMUYHUMe

rokasameru

Belle HanpaBeH aHanu3 Ha 3aBMCUMOCTTA Ha Xe-
MOAMHAMUYHUTE MoKasaTenu oT kKamepHaTa Mopdorno-
ra u oT TUna Ha NpeaxoXaallara Hameca.

KamepHaTta mopdonorus

[aHHuTe 3a xemoguHaMU4HUTE nNokasatenu npu ge-
LuaTta ¢ AecHoKaMepHa u neBokamepHa mMopdonorms ca
npegcraseHn B Tabnuua 3. Bue dmrypm 6 1 7 e nokasa-
Ha OuHaMyKaTa Ha KaBOMyrMOHAMHOTO HansraHe n be-
nogpobHOTO CbAOBO CHMNPOTUBIIEHNE MPU MEYEHNE ChC
cungeHadun B 3aBUCUMOCT OT KaMepHaTta Mopdosiorusi.

Factors affecting hemodynamic parameters

An analysis of the relation between the hemody-
namic parameters and the ventricular morphology and
the type of previous intervention was performed.

Ventricular morphology

The hemodynamic variables in children with right
ventricular and left ventricular morphology are present-
ed in Table 3. Figures 6 and 7 show the changes in
cavopulmonary pressure and pulmonary vascular re-
sistance during sildenafil treatment according to the
ventricular morphology.
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Tabnuua 3. XemoanHaMMYHM NoKa3aTenu nNpu geuarta ¢ AeCHOKamMmepHa u neBokamepHa mopdonorus
Table 3. Hemodynamic indices in children with right ventricular and left ventricular morphology

Mpeau cunpgenacpun Before

Cnep cunpgeHadun After

Significance of the RV to LV difference (P)

MokasaTen sildenafil sildenafil b
Variable CpenHo * SD CpenHo * SD
Mean * SD Mean * SD
KaBonynmMoHanHo HansaraHe (mm Hg) (OK)
16,87 + 1,92 14,14 + 2,28 <0,05
Cavopulmonary pressure (mmHg) (RV)
KaBonynmonanHo HansraHe (mm Hg) (J1K)
16,18 + 1,83 13,36 + 2,11 <0,05
Cavopulmonary pressure (mmHg) (LV)
3HauumocT Ha pasnukata JK/IJK (P)
NS NS
Significance of the RV to LV difference (P)
BenogpobHo ceaoso cunpotuenenve (WU) (OK)
2,14 £ 0,89 1,43 £ 0,49 <0,05
Pulmonary vascular resistance (WU) (RV)
Benoppo6Ho cbaoBo cenpoTtuenenve (WU) (JIK)
1,84 £ 0,37 1,39 £0,30 <0,05
Pulmonary vascular resistance (WU) (LV)
3HaummocT Ha pasnukata OK/JIK (P)
NS NS
Significance of the RV to LV difference (P)
CucTemHa kucnopopaHa catypaums (%) (OK)
- - 85,67 + 8,44 90,71 £ 4,81 NS (0,061)
Systemic oxygen saturation (%) (RV)
CuctemMHa kncnopogHa carypauus (%) (JIK)
- - 85,64 + 6,34 90,72 +£ 4,38 <0,05
Systemic oxygen saturation (%) (LV)
3HaummocT Ha pasnukata OK/JIK (P)
NS NS
Significance of the RV to LV difference (P)
OTHowweHne 6enogpobeH/cuctemeH kpbaoTok (OK)
- - 0,69 £ 0,25 0,79+0,17 NS
Pulmonary-to-systemic blood flow ratio (RV)
OTHowweHwne 6enogpobeH/cuctemeH kpbaoTok (J1K)
- - 0,73+0,16 0,88 +0,18 <0,05
Pulmonary-to-systemic blood flow ratio (LV)
3HaummocT Ha pasnukata OK/JIK (P)
NS NS
Significance of the RV to LV difference (P)
BenogpobeH kpbeoTok (I/min) (OK)
2,60 £ 0,49 2,87 £0,92 NS
Pulmonary blood flow (I/min) (RV)
BenogpobeH kpbeoTok (I/min) (1K)
2,75+0,70 3,28 £ 0,66 NS
Pulmonary blood flow (I/min) (LV)
3HaunmocT Ha pasnukata JK/JIK (P)
— - NS NS
Significance of the RV to LV difference (P)
CuctemeH kpbBoToK (I/min) (OK)
- - 3,58 £ 0,64 3,68 £ 0,96 NS
Systemic blood flow (I/min) (RV)
CuctemeH kpbBoTOK (I/min) (JIK)
- - 3,83+0,87 3,79+0,74 NS
Systemic blood flow (I/min) (LV)
3HaummocT Ha pasnukarta OK/JIK (P)
NS NS

IK/ RV — JecHokamepHa mopdonorusa Ha cuctemHata kamepa / Right ventricular morphology of the system ventricle (n = 14; 53.8%); JIK / LV

