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High-flow Nasal Cannula Versus Noninvasive ventilation for
Postextubation Acute Respiratory Failure after Pediatric Cardiac Surgery
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We compared the reintubation rate in children who received high-flow nasal cannula (HFNC) therapy to the
rate in children who received noninvasive ventilation (NIV) therapy for acute respiratory failure (ARF) after
cardiac surgery. This was a retrospective analysis of 35 children who received HFNC therapy for ARF after car-
diac surgery in 2014-2015 (the HFNC group). We selected 35 children who had received NIV therapy for ARF
after cardiac surgery in 2009-2012 as a control group. The matching parameters were body weight and risk
adjustment for congenital heart surgery category 1. The reintubation rate within 48h in the HFNC group
tended to be lower than that in the NIV group (3% vs. 17%, p=0.06). The reintubation rate within 28 days was
significantly lower in the HFNC group compared to the NIV group (3% vs. 26%, p=0.04). The HFNC group’s
ICU stays were significantly shorter than those of the NIV group: 10 (IQR: 7-17) days vs. 17 (11-32) days,
p=0.009. HENC therapy might be associated with a reduced reintubation rate in children with ARF after car-
diac surgery.
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he rates of reintubation after pediatric and neo-
natal cardiac surgery are approx. 6-9% and 17%,
respectively [1-3]. Unsuccessful extubation is associ-
ated with a long intensive care unit (ICU) length of stay
(LOS) and a high rate of mortality [1,2]. Therefore,
adequate respiratory support to prevent the need for
reintubation is crucial. Noninvasive ventilation (NIV)
therapy has been used as a respiratory support in chil-
dren over the past few years [4,5]. At our institute,
NIV is used as the first-line therapy for respiratory sup-
port after pediatric cardiac surgery to avoid intubation,
because NIV is less invasive compared to mechanical
ventilation with intubation.
A high-flow nasal cannula (HFNC) is a respiratory
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support device that can deliver heated and humidified
gas at a high flow rate [6]. It can provide precise frac-
tional oxygen delivery, mild positive airway pressure,
washout of nasopharyngeal dead space, and a reduction
of airway resistance [4,5,7,8]. HFNC has advantages
over NIV therapy, such as ease of use and better
patient’s comfort [9]. In adult subjects in a randomized
controlled trial (RCT), the use of HFNC therapy was
associated with a lower rate of reintubation compared to
that of conventional oxygen therapy [10].

NIV therapy for children is sometimes difficult
because of the patients’ limited compliance and cooper-
ation; thus, the use of HFNC as an alternative to NIV
therapy for respiratory support in children is increas-
ing. However, only a few RCTs have compared HFNC
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therapy with NIV therapy in children [11,12]. There
has been no study in which the reintubation rate in
patients receiving HFNC therapy was compared to that
in patients receiving NIV therapy after pediatric cardiac
surgery.

We hypothesized that the reintubation rate would be
lower in patients receiving HFNC therapy compared to
patients receiving NIV therapy. The primary outcome
of the present study was the reintubation rate within
48h after the diagnosis of acute respiratory failure
(ARF) in a comparison of HFNC and NIV groups.

Patients and Methods

Setting.  This study was conducted in a tertiary
teaching hospital that has 865 beds including 8 beds in
the pediatric cardiac ICU.

Design and patients.  The study was a retrospec-
tive matched-control before-after study. The Institu-
tional Review Board (IRB) of Okayama University
Hospital approved the study (no. 1602-505). The IRB
did not require individual patient’s written informed
consent because of the retrospective study design.
Children aged <48 months who had received HFNC or
NIV therapy for ARF after pediatric cardiac surgery
were included in the study. HENC therapy was first
used in our pediatric cardiac ICU in 2013. After the
introduction of HENC therapy, the use of NIV therapy
was replaced by HENC therapy, and NIV therapy was
used only as a bridging therapy to reintubation if HFNC

(2009-2012)
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therapy was not effective.

