cambridge.org/cty

Cite this article: Beshish AG, Hupp S, Dryer R,
Basu M, Weido G, Shashidharan S, Maher KO,
and Fundora MP (2023) A comparison of high-
flow nasal cannula versus non-invasive positive
pressure ventilation for respiratory support in
infants following cardiac surgery. Cardiology in
the Young 33: 201-207. doi: 10.1017/
S1047951122000427

Received: 14 November 2021
Revised: 30 December 2021
Accepted: 24 January 2022

First published online: 3 March 2022

Keywords:

CHD; cardiac surgery; extubation failure; high-
flow nasal cannula; non-invasive positive
pressure ventilation

Author for correspondence:

Asaad. G. Beshish, MD, Children’s Healthcare of
Atlanta, Emory University School of Medicine,
2835 Brandywine Rd, Suite 400, Atlanta, GA
30341, USA. Tel: +1 - 404 - 256 - 2593;

Fax: +1 - 770 - 488 - 9425.

E-mails: beshish@kidsheart.com;
abeshis@emory.edu

© The Author(s), 2022. Published by Cambridge
University Press. This is an Open Access article,
distributed under the terms of the Creative
Commons Attribution licence (http://
creativecommons.org/licenses/by/4.0/), which
permits unrestricted re-use, distribution and
reproduction in any medium, provided the
original article is properly cited.

CAMBRIDGE

UNIVERSITY PRESS

=

@ CrossMark

Asaad G. Beshish! @, Susan Hupp?, Rebecca Dryer?, Mohua Basu?, Ginger Weido*,
Subhadra Shashidharan®, Kevin O. Maher* and Michael P. Fundora?

!Department of Pediatrics, Division of Cardiology, Emory University School of Medicine, Children’s Healthcare of
Atlanta, Atlanta, GA, USA; 2Emory University School of Medicine, Atlanta, GA, USA; 3Children’s Healthcare of
Atlanta, Atlanta, GA, USA; “Respiratory Department, Children’s Healthcare of Atlanta, Atlanta, GA, USA and
SDepartment of Surgery, Division of Cardiothoracic Surgery, Emory University School of Medicine, Children’s
Healthcare of Atlanta, Atlanta, GA, USA

Abstract

Background: Following cardiac surgery, infants often remain endotracheally intubated upon
arrival to the cardiac ICU. High-flow nasal cannula and non-invasive positive pressure venti-
lation are used to support patients following extubation. There are limited data on the supe-
riority of either mode to prevent extubation failure. Methods: We conducted a single-centre
retrospective study for infants (<1 year) and/or <10 kg who underwent cardiac surgery between
3/2019-3/2020. Data included patient and clinical characteristics and operative variables. The
study aimed to compare high-flow nasal cannula versus non-invasive positive pressure
ventilation following extubation and their association with extubation failure. Secondarily,
we examined risk factors associated with extubation failure. Results: There were 424 patients
who met inclusion criteria, 320 (75%) were extubated to high-flow nasal cannula, 104 (25%)
to non-invasive positive pressure ventilation, and 64 patients (15%) failed extubation. The
high-flow nasal cannula group had lower rates of extubation failure (11%, versus 29%,
p=0.001). Infants failing extubation were younger and had higher STAT score (p < 0.05).
Compared to high-flow nasal cannula, non-invasive positive pressure ventilation patients were
at 3.30 times higher odds of failing extubation after adjusting for patient factors (p < 0.0001).
Conclusions: Extubation failure after cardiac surgery occurs in smaller, younger infants, and
those with higher risk surgical procedures. Patients extubated to non-invasive positive pressure
ventilation had 3.30 higher odds to fail extubation than patients extubated to high-flow nasal
cannula. The optimal mode of respiratory support in this patient population is unknown.