— NeBokamepHa Mopdonorus Ha cucteMHata kamepa / Left ventricular morphology of the system ventricle (n = 12; 46.2%)
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®ur. 6. KaBonynmMoHarHo HansiraHe B 3aBUCUMOCT OT kamepHaTa Mopdornorus (npeav v cref npunoXxeHne Ha cungeHadun.
[l — necHokamepHa mopdornorus, J1 — neBokamepHa mopdonorns

Fig. 6. Cavopulmonary pressure depending on ventricular morphology (before and after sildenafil administration. RV — right ventricular
morphology, LV — left ventricular morphology
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®ur. 7. benoapo6HO CbAOBO CLMNPOTUBMEHNE B 3aBUCUMOCT OT kKamepHaTa Mopdonorns — Npeau 1 crea npurioxeHne Ha cungeHadun.
[0 — NecHokamepHa mopdonorus, J1 — JleBokamepHa Mmopdonorus

Fig. 7. Pulmonary vascular resistance by ventricular morphology (before and after sildenafil treatment). RV — Right ventricular morphology,
LV — Left ventricular morphology

CpaBHeHMeTO Ha feuarta C gecHokamepHa u ne-
BOKamepHa Mopdornorns He nokasa 3HavvMmMa pasnuvka
B M3crnedBaHNTE XEeMOAMHAMWYHW napaMeTpy mexay
Te3u ABe rpynu, T.e. NpoMsHaTa Ha XeMOgUHaMUYHUTE
nokasartenu npu riedeHune cbe cungeHadun npy Hawm-
Te NaumMeHTU He Nokasa 3aBUCUMOCT OT TuNna Ha Kamep-
HaTa Mopdonorns.

XemoduHamMuyHU rnokasamersnu crioped murna

npe-Fontan nanuayus

B T1abn. 4 ca npeacraBeHn xeMoagnHaMUYHUTE Mo-
Kasatenu npegu u crnep nedeHune cbe cungeHadpun B
3aBMCUMOCT OT Tuna npe-Fontan nanwauus. MNpu cpas-
HeHue Ha Jdeuara c npegxoxaaw, 6eHAHT 1 Tean Cbe
CUCTEMHO-NYNIMOHAMNEH LWBHT yCTaHOBEHAaTa pasnuka
B OTAENTHUTE XEMOANHAMMYHM NoKasaTenu € HeCUrHu-
dukaHTHa. WM3knioveHne e 06enogpobHUAT KPbBOTOK

The comparison of children with right ventricular
and left ventricular morphology did not show a sig-
nificant difference in the studied hemodynamic vari-
ables between these two groups (P = NS), i.e. the
change in hemodynamic parameters during sildenafil
treatment does not depend on the type of ventricular
morphology.

Hemodynamic parameters by types of pre-Fontan

palliation

Table 4 presents the hemodynamic indices before
and after sildenafil treatment by types of pre-Fontan
palliation. Comparing children with previous banding
and those with systemic-to-pulmonary artery shunt,
the established difference in the individual hemody-
namic parameters is insignificant. An exception is the
pulmonary blood flow after sildenafil treatment, which
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crneq neyeHwe cbC cungeHadurn, KOUTO € 3Ha4YnuMmo
no-ronsiM nNpu geuara ¢ Npeaxoxpall, CUCTEMHO-MyM-
MOHareH WHHT B CPaBHEHWE C Te3n C Npeaxoxaall
oengur (p < 0,05).

3asucumocm mexdy npomeHuUme

Ha xeMoOUHaMuyHUMe rokasameru

Mpu nekyBaHuTe cbC cungeHadun geua ce ycra-
HOBWXa CrefHUTE 3HaYUMMK Kopenauum Mexay peruc-
TPUPaHWUTE NPOMEHN HA XEMOAUHAMUYHWUTE MoKasaTe-
nn (Tabn. 5):

e [lpomsHa Ha BCC kbm npomsiHa Ha Qp [ARp
(-0,61 £ 0,61 WU) kbm AQp (0,41 £ 0,99 mI/min)] —r =
-0,492; P < 0,05.

e [lpomMsiHa Ha oTHoweHneTo Qp/Qs KbM NpoMsiHa
Ha SatO, [AQp/Qs (0,11 + 0,20) kbm ASatO2 (5,07 +
6,61)] —r=0,475; P < 0,05.

Mpu cnegHata kopenauus e Hanuue TeHaeHUMs
KbM 3HAYMMOCT:

e AQp (0,41 £ 0,99 ml/min) / npomsaHa Ha KIH
(ACPP; -2,76 + 2,65 ml/min) —r = 0,389; P = 0,06.

is significantly higher in children with a previous sys-
temic-to-pulmonary artery shunt than in those with a
previous banding (p < 0.05).