Fig.1 provides the case selection flowchart. The
HENC group was the 35 patients who received HFNC
therapy during the 2-year period from January 2014 to
December 2015. We collected the cases of 35 other
patients as a matched control group who had received
NIV therapy after pediatric cardiac surgery during the
4-year period from January 2009 to December 2012 (the
NIV group). The matching parameters were body
weight (within 3 kg) and risk adjustment for congenital
heart surgery category 1 (RACHS-1) [13] (less than cat-
egory 2), which represents the complexity of the pedi-
atric surgery. Matching priority was given to body
weight.

Definition of ARF and methods used for NIV ther-
apy and HFNC therapy.  The definition of ARF is
given in Table 1. In our practice, HFNC (Optiflow;
Fisher and Paykel Healthcare, Auckland, New Zealand)
was performed immediately after the diagnosis of
postextubation ARF. Flow was commenced at 2 L/kg/
min. The fraction of inspiratory oxygen (F,O,) was set
to achieve target oxygen saturation (total repair,
>92%; palliative operation, 75-85%). The temperature
of gas was set to 37°C with a humidifier. We selected the
nasal cannula size according to the child’s weight and
nasal size.

In our practice, NIV therapy was also performed
immediately after a diagnosis of postextubation ARF.
NIV was delivered by using a fixed tracheal tube as a
nasal prong, which was inserted nasally and positioned

(2014-2015)

| Children performed cardiac surgery (n=1,108) || Children performed cardiac surgery (n=532) |

| Children less than 48 month of age (n=804) || Children less than 48 month of age (n=355)|

| Children used NIV for ARF (n=58) |

E Matching

[Gm=mmmmm 1 1. Body weight

Historical matched control group (n=35)
(NIV group)

Children used HFNC for ARF (n=235)
(HENC group)

HFNC high flow nasal cannula, NIV non invasive ventilation, ARF acute respiratory failure
RACHS-1 Risk adjustment for congenital heart surgery 1

Fig. 1

The 35 patients who received HFNC therapy during the period from January 2014 to December 2015 at our institute were the

HFNC group. For the matched control group, we collected the cases of 35 patients who had received NIV therapy after pediatric cardiac
surgery from January 2009 to December 2012. The matching parameters were body weight and RACHS-1 category.
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Table 1 Definition of ARF

Tachypnea RR > 50 breath per min (< 1 year old)
RR > 40 breath per min (1-4 years old)

Hypoxemia Sa0, < 92% (Total repair)

Sa0, < 75% (Palliative operation)

Hypercapnia PaCO, > 50 mmHg

Increased work of

breathing Using accessory respiratory muscle

ARF is defined by at least one of the criteria.

ARF, acute respiratory failure; RR, respiratory rate; Sa0,, satura-
tion of arterial oxygen; PaCO,, partial pressure of arterial carbon
dioxide.

just before the vocal cord. Continuous positive airway
pressure (CPAP) was delivered by using a ventilator
(Servo I, MAQUET Holding, Rastat, Germany). The
FiO, was set to achieve target oxygen saturation (total
repair, >92%; palliative operation, 75-85%). The CPAP
was set to 10 cmH,O.

If failure occurred with these treatments, NIV ther-
apy or tracheal intubation and invasive mechanical
ventilation were initiated based on the clinical judgment
of the physician. Treating physicians conducted reintu-
bation on the basis of clinical signs: increased respira-
tory rate, worsening gas exchange, and patient intoler-
ance. These criteria for reintubation were unchanged
during the two study periods.

Data collection.  We collected the patients’ data
from their electronic healthcare records including data
for age, body weight, gender, RACHS-1 category,
baseline vital signs, reintubation rates within 48h and
within 28 days after the diagnosis of ARE, and the ICU
LOS.

The duration of mechanical ventilation was defined
as the period since the commencement of mechanical
ventilation after cardiac surgery until extubation. The
attending physician decided the uses of sedative drugs
in both the NIV and HENC groups according to the
patient’s condition.

