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Abstract

In 2014, our hospital introduced inhaled nitric oxide (iNO) therapy combined with high-flow nasal cannula (HFNC) oxygen
therapy after extubation following the Fontan procedure in patients with unstable hemodynamics. We report the benefits of
HENC-iNO therapy in these patients. This was a single-center, retrospective review of 38 patients who underwent the Fontan
procedure between January 2010 and June 2016, and required iNO therapy before extubation. The patients were divided
into two groups: patients in Epoch 1 (n=24) were treated between January 2010 and December 2013, receiving only iNO
therapy; patients in Epoch 2 (n = 14) were treated between January 2014 and June 2016, receiving iNO therapy and additional
HFNC-iNO therapy after extubation. There were no significant differences between Epoch 1 and 2 regarding preoperative
cardiac function, age at surgery, body weight, initial diagnosis (hypoplastic left heart syndrome, 4 vs. 2; total anomalous
pulmonary venous return, 5 vs. 4; heterotaxy, 7 vs. 8), intraoperative fluid balance, or central venous pressure upon admis-
sion to the intensive care unit. Epoch 2 had a significantly shorter duration of postoperative intubation [7.2 (3.7-49) vs. 3.5
(3.0-4.6) hours, p=0.033], pleural drainage [23 (13-34) vs. 9.5 (8.3-18) days, p=0.007], and postoperative hospitalization
[36 (29-49) vs. 27 (22-36) days, p =0.017]. Two patients in Epoch 1 (8.3%), but none in Epoch 2, required re-intubation. Our
results suggest that HFNC-iNO therapy reduces the duration of postoperative intubation, pleural drainage, and hospitalization.
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Introduction

Maintaining low pulmonary vascular resistance after the
Fontan procedure is important. Inhaled nitric oxide (iNO)
is a selective pulmonary vasodilator that decreases pulmo-
nary arterial pressure and pulmonary vascular resistance
without inducing systemic hemodynamic effects. iNO ther-
apy during intubation has been shown to be effective in the
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postoperative management of high-risk Fontan candidates
[1-5]. Discontinuation of iNO, however, often leads to a
“rebound” phenomenon, which involves systemic hypoten-
sion and pulmonary hypertension. Furthermore, there is no
standardized protocol for continuing iNO therapy after extu-
bation. In such cases, prolonged intubation and sometimes
re-intubation are necessary. Sildenafil was reportedly used
for persistent pulmonary hypertension and for prevention
of the “rebound” phenomenon early after congenital car-
diac surgery in children [6, 7], but this agent is not pul-
monary selective and induces hypotension as a systemic
hemodynamic side effect. Moreover, the effect of sildenafil
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is unpredictable and depends on its degree of absorption.
Gastrointestinal absorption is known to be insufficient, par-
ticularly in patients with high central venous pressure after
undergoing the Fontan operation. Delivering iNO therapy
using a high-flow nasal cannula (HFNC) has been reported
in infants with pulmonary hypertension and respiratory
distress [8, 9]. This approach permits continuation of iNO
therapy after extubation. Few reports have described the use
of iNO therapy delivered via an HFNC (HFNC-iNO therapy)
following extubation during postoperative management for
congenital heart disease. In 2014, our hospital introduced
the use of HFNC-iNO therapy after extubation following
the Fontan procedure. In this retrospective study, we inves-
tigated the benefits of HFNC-iNO in these patients.

Materials and Methods
Patients and Study Design

Permission to conduct this study and publish the outcomes
was provided by the Institutional Review Board of our
institution. Written informed consent for the use of patient
records was obtained from the legal guardian of each patient.
HENC-iNO therapy after extubation was introduced in our
hospital’s practice in January 2014 and has since been
applied to 14 patients with high pulmonary artery pressure
and low cardiac output after the Fontan operation. We com-
pared them to the patients who underwent only iNO therapy
during intubation before introduction of HFNC-iNO therapy.
This single-center, retrospective study consisted of review-
ing the records of 52 consecutive patients who underwent the
Fontan operation at our hospital between January 2010 and
June 2016, and received iNO therapy in the operating room
and/or intensive care unit (ICU) before extubation. The fol-
lowing 14 patients were excluded: patients aged > 15 years
(n=2), patients with a single lung (n=1), patients with
preoperative tracheostomy (rn=1), patients who underwent
atrioventricular valve plasty due to moderate-to-severe valve
regurgitation (n=4), patients with postoperative phrenic
nerve paralysis (n=4), patients with postoperative tracheal
bleeding (n=1), and patients with postoperative cerebral
complications (n=1). Finally, 38 patients were included in
the study. We divided the patients into two groups according
to whether they were treated before or after the change in
treatment protocol: patients in Epoch 1 (n=24) were treated
between January 2010 and December 2013, receiving only
iNO therapy during intubation; patients in Epoch 2 (n=14)
were treated between January 2014 and June 2016, receiving
iNO therapy during intubation and additional HFNC-iNO
therapy after extubation. The same two operators performed
the Fontan operations in all patients. The rest of the treat-
ment protocol (operation, extubation, and postoperative