Dependence between changes in hemodynamic

parameters

In sildenafil treated children, the following signifi-
cant correlations were found between the changes in
hemodynamic parameters (Table 5):

e Change of Rp to change of Qp [ARp (-0.61
0.61 WU) to AQp (0.41 = .99 ml/min)] —r =-0.492; P
< 0.05.

e Change in the Qp/Qs ratio to change in SatO,
[AQp/Qs (0.11 £ 0.20) to ASatO2 (5.07 + 6.61)]—r=
0.475; P < 0.05.

The following correlation tends to a significant
level:

e AQp (0.41 = 0.99 ml/min) / change in CPP
(ACPP; -2.76 + 2.65 ml/min) —r = 0.389; P = 0.06.

Tabnuua 4. XemoanHaMuy4Hu nokasaTtenu cnopepg tuna npe-Fontan nanvauusa

Table 4. Hemodynamic parameters by types of pre-Fontan palliation

Mpeav cunaeHadun Cnep cungeHadun
MokazaTten Before sildenafil After sildenafil p
Variable CpeaHo * SD CpenHo * SD
Mean = SD Mean + SD
KaBonyrnmMoHanHo HansraHe (mm I-lg) 1710 £ 2,92 14,00 + 2,44 <0,01
Cavopulmonary pressure (mmHg)
KaBonynmoHanHo HansraHe (mm Hg) **
Cavopulmonary pressure (mmHg) ** 16,17 £1,85 13,27 £2,15 <005
3HaunmocT Ha pasnukara */** (P) NS NS
Significance of the */** difference (P)
Benogpo6bHo cbaoso cbnpotuenerHne (WU) *
Pulmonary vascular resistance (WU) * 2,36 0,96 1,56 £0,51 <0,05
BenoapobHo cbaoBo C'I:?HpOTVIBneHVIe*(WU) 178+0,33 1314028 <005
Pulmonary vascular resistance (WU)
3HaummocT Ha pasnukara */** (P) NS NS
Significance of the */** difference (P)
CuctemHa kucnopogHa carypaums (%) *
Systemic oxygen saturation (%) * 82,3+7,36 90,0 5,08 <0,05
0, *k
Cuctemra kicniopoaa carypauvs (%) 87,0 + 7,31 91,36 + 3,91 NS (0,093)
Systemic oxygen saturation (%)
3HaummocT Ha pasnukara */** (P) NS NS
Significance of the */** difference (P)
OTHolweHne 6enogpobeH/cncTemMeH KpbBOTOK *
Pulmonary-to-systemic blood flow ratio * 062+0,26 0.79+0,19 NS
OTHowweHwne 6enogpobeH/cncTeMeH KpbBOTOK **
Pulmonary-to-systemic blood flow ratio ** 0,77 £0,16 088017 NS
3HaummocT Ha pasnukara */** (P) NS NS
Significance of the */** difference (P)
BenoppobeH kpbBoTOK (I/min) *
Pulmonary blood flow (I/min) * 250055 255050 NS
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MpoabmkeHune Ha Tabn. 4 / Continuation of table 4

BenoppobeH kpbBOTOK (I/mMin) **

Pulmonary blood flow (I/min) ** 2,74 £064 330+0.67 NS (0,054)
3HaunmocT Ha pasnukara */** (P)

Significance of the */** difference (P) NS <0,05

CwuctemeH kpbBoTOK (I/min) *

Systemic blood flow (I/min) * 363037 3.35+0,86 NS
CucTemMeH KpbBOTOK (I/min) **

Systemic blood flow (I/min) ** 359075 379071 NS
3HaummocT Ha pasnukara */** (P) NS NS

Significance of the */** difference (P)

* MNpepxoxpgawy 6eHamHr / Previous banding (n = 10; 38,46%)

** MNpepxoxaall, CMCTEMHO-NYyNMOHaneH LWsHT / Previous systemic-to-pulmonary artery shunt (n = 12; 46,15%)

Tabnuua 5. 3aBUCMMOCT MeXay NPOMeHUTE Ha XeMOAUHaAMUYHUTE NoKa3aTenu
Table 5. Dependence between changes in hemodynamic parameters

Mokasatenu KoedwuumeHT Ha kopenaums (r) 3HauumocT (P)
Variable Correlation coefficient (r) Significance (P)
ARp / AQp - 0,492 <0,05
AQp:Qs / ASatO2 0,475 <0,05
AQp / ACPP 0,389 0,06