Following congenital heart surgery, infants often remain endotracheally intubated on mechani-
cal ventilatory support upon arrival to the cardiac ICU. These patients undergo a trial of extu-
bation when deemed safe. The decision-making process for extubation is quite complex.!? Upon
extubation, additional non-invasive modes of respiratory support such as high-flow nasal can-
nula and non-invasive positive pressure ventilation are commonly used to support these
infants.>* Studies have shown approximately 3-27% of patients with CHD fail extubation after
cardiac surgery.>"!! Risk factors for extubation failure are numerous such as complex surgical
repair, younger age, smaller patients, presence of airway anomalies, genetic abnormalities, pul-
monary hypertension, and phrenic and diaphragmatic nerve injury to name a few.*”!>-14
Patients with CHD successfully extubated using non-invasive positive pressure ventilation have
been shown to have shorter lengths of stay,'>~17 while studies in preterm infants without CHD
showed non-invasive positive pressure ventilation reduced extubation failure compared to high-
flow nasal cannula.'® Other studies have shown high-flow nasal cannula to decrease the need for
intubation in infants with respiratory failure and may improve respiratory mechanics through
unidirectional flow in the upper airway, decreasing dead space, improving minute ventilation,
pulmonary compliance, and distending airway pressure. This support ultimately reduces the
work of breathing and oxygen consumption, while enhancing oxygen delivery and gas
exchange.!*-%*

Despite the use of high-flow nasal cannula and non-invasive positive pressure ventilation to
support patients following extubation, there is limited data on the efficacy and superiority of
either mode to prevent extubation failure in infants with CHD following cardiac surgery.
We hypothesise that the use of non-invasive positive pressure ventilation will be associated with
lower rates of extubation failure and a shorter length of stay when compared to high-flow nasal
cannula. Our aims are to examine which mode of respiratory support (high-flow nasal cannula
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versus non-invasive positive pressure ventilation) after extubation
is associated with lowest rates of extubation failure and examine
risk factors that are associated with extubation failure in patients
with CHD following cardiac surgery.

This single-centre retrospective cohort study included all infants
(<1 year) and/or <10kg who underwent CS for CHD from
March 1% 2019, to March 31° 2020, at Children’s Healthcare of
Atlanta, a free-standing university-affiliated quaternary hospital.
An internal surgical database was queried, and eligible surgical
encounters were identified. Preterm neonates with corrected gesta-
tional age of <35 weeks were excluded. All patients were admitted
to the cardiac ICU post-operatively. This project was reviewed and
approved by the Children’s Healthcare of Atlanta Institutional
Review Board (study # 00000706). Informed consent was waived.

Demographics (age, weight, gender, and race), clinical charac-
teristics (cardiac diagnosis, cardiac ICU length of stay, post-oper-
ative length of stay, hospital length of stay, duration of mechanical
ventilation, respiratory support following extubation (high-flow
nasal cannula versus non-invasive positive pressure ventilation),
genetic syndrome, chromosomal abnormalities), and operative
variables (cardiopulmonary bypass and cross-clamp times) were
collected. Surgical procedures were categorised by complexity
based on the Society of Thoracic Surgeons and the European
Association for Cardio-Thoracic Surgery (STAT) Mortality
Scores.** Duration of mechanical ventilation was defined as the
duration of time from intubation to the first extubation attempt.
Extubation failure was defined as the need for reintubation within
48 hours from the initial extubation attempt. Respiratory support
following extubation was dichotomised to high-flow nasal cannula
versus non-invasive positive pressure ventilation. Patients
remained assigned to the initial mode of respiratory support at
time of extubation even if they required escalation to the alternative
modality prior to reintubation. Mortality was defined as all deaths
occurring during the hospitalisation in which the operation was
performed; and all deaths occurring after discharge from the hos-
pital, but before the end of the thirtieth post-operative day.?*

Airway Management: All patients were endotracheally intu-
bated with cuffed endotracheal tubes and placed on mechanical
ventilation and on a standardised analgosedation protocol on
admission from the operating room. Once spontaneously breath-
ing, and extubation readiness determined, patients were placed on
a spontaneous breathing trial using continuous positive airway
pressure with pressure support. Following a successful spontane-
ous breathing trial, patients were extubated to non-invasive respi-
ratory support at the discretion of the cardiac ICU physician
ranging from high-flow nasal cannula to non-invasive positive
pressure ventilation, with RAM interface (Neotech Products
LLC. Valencia, CA). The analgosedation protocol is a standard
of care where sedation is adjusted in a uniform way to avoid inher-
ent bias related to sedation and optimise sedation use and avoid
over-sedating patients following extubation and minimising
sedation-related extubation failure.

