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In this article, our primary objective was to investigate the prevalence and etiology of
extubation failure (EF) in patients following cardiac surgery for congenital heart
disease. Secondarily, we examined the association of different risk factors with EF.
This was single-center retrospective study in a 27-bed cardiac intensive care unit at a
quaternary children’s hospital. All patients between 0 and 18 years of age who
underwent congenital cardiac surgery from January 2008 to September 2019 were
included. During the study period, among 8,750 surgical encounters, 257 (2.9%) failed
extubation, defined as reintubation within 48 hours from extubation. EF patients were
younger, smaller, more likely to have genetic syndromes, higher Society of Thoracic
Surgeons and the European Association for Cardio-Thoracic Surgery (STAT) mortality
scores, single-ventricle physiology, longer cardiopulmonary bypass (CPB) and cross-
clamp (XC) times, longer mechanical ventilation (MV) duration, and higher mortality (p
<0.05). In a univariate analysis, EF patients when compared to matched controls by
age, gender, and STAT score, and genetic syndrome, particularly heterotaxy, were
associated with increased odds of EF (p <0.05). In a multivariable logistic regression of
the entire cohort, the presence of any genetic syndrome was associated with higher
odds of EF (p <0.05). In a subgroup of neonates, a univariate analysis was performed
and multivariable analysis was attempted, but both did not achieve statistical signifi-
cance. In summary, EF after congenital cardiac surgery is associated with younger age,
lower weight, single-ventricle physiology, longer CPB and XC times, longer duration
of MV, and genetic syndromes. Patients failing extubation have increased morbidity
and mortality. Recognition of these risk factors may provide clinicians the ability to
identify patients at high risk allowing for timely intervention to limit adverse outcomes.
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Introduction

The postoperative management of children undergoing con-
genital heart surgery has evolved with shorter durations of
mechanical ventilation (MV) and lengths of stay (LOS).'~1°
Early extubation, defined as extubation either in the operat-
ing room or within 6 hours of arrival to the cardiac intensive
care unit (CICU), is an approach used to limit the duration
of MV and contribute to improved outcomes.'™ There
remains a subset of patients that fail extubation, thus causing
a setback in their recovery.”‘13 Extubation failure (EF) in
children is quite common and is seen in 22 to 28% of
premature babies, 15 to 20% of critically ill children, and 3
to 10% of children after cardiac surgery.”®%1":14-17 Extuba-
tion in neonates poses the greatest challenge after cardiac
surgery due to immature respiratory function, small airways,
neurological factors including sedation, and nutritional sta-
tus to name a few.>>12:15.16.18 1y hoth adults and children,
unsuccessful extubation requiring emergent reintubation
may cause significant hemodynamic instability, airway trau-
ma, prolonged duration of intensive care unit stay, and
overall increasing the risk of morbidity and mortality.5’16"21

This study aimed to investigate the prevalence and etiol-
ogy of EF in the patient following cardiac surgery for con-
genital heart disease (CHD) as our primary outcome.
Secondarily, we sought to examine the association of differ-
ent risk factors with EF.

Materials and Methods

Cohort Selection

This single-center retrospective cohort study included all
pediatric patients, O to 18 years old, who underwent cardiac
surgery for repair or palliation of CHD from January 1, 2008
to September 30, 2019, at Children’s Healthcare of Atlanta, a
free-standing university-affiliated quaternary children’s
hospital. An internal surgical database was queried, and
eligible surgical encounters were identified. Preterm neo-
nates with the corrected gestational age of less than
35 weeks, patients undergoing patent ductus arteriosus
ligation, epicardial pacemaker implantation, pericardial win-
dow as their sole procedure, and patients with the diagnoses
of cardiomyopathy, cardiac tumors, and myocarditis placed
on extracorporeal life support were all excluded. This project
was reviewed and approved by the Children’s Healthcare of
Atlanta Institutional Review Board (IRB# 00000339). In-
formed consent was waived.