lNpocnedsisaHe Ha uscrnedsaHume deua

Mpw HUTO edHO OT AeuaTa He ca HabnogaBaHu cTpa-
HUYHW ebekTIn, Hanaralm CnMpaHeTo Ha cungeHadgun.
Mpwn OoBe oT geuarta perncTpupaHuTe XeMoaMHaAMUYHU
[aHHM Mo3BOMnmMxa crnupaHe Ha nedeHueto. [iBama oT
npocreasiBaHNTe NaLVeHTH ca C NPOTeNH-TybeLLa eHTe-
ponaTtusi, pa3suna ce criegonepaTMBHO, U NPUNOXeEHNE-
TO Ha cungeHadun nogobpu xoda Ha bonectta u Yec-
ToTata Ha peunameute. Npu 6 geua, Npy KOUTO B Xoaa
Ha npocreasiBaHeETO Ce YCTaHOBM NUMCa Ha 3HAYMMO
noenusaeaHe munu nosullasaHe Ha KIMNH, kbm TepanusaTa
ce nobaBy BTOpW CEMNeKTUBEH MyNMOHaneH Basoguna-
Tatop — 603eHTaH. XeMognHaMnYHUTEe OaHHW cried 3a-
no4BaHe Ha D03eHTaH He ca BKITHYEHM B MPOYYBaHETO.
EQHo oT geuarta novmHa OT YCNOXHEHMS Ha MnacTuyeH
©poHxuT, gebrotnpan cneg Fontan onepauusTa.

OBCBXAOAHE

Mpu Fontan-umpkynaumnsa nuncea cybnynmoHan-
Ha u3nomMnBeala kamepa u Huckoto BCC e oT kpu-
TWYHO 3Ha4YeHue 3a ageKkBaTHOTO MbJIHEHE Ha eguH-
CTBEHaTa kKamepa W CbOTBETHO — 3a MNoAadbpxaHe
Ha cbpaedHus aebut [10-12]. Pesyntatute oT Ha-
LIeTO nNpoy4BaHe nokasaxa, Ye feyeHueTo CbC CUM-
AeHadun npu nauMeHTn CbC 3aBbplLUeHM eTanu Ha
Fontan-onepauns uma GnaronpuaTeH edekT Bbpxy
XemoanHamMmukaTa.

Follow-up

No side effects requiring discontinuation of
sildenafil were observed in any of the children.
In two of them, the hemodynamic data allowed
treatment discontinuation. Two of the patients
followed-up had postoperative protein-losing en-
teropathy, and sildenafil administration improved
disease progression and recurrence rates. In six
children without significant improvement or show-
ing CPP elevation, a second selective pulmonary
vasodilator (bosentan) was added. Hemodynamic
data after initiation of bosentan were not included
in the study. One of the children died from compli-
cations of plastic bronchitis, which debuted after
Fontan surgery.

DiscussION

In Fontan circulation lacks a subpulmonary pump-
ing chamber and low PVR is critical for adequate fill-
ing of the single ventricle, hence, for maintaining car-
diac output [10-12]. The results of our study showed
that sildenafil treatment in patients with completed
Fontan surgery stages has a beneficial effect on he-
modynamics.
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Fontan-onepaumata e cTaHgapTHO XUPYPru4HO
rniedyeHne npu geua ¢ KOMMNEKCHM BPOAEHM CbPAEYHM
MandopMaLmm, Npyu KOUTO AByKamepHa KOpPEKUUsl He
e Bb3moOXxHa. CnegonepatuBHuTe pe3yntatn OOKK-
HOBEHO ca J00pu, HO MpU HSAKOW MaLMEHTU C BPEME-
T0 Fontan-uupkynauusata gekomneHcupa [13-15]. Mo
OaHHW Ha Levy u CbTp. NpU XMCTOMOPEONOrMYHO U3-
cnefBaHe Ha GuorncuyeH martepuan OT Aeua C efHo-
kamepHa dwmsmonorus (Npegu n cnep Fontan) ce ot-
KpvBa xuneptpodus Ha Meansata B NPOKCUMAITHUTE U
OncTanHuTe NynMOHanHW apTepuu, KaTo HaxogkaTta e
abHopmHa gaxe npu 51% OT nauneHTMTe C HUCKO Nyn-
MOHarHo HansraHe. ABTOp/TE YCTaHOBSABAT EKCTEH3MS
Ha rMagKoOMYCKYIHUW KNETKM B MHTPaauuHapHUTE Cbao-
BE BbB BCMYKU Cly4aun C paHeH HebnaronpusaTeH naxon
cnepq Fontan-onepauus [16]. MNMpn Fontan-nauneHTtn ¢
HebnaronpusiTHa xemoanHamuka Ishida n cbTp. Hamm-
paT 3Ha4MTemnHo yBenuyeHa gebenuHa Ha cTeHaTta Ha
npokcumanHute 6enoapobHu aptepun (> 200 um), kak-
TO M Ha MHTpaauuHapHute aptepun (50-200 um). Mpwn
TSX MankuTe MyCKyIHM apTepun nokaseaTt He camMo Me-
aunanHa xuneptpodus, HO 1 Texko 3agebensisaHe Ha
nHTmara [13]. MNMpu naumeHTn, NoYnHanNM No Bpeme Ha
unn pado cneq Fontan-onepauwns, Ridderbos u cbTp.
yCTaHoBsABaT no-ronsama gebenvHa Ha cteHaTta Ha WH-
TpaauvHapH/WTe CbOOBe, ObfKalla ce Ha yBenuyeHa
MyCKynapusaums Ha meausaTa, 6e3 npugpykasalla uH-
TManHa nponudepaums n gudposa. Tean npomeHu
oTpassBaT BeposATHO abHopMHaTa npegonepaTyMBHa
XemoauHamuka ¢ yBernmyeH nyriMoHaneH KpbBoToK. 3a
pasnuka oT TOBa, NauMeHTUTe, NoYMHann ObAro cneg
Fontan-onepauus, noka3BaT CbBbLPLUEHO PA3NUYHU
fenesn Ha HebnaronpuaATHO MyrIMOHANHO CbAOBO pe-
mMogenupaHe. Te CbLLO ca ¢ yBenudeHa gebenuHa Ha
WHTpaauuMHaHnTe CbAOBe, HO BCMNEACTBME Ha 3aryba
Ha CbOOBUWTE MMagKOMYCKYMNHUW KNEeTKM B MegusTa u Ha-
nymne Ha n3paseHa ekcUueHTpUYHa uHTMMarnHa punbpo-
3a [6]. Tean gaHHM Bmxa Mornu ga obsicHAT obpus oT-
roBop Ha feuata ¢ Fontan-umpkynaums Kbm nedyeHve
C WHXMbUTOpKU Ha docdoanecTepasa-5, KOUTo umat
BasoaunatatmeeH edeKkT MnocpeacTBOM LeNCTBMETO
CWN BbPXY rMagKoMYCKYMNHUTE KIMeTKWU, U He3aaoBOosu-
TenHUsA eekT OT MOHOTepanus Cbe cungeHadun npu
Bb3PACTHW NaLMEHTU, NPU KOUTO CyOCTpaThbT 3a NOBU-
weHune Ha BCC e nHTMManHa nponudepauums.