Demographics were compared for patients with non-invasive
positive pressure ventilation versus high-flow nasal cannula using
chi-square and Fisher’s exact tests for categorical variables and
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using t-test and Wilcoxon rank sum tests for continuous varia-
bles. Logistic regression was conducted to determine the crude
and adjusted odds ratios for extubation failure when comparing
non-invasive positive pressure ventilation versus high-flow nasal
cannula. Logistic modelling was also conducted stratifying the
data into the following categories: weight < or >5 kg and neonate
versus non-neonate. All demographic and clinical variables were
entered into a multivariable logistic regression model and elim-
inated one at a time using backward selection to produce the final
adjusted model. A p-value of 0.05 was considered the cut-off for
statistical significance. Statistical analyses were performed in SAS
Enterprise Guide version 7.15 (SAS Institute, Inc., NC).

There were 424 eligible patients during the study period. Patient
characteristics are presented in Table 1. The median age was 97
days [interquartile range (IQR) 9-166], and median weight was
4.6 kg (IQR 3.3-6.1). Operations with STAT scores of 4 or 5 com-
prised 143 (34%) of all surgeries. The median duration of cardio-
pulmonary bypass and cross-clamp times were 109 minutes (IQR
78-143) and 65 minutes (IQR 39-91), respectively. The median
cardiac ICU length of stay was 5 days (IQR 2-10), post-operative
length of stay 8 days (IQR 5-18), and the median duration
of mechanical ventilation was 21hours (IQR 12-64).
Chromosomal abnormalities were present in 27% and diagnosed
genetic syndromes in 36% (Table 1).

The 2 groups were high-flow nasal cannula versus non-invasive
positive pressure ventilation. There were 320 (75%) patients in
the high-flow nasal cannula group versus 104 (25%) patients in
the non-invasive positive pressure group. The non-invasive posi-
tive pressure group were younger (median age 26 versus 115 days,
p<0.0007) and smaller (median weight 3.5 versus 5.1kg,
p <0.0001) than the high-flow nasal cannula group (Table 1).
The patients in the non-invasive positive pressure group had
longer cardiopulmonary bypass time (median 127 versus
106 minutes, p 0.0012), longer cardiac ICU and hospital length
of stay, and longer duration of mechanical ventilation (Table 1).

Of the 320 patients in the high-flow nasal cannula group, 34
(11%) failed extubation. Those who failed extubation were younger
(median age 8 versus 125 days, p < 0.0001) and smaller (median
weight 3.2 versus 5.3 kg, p <0.0001), had longer cardiopulmonary
bypass times (median 150 versus 103 minutes, p < 0.0001), longer
cross-clamp time (median 93 versus 58 minutes, p = 0.0017), longer
cardiac ICU and hospital length of stay, and longer duration of
mechanical ventilation (Table 2). They were also more likely to have
a higher STAT score of 4 and 5 (47% versus 20%, and 15% versus
5%, p < 0.0001 respectively), and antenatal diagnosis (71% versus
47%, p 0.01). Those who failed extubation in the high-flow nasal can-
nula group had a higher mortality rate (12% versus 1%,
p=0.0003) when compared to those who did not fail (Table 2).

Of the 104 patients in the non-invasive positive pressure group,
30 (29%) failed extubation. Those who failed extubation had longer
duration of mechanical ventilation (median 137 hours versus 72,
p=0.03), longer cardiac ICU length of stay (median 24 versus
9, p=0.0004), longer post-operative length of stay (median 36
versus 16, p=0.0001), and higher mortality (30% versus 5%,
p=0.0006) (Table 3).
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Table 1. Patient characteristics stratified by type of respiratory support following extubation.