Demographics (age, weight, gender, and race), clinical
characteristics (CICU-LOS, postoperative-LOS, hospital-LOS,
duration of MV, genetic syndrome, and chromosomal abnor-
malities), and operative variables (cardiopulmonary bypass
[CPB] time and cross-clamp [XC] time) were collected. EF was
defined as reintubation within 48 hours from extubation.
Once patients who failed extubation were identified
(n=257), an attempt was made to match controls in the
ratio of 2:1 based on age, gender, and Society of Thoracic
Surgeons and the European Association for Cardio-Thoracic
Surgery (STAT) mortality scores category. Total number of
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patients that were able to match were in the ratio of 231
(cases):462 (controls). Surgical procedures were categorized
by complexity based on the STAT mortality scores.? Dura-
tion of MV was defined as the duration of time from intuba-
tion to the first extubation attempt. Mortality at discharge
was defined as (1) all deaths occurring during the hospitali-
zation in which the operation was performed, even if after
30 days, and (2) all deaths occurring after discharge from the
hospital, but before the end of the 30th postoperative day.22

Airway Management

All patients were endotracheally intubated with cuffed en-
dotracheal tubes and placed on MV on admission from the
operating room. Depending on the peri-operative and pa-
tient factors, patients were placed on fast-track extubation
protocol. The protocol was initiated once patients were
spontaneously breathing and extubation readiness was de-
termined. Patients were then placed on spontaneous breath-
ing trials (SBT) using continuous positive airway pressure
with pressure support (CPAP/PS). Following a successful SBT,
patients were extubated to non-invasive respiratory support
at the discretion of the CICU physician ranging from nasal
cannula (NC), humidified high-flow nasal cannula (HFNC), to
noninvasive positive pressure ventilation (NIPPV) with ei-
ther CPAP or bilevel ventilation (BiPAP). Respiratory support
following extubation was dichotomized to NC/HFNC or
NIPPV. NIPPV included both CPAP and BiPAP. Patients failing
extubation were reintubated when meeting at least 1 of the
following criteria: (1) clinical signs of respiratory
fatigue and/or severe respiratory distress; (2) worsening
hypercarbia or hypoxemia; (3) inability to clear
airway/oral secretions; (4) hemodynamic decompensation;
(5) cardiorespiratory arrest; and (6) inability to maintain
adequate airway patency due to neurologic impairment.
These criteria are similar to what has been used in a prior
report by Miura et al.

Statistical Analysis

Statistical analysis was performed using SAS version 9.4
(Cary, NC, United States), and statistical significance was
assessed at the 0.05 level. The normality of continuous
variables was assessed using histograms, normal probability
plots, and the Anderson-Darling test for normality. Descrip-
tive statistics were calculated for all variables of interest and
included medians and interquartile ranges (IQR) and counts
and percentages, when appropriate. Characteristics of sub-
jects who failed extubation (EF-group) and those who did not
fail extubation (non-EF group) were compared using chi-
square tests for categorical variables or Fisher’s exact test
when expected cell counts were small (<5) and a Wilcoxon
rank-sum test for continuous variables.

To minimize confounding variables, we matched EF to
non-EF patients (1:2) by age category, gender, and STAT
category and yielded 231 cases and 462 controls. Univariate
logistic regression and multivariable logistic regression were
used to obtain estimates of the association between EF and
each candidate predictor. Predictors that were significant at
the univariate level (p < 0.20) and had sufficient sample size



were included in multivariable modeling. Both unadjusted
and adjusted odds ratios (aORs) and 95% confidence intervals
(CIs) were constructed for each logistic regression model.
The diagnostic performance for the prediction of extubation
was assessed using the area under the receiver operating
characteristic curve. Multivariable logistic regression of the
neonate-only cohort was attempted but did not achieve
statistical significance.