Statistical analysis. ~ Continuous data are expressed
as medians and their interquartile range (IQR) when the
data had a non-normal distribution. Categorical data
are presented as percentages. McNemar’s test was used
to compare reintubation rates within 48 h and within 28
days after the diagnosis of ARF, and the Wilcoxon
signed-rank test was used for the ICU LOS data. We
used a logistic regression model to adjust for the patient
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age to investigate the risk of reintubation within 48h
and 28 days between the NIV and HENC groups. Two-
tailed p-values <0.05 were considered significant. All
statistical analyses were performed using statistical soft-
ware (JMP" ver. 12; SAS, Cary, NC, USA).

Results

Patient population.  Table 2 summarizes the clin-
ical characteristics and baseline vital signs of the chil-
dren in the HENC group and NIV group. There was no
significant difference between the two groups in body
weight, RACHS-1 category, duration of mechanical
ventilation, or baseline vital signs. The patients in the
HENC group were significantly younger (median 3
months, IQR 1.0-9.0) than those in the NIV group
(median 1 months, IQR 0-5.0) (p=0.01). The median
settings of the HFNC group were F,O, of 0.5 (IQR:
0.3-0.52) and flow rate of 2.1 (1.7-2.3) L/kg/min, and
those of the NIV group were F,0, of 0.5 (0.21-0.8) and
CPAP of 10 (8-10) cmH,0.

The percentage of sedative drug use in the HFNC
group was 49% (dexmedetomidine 37%, dexmedeto-
midine + morphine 6%, morphine 3%, and fentanyl
3%) and that in the NIV group was 49% (dexmedeto-
midine 20%, morphine 23%, dexmedetomidine + fen-
tanyl 3%, and dexmedetomidine + midazolam 3%)
(p=0.81).

Outcomes.  Table 3 shows the results of the uni-
variate analysis of the outcome data of the HFNC and
NIV groups. The reintubation rate within 48 h after the
diagnosis of ARF in the HFNC group tended to be
lower than that in the NIV group (3% vs. 17%, p=0.06),
but not significantly so. We performed a logistic regres-
sion to adjust for the age difference between the two
groups, and the results revealed that HFNC therapy
was an independent negative predictor for reintubation
within 48 h: adjusted odds ratio (95% confidence inter-
val) 0.08 (0.002-0.6), p=0.01. The reasons for reintuba-
tion within 48 h after the diagnosis of ARF were cardiac
and respiratory support (n=1) in the HFNC group and
cardiac and respiratory support (n=3) and respiratory
support (n=3) in the NIV group. Reintubation was
performed after bridging with NIV therapy in one
patient in the HFNC group.

The reintubation rate within 28 days after the diag-
nosis of ARF was significantly lower in the HENC group
compared to the NIV group (3% vs. 26%, p=0.04). The
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Table 2  Main clinical characteristics and baseline vital signs of the HFNC and NIV groups

Variables HFNC group (n = 35) NIV group (n=35) p Value
Body weight (kg, 1QR) 3.9 (2.9-5.5) 3.4 (2.7-4.8) 0.14
RACHS-1 category 3 (2-4) 3(3-4) 0.09
Age (months, IQR) 3(1.0-9.0) 1 (0-5.0) 0.01
MV time (h, IQR) 75 (7-171) 93.5 (40-242) 0.23
Palliative surgery (%) 40 51 0.33
CPB (%) 80 82 0.75
CPB time (h, IQR) 110 (69-137) 119 (81-153) 0.37
Operative time (min, 1QR) 192 (126-243) 216 (167-285) 0.31
Blood loss (ml, 1QR) 18 (0-38) 30 (5-50) 0.14
Duration of HENC (h, 1QR) 43 (20-64) — —
Duration of NIV (h, 1QR) — 38 (22-72) —
Time to diagnosis of ARF after extubation (h, IQR) 4 (0-4) 3.5(0-4) 0.49
RR (breaths/min, 1QR) 43 (33-55) 39 (32-50) 0.47
PaCO, (mmHg, 1QR) 45.7 (40.1-53.2) 49.1 (44.6-56.1) 0.16
Sa0; (%, IQR) 89.9 (76.9-96.4) 81.2 (70.4-97.0) 0.36
SBP (mmHg, IQR) 87 (78-98) 86 (75-100) 0.55
HR (bpm, 1QR) 141 (119-155) 142 (132-160) 0.16