management) did not differ between the two studied periods.
The two groups were compared in terms of perioperative
outcomes.

Demographic characteristics such as age, weight, sex, and
preoperative cardiac diagnosis were recorded. Preoperative
cardiac catheterization and echocardiography results were
examined to obtain data regarding the pulmonary artery
pressure and cardiac function. Ventricular dominance was
defined as left, right, and mixed (e.g., unbalanced common
atrioventricular canal). For the mixed-morphology group,
the volume of each ventricle was measured separately, and
the combined values were used for data analysis. We defined
the grade of common atrioventricular valve regurgitation as
none, 0; trivial, 1; mild, 2; moderate, 3; or severe, 4. Opera-
tive records were reviewed to obtain data regarding the sur-
gical procedure and fluid balance. Postoperative ICU charts
were reviewed to obtain hemodynamic parameters, lactate
levels, the ratio of arterial oxygen partial pressure to frac-
tional inspired oxygen, the partial pressure of carbon dioxide
in arterial blood, the catecholamine score, urine output, and
infusion volume. The catecholamine score was calculated
as the sum of the levels of all catecholamines, corrected for
potency: 1 X dopamine (ng/kg/min) + 1 X dobutamine (ug/kg/
min) + 100 X epinephrine (ug/kg/min)+ 100 X norepineph-
rine (ug/kg/min). Postoperative pulmonary artery pressure
was measured in artificially ventilated patients with a posi-
tive end-expiratory pressure of 5 cm H,O. Postoperative
infusion volume included colloids, crystalloids, medications,
and blood products. The duration of pleural drainage was
defined as the number of days until the pleural drainage rate
reduced to below 3 mL/kg/day. The main outcomes ana-
lyzed were the number of re-intubations and the duration of
postoperative intubation, pleural drainage, and postoperative
hospital stay, which were compared between the two groups.

Indications for iNO Therapy

The indication for initiation of iNO therapy was based on
the clinical judgement of the attending surgeon, anesthesi-
ologists, and intensivists, and included low blood pressure
(systolic blood pressure < 60 mmHg), high central venous
pressure (> 16 mmHg), and low urine output (less than
0.5 ml/kg/h) after a failed attempt to improve hemodynam-
ics by adjusting intravascular volume and inotrope dose.
The patients were weaned off iNO as soon as they fulfilled
above-mentioned criteria (i.e., concerning blood pressure,
central venous pressure, and urine output).

Protocol for HFNC Therapy and iNO Therapy
iNO therapy was started in the operating room or ICU. All

patients were mechanically ventilated using synchronized
intermittent mandatory ventilation with pressure control

@ Springer



1066

Pediatric Cardiology (2019) 40:1064-1071

and pressure support mode, using a Puritan Bennett™ 840
ventilator (Puritan Bennett, Pleasanton, CA, USA). The
patients were initially ventilated with a positive end-expir-
atory pressure of 5 cm H,O and 8-10 mL/kg tidal volume
breaths. Until December 2015, NO gas was administered
from stock cylinders containing 800 ppm NO balanced
with nitrogen gas (Sumitomo Seika Chemicals Co., LTD.,
Tokyo, Japan), and delivered to the patient as a continu-
ous flow into the inspiratory limb of the ventilator circuit
close to the endotracheal tube. From January 2016, we used
the INOvent device (Air Water Inc., Clinton, NJ, USA) for
delivering iNO therapy in a similar manner. Patients were
initially placed on iNO therapy at 20 ppm. The concentration
of iNO was rapidly weaned, and the patients were extubated
soon after initial stabilization and improvement in systemic
perfusion, to encourage spontaneous ventilation. If iNO
could not be weaned during intubation, we continued iNO
therapy after extubation, using an Optiflow™ Nasal High
Flow system (Fisher & Paykel Healthcare, Auckland, New
Zealand), at a flow rate of 2 L/kg/min, fraction of inspired
oxygen of 0.5-0.8, and iNO concentration of 1-5 ppm.