Results

Patient Characteristics

There were 8,750 eligible cardiac surgical encounters from
6,247 unique patients during the study period. Patient
characteristics are presented in =Table 1. The median age
was 6.5 months (IQR 1.5-51.7), and the median weight was
6.5 kg (IQR 3.8-15.7). Neonates and infants comprised 5,240
encounters (59.9%). Operations with STAT scores of 4 or 5
comprised 2,116 (27.6%) of all surgical encounters. The
median duration of CPB and XC time were 94 minutes (IQR
65-137) and 47 minutes (IQR 21-75), respectively. The me-
dian CICU-LOS was 4.2 days (IQR 2.1-7.7), and the median
duration of MV was 22.15 hours (IQR 11.6-74.0). Chromo-
somal abnormalities were present in 18.7% and diagnosed
genetic syndromes in 22.4%. The most common syndromes
were Down syndrome (n=638, 7.3%), DiGeorge syndrome
(n=295, 3.4%), and heterotaxy syndrome (n=334, 3.8%)
(~Table 1).

Extubation Failure

EF was defined as reintubation within 48 hours from the time
of extubation. EF occurred in 257 (2.9%) encounters. Neo-
nates had an EF rate of 5.9%, while infants had a 3.0% EF rate.
By far the majority of patients in the EF group were extubated
to NC or HFNC (90.3%, n =232). Patients in the EF group were
younger (median age 1.7 vs. 6.7 months, p<0.001) and
smaller (median weight 4 vs. 6.6kg, p <0.001) than the
non-EF group. EF patients had longer CPB (median 126.5
vs. 93 minutes, p <0.001) and XC times (median 59 vs.
47 minutes, p 0.002). EF patients had a longer CICU- and
hospital-LOS and longer duration of MV prior to initial
extubation (=Table 1). EF patients were more likely to
have a higher STAT score of 4 and 5 (41.9% vs. 22.4, and
15.0% vs. 4.3%, p <0.001), as well genetic syndromes (33.0%
vs. 21.1%, p 0.003). EF patients had a higher percentage of
mortality (8.9% vs. 5.3%, p <0.001) when compared with the
non-EF patients (~Table 1).

This most common etiology of EF in our cohort was
atelectasis in 32.3% (n=83), followed by poor gas exchange
in 16.7% (n=43), low cardiac output and hemodynamic
instability in 16.3% (n=42), upper airway obstruction
in14.8% (n=38), and pulmonary congestion in 10.9%
(n=28) (=Fig. 1). The most common cardiac lesion category
in the EF group was single-ventricle physiology (n=69),
followed by tetralogy of fallot (n=30), interrupted aortic
arch +VSD (n=27), atrioventricular septal defect (n=20),
D-transposition of the great arteries (n=16), and double
outlet right ventricle (n=15) (~Table 2). A detailed list
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outlining the etiology of EF and the different cardiac lesion
categories are shown in =Fig. 1 and =Tables 2.

Predictors for EF

Univariate analysis comparing EF patients (n=231) to
matched controls (n=462) in the ratio of 2:1 by age, gender,
and STAT category showed that risk factors such as CPB, XC
time, single-ventricle physiology, duration of MV, and mode
of respiratory support post-extubation were not associated
with increased odds of EF (=Table 3). Our analysis did
demonstrate that CICU-LOS (OR 1.02, 95% CI 1.01-1.03, p
<0.001), postoperative-LOS (OR 1.01, 95% CI 1.01-1.02, p
<0.001), hospital-LOS (OR 1.01, 95% CI 1.01-1.02, p <0.001),
and any genetic syndromes (OR 1.61, 95% CI 1.13-2.30,
p=0.009), in particular heterotaxy syndrome (OR 2.68,
95% CI 1.29-5.58, p=0.008), were all associated with in-
creased odds of EF (=~Table 3). Multivariable logistic regres-
sion was performed and demonstrated that CICU-LOS (OR
1.02, 95% CI 1.01-1.03, p <0.001) and the presence of a
genetic syndrome (OR 1.50, 95% CI 1.04-2.16, p 0.031) were
associated with increased odds of EF (~Table 3).