HFNC, high-flow nasal cannula; NIV, noninvasive ventilation; IQR, interquartile range; RACHS-1, Risk adjustment for congenital heart
surgery 1; MV, Mechanical ventilation; CPB, cardiopulmonary bypass; RR, respiratory rate; PaCO,, partial pressure of arterial carbon

dioxide; Sa0,, arterial oxygen saturation; SBP, systolic blood pressure; HR, heart rate.

Table 3  Univariate analysis of outcome data

QOutcomes HFNC group (n = 35) NIV group (n = 35) p Value
Reintubation within 48 h n (%) 1(3) 6 (17) 0.06
Reintubation within 28 days n (%) 1(3) 9 (26) 0.04
ICU LOS (days, 1QR) 10 (7-17) 17 (11-32) 0.009
HFNC, high-flow nasal cannula; NIV, noninvasive ventilation; IQR, interquartile range; LOS, length of stay.

Table 4  Logistic regression of outcome data

Variable OR Lower 95% ClI Upper 95% Cl p Value
48 h reintubation rate

HFNC 0.08 0.003 0.63 0.01
Age 0.93 0.85 1.01 0.06
28 days reintubation rate

HFNC 0.08 0.006 0.98 0.04
Age 0.93 0.86 1.00 0.06

OR, odds ration; CI, confidential interval; HFNC, high flow nasal cannula.

reasons for reintubation between 48h and 28 days after ~ pendent negative predictor for reintubation within both

the ARF diagnosis in the NIV group were cardiac and  48h and 28 days.

respiratory support (n=2) and diaphragmatic paralysis The ICU LOS in the HFNC group (median 10 days,
(n=1). IQR 7-17 days) was significantly shorter than that in the
Table 4 lists the results of the logistic regression. NIV group (median 17 days, IQR 11-32 days, p=0.009).

After adjustment of age, HFNC therapy was an inde-
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Discussion

This is the first study to compare the rate of reintu-
bation after the diagnosis of ARF in patients receiving
NIV therapy to that in patients receiving HFNC therapy
for postextubation ARF after pediatric cardiac surgery.
The results of a univariate analysis demonstrated that
although the reintubation rate within 48h after the
diagnosis of ARF was not significantly different between
the HFNC and NIV groups, the reintubation rate
within 28 days after the ARF diagnosis was significantly
lower in the HFNC group compared to the NIV group.

In the NIV group, the reintubation rates within 48h
and within 28 days after the diagnosis of ARF were 17%
and 26%, respectively. In past studies, the reintuba-
tion rates in patients who received NIV therapy ranged
from 20% to 35% [14-16]. The rate of reintubation in
the patients who received NIV therapy in our study is
similar to these reported rates.

The rate of reintubation within 28 days after the ARF
diagnosis was low in the present HFNC group. This
might be due to differences in the characteristics of the
devices used in the two groups. A previous study esti-
mated that the positive pressure delivered by HFNC
therapy (2 L/kg/min) was 4-6 cmH,O [17]. HENC also
provides a wash-out of anatomical dead space and then
reduces the work of breathing. The CPAP level in our
NIV group was 10 cmH,0. However, NIV increases
dead space. To compensate for the increased dead
space, more minute ventilation will be needed and this
will increase the work of breathing. These differences
might have caused the difference in the rate of reintuba-
tion between the present HFNC and NIV groups.

