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Abstract

Objectives: This study was aimed at determining the
extubation failure (EF) rate in a pediatric intensive care
unit (PICU), and assessing the etiology, associated risk
factors, and outcomes.

Methods: We conducted a retrospective study on 335
pediatric patients admitted to King Abdulaziz University
Hospital between 2018 and 2020, ranging in age from 1
month to 14 years, who required invasive mechanical
ventilation (MV) for >24 h. Extubation readiness was
determined by the attending pediatric intensive care
physician, according to the patients’ clinical status and
extubation readiness criteria.

Results: In the cohort of 335 patients, 42 experienced
issues during extubation (failure rate, 12.5%). Cardio-
vascular disease (42.9%) was the main primary admission
condition in patients with EF. Younger age (median,
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a high predicted mortality rate (10.9%; p < 0.001)
and Pediatric Risk of Mortality III (PRISM) score
(13; p < 0.001). Furthermore, prolonged ICU stay (25.5
days; p < 0.001) and longer MV requirements (4 days;
p < 0.001) before extubation in patients with EF were
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associated with a high mortality rate (~12%; p < 0.001).
Interestingly, dexamethasone administration before
extubation significantly alleviated EF risk (28.3%;
p < 0.001).

Conclusion: A higher EF rate in younger patients may
potentially be associated with longer ICU stays, pro-
longed MV requirements before extubation, and the
primary diagnostic condition. Dexamethasone effectively
alleviated EF incidence. Further research with a rigorous
evidence-based study design is necessary to substantiate
the factors identified as predictors of EF and to develop
strategies to avoid EF.

Keywords: Dexamethasone; Extubation failure; Mechanical
ventilation; Pediatric intensive care unit; Survival

© 2024 The Authors. Published by Elsevier B.V. This is an
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Introduction

Invasive mechanical ventilation (IMV) is crucial life
support measure used extensively in ~30—60% of severely ill
patients hospitalized in pediatric intensive care units
(PICUS)AF3 However, the clinical necessity and prolonged
use of mechanical ventilation (MV) in the PICU setting
have been associated with potential adverse effects and
risks of progression to clinical respiratory conditions
including cardiovascular dysfunction, ventilator-associated
pneumonia, glottic edema, airway-passage injury, dia-
phragmatic dysfunction, airway stenosis, and vocal cord
paralysis. These adverse outcomes further contribute to
prolonged use of MV and increased lengths of PICU stay,
thereby substantially increasing the risks of morbidity and
mortality.47(’ Attending physicians must perform timely
monitoring of vital clinical parameters and associated
factors to accurately determine patients’ extubation
readiness, thereby avoiding medical complications and
making efficient use of these modalities.

Extubation failure (EF) is defined as the requirement for
reintubation (placement of a breathing tube) within 48 h
after prior tube removal.” Premature extubation, primary
illness severity, etiological condition, prolonged PICU stay,
prolonged use of analgesics and sedatives, and population
demographics may result in 2—20% of EFs with associated
unfavorable clinical outcomes and increased mortality, as
reported in several studies.® ! Upper airway obstruction
(UAO) is a major contributor to reported cases of EF
caused by tracheal inflammation, glottis, and laryngeal
edema, leading to distress and stridor. Other clinical
factors include respiratory muscle weakness, diaphragm
dysfunction, neurological impairment, and cardiac
dysfunction.lz*14

The potent anti-inflammatory properties of dexametha-
sone have been explored to treat UAO by decreasing glottis,
laryngeal edema, and EF with various dosage combinations.
However, the effectiveness and efficacy of dexamethasone
administration are unclear, given the contradictory

observations in prior studies.”” ™7 Several studies have
reported operational protocols for ventilator weaning and
extubation readiness to alleviate complications with EF
and post-extubation stridor.”'®  The complications
associated with EF and the high hospitalization and
treatment costs necessitate the evaluation of various
associated risk factors and prophylactic benefits of
dexamethasone administration to determine the probability
of occurrence, increase extubation success, and avoid
reintubation. In this retrospective cohort study, we aimed
to evaluate potential etiological and demographic EF risk
factors—such as age, primary condition, prolonged MV
support, and length of stay in a PICU—leading to high
morbidity and mortality. Furthermore, we evaluated the
effect of dexamethasone on alleviating EF incidence in
severely ill patients.