Neonatal Subgroup Analysis

Univariate analysis focusing on neonates (age <29 days) was
performed comparing neonates who failed extubation
(n=106) matched to controls (n=212) in the ratio of 2:1
by age, gender, and STAT category which demonstrated that
CICU-LOS (OR 1.02, 95% CI 1.01-1.03, p <0.001), postopera-
tive-LOS (OR 1.01, 95% CI 1.01-1.02, p <0.001), hospital-LOS
(OR 1.01, 95% CI 1.01-1.02, p <0.001) were associated with
increased odds of EF (=Table 4). Multivariable logistic re-
gression analysis of the neonate-only cohort was attempted
but did not achieve statistical significance.

Discussion

This is the largest single-center study examining EF after
congenital cardiac surgery. EF is relatively uncommon after
surgery for CHD. Our EF rate of 2.9% is slightly lower than
prior reports ranging from 3 to 10%.4~7-1%17 This rate reflects
our practice of balancing aggressive and conservative extu-
bation strategies as well as the implementation of SBT to
support extubation readiness. Of the patients failing extu-
bation, neonates and infants represented 83.3% (214/257).
Neonates had the highest rates of EF (5.9%) in our cohort.
Although the duration of mechanical ventilation in our study
is comparable to other reports, our neonatal EF rate is
strikingly lower than prior reports of neonatal EF ranging
from 10 to 27%.>11121415.17.23 Contributing factors result-
ing in neonatal EF include but are not limited to anatomic and
physiologic characteristics such as smaller airways that may
be vulnerable to mucosal edema. Other factors that are not
specific to neonates such as acid-base disturbances and
hemodynamic instability due to a prolonged peri-operative
course or residual lesions can play important roles in EF.!?
Additionally, neonates undergoing cardiac surgery are likely
to present with more complex lesions, post-anesthesia ap-
nea, functional immaturity of different organ systems, and
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Table 1 Patient characteristics of the entire cohort and stratified into extubation failure group and non-extubation failure group

Others

1,109 (12.7%)

1,070 (12.6%)

39 (15.2%)

None

6,374 (72.9%)

6,202 (73.0%)

172 (66.9%)

Variables Overall cohort Non-EF group EF group p-Value
n=28,750 (%) n=8,493 (%) n=257 (%)
Age group
Neonates 1,957 (22.4%) 1,842 (21.7%) 115 (44.8%) <0.001
Infants 3,283 (37.5%) 3,184 (37.5%) 99 (38.5%)
Tto3y 885 (10.1%) 866 (10.2%) 19 (7.4%)
3to5y 646 (7.4%) 640 (7.5%) 6 (2.3%)
5to 18y 1,979 (22.6%) 1,961 (23.1%) 18 (7.0%)
Age (months) 6.5 (1.5-51.7) 6.7 (1.7-53.8) 1.7 (0.2-5.5) <0.001
Weight (kg) 6.5 (3.8-15.7) 6.6 (3.9-16.0) 4 (3.1-6.4) <0.001
Race
Asian 295 (3.4%) 288 (3.4%) 7 (2.7%) 0.345
Black/African American 2,916 (33.3%) 2,815 (33.1%) 101 (39.3%)
Caucasian 5,017 (57.3%) 4,882 (57.5%) 135 (52.5%)
Hispanic 173 (2.0%) 169 (2.0%) 4 (1.6%)
Other 349 (4.0%) 339 (4.0%) 10 (3.9%)
Gender
Female 3,959 (45.3%) 3,845 (45.3%) 114 (44.4%) 0.772
Male 4,791 (54.8%) 4,648 (54.7%) 143 (55.6%)
STAT score (n=7,661)
1 2,406 (31.4%) 2,378 (32.0%) 28 (12.0%) <0.001
2 2,215 (28.9%) 2,171 (29.2%) 44 (18.8%)
3 924 (12.1%) 895 (12.1%) 29 (12.4%)
4 1,761 (23.0%) 1,663 (22.4%) 98 (41.9%)
5 355 (4.6%) 320 (4.3%) 35 (15.0%)
Single ventricle
No 6,924 (79.1%) 6,753 (79.5%) 171 (66.5%) <0.001
Yes 1,826 (20.9%) 1,740 (20.5%) 86 (33.5%)
CPB time (min)? 94 (65-137) 93 (64-135.5) 126.5 (93-174) <0.001
XC time (min)® 47 (21-75) 47 (21-74) 59 (30-86) 0.002
CICU LOS (d) 4.2 (2.1-7.7) 4.2 (2.1-7.7) 15.4 (8.4-30.8) <0.001
Hospital LOS (d) 7 (4-18) 7 (4-17) 28 (14-61) <0.001
Chromosomal abnormality
No 7,114 (81.3%) 6,905 (81.3%) 209 (81.3%) 0.993
Yes 1,636 (18.7%) 1,588 (18.7%) 48 (18.7%)
Genetic syndrome
No 6,793 (77.6%) 6,613 (77.9%) 180 (70.0%) 0.003
Yes 1,957 (22.4%) 1,880 (22.1%) 77 (30.0%)
Type of genetic syndrome
Down syndrome 638 (7.3%) 626 (7.4%) 12 (4.7%) <0.001
DiGeorge syndrome 295 (3.4%) 279 (3.3%) 16 (6.2%)
Heterotaxy syndrome 334 (3.8%) 316 (3.7%) 18 (7.0%)
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Table 1 (Continued)
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Variables Overall cohort Non-EF group EF group p-Value
n=238,750 (%) n=8,493 (%) n=257 (%)
Duration of MV (h)¢ 22.2 (11.6-74.0) 21.8 (11.3-71.7) 96.3 (25.9-221.3) <0.001
Respiratory support post-extubation
NC/HFNC 232 (90.3%) - 232 (90.3%)
NIPPV 25 (9.7%) - 25 (9.7%)
Mortality at discharge
Alive 8,276 (94.6%) 8,042 (94.7%) 234 (91.1%) <0.001
Dead 474 (5.4%) 451 (5.3%) 23 (8.9%)