CunpgeHadmnbT e nHxmnbutop Ha docdogunecTe-
pasa-5, yyacTBalla B pasrpakgaHeTo Ha LUMKAMYHMWSA
ryaHosnHmoHodocdat (cGMP) B rmagkomMyCKynHuTe
KneTkn. LUMKNnYHnAaT ryaHosnmHmoHodoocat npegms-
BMKBa penakcauus Ha Te3u KIeTKM U CbOTBETHO —
Basoaunataums B 6enogpobHo cbaoso pycno. OT ceos
cTpaHa, obpasyBaHeTo Ha cGMP ce cTumynupa ot aso-
TeH okuc [17]. CungeHadunbT NoBnMsiBa eHAOTENHNSA
NO-nbT ype3 notuckaHe Ha docdoanecTepasa-5 un
CbOTBETHO nosuLleHne Ha cGMP [18]. Ton nma n an-

Fontan surgery is a standard surgical treatment
for children with complex congenital heart defects,
in which two-ventricle repair is not possible. The
postoperative results are usually good, but in some
patients, Fontan circulation eventually fails [13-15].
Levy et al. reported that the histomorphological ex-
amination of biopsy specimens from children with
single ventricle physiology (before and after Fon-
tan) revealed medial hypertrophy in the proximal
and distal pulmonary arteries, and the finding was
abnormal even in 51% of patients with low pulmo-
nary pressure. The authors found smooth muscle
cell extension in intraacinar vessels in all cases of
early adverse outcome after Fontan surgery [16].
In Fontan-patients with unfavorable hemodynam-
ics, Ishida et al. found significantly increased wall
thickness of both the proximal pulmonary arteries (>
200 ym) and the intraacinar arteries (50-200 pm). In
these patients, the small muscular arteries showed
not only medial hypertrophy but also severe thick-
ening of the intima [8]. In patients who died during
or early after Fontan surgery, Ridderbos et al. found
greater wall thickness of the intraacinar vessels due
to increased medial muscularization, without ac-
companying intimal proliferation and fibrosis. These
changes probably reflect abnormal preoperative he-
modynamics with increased pulmonary blood flow.
In contrast, patients who died long after Fontan sur-
gery showed completely different signs of adverse
pulmonary vascular remodeling. They also had an
increased thickness of intraacinar vessels, but due
to the loss of vascular smooth muscle cells in the
media and the presence of pronounced eccentric
intimal fibrosis [6]. These data could explain the
good response of children with Fontan circulation
treated with phosphodiesterase-5 inhibitors, which
have a vasodilative action through their effect on
smooth muscle cells, as well as the unsatisfactory
effect of sildenafil monotherapy in adult patients in
which the substrate of PVR elevation is intimal pro-
liferation.

