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Take Home Points:
· Six months treatment with long-acting PDE5-inhibitor Udenafil resulted in a small but non-significant increase in peak VO2 (primary outcome) in adolescents with single ventricle congenital heart disease and Fontan circulation
· Small significant improvements of uncertain clinical significance were seen in a range of secondary outcome measures of submaximal exercise at the ventilatory anaerobic threshold
· Albeit an essentially negative study, this is an excellent large, prospective, double-blind, randomized, multi-centre, placebo-controlled study which offers invaluable information for clinicians treating people with Fontan circulation.
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Commentary from Dr. Timothy Roberts (Melbourne), section editor of ACHD Journal Watch: 

Background
In the Fontan circulation, pulmonary blood flow is dependent on low pulmonary vascular resistance to maintain sufficient single ventricle preload. Adolescents have reduced exercise capacity relative to healthy peers, and this difference is accentuated over time and associated with an increased rate of hospitalization and heart failure symptoms. Previous studies evaluating pulmonary vasodilator therapy have reported mixed results. The aim of the Fontan Udenafil Exercise Longitudinal (FUEL) study was to evaluate the effect of long-acting PDE5-inhibitor udenafil on exercise performance and a range of cardiovascular and functional outcomes in adolescents with Fontan circulation over a six-month period.
Methods
Patients aged between 12 and 18 years who had undergone Fontan palliation and were not prescribed a PDE5-inhibitor were eligible for enrollment. Exclusion criteria comprised severe ventricular dysfunction, severe atrioventricular valve regurgitation, and a previous VO2peak less than 50 % predicted.
Enrolled participants were randomized in a 1:1 fashion to udenafil or placebo in a double-blind manner. Baseline investigations included measurement of brain-type natriuretic peptide (BNP), cardiopulmonary exercise testing (CPET), echocardiography, and assessment of peripheral vascular function using peripheral arterial tonometry (PAT). Maximal effort in the CPET (defined by respiratory exchange ratio > 1.1) was required prior to randomization and commencement of drug therapy.
The primary outcome was the between group change in oxygen consumption at peak exercise (VO2). Secondary exercise outcomes included additional between group changes at maximal exertion and submaximal exercise (ventilatory anaerobic threshold). Secondary clinical outcomes were the between group differences in change in the echocardiographic-derived myocardial performance index (MPI), change in the PAT-derived measure of peripheral vascular function log-transformed reactive hyperemia index (lnRHI), and change in log-transformed serum BNP level.
The study was powered correctly using historical data for CPET outcomes and used appropriate statistical techniques for analysis.
Results
Patient demographics are summarized in table 1 (below). A total of 400 subjects were recruited, with male predominance and mean age 15.5 years.
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Resting, submaximal and peak exercise data are summarized in table 2 (below):
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Peak VO2 at maximal exertion increased 44 ml/min (2.8 %) in the udenafil group as compared to a marginal decline in the placebo cohort (-3.7 ml/min, -0.2 %) which did not reach statistical significance (P=0.071). VO2 was able to be calculated at anaerobic threshold in 317 subjects; in this subset there was a statistically significant increase in VO2 in the udenafil group (33 ml/min, 3.2 %) as compared to a reduction of 9 ml/min (-0.9 %) in the placebo group (P=0.012). Ventilatory efficiency (VE/VCO2) improved marginally while work rate also improved in the udenafil group (+3.8 METS vs. +0.34 METS; P=0.021). There were no significant changes in secondary clinical endpoints.
[bookmark: _GoBack]Discussion
While the small increase in peak exercise VO2 failed to reach statistical significance, the authorship group contend that peak VO2 may not be as relevant an endpoint in the Fontan circulation and rather outcomes at submaximal exertion may be more sensitive to pharmacologic manipulation of the pulmonary vasculature. It is difficult to quantify the clinical relevance of the small improvements in submaximal exercise performance measurements, however this outstanding research may lead to further research opportunities assessing PDE5-inhibition and submaximal exercise performance within subpopulations of Fontan circulation patients.
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Table 1. Demographic and clinical baseline characteristics for the 400 participants randomized
to a treatment arm; summaries presented as mean (standard deviation) unless otherwise noted as

n (%).