Materials and Methods
Study design, demography, and PICU setting

This retrospective cohort study was conducted on pedi-
atric patients admitted between 2018 and 2020 to the PICU
of King Abdulaziz University Hospital (Figure 1). The study
enrolled 335 pediatric patients (both boys and girls) 1 month
to 14 years of age, who received mechanical ventilator
support for >24 h. Our PICU comprises a 12-bed setup
equipped with advanced medical infrastructure and timely
monitoring of the medical status by an experienced multi-
disciplinary team of pediatric intensive care physicians,
nurses, respiratory therapists, nutritionists, clinical phar-
macists, social workers, and physical therapists.

Extubation characteristics and data collection

On the basis of the patients’ clinical condition, the
attending pediatric intensive care physician made the deci-
sion to initiate the weaning and extubation protocol”'® after
determining the following parameters: (i) fulfillment of the
MYV criterion: fraction of inspired oxygen (Fjgz) < 0.5
(50%), PaO, > 60 mmHg, peak inspiratory pressure
<25 cm HO, and positive end-expiratory pressure
<8 cm H;0; (ii) patients with moderate MV moving toward
successful completion of a spontaneous breathing test for
20—30 min with pressure support mode of <10 cm H,O and
positive end-expiratory pressure of 5 cm H»O; (iii) decreased
or no requirement for inotrope administration; (iv) balanced
acid-base levels (pH ~7.25—7.45); (v) hemodynamic stabil-
ity with normal electrolytes and no fluid overload; (vi) re-
covery from medical status indicating the need for
intubation; (vii) awake status and adequate muscle tone; and
(viii) ameliorated signs and symptoms of pneumonia. Pa-
tients with laryngomalacia or tracheomalacia, gastroesoph-
ageal reflux disease with airway edema, difficult airway
intubation, and an absence of leak round-tracheal intubation
were administered six doses (0.5 mg/kg/dose) of dexameth-
asone 12 h before extubation. EF was characterized by the
need for reintubation within 48 h after extubation.

Electronic clinical data for the enrolled patients were
collected in a 4-month period and compiled categorically
into spreadsheets by (a) age, (b) sex, (c) medical diagnosis at
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the time of admission, (d) dexamethasone administration, (e)
use of non-invasive ventilation, (f) MV duration before the
first extubation, and (g) duration of hospital and ICU stay.
Data regarding the extubation readiness method and reasons
for the delay in extubation were also collected.

Exclusion criteria

Patients who received MV for <24 h, were accidentally
extubated, underwent tracheostomy, showed airway anom-
alies, had an order not to resuscitate, or had chronic venti-
lator dependency were excluded from the study. In addition,
patients with incomplete clinical medical records and those
who died in the PICU without receiving extubation support
were excluded.

Statistical analysis

The annotated medical records of the patients were
categorized and coded for analysis in SPSS software version
20.0 for Windows, developed by IBM (Armonk, NY, USA).
Categorical variables are reported as absolute frequencies
and corresponding percentages. Continuous variables with
non-uniform distribution are presented as medians and
interquartile ranges (IQRs, spanning quartile 1 to quartile 3).
We used the chi-square test to analyze qualitative variables,
and we evaluated quantitative data with the Mann—Whitney
U test. The demographic characteristics and various risk
factors associated with EF compared with extubation success
were assessed with the Mann—Whitney U test and chi-square
test. A p-value <0.05 was considered to indicate statistical
significance.

Results

Weaning from IMV and the extubation readiness of the
patients were determined by the attending pediatric intensive
care physician according to the patients’ clinical status and
fulfillment of the extubation readiness test criteria.”'* Of 335
patients, 42 underwent reintubation; an EF risk of 12.5%
was observed, and was comparable between boys (n = 20)

Total intubated patients
(N =449)

Excluded (N =114)

e IMVtime < 24h (n=39)

¢ Accidental extubation (n = 13)

e Death before extubation (n = 24)

* Patients with tracheostomy (n = 9)
e DNR(n=15)

e Airway anomalies (n = 6)

« ventilator dependency (n=5)

e Incomblete data (n =3)

Extubated
(n=335)

Failure Success
(n=42) (n=293)

Figure 1: Schematic of patients enrolled in the study.