Variables All, n=424 HFNC, n =320 (75%) NIPPV, n =104 (25%) p-value
Age (days) 97 (9-166) 115 (14-175) 26 (7-139) 0.0007
Weight (kg) 46 (3.3-6.1) .1 (3.5-6.3) 3.5 (2.8-5.1) <0.0001
Gender

Female 206 (49%) 145 (45%) 61 (59%) 0.02

Male 218 (51%) 175 (55%) 43 (41%)
Race

Black 155 (37%) 106 (33%) 49 (47%) 0.04

White 228 (54%) 182 (57%) 46 (44%)

Other 41 (10%) 32 (10%) 9 (9%)
Chromosomal abnormality 116 (27%) 81 (25%) 35 (34%) 0.10
Genetic syndrome 154 (36%) 112 (35%) 42 (40%) 0.32
Antenatal diagnosis 219 (52%) 159 (50%) 60 (58%) 0.16
Single ventricle 76 (18%) 57 (18%) 19 (18%) 0.91
STAT score

1 107 (25%) 91 (28%) 16 (15%) 0.0006

2 126 (30%) 103 (32%) 23 (22%)

3 44 (10%) 32 (10%) 12 (12%)

4 117 (28%) 73 (23%) 44 (42%)

5 26 (6%) 18 (6%) 8 (8%)
% fluid overload

<0% 181 (43%) 144 (45%) 37 (36%) 0.18

0-10% 173 (41%) 123 (38.4%) 50 (48%)

>10% 70 (17%) 53 (16.6%) 17 (16%)
Duration of MV (hours) 21 (12-64) 17 (11-28) 86 (43-152) <0.0001
CPB Time (minutes) 109 (78-143) 106 (74-136) 127 (92-163) 0.0012
Cross-clamp time (minutes) 65 (39-91) 61 (39-86) 74 (43-98) 0.08
Postop LOS 8 (5-18) 7 (5-12) 20 (10-34) <0.0001
CICU LOS 5 (2-10) 4 (2-8) 10 (6-20) <0.0001
Hospital LOS 13 (6-29) 9 (6-19) 30 (17-46) <0.0001
Operative mortality 21 (5%) 8 (3%) 13 (13%) <0.0001

Results are depicted in n (per cent), median (interquartile range)

CICU LOS: Cardiac Intensive Care Unit Length of Stay; HFNC: High-Flow Nasal Cannula; LOS: Length of Stay; MV: Mechanical Ventilation; NIPPV: Non-invasive Positive Pressure Ventilation

Bold p-values are significant

The most common aetiology of extubation failure was upper
airway obstruction 69%, followed by deconditioning/weakness
23%, and atelectasis 11% in the entire cohort (Table 4). These
findings were similar in both the high-flow nasal cannula and
non-invasive positive pressure ventilation groups respectively
(Table 4).

Using a multivariable regression analysis controlling for age, gen-
der, race, cardiopulmonary bypass times, STAT category, and
duration of mechanical ventilation to compare outcomes of extu-
bation failure between both groups (high-flow nasal cannula versus
non-invasive positive pressure ventilation), we found that patients
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extubated to non-invasive positive pressure ventilation had 3.30
higher odds (95% CI 1.56-6.96, p < 0.0001) to fail extubation when
compared to high-flow nasal cannula group (Table 5).

Logistic regression model demonstrated patients extubated to
non-invasive positive pressure ventilation and >5kg had 14.7
greater odds (95% CI 2.88-75.39, p=0.0012) to fail extubation
when compared to high-flow nasal cannula (adjusting for race,
gender, STAT score, duration of mechanical ventilation, and
cardiopulmonary bypass time). Non-neonates supported with
non-invasive positive pressure ventilation had 21.7 higher odds
(95% CI 5.16-91.20, p < 0.0001) to fail extubation when compared
to high-flow nasal cannula (adjusting for race, gender, STAT score,
duration of mechanical ventilation, and cardiopulmonary bypass
time) (Table 6).
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Table 2. Patient characteristics in the high-flow nasal cannula (HFNC) group stratified by extubation failure.