Abbreviations: CICU-LOS, cardiac intensive care unit length of stay; CPB, cardiopulmonary bypass; EF, extubation failure; HFNC, high-flow nasal
cannula; Hospital-LOS, hospital length of stay; MV; mechanical ventilation; NC, nasal cannula; NIPPV, non-invasive positive pressure ventilation; STAT
scores, Society of Thoracic Surgeons and the European Association for Cardio-Thoracic Surgery mortality scores; XC, cross-clamp.

Results depicted in n (percent) and median (interquartile range).

Note: Bolded p-Values are statistically significant.
“Note that CPB time was estimated in a smaller cohort of n= 6,260 surgical encounters.
PNote that cross-clamp time was estimated in a smaller cohort of n = 6,708 surgical encounters.
“Duration of mechanical ventilation is the time from preoperative intubation to the first attempt of extubation following congenital cardiac surgery.

Pleural effusion |-
18 (6%)

Pulmonary congestion
28 (10%)

Upper airway
obstruction
38(13%)

Fig. 1 Etiology of extubation failure.

42 (15%)

Low cardiac output and

hemodynamic instability

Pneumothorax Ny Vocal cord paresis Diaphragm paresis | | Pneumonia
12 (4%) " 4 (1%) 2(1%) 2 (1%)
. | P
Apnea/Hypopnea | \\ ‘] /"/
13 (5%) R S yd
~

Poor gas exchange
43(15%)
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Table 2 Extubation failures by broad cardiac lesions categories

Category Count (n=257)
Single ventricle physiology 69 (26.8%)
Tetralogy of fallot 30 (11.7%)
Interrupted aortic arch +VSD 27 (10.5%)
Atrioventricular septal defects 20 (7.8%)
D-transposition of the great 16 (6.2%)
arteries £VSD

Double outlet right ventricle 15 (5.8%)
Ventricular septal defects (VSD) 9 (3.5%)
Coarctation of the aorta and arch 9 (3.5%)
hypoplasia +VSD

Pulmonary atresia, intact ventricu- 9 (3.5%)
lar septum (PA/IVS)