Oxygen, air, and NO were connected to the gas delivery
circuit and administered via the HFNC as a mixed gas. If
possible, patients were weaned from iNO. If necessary,
patients were started on oral phosphodiesterase V inhibitor.
In patients with hemodynamic instability after extubation,
we used HFNC-iNO therapy before attempt of re-intubation.
After completing the iNO therapy, patients were weaned
from HFNC oxygen therapy as soon as possible, and oxy-
gen therapy via a regular nasal cannula was started. NO and
NO, concentrations were measured from a Lurelock adap-
tor (Fisher & Paykel Healthcare, Auckland, New Zealand)
inserted in the circuit near the connector to the Optiflow™
Junior Nasal Cannula (Fisher & Paykel Healthcare, Auck-
land, New Zealand) (Fig. 1). During iNO treatment, meth-
emoglobin levels were checked every 3—6 h.

Statistical Analysis
Statistical analysis was performed using JMP Pro version 14

(SAS Institute Inc., Cary, NC, USA). Data were described
as the mean + standard deviation or median [interquartile

Insertion of Luerlock Adaptor
for measurement of NO & NOx

measured NO & NOx -’—”‘-5

INOvent™

Luerlock Adaptor
(Fisher &Paykel)

Fig. 1 Setup for combining inhaled nitric oxide therapy with oxygen
therapy using the same high-flow nasal cannula circuit. The iNO vent
circuit was connected to the Optifiow™ Nasal High Flow system
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range]. Categorical variables were analyzed using the Pear-
son chi-square test or Fisher exact test, as appropriate. Con-
tinuous variables with a normal distribution and continuous
variables with non-normal distribution were analyzed using
the Student ¢ test and Man—Whitney U test, respectively. Sta-
tistical significance was set at a probability value of <0.05.

Results
Patients’ Characteristics and Intraoperative Data

There were no significant between-group differences in
body weight (11.7+2.3 vs. 12.2+1.9 kg; p=0.53) and
age (3.5+1.2 vs. 2.7+ 1.0 years; p=0.055) between
Epoch 1 and Epoch 2 at the time of the Fontan operation.
The distribution of diagnoses was also similar between
Epoch 1 and 2: hypoplastic left heart syndrome and its
variants (4 vs. 2 patients), total anomalous pulmonary
venous return (5 vs. 4 patients), and heterotaxy syndrome
(7 vs. 8 patients) (Table 1). Furthermore, the groups were
similar in terms of preoperative single-ventricle end-dias-
tolic volume index (143 +44 vs. 145 +33 mL/m?; p=0.81)
and pressure (6.8 +2.1 vs. 6.6 +3.3 mmHg; p=0.78),

Table 1 Preoperative characteristics

Characteristics Epoch 1 Epoch 2 p value
Total no. of patients 24 14 -
Males 6 8 0.08
Age at Fontan operation (years) 3.5+1.2 27+1.0 0.055
BW at Fontan operation (kg) 11.7+23  122+19 0.53
Ventricular dominance -
Left ventricle 3
Tricuspid atresia 3 2
PA/IVS 1 1
Right ventricle 14 7
HLHS and HLHS variants 6 2
Single right ventricle 4 4
DORV 4 1
Mixed 6 4
ccTGA 3 0
Unbalanced CAVC 2 2
TGA 1 2
TAPVR 5 4 0.7
Pulmonary atresia 5 2 0.61
Heterotaxy 7 8 0.17

Continuous data are presented as the meanz+standard deviation,
while categorical data are shown as the number of observations.
BW body weight, CAVC common atrioventricular canal, ccTGA con-
genitally corrected transposition of great arteries, HLHS hypoplastic
left heart syndrome, PA/IVS pulmonary atresia with intact ventricular
septum, TAPVR total anomalous pulmonary venous return

as well as in terms of ejection fraction (56 +7% vs.
53 +6%; p=0.15), mean pulmonary pressure (1142 vs.
1143 mmHg; p=0.96), PA-index (261 +112 vs. 217 +59
mm?Z/m?; p=0.13) [10], and grade of common atrioven-
tricular valve regurgitation. All patients underwent ext-
racardiac total cavopulmonary connection. Concomitant
surgical procedures in Epoch 1 and 2 included fenestra-
tion (3 vs. 2 patients), Damus—Kaye—Stansel procedure (2
vs. 2 patients), and atrial septal defect enlargement (6 vs.
2 patients). Modified ultrafiltration was performed in all
cases. Intraoperative fluid balance did not differ between
both groups (663 +383 vs. 612+358 mL; p=0.68). iNO
therapy was started during the operation in 17 patients in
Epoch 1, and in 10 patients in Epoch 2 (p =1.0) (Table 2).