HENC Group

Variables All, n =320 (100%) Failure, n =34 (11%) No failure, n =286 (89%) p-value
Age (days) 115 (14-175) 8 (5-22) 125 (27-181) <0.0001
Weight (kg) 5.1 (3.5-6.3) 3.2 (2.8-4.5) 5.3 (3.7-6.5) <0.0001
Gender

Female 145 (45%) 10 (29%) 135 (47%) 0.049

Male 175 (55%) 24 (71%) 151 (53%)
Race

Black 106 (33%) 12 (35%) 94 (33%) 0.94

White 182 (57%) 19 (56%) 163 (57%)

Other 32 (10%) 3 (9%) 29 (10%)
Chromosomal abnormality 81 (25%) 9 (26%) 72 (25%) 0.87
Genetic syndrome 112 (35%) 9 (26%) 103 (36%) 0.27
Antenatal diagnosis 159 (50%) 24 (71%) 135 (47%) 0.01
Single ventricle 57 (18%) 9 (26%) 48 (17%) 0.16
STAT score

1 91 (28%) 0 (0%) 91 (32%) <0.0001

2 103 (32%) 8 (24%) 95 (33%)

3 32 (10%) 4 (12%) 28 (10%)

4 73 (23%) 16 (47%) 57 (20%)

5 18 (6%) 5 (15%) 13 (5%)
Duration of MV (hours) 17 (11-28) 28 (20-92) 15 (10-26) <0.0001
CPB time (minutes) 106 (74-136) 150 (121-205) 103 (72-128) <0.0001
Cross-clamp time (minutes) 61 (39-86) 93 (69-144) 58 (38-85) 0.0017
Missing 4 (1%) 1 (1%) 3 (0.8%)
Postop LOS 7 (5-12) 22 (13-54) 6 (5-10) <0.0001
CICU LOS 4 (2-8) 17 (10-28) 3 (2-6) <0.0001
Hospital LOS 9 (6-19) 32 (17-57) 8 (6-16) <0.0001
Operative mortality 8 (3%) 4 (12%) 4 (1%) 0.0003

Results depicted in n (per cent), median (interquartile range)

CICU LOS: Cardiac Intensive Care Unit Length of Stay; HFNC: High-Flow Nasal Cannula; LOS: Length of Stay; MV: Mechanical Ventilation

Bold p-values are significant

Our study showed an association between high-flow nasal cannula
and lower rates of extubation failure compared to non-invasive pos-
itive pressure ventilation when adjusting for patient factors in a
multivariate analysis. There was an extubation failure rate of 15%
(64/442) within 48 hours in our cohort. Risk factors associated with
extubation failure were smaller, younger, and higher risk surgery
patients, with longer cardiopulmonary bypass and cross-clamp time
which contributed to longer length of stay and mortality.

At the outset of this study, our hypothesis was that non-inva-
sive positive pressure ventilation would be associated with lower
extubation failure. This was based on an assumption that higher
pressures would provide adequate distending pressures and sup-
port these patients through the extubation process. However,
after adjusting for age, race, gender, STAT score, duration of
mechanical ventilation and cardiopulmonary bypass times, we
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found patients extubated to non-invasive positive pressure ven-
tilation had 3.30 higher odds of failing extubation when com-
pared to high-flow nasal cannula after extubation. This
surprising finding was contrary to other studies reporting less
extubation failure with non-invasive positive pressure ventila-
tion, although these studies excluded critically ill cardiac neo-
nates and children.”*?* Qur report is the largest cohort of
neonates and infants studying high-flow nasal cannula versus
non-invasive positive pressure ventilation to prevent extubation
failure. Jayashankar et al showed high-flow nasal cannula was
comparable to non-invasive positive pressure ventilation (bi-level
ventilation in particular) in preventing extubation failure in
patients following cardiac surgery.* However, this report exam-
ined 100 patients (50 patients in each group). While this study
was a well-designed retrospective study, the lack of similar find-
ings could be due to the smaller sample size. Our study included a
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Table 3. Patient characteristics in the non-invasive positive pressure ventilation (NIPPV) group stratified by extubation failure.
NIPPV group

Variables All, n =104 (100%) Failure, n =30 (29%) No failure, n =74 (71%) p-value
Age (days) 26 (7-139) 13 (6-129) 31 (7-144) 0.73
Weight (kg) 3.5 (2.8-5.1) 3.7 (3.1-5.4) 3.4 (2.7-5.0) 0.62
Gender

Female 61 (59%) 14 (47%) 47 (64%) 0.11

Male 43 (41%) 16 (53%) 27 (36%)
Race

Black 49 (47%) 13 (43%) 36 (49%) 0.54

White 46 (44%) 4 (13%) 33 (45%)