Sildenafil is an inhibitor of phosphodiesterase-5
which mediates the cyclic guanosine monophosphate
(cGMP) degradation in smooth muscle cells. Cyclic
guanosine monophosphate causes relaxation of these
cells and, accordingly, vasodilation in the pulmonary
vascular bed. The cGMP production is stimulated by
nitric oxide [17]. Sildenafil affects the endothelial NO
pathway by inhibiting phosphodiesterase-5 and in-
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TunponudepatuBeH edekt B 6enogpobHOTO CbAOBO
pycno [19]. BasogunataTtuBHOTO M aHTunponudepa-
TMBHOTO AENCTBME Ha cungeHadwmna ca B OCHOBaTa
Ha MPUIOXEHWETO My MNPV NauMEHTU C NynMOHarnHa
XUMNEPTOHUS, KaKTo M Npu nauueHtn ¢ Fontan-umpky-
naums 1 NoBULLEHO KaBO-MYNMOHANHO HansiraHe.

Mpe32003r. npu naumeHTn KbCHO crnea Fontan-one-
paums Khambadkone n cbTp. gemMOHCTpupaxa 3Haum-
Ma 6enogpobHa cbaoBa BasogunaTaums B OTFOBOP Ha
BOMLIBaAHE Ha a30oTeH okuc [5]. [lo 2021 r. edekTbT Ha
docdoaunectepasHuTe MHXMbuTopu npm Fontan-na-
LUMEHTN € OUEHEH B OEeBeT MpOyYBaHWUs, Kato OT TAX
NpoyYBaHMsITa C UHBA3MBHA OLEHKA Ha XeMOAMHaMWU-
KaTa npv NpOObIHKUTENHO NPUIOXKEHNE HA CUIaeHa-
dun npy geua ca MU3KIMIYUTENHO Manko u OpodaTt Ha
BKITHOYEHUTE B NPOYYBaHUSATA NALUEHTUN CbLLO € MHOMO
orpaHunyeH [20]. MNpe3 2020 r. 3ano4Ha MHOFOLIEHTPO-
BO, PaHAOMM3NPaHo, ABONHO-CNANO, Nnauebo-KoHTpo-
nupaHo npoy4yBaHe Bbpxy edekTa Ha cungeHaduna
npyv NauueHTn ¢ egHOKaMepHa LMpKynauus, Lenswo
obxsallaHe Ha 06wwo 50 6onHu [21].

HawwuTe gaHHM nokaseaTt CUrHMUKAHTHO NMOHMXa-
BaHe Ha VMHBa3NBHO MU3MEPEHOTO CPEAHO KaBOoMyrmo-
HanHoO HansaraHe M Ha 6ernogpoBGHOTO CbAOBO CbLMPO-
TMBMEHWE NPY ObArOTPaNHO NPUITOXKEHME Ha cuUngeHa-
doumn. Tosm pesynTtaT CbOTBETCTBA Ha AaHHUTE Ha Mori
N CbTpP., KOUTO N3CNenBaT MHBA3NBHO edbekTa Ha cun-
AeHadmn npu naumeHTn crieg Fontan-onepauus Tpu
Mecela crnepg ctaptupaHe Ha Tepanuara [18]. TexHuTe
OaHHW NoKa3BaT NOHWXEHWE Ha CPeaHOTO KaBoMnyrMo-
HanHo HandraHe ot 15,9 + 44 mm Hg go 12,8 + 3,0
mm Hg, a Ha BCC ot 3,9 £+ 1,7 WU o 2,3 + 0,8 WU
[18]. Morchi n cbTp. CbLO ycTaHOBABAT CUTHUDUKAHT-
HO noHwxeHne Ha KIMH (ot 17,4 + 1,5 mm Hg go 13,8
+ 2.1 mm Hg) n BCC (o1 3,5 + 1,0 WU*m? go 2,0
0,4 WUem? npu neyeHune cbe cungeHadpun [22]. Tunks
N CbTp. U3cnefBaT MHBa3WBHO edhekTa Ha egHoKpaT-
HO BEHO3HO MPUIIOXeH cunaeHadun Npyu NauneHTn ¢
Fontan-umpkynaumsi, kato ycTaHOBSABaT 3Ha4MMoO Mo-
HWKeHne Ha nHaekcmpaHoto BCC — cpegHo ot 2,4 Oo
1,9 WU-m2 [10].

Mpn nscnegBaHMTe OT Hac NaUMEHTU cUCTeMHaTa
KMCNopoAHa caTypauusa HapacTBa 3Hadumo oT 85,65 +
7,48% 00 90,72 +4,53% (p = 0,005). NogobHn gaHHM 3a
SatO, cvobuwasat u Morchi n cbTp. — 82,8 + 7,3% npe-
av nedenneto n 91,0 + 5,5% cneg Hero (p = 0,017) [22].