Postoperative Course of the Fontan Operation

Upon ICU admission, central venous pressure (14.8 +1.7
vs. 14.4 + 1.5 mmHg; p=0.47), lactate levels (4.0 £2.3 vs.
3.8 + 1.4 mmol/L; p=0.67), creatinine levels (0.34 +0.09
vs. 0.32+0.11 mg/dL; p=0.25), the ratio of arterial
oxygen partial pressure to fractional inspired oxygen
(234 +109 vs. 243 +160; p =0.84), the partial pressure of
carbon dioxide in arterial blood (39 +5 vs. 40 + 7 mmHg;
p=0.53), and mixed venous oxygen saturation (63 + 14%
vs. 57+ 11%; p=0.14) were not significantly different
between Epoch 1 and Epoch 2. iNO therapy was started
in the ICU in 7 patients in Epoch 1, and in 4 patients in
Epoch 2 (p =0.52). During iNO therapy, methemoglobin
levels were below the normal upper limit in all patients.
Compared to Epoch 1, Epoch 2 was characterized by
significantly shorter duration of postoperative intuba-
tion [7.2 (3.7-49) vs. 3.5 (3.0-4.6) hours, p=0.033]. The
median duration of HFNC-iNO therapy was 58 [20-102]
hours. Two patients in Epoch 1 (8.3%), but none in
Epoch 2, required re-intubation. The urinary output per
body weight at 6 h post-surgery was significantly greater
(p=0.042) and the infusion volume per body weight at
24 h post-surgery was significantly lower (p <0.01) in
Epoch 2 than in Epoch 1 (Table 2). Furthermore, the
duration of pleural drainage [23 (13-34) vs. 9.5 (8.3-18)
days, p=0.007) and postoperative hospitalization [36
(29-49) vs. 27 (22-33.5) days, p=0.017] were signifi-
cantly shorter in Epoch 2 than in Epoch 1 (Fig. 2). On the
other hand, there was no significant difference between
the groups regarding the rates of postoperative catheter
or surgical intervention (4 vs. 2; p=0.85), infection (4
vs. 2 patients; p=0.85), or chylothorax (7 vs. 1 patients;
p=0.11) (Table 3). Upon discharge, 12 patients (50%) in
Epoch 1, and 9 patients (64%) in Epoch 2 were prescribed
medication for pulmonary hypertension (p =0.4).
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Table 2 Preoperative cardiac

. . Parameter Epoch 1 (n=24) Epoch 2 (n=14) p value
function and operative status
SVEDVI (mL/m?) 143 +44 145+33 0.81
SVEDP (mmHg) 6.8+2.1 6.6+3.3 0.78
Ejection fraction (%) 56+7 53+6 0.15
Mean PAP (mmHg) 11+2 11+3 0.96
PA-index, mm%/m? 261112 217£59 0.13
<200 13 7 0.8
CAVVR grade 1.3+09 1.3+0.6 0.86
Concomitant surgical procedure -
Fenestration 3 2
Damus—Kaye—Stansel procedure 2 2
ASD enlargement 6 2
Peripheral PA plasty 1 2
Fluid balance (mL) 663 +383 612+358 0.68
iNO therapy started in OR 17 10 1.0

Continuous data are presented as the mean+standard deviation, while categorical data are given as the
number of observations. SVEDVI single-ventricle end-diastolic volume index, SVEDP single-ventricle end-
diastolic pressure, PAP pulmonary artery pressure, CAVVR common atrioventricular valve regurgitation,
ASD atrial septal defect, PA pulmonary artery, iNO inhaled nitric oxide, OR operating room

Fig.2 Outcomes of the Fontan ;
operation. The patients were D“rat'of‘ of
divided into two groups accord- intubation
ing to whether or not HFNC- hour *

iNO therapy was administered 96

after NO therapy: Epoch 1 -
(n=24; treated between Janu-

ary 2010 and December 2013; 72
received only iNO therapy)

vs. Epoch 2 (n=14; treated
between January 2014 and June
2016; received iNO therapy and
additional HFNC-iNO therapy
after extubation). Epoch 2 had a
significantly shorter duration of 24
postoperative intubation, pleural

drainage, and postoperative
hospitalization. HFNC high- 0

48

]