Two retrospective studies showed that HFNC ther-
apy might reduce the need for intubation in infants with
bronchiolitis and children with respiratory distress
[18,19]. Our present finding that HENC therapy was
associated with a low reintubation rate is concordant
with the results of those studies. In addition, our pre-
vious study demonstrated a beneficial physiological
impact of HENC on patients with ARF after pediatric
surgery [20]. We thus hypothesized that HFNC could
prevent ARF after pediatric cardiac surgery, and an
intervention study is now underway at our institute
[21].

Limitations.  This was a retrospective study. We
compared the rate of reintubation in the HFNC group to
that in a historical control NIV group. However, our
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clinical methods for respiratory support and reintuba-
tion did not change during the two study periods. In
addition, we included patients with different character-
istics and conditions (age, cyanosis, type of operation).
We therefore matched the body weight and RACHS-1
category between the 2 groups. This process could
reduce the issues related to different patient popula-
tions, but there might be unmatched baseline differ-
ences after the matching process which might have
affected our results. Among these baseline differences,
age was associated with reintubation after pediatric sur-
gery in another study [22]. We thus conducted a post
hoc adjustment of age difference between the two
groups using a logistic method. The results showed that
HENC therapy was still an independent negative pre-
dictor after the adjustment for patient age.

The NIV method using a fixed tracheal tube as a
nasal prong [23] is not commonly used compared to the
mask method, and thus the generalization of our results
is limited.

In conclusion, HENC might be associated with a low
rate of reintubation in children with ARF after cardiac
surgery.

Acknowledgments. This study was supported by grants-in-aid for
scientific research from the Ministry of Education, Science, and Culture of
Japan: MEXT/JSPS KAKENHI grant no. JP26861233.

References

1. Gupta P, Rettiganti M, Gossett JM, Yeh JC, Jeffries HE, Rice
TB and Wetzel RC: Risk factors for mechanical ventilation and
reintubation after pediatric heart surgery. J Thorac Cardiovasc
Surg (2016) 151: 451-458.

2. Gaies M, Tabbutt S, Schwartz SM, Bird GL, Alten JA,
Shekerdemian LS, Klugman D, Thiagarajan RR, Gaynor JW,
Jacobs JP, Nicolson SC, Donohue JE, Yu S, Pasquali SK and
Cooper DS: Clinical Epidemiology of Extubation Failure in the
Pediatric Cardiac ICU: A Report From the Pediatric Cardiac
Critical Care Consortium. Pediatr Crit Care Med (2015) 16: 837—
845.

3. Laudato N, Gupta P, Walters HL 3rd, Delius RE and Mastropietro
CW: Risk Factors for Extubation Failure Following Neonatal
Cardiac Surgery. Pediatr Crit Care Med (2015) 16: 859-867.

4. Dewan NA and Bell CW: Effect of low flow and high flow oxygen
delivery on exercise tolerance and sensation of dyspnea. A study
comparing the transtracheal catheter and nasal prongs. Chest
(1994) 105: 1061-1065.

5. Shepard JW and Burger CD: Nasal and oral flow-volume loops in
normal subjects and patients with obstructive sleep apnea. Am
Rev Respir Dis (1990) 142: 1288-1293.

6. Lee JH, Rehder KJ, Williford L, Cheifetz IM and Turner DA: Use
of high flow nasal cannula in critically ill infants, children, and



20

10.

1.

12.

13.

14.

15.

Shioji et al.

adults: a critical review of the literature. Intensive Care Med (2013)
39: 247-257.

Rubin S, Ghuman A, Deakers T, Khemani R, Ross P and Newth
CJ: Effort of breathing in children receiving high-flow nasal can-
nula. Pediatr Crit Care Med (2014) 15: 1-6.

Nishimura M: High-flow nasal cannula oxygen therapy in adults. J
Intensive Care (2015) 31: 15.

Manley BJ, Owen L, Doyle LW and Davis PG: High-flow nasal
cannulae and nasal continuous positive airway pressure use in
non-tertiary special care nurseries in Australia and New Zealand. J
Paediatr Child Health (2012) 48: 16-21.