Mo oTHOWeHne Ha BenuyuHata Ha 6enogpobHus
KPBbBOTOK HalMTe pes3ynTatv MokassaT TeHOeHUMs
KbM HapacTBaHe, KaTo NpoMsiHaTa He 4OocTura ctaTuc-
TUYECKN 3Ha4YMMa CTOMHOCT: npean — 2,66 + 0,59 I/min,
cneq — 3,05 + 0,83 I/min (p = 0,06). Giardini n cbTp.
n3cneaBart HeMHBa3MBHO GenogpobHMa KPpbBOTOK Mpu
Bb3pacTHW naumeHTn ¢ Fontan-umpkynauusa cneg ea-
HOKpaTHO MpuroxeHue Ha cungeHadun. ABtTopute yc-
TaHoBsIBaT 3HAYMMO No-ronsiM 6enoapobeH KpbBOTOK B

creasing cGMP [18]. It also has an antiproliferative
effect in the pulmonary vascular bed [19]. The vasodi-
latory and antiproliferative effects of sildenafil are the
rationale for its use in patients with pulmonary hyper-
tension, as well as in patients with Fontan circulation
and increased cavopulmonary pressure.

In 2003, in patients late after Fontan-operation
Khambadkone et al. demonstrated significant pulmo-
nary vascular vasodilation in response to nitric oxide
inhalation [5]. By 2021, the effect of phosphodiester-
ase inhibitors in Fontan patients has been evaluated in
nine studies. The studies with invasive assessment of
hemodynamics with long-term use of sildenafil in chil-
dren are extremely scarce and the number of patients
included in the studies is also very small [20]. In 2020,
a multicenter, randomized, double-blind, placebo-con-
trolled study on the effect of sildenafil in patients with
univentricular circulation was launched, targeting a to-
tal of 50 patients [21].

Our data showed a significant reduction of both
the invasively measured mean cavopulmonary pres-
sure and the pulmonary vascular resistance with the
long-term use of sildenafil. This result is consistent
with the data of Mori et al.,, who studied invasively
the effect of sildenafil in Fontan patients three months
after initiation of therapy [18]. Their data showed a
decrease in mean cavopulmonary pressure from 15.9
+ 4.4 mmHg to 12.8 + 3.0 mmHg and PVR reduction
from 3.9 £ 1.7 WU to 2.3 + 0.8 WU [18]. Morchi et al.
also found a significant reduction of CPP (from 17.4
+ 1.5 mm Hg to 13.8 + 2.1 mm Hg) and PVR (from
3.5 %+ 1.0 WUem? to 2.0 + 0.4 WU+m? during sildena-
fil treatment [22]. Tunks et al. invasively investigated
the effect of a single intravenous sildenafil dose in pa-
tients with Fontan circulation. They found a significant
decrease in average indexed PVR — from 2.4 WU+sm?
to 1.9 WU+=m? [10].

In our patients, systemic oxygen saturation in-
creased significantly from 85.65 + 7.48% to 90.72 +
4.53% (P = 0.005). Similar data regarding SatO, were
reported by Morchi et al. (82,8 £ 7,3% before treatment
and 91,0 = 5,5% after treatment; P = 0,017) [22].

Regarding the pulmonary blood flow, our results
showed an upward trend, with the change not reach-
ing a significant level: before — 2.66 £ 0.59 I/min, after
— 3.05 + 0.83 I/min (P = 0.06). Giardini et al. studied
non-invasively the pulmonary blood flow in adult pa-
tients with Fontan circulation after a single dose of
sildenafil. The authors found significantly greater pul-
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NMOKOW M Npy hU3NYeCKo HaToBapBaHe crieq NnpuemM Ha
MeankameHTa [23].

MopdonormyHo gscHaTa kamepa € He3aB/CUM He-
fnaronpuaTeH akTop MO OTHOLLUEHWE Ha MpeXMBsie-
MocTTa crnieq Fontan-onepauusi, BeposaTHO BcrieacTBre
Ha no-u3paseHa TEeHAEHLMS KbM pa3BuUTME Ha nporpe-
cunpawa AV knanHa nHcyduuneHUns 1 BrioliaBaHe Ha
kamepHaTta yHkuns [24]. Nopagun ToBa egHa oT uenu-
Te Ha npoyyBaHeTo bGelle ga ce cpaBHU eeKTLT Ha
cungeHadmn Bbpxy XeMOOUHAMUYHUTE MOKa3aTenu B
asete mopdonornyHn rpynu. Npu nscnegsaHuiTe na-
LUMEHTN HE HaMMpame 3HadMMa pasfnuka B OTroBopa Ha
MoaynMpaHaTta cbe cungeHadmn 6enogpobHa cbaoBa
PEeaKkTUBHOCT MeXAy MaunmeHTUuTe ¢ AACHO- UNN NeBo-
KamepHa mopdornorus Ha obiata kamepa. CbLuio Taka
HSIMa CbLLECTBEHA pasfnvKa B OTTOBOPa KbM MpUIoxe-
Hue Ha hocdoamnecTepasa-5 MHXMOUTOP B 3aBUCUMOCT
OT Tuna Ha npe-Fontan nanvauusaTa.