Table 1: Univariate analysis of the epidemiological characteristics of patients in the pediatric ICU with their extubation failure and

success rates (N = 335).

Parameters Variables Extubation failure (N = 42) Extubation success (N = 293) p-value
Frequency (Percent) n (%) Frequency (Percent) n (%)
Extubation outcome (N = 335) 42 (12.5) 293 (87.5) =
Qualitative variables®
Gender Female 22 (15.7) 118 (84.3) 0.137
Male 20 (10.3) 175 (89.7)
Primary Diagnosis ENT 4 (13.3) 26 (86.7) < 0.001*
Neurological 5(13.5) 32 (86.5)
Neurosurgery 0 (0) 34 (100)
Oncology 0 (0) 10 (100)
Pediatric Surgery 0 (0) 59 (100)
Cardiovascular 9 (42.9) 12 (57.1)
Renal 0 (0) 1 (100)
Respiratory 4. (7.7) 48 (92.3)
Sepsis 8 (15.1) 45 (84.9)
Trauma 0 (0) 7 (100)
Others 12 (38.7) 19 (61.3)
Use of Dexamethasone prior to extubation No 12 (5.2) 217 (94.8) < 0.001*
Yes 30 (28.3) 76 (71.7)
Use of NIV post extubation No 19 (7) 251 (93) < 0.001*
Yes 23 (35.4) 42 (64.6)
Mortality Survived 37 (11.2) 293 (88.8) < 0.001*
Died 5 (100) 0 (0)
Quantitative variables”
Parameters Median (Q1—Q3) Median (Q1—Q3) p-value
Age (months) 4 (1.38—36) 12 (2—48) 0.036*
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Table 1 (continued)

Parameters Variables Extubation failure (N = 42) Extubation success (N = 293) p-value
Frequency (Percent) n (%) Frequency (Percent) n (%)
Weight (kg) 4.15 (2.8—14.2) 8.2 (3.6—14) 0.039*
PRISM 13 (8—16) 7 (0—13) < 0.001%*
Predicted mortality % 10.9 (3.1-18.7) 3.1 (0.8-9.1) < 0.001%*
MYV duration prior to extubation (days) 4 (2—10) 2 (1-5) < 0.001°*
Reintubation time (hours) 24(12—24) 0(0—0) < 0.001%*
ICU stay duration (days) 25.50(13—49) 6.00(3—10) < 0.001%*

NIV: Non-invasive ventilation; ENT: Ear, nose, and throat; ICU: Intensive care unit; MV: Mechanical ventilation; PRISM: Pediatric Risk
of Mortality III. * A p-value of < 0.05 was used to evaluate the statistical significance.
Variables are presented as absolute frequency and percent or median (interquartile range).

& Chi-square test was employed for qualitative variables.

® Mann—Whitney U test was employed for quantitative variables.

and girls (n = 22) (Table 1). To evaluate the potential risk
factors associated with the probability of EF, we compared
the epidemiological characteristics of patients with EF
versus successful extubation (Table 1). On the basis of the
median distribution of patient age, EF risk was found to
be significantly higher in younger patients (median, IQR: 4,
1.38—36 months) than in patients who were successfully
extubated (median, IQR: 12, 2—48; p = 0.036). A similar
trend was observed in weights: patients with EFs (4.15 kg;

IQR: 2.8—14.2 kg) had a lower median weight than
patients with extubation success (8.2 kg; IQR: 3.6—14 kg).
Cardiovascular disease was the primary clinical condition
associated with EF (42.9%; p < 0.001). In many studies,
the use of corticosteroids such as dexamethasone for
treating UAO has been observed to significantly decrease
EFs. In our retrospective study in 335 patients,
dexamethasone was administered to 106 patients (31.6%)
before extubation, after evaluation of clinical status. The

Table 2: Correlating death and survival of the patients in the pediatric ICU with their diagnostic and clinical characteristics (N = 335).