Other 9 (9%) 13 (43%) 5 (7%)
Chromosomal abnormality 35 (34%) 14 (47%) 21 (28%) 0.07
Genetic syndrome 42 (40%) 10 (33%) 32 (43%) 0.35
Antenatal diagnosis 60 (58%) 19 (63% 41 (55%) 0.46
Single ventricle 19 (18%) 6 (20%) 13 (18%) 0.77
STAT score

1 16 (15%) 5 (17%) 11 (15%) 0.79

2 23 (22%) 6 (20%) 17 (23%)

3 12 (12%) 5 (17%) 7 (9%)

4 44 (42%) 11 (37%) 33 (45%)

5 8 (8%) 3 (10%) 5 (7%)
Duration of MV (hours) 86 (43-152) 137 (43-212) 72 (44-114) 0.03
CPB time (minutes) 127 (92-163) 138 (95-157) 117 (90-163) 0.40
Cross-clamp time (minutes) 74 (43-98) 82 (51-102) 73 (38-97) 0.46
Missing 4 (1%) 1(1%) 3 (0.8%)
Postop LOS 20 (10-34) 36 (21-57) 16 (9-25) 0.0001
CICU LOS 10 (6-20) 24 (8-37) 9 (5-14) 0.0004
Hospital LOS 30 (17-46) 43 (32-123) 24 (15-37) 0.0002
Operative mortality 13 (13%) 9 (30%) 4 (5%) 0.0006

Results depicted in n (per cent), median (interquartile range)
CICU LOS: Cardiac Intensive Care Unit Length of Stay; HFNC: High-Flow Nasal Cannula; LOS:
Bold p-values are significant

total of 424 patients (320 patients in the high-flow nasal cannula
group, and 104 patients in the non-invasive positive pres-
sure group).

Further analysis of each group, controlling for patient variables
and stratifying by weight (<5 kg versus >5 kg), showed patients
>5kg extubated to non-invasive positive pressure had 15 times
higher odds of extubation failure compared to high-flow nasal
cannula group and 22 times higher odds in non-neonates, further
suggesting that larger patients may fare better being extubated to
high-flow nasal cannula rather than non-invasive positive pressure
ventilation. It is possible there may be physiological benefits of
high-flow nasal cannula for these patients such as the delivery
of high gas flow to washout pharyngeal dead space, reducing naso-
pharyngeal resistance, improves lung compliance by providing
positive airway pressure, all of which improve work of breathing
and support respiratory dynamics.
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Length of Stay; MV: Mechanical Ventilation

Prior reports described extubation failure rates of 15-20%
in critically ill children and 3-27% following cardiac
surgery.">’~1127 Neonates and infants with higher mortality
after extubation failure were likely due to these patients with
more vulnerable physiology."*!'** In our cohort, the overall
mortality rate was 5% (21/424) with a mortality rate of 8%
(8/320) in the high-flow nasal cannula group and 13%
(13/104) in the non-invasive positive pressure group. Those
who failed extubation had a much higher mortality rate 12%
(4/34) and 30% (9/30), respectively. It is unclear if extubation
failure is a sign of mortality risk versus an antecedent cause
as it relates to severity of illness and complexity of patient hos-
pital course. Also, consistent with our findings, previous studies
have also shown smaller and younger patients with longer dura-
tion of mechanical ventilation and length of stay were at higher
risk of extubation failure. Surgical risk factors associated with
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Etiology All, n=64 HFNC, n =34 (53%) NIPPV, n =30 (47%) p-value
Upper airway obstruction 44 (69%) 19 (56%) 25 (83%) 0.03
Deconditioning/weakness 15 (23%) 10 (29%) 5 (17%) 0.25
Atelectasis 7 (11%) 6 (18%) 1 (3%) 0.11
Pneumothorax 2 (3%) 0 (0%) 2 (7%) 0.22
Low cardiac output 2 (3%) 1 (3%) 1 (3%) >0.99
Sepsis 2 (3%) 1 (3%) 1 (3%) >0.99
Pleural effusion 1 (2%) 1 (3%) 0 (0%) >0.99
Neurological issues 1 (2%) 0 (0%) 1 (3%) 0.47
Diaphragm paresis 0 (0%) 0 (0%) 0 (0%) -
Vocal cord paralysis 0 (0%) 0 (0%) 0 (0%) -
Pneumonia 0 (0%) 0 (0%) 0 (0%) -
Pulmonary oedema 0 (0%) 0 (0%) 0 (0%) -