Anomalous pulmonary venous 6 (2.3%)
connections

Truncus arteriosus 5 (1.9%)
Aortic valve disease 3(1.2%)
Shone’s complex 2 (0.8%)
Congenitally corrected transposi- 2(0.8%)
tion of the great arteries

Atrial septal defect 2 (0.8%)
Pulmonary valve disease 1 (0.4%)
Others/miscellaneous 32 (12.5%)

Note: Results depicted in n (percent).

poor nutritional status contributing to the higher rates of EF
in this subpopulation.>16.18.21

The definition of EF varies among studies, with some
defining EF with the need for reintubation within 24 to
96 hours.”'618:23 Thijs wide range is thought to be due to
EF being a slow evolving process in children with CHD as
they are capable of compensating for a certain amount of
time until requiring the escalation of respiratory support
necessitating reintubation.'’'#23 Rates of reintubation
can be as high as 37% within the first 48 to 72 hours
from initial extubation.>'"1%23 In our study, we defined
EF as the need to be reintubated within 48 hours of
extubation.

Multiple EF risk factors are unmodifiable such as age,
weight, higher STAT scores, CPB and XC time, presence of
chromosomal abnormalities, diagnosed genetic syndrome,
and duration of MV. Recognizing these risk factors allows the
ICU team to anticipate high-risk patients and consider a more
conservative approach to their extubation strategy and plan.
Reports have shown the association between EF with youn-
ger age, and lower weight.G'1 L1417 our study supports the
association of EF with younger age and lower weight. We
show that neonates and infants have a higher rate of EF when
compared with older patients. Our study shows that single-
ventricle physiology, higher STAT scores, longer CPB and XC
times, presence of genetic syndromes, and longer duration

Journal of Pediatric Intensive Care © 2022. The Author(s).

of MV were higher in the EF group. Operative mortality was
higher in the EF group (8.9 vs. 5.3%, p <0.001) (~Table 1).

In our univariate analysis, patients who failed extubation
when compared to matched controls (2:1) by age, gender and
STAT score, risk factors such as CPB, XC time, single-ventricle
physiology, duration of MV, and mode of respiratory support
post-extubation were not associated with increased odds of
EF (=Table 3). Despite our larger sample size, this supports
what prior studies reported as no established link between
CPB and XC times and EF has been identified.>®'":1424 [n a
subgroup analysis of neonates, CPB and XC time, and higher
STAT score did not achieve statistical significance. CPB time
often reflects the complexity of surgery, surgical technique
used, patient age and size, and the technical skills of the
operator. Although CPB is an essential tool used to conduct
cardiac surgery by allowing adequate oxygen delivery to the
patients, it is associated with an inflammatory response. This
inflammatory response along with reperfusion injury fol-
lowing XC release can result in lung injury that could be
exacerbated with MV. All these factors along with patient
characteristics and the experience of different members of
the ICU staff are important considerations when deciding to
extubate a patient following cardiac surgery.

Our study showed that the presence of chromosomal and
genetic abnormalities was risk factors for EF. This could be
related to the underlying comorbidities, anatomic and dys-
morphic features, or neurological impairment related to the
syndrome. In particular, heterotaxy syndrome is associated
with higher rates of failed extubation in the univariate
analysis in the entire cohort (=Table 3). When performing
a literature search, we could not find any prior studies that
place patients with heterotaxy syndrome at higher rates of
EF following cardiac surgery. What is surprising is patients
with DiGeorge and Down Syndrome did not have a higher
rate of EF when compared with other genetic syndromes.
Both DiGeorge and Down syndromes are known to have
airway abnormalities including but not limited to upper
airway malacia, and the unique upper airway anatomy for
patients with both syndromes, would put then at higher risk
for EF.22 One theory is that patients with Down syndrome are
more likely to have atrioventricular septal defects and ven-
tricular septal defects (VSD) both requiring surgery at an
older age when compared with patients with heterotaxy
syndrome who usually carry a cardiac diagnosis of lesions
related to single-ventricle physiology, conduction abnormal-
ities associated with other comorbidities. In addition,
patients with Down syndrome have a tendency to maintain
higher levels of pulmonary vascular resistance following
birth for a longer period of time. This tends to be protective
to the pulmonary vasculature and delays the development of
heart failure symptoms allowing them to grow and require
surgery at a later age, usually around 4 to 6 months. These are
speculations that will need to be investigated by future
studies. If younger age at the time of surgery is thought to
be the driving force in patients with heterotaxy syndrome, it
is surprising why DiGeorge syndrome is not associated with
higher EF rates in our study. Patients with DiGeorge syn-
drome carry diagnoses such as truncus arteriosus and VSD
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Table 3 Univariate and multivariable analyses for extubation failures (n =693)
Variable Univariate Multivariable
OR (95% Cl) p-Value OR (95% CI) p-Value