Total (n=400) | Udenafil (n=200) | Placebo (n=200)

Age, years 15.5(2.0) 15.4 (2.0) 15.6 (2.0)
Female, n (%) 161 (40.3) 89 (44.5) 72 (36.0)
Race, n (%)

White 324 (81.0) 169 (84.5) 155 (77.5)

Asian 38(9.5) 17 (8.5) 21 (10.5)

Black 23 (5.8) 10 (5.0) 13 (6.5)

Other 15(3.8) 4(2.0) 11 (5.5)
Predominant Ventricular morphology, n (%)

Right 176 (44.0) 89 (44.5) 87 (43.5)

Left 189 (47.3) 94 (47.0) 95 (47.5)

Other (indeterminant and biventricular) 35(8.8) 17 (8.5) 18 (9.0)
Participants with a patent fenestration, n (%) | 131 (32.8) 73 (36.5) 58 (29.0)
Height, cm 163.6 (9.6) 162.5 (10.4) 164.7 (8.7)
Weight, kg 58.1(13.6) 57.1(13.9) 59.0 (13.2)
Body mass index, kg/m* 21.6 (4.1) 21.5(3.9) 21.7(4.2)
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Table 2. Resting data and measures of exercise performance with comparison based on treatment arm. Summaries
presented as mean + standard deviation (n).

Udenafil Placebo p value
Heart rate (bpm) 875+153(200) | 86.6£154(191) | 0.9+12.7(191) | 88.1414.1(200) | 874+16.1(195) | 0.6+12.7(195) | 0.78
Systolic blood pressure | 112.3£12.1 (200) | 1105+12.0(191) | -1.8122(191) | 1132£129(200) | 112.8+11.6(195) | 02+122(195) | 0.18
(mmHg)
Diastolic blood 684195(200) | 653£99(191) | 29:9.7(191) | 693+10.1(200) | 694:9.1(195 | 02+10.7(195) | 0.003
pressure (mmHg)
Oxygen saturation (%) | 928+39(200) | 933+35(191) | 05:24(191) | 932:3.8(200) | 929:3.7(195) | 03:28(195) | 0.002
Peak exercise
Oxygen consumption | 15624437 (200) | 1606452 (200) | 44£245(200) | 1627+414(200) | 1623+432(200) | -3.74228(200) | 0.071
(mL/min)"
Work rate (W) 120:32 (198) 124432 (187) 32+14(186) | 123:32(199) 127432 (189) 2.6+14(188) | 0.85
Heart rate (bpm) 16520 (200) 16520 (189) 14£11(189) | 168:22(199) 16621 (190) 25:13(189) | 056
R%pnmy;aﬁe 5111 (199) 50+12 (188) -11x10(187) | 5113 (200) 50412(1%9) asa0qs9) | O
Minute ventilation 7121 (199) 73122 (189) 12+14(188) | 7622 (200) 7621 (190) 01£14(190) | 0.84
(L/min)
Oxygen saturation (%) | 89253 (195) | 89.6:4.9(190) | 04:34(186) | 89.8:50(197) | 89.7550(192) | 0.1234(190) | 021
Anaerobic Threshold
(Oxyga_u;mstmmuml J0s301 170y | 10727 (T0) [ 3385ASD) | 00000 qig)y | 1000s276 172y | P36 [ 0012
Work (W) 66226 (167) 70.3+27 (166) 38:16(152) | 66.1223(177) 66.7+22 (166) 034£14(157) | 0.021
VENCO2 343:49(170) | 335:47(170) | 08:37(155) | 34.8:52(181) | 345+47(172) | 0.063.1(162) | 0.014