Results depicted in n (per cent)
HFNC: High-Flow Nasal Cannula; NIPPV: Non-invasive Positive Pressure
Bold p-values are significant

Table 5. Crud and adjusted odds ratio for extubation failure by support type.

0Odds ratio (OR)

(95% CI) p-value
NIPPV versus HFNC (crude OR) 3.41 (1.96-5.93) <0.0001
NIPPV versus HFNC (adjusted OR) 3.30 (1.56-6.96) <0.0001

Adjusted for age, race, gender, STAT score, duration of mechanical ventilation, and CPB time
Bold p-values are significant

extubation failure in our cohort likely reflected the fragile state
and tenuous physiology of this age group and were consistent
with previous studies.!*17:27-29

This study is subject to the typical limitations inherent to single-
centre retrospective cohort studies. As a single-centre study, the
demographics, clinical characteristics, as well as surgical and medi-
cal management of these patients are specific to our institution and
might not be generalisable to other healthcare systems. Ventilation
weaning protocols and extubation readiness testing may be insti-
tution-specific. Also, we compare in our study high-flow nasal can-
nula versus non-invasive positive pressure ventilation using nasal
RAM interface, which is a common practice in some cardiac ICU,

but not a widely adapted respiratory interface. Also, the choice of
respiratory support mode was at the discretion of the cardiac ICU
team taking care of the patients and this might have added bias in
the selection of one mode over the other. This is a difficult property
to control for when conducting retrospective studies as personal
training, and clinical experiences, and patient clinical condition
and complexity of hospital course all factor in when deciding
which mode to use after extubation adding the potential for selec-
tion bias. Despite these limitations, this large cohort of patients
with CHD can shed light on post-cardiac surgery respiratory
support.

In conclusion, extubation failure is common in infants follow-
ing cardiac surgery with smaller, younger infants, and those with
higher risk surgical procedures at highest risk. There were no racial,
ethnic, or socio-economic risk factors associated with extubation
failure. Overall, patients extubated to non-invasive positive pres-
sure ventilation had 3.30 higher odds of failing extubation versus
patients extubated to high-flow nasal cannula. Furthermore,
patients weighing >5kg and non-neonates who were extubated
to non-invasive positive pressure ventilation had even higher odds
of failing extubation when compared to similar patients extubated
to high-flow nasal cannula. Based on these findings, clinicians may

Table 6. Crude and adjusted odds ratio for non-invasive positive pressure ventilation (NIPPV) versus high-flow nasal cannula (HFNC) respiratory support type,

stratified by weight, and neonates.

Weight <5 kg Weight >5 kg
QOdds ratio (OR) p-value 0Odds ratio (OR) p-value
NIPPV versus HFNC (crude OR) 1.81 (0.96-3.45) 0.07 11.2 (3.50-35.61) <0.0001
NIPPV versus HFNC (adjusted OR) 1.65 (0.68-4.0) 0.27 14.7 (2.88-75.39) 0.0012
Neonate Non-neonate
0Odds ratio p-value 0dds ratio p-value
NIPPV versus HFNC (crude OR) 1.31 (0.63-2.72) 0.47 9.15 (3.55-23.57) <0.0001
NIPPV versus HFNC (adjusted OR) 0.80 (0.28-2.28) 0.67 21.7 (5.16-91.20) <0.0001

Adjusted for race, gender, STAT score, duration of mechanical ventilation, and CPB time
Bold p-values are significant
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need to re-evaluate their extubation practices. It is difficult to draw
a definitive conclusion regarding the optimal type of respiratory
support in these patients; however, these findings contribute to
the literature and make a compelling case for a prospective trial
in this fragile population. Currently, our institution is undergoing
such a study to further clarify this important aspect of critical care
support following cardiac surgery.
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