Weight (kg) 1.02 (0.96-1.09) 0.519
Race

Asian 0.80 (0.31-2.09) 0.650

Black/African American 1.21 (0.86-1.69) 0.275

Hispanic 1.07 (0.32-3.61) 0.917

Other 1.14 (0.47-2.75) 0.774

White/Caucasian Ref.
Single ventricle 1.39 (0.99-1.96) 0.058
CPB time (min) 1.04 (0.99-1.08) 0.106
XC time (min) 1.01 (0.95-1.07) 0.784
CICU-LOS (d) 1.02 (1.01-1.03) <0.001 1.02 (1.01-1.03) <0.001
Postoperative-LOS (d) 1.01 (1.01-1.02) <0.001
Hospital-LOS (d) 1.01 (1.01-1.01) <0.001
Any chromosome abnormality 0.95 (0.64-1.41) 0.788
Any genetic syndrome 1.61 (1.13-2.30) 0.009 1.50 (1.04-2.16) 0.031
Type of genetic syndrome

DiGeorge syndrome 1.47 (0.73-2.98) 0.280

Down syndrome 0.76 (0.37-1.55) 0.450

Heterotaxy syndrome 2.68 (1.29-5.58) 0.008

Other 1.39 (0.88-2.18) 0.158

None Ref.
Duration of MV (h)? 1.01 (1.00-1.01) 0.202

NIPPV 1.35 (0.80-2.30) 0.264

NC/HFNC Ref.

Abbreviations: Cl, confidence interval; CICU-LOS, cardiac intensive care unit length of stay; CPB, cardiopulmonary bypass; HFNC, high-flow nasal
cannula; Hospital-LOS, hospital length of stay; MV; mechanical ventilation; NC, nasal cannula; NIPPV, non-invasive positive pressure ventilation; OR,
odds ratio; postoperative-LOS, postoperative length of stay; STAT score, Society of Thoracic Surgeons and the European Association for Cardio-

Thoracic Surgery mortality scores; XC, cross-clamp.

Note: EF cases in entire cohort (n=231). Controls matched by age, gender, STAT score (n =462).

Bolded p-Values are statistically significant.

“Duration of mechanical ventilation is the time from preoperative intubation to the first attempt of extubation following congenital cardiac surgery.

bBased on 5kg decrease.
“Based on 15-minute increase.
9Based on 12 hours increase.

with interrupted aortic arch type B both of which require
surgical repair in the neonatal period.

Prolonged CICU-, post-operative-, and hospital-LOS were
all independent risk factors that increased the odds of EF in
our study, similar to previous reports.*~% 11141t is difficult to
discern the relationship between EF and CICU-LOS. This issue
comes down to “causation and effect” whether the longer
duration of MV and CICU-LOS results in EF or if EF results in
the longer duration of MV and CICU-LOS. The longer duration
of MV prior to initial extubation may reflect chronic lung
pathology, deconditioning, or neurological pathology inhib-
iting extubation and possibly increase the risk of EF. In our
center, fast-track extubation protocols are in place and all
patients of different ages are managed via these protocols.
Deviation from these protocols is the exception and taken

case by case depending on the peri-operative and patient
factors.