3AKINIOYEHUE

HawwuTe pesyntatm nokasaxa 3Ha4YMMO MOHWXKe-
HWe Ha KaBOMyJIMOHAITHOTO HansraHe n 6enogpobHOTO
CbOOBO CbMPOTMBIEHME, KaKTO U CUTHU(UKAHTHO Mo-
BMLLEHME HA CUCTEMHaTa KUCIOpOoAHa caTypauusi npu
naumeHTuTe crieg Fontan-onepauwusi, nekyBaHu ¢ nepo-
paneH cungeHadun. He ce yctaHoBM 3Ha4Mma pasnu-
Ka B XeMOOWHaMUYHUTE NoKa3aTenu B 3aBUCUMOCT OT
KamepHata mopdonorua U Tvna Ha npegxoxgawara
nanuauua. Fontan-nanuauusata e cpeq Han-3HauYnMu-
T€ XUPYPrUYHN NOCTUXKEHUS B NIEYEHNETO Ha NaLueH-
TnTe ¢ KomnnekcHn BCM ¢ doyHKUMOHaNHO eaHoKkamep-
Ha dmasmnonorus [14]. Tasm onepaumsa e eaMHcTBEHaTa
Bb3MOXHOCT 3a AbJITOrOAMLIHO NPEeXuBsiBaHe U Nodo-
OpsiBaHe Ha Ka4eCTBOTO Ha XXMBOT Ha TakvBa NauueH-
™. OCHOBHM XapakTepucTukmn Ha Fontan-uupkynaums
ca nuncaTa Ha cybnynmMoHanHa u3Tnackeaiia kamepa
N MAacMBHUAT TpaHCMyrNMOHAaNeH KPbBOTOK, 3aBUCUM
oT BCC, koeTo orpaHnyaBa afekBaTHOTO MbfHEHE HA
cucTeMHata kamepa. benogpoGHOTO cbOoBO pycro
[0 ronsima cTeneH e onpefensw, akTtop 3a MporHo-
3ata cnep Fontan-onepauus [25]. ®apmakonormyHoTo
noenusiBaHe Ha 6enoapobHNst CbOOB CTaTyC € BaXeH
efeMeHT B TepanudaTta Ha Te3u BonHu.

OrpAHUYEHUSA

HaweTto npoyyBaHe vMMa HSKOMKO OrpaHnyeHus.
To e egHOUEHTPOBO, OTKPUTO, HEPaHAOMMU3UPaAHO W
BKITHOYBa OTHOCUTENHO Manbk 6por naumeHTn 6e3 KoH-
TponHa rpyna. 3a BanuaupaHe Ha eheKTUBHOCTTa Ha
cvngeHaduna npu nauneHtn ¢ Fontan-umpkynaums B
cpaBHeHue c nnauebo vnm Apyrm nynMoHanHu Baso-
aunaratopy e HeobxoaMMO FoNsMO MHOFOLEHTPOBO,
paHOoMM3NpPaHo, KOHTPONMPAaHO NPoyYBaHe.

He e deknapupaH KOHGIUKM Ha uHmMepecu

monary blood flow at rest and during exercise after tak-
ing the drug [23].

The morphologically right ventricle is an inde-
pendent predictor for mortality after Fontan surgery,
probably due to progressive AV valve regurgitation
and deterioration of ventricular function [24]. There-
fore, one of the objectives of the study was to com-
pare the effect of sildenafil on hemodynamic indices
in the two morphological groups. In our patients, we
did not find a significant difference in the response
of sildenafil-modulated pulmonary vascular reac-
tivity between patients with right or left ventricular
morphology of the single ventricle. There was also
no significant difference in the response to phos-
phodiesterase-5 inhibitor depending on the type of
pre-Fontan palliation.

CONCLUSION

Our results showed a significant decrease in cavo-
pulmonary pressure and pulmonary vascular resis-
tance, as well as a significant increase in systemic ox-
ygen saturation in patients after Fontan surgery treated
with oral sildenafil. No significant difference in hemody-
namic parameters was found depending on the ventric-
ular morphology and the type of the previous palliation.
Fontan palliation is one of the most significant surgical
achievements in the treatment of patients with complex
CHDs with single ventricle physiology [14]. This oper-
ation is the only opportunity for long-term survival and
improvement of the quality of life of these patients. The
main features of this circulation are the lack of a sub-
pulmonary pumping chamber and the passive transpul-
monary blood flow dependent on the PVR, which limits
the adequate filling of the systemic ventricle. The pul-
monary vascular bed is largely a determining factor for
the prognosis in patients with Fontan circulation [25].
An important component of the treatment of these pa-
tients is the pharmacological modulation of the pulmo-
nary vascular bed.

LIMITATIONS

Our study has several limitations. It is a single-cen-
ter, open-label, nonrandomized study, and includes a
relatively small number of patients without a control
group. A large multicenter, randomized, controlled tri-
al is needed to validate the efficacy of sildenafil in pa-
tients with Fontan circulation compared to placebo or
other pulmonary vasodilators.
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