Hernandez G, Vaquero C, Gonzélez P, Subira C, Frutos-Vivar F,
Rialp G, Laborda C, Colinas L, Cuena R and Fernandez R: Effect
of Postextubation High-Flow Nasal Cannula vs Conventional
Oxygen Therapy on Reintubation in Low-Risk Patients: A
Randomized Clinical Trial. JAMA (2016) 315: 1354-1361.

Chisti MJ, Salam MA, Smith JH, Ahmed T, Pietroni MA,
Shahunja KM, Shahid AS, Faruque AS, Ashraf H, Bardhan PK,
Sharifuzzaman, Graham SM and Duke T: Bubble continuous posi-
tive airway pressure for children with severe pneumonia and hypox-
aemia in Bangladesh: an open, randomised controlled ftrial.
Lancet (2015) 386: 1057-1065.

Manley BJ, Owen LS, Doyle LW, Andersen CC, Cartwright DW,
Pritchard MA, Donath SM and Davis PG: High-flow nasal cannu-
lae in very preterm infants after extubation. N Engl J Med (2013)
369: 1425-1433.

Jenkins KJ, Gauvreau K, Newburger JW, Spray TL, Moller JH
and lezzoni LI: Consensus-based method for risk adjustment for
surgery for congenital heart disease. J Thorac Cardiovasc Surg
(2002) 123: 110-118.

Lum LC, Abdel-Latif ME, de Bruyne JA, Nathan AM and Gan CS:
Noninvasive ventilation in a tertiary pediatric intensive care unit in
a middle-income country. Pediatr Crit Care Med (2011) 12: 7-13.
Kovacikova L, Skrak P, Dobos D and Zahorec M: Noninvasive
positive pressure ventilation in critically ill children with cardiac

20.

21.

22.

23.

Acta Med. Okayama Vol. 73, No. 1

disease. Pediatr Cardiol (2014) 35: 676-683.

James CS, Hallewell CP, James DP, Wade A and Mok QQ:
Predicting the success of non-invasive ventilation in preventing
intubation and re-intubation in the paediatric intensive care unit.
Intensive Care Med (2011) 37: 1994-2001.

Hough JL, Pham TM and Schibler A: Physiologic effect of high-
flow nasal cannula in infants with bronchiolitis. Pediatr Crit Care
Med (2014) 15: 214-219.

Schibler A, Pham TM, Dunster KR, Foster K, Barlow A, Gibbons
K and Hough JL: Reduced intubation rates for infants after intro-
duction of high-flow nasal prong oxygen delivery. Intensive Care
Med (2011) 37: 847-852.

Kawaguchi A, Yasui Y, deCaen A and Garros D: The Clinical
Impact of Heated Humidified High-Flow Nasal Cannula on
Pediatric Respiratory Distress. Pediatr Crit Care Med (2016) 18:
112-119.

Shioji N, Iwasaki T, Kanazawa T, Shimizu K, Suemori T,
Sugimoto K, Kuroe Y and Morimatsu H: Physiological impact of
high-flow nasal cannula therapy on postextubation acute respiratory
failure after pediatric cardiac surgery: a prospective observational
study. J Intensive Care (2017) 5: 1-5.

Shioji N, Kanazawa T, Iwasaki T, Shimizu K, Suemori T, Kawase
H, Kimura S, Kuroe Y and Morimatsu H: Incidence of Pulmonary
Complications with the Prophylactic Use of High-flow Nasal
Cannula after Pediatric Cardiac Surgery: Prophylactic HFNC Study
Protocol. Acta Med Okayama (2018) 72: 193-196.

Ing C, Chuil, Ohkawa S, Kakavouli A and Sun L: Incidence and
causes of perioperative endotracheal reintubation in children: a
review of 28,208 anesthetics. Paediatr Anaesth (2013) 23: 621-
626.

ten Brink F, Duke T and Evans J: High-flow nasal prong oxygen
therapy or nasopharyngeal continuous positive airway pressure for
children with moderate-to-severe respiratory distress?* Pediatr Crit
Care Med (2013) 14: 326-331.