Limitations

This study is subject to the typical limitations inherent to
single-center retrospective cohort studies. As a single-center
study, the demographics, clinical characteristics, as well as
surgical and medical management of these patients are
specific to our institution and might not generalize to other
health care systems. Ventilator weaning protocols and extu-
bation readiness testing may be institution specific. The
specific inclusion criteria of this study may limit the gener-
alizability of the findings. This study included patients with
varying surgical complexity and a wide age range making our

Journal of Pediatric Intensive Care © 2022. The Author(s).
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Table 4 Univariate analysis for extubation failures in neonates

(n=318)
Variable Univariate
OR (95% Cl) p-Value
Weight (kg) 0.68 (0.10-4.70) 0.695
Race
Asian 1.30 (0.30-5.62) 0.725
Black/African American 1.25 (0.75-2.08) 0.384
Hispanic 0.43 (0.05-3.79) 0.450
Other 1.35(0.43-4.31) 0.608
White/Caucasian Ref.
Single ventricle 1.09 (0.67-1.76) 0.742
CPB time (min) 1.02 (0.95-1.09) 0.628
XC time (min) 0.98 (0.88-1.08) 0.649
CICU-LOS (d) 1.02 (1.01-1.03) <0.001
Postoperative LOS (d) 1.01 (1.01-1.02) <0.001
Hospital-LOS (d) 1.01 (1.01-1.02) <0.001
Any chromosome 1.07 (0.58-1.97) 0.834
abnormality
Any genetic syndrome 1.62 (0.92-2.84) 0.094
Type of genetic syndrome
DiGeorge syndrome 1.30 (0.49-3.42) 0.603
Down syndrome 0.56 (0.06-5.05) 0.301
Heterotaxy syndrome 1.90 (0.62-5.86) 0.263
Other 1.56 (0.82-2.99) 0.178
None Ref.
Duration of MV (h)? 1.00 (1.00-1.01) | 0.397
NIPPV 1.38 (0.64-2.97) 0.417
NC/HFNC Ref.

Abbreviations: Cl, confidence interval; CICU-LOS, cardiac intensive care
unit length of stay; CPB, cardiopulmonary bypass; HFNC, high-flow nasal
cannula; Hospital-LOS, hospital length of stay; MV; mechanical venti-
lation; NC, nasal cannula; NIPPV, non-invasive positive pressure venti-
lation; OR, odds ratio; postoperative-LOS, postoperative length of stay;
STAT score, Society of Thoracic Surgeons and the European Association

for Cardio-Thoracic Surgery mortality score; XC, cross-clamp.

Note: EF cases in neonates (n = 106). Controls matched by age, gender,
and STAT score (n=212). Bolded p-Values are statistically significant.
“Duration of mechanical ventilation is the time from preoperative
intubation to the first attempt of extubation following congenital
cardiac surgery.

(Multivariable logistic regression of the neonate-only cohort was
attempted but did not achieve statistical significance).

®Based on 5 kg decrease.

“Based on 15-minute increase.

9Based on 12 hours increase.

cohort nonhomogeneous; however, these larger numbers
allow for the increased power of the findings. Despite these
limitations, the prevalence of EF in the entire cohort, in
general, and in the neonatal population, in particular, are
lower but still comparable to studies that are published in the

Journal of Pediatric Intensive Care © 2022. The Author(s).

field. However, our outcomes and possible risk factors need
to be confirmed by larger multicenter prospective studies.

Conclusion

This study demonstrates that EF after congenital cardiac
surgery is associated with younger age, lower weight, sin-
gle-ventricle physiology, longer CPB and XC times, and
genetic syndromes. EF is a slow evolving process in children
with CHD as they are capable of compensating for a certain
amount of time until requiring escalation of respiratory
support necessitating reintubation. Patients failing extuba-
tion have longer lengths of CICU and hospital stay and higher
mortality. Recognition of these risk factors may provide
clinicians the ability to identify patients at high risk for EF
allowing for more rapid reintervention to limit adverse
outcomes.
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