Duration of
hospitalization

Duration of
pleural drainage

day 0.05
* * < (.
80 t <0.01

60 ,7

40
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i

flow nasal cannula, iNO inhaled
nitric oxide, NO nitric oxide

Epoch 1

Epoch 1:
Epoch 2:

Discussion

We found that, since the introduction of HFNC-iNO
therapy in the postoperative management of the Fontan
operation in our hospital, the duration of postoperative
intubation, pleural drainage time, and postoperative hos-
pitalization decreased significantly. Avoiding prolonged
intubation and positive pressure ventilation by allowing
spontaneous breathing helps prevent the deleterious effects
of positive intrathoracic pressure on pulmonary blood
flow and hemodynamics. Moreover, HFNC-iNO therapy
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Epoch 2

Epoch 1 Epoch 2 Epoch 1 Epoch 2

extubation after weaning of NO therapy
HFNC-iNO therapy after extubation

enabled us to extubate the patients before weaning them
off iNO therapy, thus avoiding the ‘rebound’ effect com-
monly associated with extubation and iNO discontinu-
ation. We believe that early extubation and HFNC-iNO
therapy contributed to achieving stable hemodynamics in
the early postoperative phase and helped to maintain low
Fontan pressure, resulting in significantly greater urinary
output at 6 h post-surgery, as well as lower infusion vol-
ume at 24 h post-surgery. In addition to stable hemody-
namics, patients enjoyed an earlier introduction of enteral
feeding and oral administration of medications for pul-
monary hypertension. The rate of re-intubation after the
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Table 3 Postoperative outcomes Outcome Epoch 1 (n=24) Epoch2 (n=14)  p value
At ICU admission
Mean PAP (mmHg) 14.8+1.7 144+15 0.47
Lactate (mmol/L) 4.0+23 38+14 0.67
Creatinine (mg/dL) 0.34+0.09 0.32+0.11 0.25
P/F ratio 2344109 243 +160 0.84
PaCO, (mmHg) 39+5 40+7 0.53
SvO, (%) 63+14 57+11 0.14
Duration of intubation (h) 7.2 [3.7-49] 3.5[3.0-4.6] 0.033
<6 11 12 0.015
>24 8 0 0.017
iNO therapy started in ICU 7 4 0.52
HENC-iNO therapy - 14 -
Re-intubation 2 0 -
Restarted HFNC-iNO therapy instead of re-intubation - 7 -
Catecholamine score
At ICU admission +39 11.3+4.6 0.04
24-h score + 52+21 0.35
Urine output (mL/kg/h)

At6h 20+1.4 29+1.3 0.042
At24h 28=+1.1 29+1.0 0.76
Infusion volume in 24 h (mL/kg) 165+80 110+30 <0.01

Postoperative intervention 4 2 0.85
Postoperative infection 4 2 0.85
Pleural drainage time (days) 23 [13-34] 9.5 [8.3-18] 0.007
Chylothorax 7 1 0.22
Length of postoperative hospitalization (days) 36 [29-49] 27 [22-36] 0.017

Continuous data are presented as the mean + standard deviation or median [interquartile range], while cat-
egorical data are given as the number of observations. /CU intensive care unit, PAP pulmonary artery pres-
sure, P/F ratio ratio of arterial oxygen partial pressure to fractional inspired oxygen, PaCO, partial pressure
of carbon dioxide in arterial blood, SvO, mixed venous oxygen saturation, iNO inhaled nitric oxide, HFNC

high-flow nasal cannula

Fontan operation is reported at 4.1-14.2% [11-14], which
corresponds to the rate we noted in Epoch 1. Conversely,
no patients treated after the introduction of HFNC-iNO
therapy required re-intubation. In Epoch 2, seven patients
had hemodynamic insufficiency after extubation and iNO
discontinuation but achieved hemodynamic stability by
restarting HFNC-iNO therapy, without the need for re-
intubation. As previously reported [11-16], early extuba-
tion, lower postoperative infusion volume, and a lack of
need for re-intubation likely account for the shorter dura-
tion of pleural drainage and postoperative hospitalization
noted in Epoch 2. There were no significant between-group
differences in other factors associated with the duration of
pleural drainage and postoperative hospitalization, such as
hypoplastic left heart syndrome, high pulmonary artery
pressure, modified ultrafiltration, fenestration, postopera-
tive infection, chylothorax, and postoperative intervention
[14, 15,17, 18].

To the best of our knowledge, there is no report about the
usefulness of HFNC-iNO after surgery for congenital heart
disease, especially in Fontan surgery. Several reports have
described iNO therapy delivered via the HFNC in infants
with pulmonary hypertension and respiratory distress [8,
9]. Although the administration of phosphodiesterase V
inhibitor via the nasogastric tube was reported for manag-
ing postoperative pulmonary hypertension in congenital
heart disease and preventing the “rebound” phenomenon,
this approach is associated with adverse effects on systemic
hemodynamics and an unpredictable degree of gastrointes-
tinal absorption in the acute postoperative period. Further-
more, a randomized study by Stocker et al. reported that
intravenous sildenafil significantly reduced systemic blood
pressure [7]. Nemoto et al. also reported that a significant
decrease in blood pressure was observed in 10% of patients
after sildenafil administration, and that oral administration
of sildenafil required several hours to decrease pulmonary
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artery pressure [6]. In contrast, our method involving post-
extubation HFNC-iNO therapy decreased pulmonary artery
pressure and central venous pressure within minutes and,
moreover, did not appear to be associated with adverse
effects in terms of systemic hemodynamics.

HFNC oxygen therapy delivers heated and humidified
oxygen at slight positive end-expiratory pressure, which
can improve alveolar recruitment, oxygenation, CO, clear-
ance, and lung compliance, thereby decreasing the work of
breathing, as well as the need for intubation in patients with
respiratory distress [19, 20]. Furthermore, HFNC oxygen
therapy significantly improves the response to iNO [21]. In
our practice, we used HFNC oxygen therapy at a flow rate
of 2 L/kg/min, which is well above the usual inspiratory
and expiratory flow rate in children, allowing us to achieve
a tracheal NO concentration close to the target concentra-
tion. DiBlasi et al. reported a difference of approximately
20% between measured tracheal NO levels and the target
NO concentration when using HFNC-iNO therapy at a flow
rate of 2 L/kg/min [22].

Several aspects of HFNC-iNO therapy require special
attention. Since NO itself flows continuously and there is
no gas discharge system within the HFNC-iNO circuit itself,
it is necessary to carefully consider the patient’s safety, as
well as the influence of NO leaks on medical personnel
and other patients in the vicinity. A previous study in our
institute determined that the NO, concentration in our ICU
while using HFNC-iNO therapy is 0.010-0.018 ppm, which
is below Japan’s environmental standards (0.04—0.06 ppm)
[23]. Additionally, patients should be closely monitored for
symptoms of the ‘rebound’ phenomenon caused by tem-
porary interruption of oxygen and NO due to accidental
disconnection of the HFNC. Therefore, the use of HFNC-
iNO therapy is recommended in ICUs with appropriate air
ventilation equipment and manned by an exclusive staff of
doctors and nurses.

One important advantage of HFNC-iNO therapy is its
wide indication. In addition to Fontan patients, HFNC-iNO
therapy is likely to be indicated even in other congenital
heart diseases with postoperative pulmonary hypertension,
such as tetralogy of Fallot with pulmonary atresia and major
aortopulmonary collateral arteries.

Study Limitations

This study is limited by its retrospective, single-center
design and small sample size (number of patients in each
group). We stratified the patients into groups according to
the date HFNC-iNO therapy was introduced in our hospital,
in January 2014. Although our surgical and perioperative
management protocols other than HFNC-iNO therapy did
not differ between Epoch 1 and Epoch 2, time-related bias
cannot be excluded. Furthermore, we could not exclude the
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possibility that, in Epoch 2, the decision to extubate might
have been issued sooner on account of the fact that HFNC-
iNO therapy could be provided as a rescue strategy if the
patient developed hemodynamic instability after extubation.
Finally, because the decision to start and discontinue iNO
therapy in the operating room and ICU was based on the
agreement and clinical judgment of the attending surgeon,
the anesthesiologist, and the intensivists, it is difficult to
quantify the effect of selection bias.

Therefore, future prospective and multi-center studies
with a larger sample are warranted to validate our present
conclusions regarding the efficacy of post-extubation HFNC-
iNO therapy.

Conclusion

Our results suggest that high-flow nasal oxygen therapy with
iNO reduces the time required for postoperative intubation,
drainage, and hospitalization in the postoperative manage-
ment of patients with unstable hemodynamics after the Fon-
tan operation.
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