Parameters Variables Survived Died p-value
(N = 330) (N =5)
Frequency (Percent) n (%) Frequency (Percent) n (%)
Qualitative variables®
Gender Female 138 (98.6) 2(1.4) 0.935
Male 192 (98.5) 3(1.5)
Primary Diagnosis ENT 30 (100) 0 (0) 0.213
Neurological 36 (97.3) 1.7
Neurosurgery 34 (100) 0 (0)
Oncology 10 (100) 0 (0)
Pediatric Surgery 59 (100) 0 (0)
Cardiovascular 19 (90.5) 2(9.5)
Renal 1 (100) 0 (0)
Respiratory 52 (100) 0 (0)
Sepsis 52 (98.1) 1(1.9)
Trauma 7 (100) 0 (0)
Others 30 (96.8) 1(3.2)
Use of Dexamethasone prior to extubation No 226 (98.7) 3(1.3) 0.686
Yes 104 (98.1) 2 (1.9)
Use of NIV post extubation No 269 (99.6) 1(0.4) 0.001*
Yes 61 (93.8) 4(6.2)
Extubation status Failure 37 (88.1) 5(11.9) 0.001*
Success 293 (100) 0 (0)
Quantitative variables”
Parameters Median (Q1-Q3) Median (Q1-Q3)
Age (months) 12(2—48) 0.56(0.33—3) 0.008*
Weight (kg) 8(3.5—14) 4(2.8—4.5) 0.051
PRISM 8(0—13) 15(12—16) 0.024*
Predicted mortality (%) 3.48(0.8—10.8) 15.7(9.2—18.7) 0.018*
MYV duration prior to extubation (days) 3(1-5) 8(3—10) 0.172
Reintubation time (hours) 0(0—0) 24(12—24) < 0.001%*
ICU stay duration (days) 7(3—12) 39(28—56) 0.001*

NIV: Non-invasive ventilation; ENT: Ear, nose, and throat; ICU: Intensive care unit; MV: Mechanical ventilation; PRISM: Pediatric Risk
of Mortality III. * A p-value of < 0.05 was used to evaluate the statistical significance.
Variables are presented as absolute frequency and percent or median (interquartile range).

# Chi-square test was employed for qualitative variables.
® Mann—Whitney U test was employed for quantitative variables.
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EF rates were significantly lower in patients with than
without dexamethasone administration (28.3%; p < 0.001).
However, no pronounced effect was observed on survival
(» = 0.686) (Table 2).

A death rate of ~12% was observed in patients with EF,
who had significantly higher Pediatric Risk of Mortality III
(PRISM) scores (median, IQR: 13, 8—16; p < 0.001) and
predicted mortality rates (median, IQR: 10.9, 3.1—18.7;
p < 0.001) than successfully extubated patients. EFs were
also significantly associated with the duration of ICU stay
(median, IQR: 25.50, 13—49 days; p < 0.001) and prolonged
MYV requirement (median, IQR: 4, 2—10 days; p < 0.001)
before the weaning process could be initiated (Table 1). The
elevated risk of EF was significantly associated with the
requirement for non-invasive ventilation support post-
extubation (54.8%:; p < 0.001).

Death among patients with unsuccessful extubation at-
tempts, compared with the surviving patients, correlated
with diagnostic and clinical characteristics (Table 2).
Notably, the significant correlation between the potential
risk factors and EF incidence (Table 1) was also reflected
in the prognosis regarding death, because of the severity of
clinical status. Death was observed significantly more
frequently in infants than older children (median, IQR:
0.56, 0.33—3 months; p = 0.008). Longer ICU stays and
the requirement for prolonged MYV support before
extubation in patients with high predicted mortality rates
and PRISM scores were significantly associated with death
risk in patients with EF (Table 2).

Discussion

Extubation is the removal of invasive MV, thereby allowing
patients to spontaneously breathe or to require less invasive
respiratory support (nasal or nasopharyngeal CPAP,
HHFNC, or an oxygen mask). Failure of the transition to
extubation is characterized by a need to re-intubate with MV
support within 48 h. We observed an EF rate of 12.5% among
the 335 enrolled pediatric patients, in excellent agreement with
earlier reports of 2—20% in various similar studies.® !!
Extubation readiness protocols are less well established for
pediatric than adult patients, and definitive and reliable
markers to extubate pediatric patients are lacking.w
Therefore, the decision to extubate depends solely on the
adequacy of the clinical assessment of patient medical status
by the attending expert intensive care physician, and the
conservative strategies used contribute to the variations
observed in the EF rate in various hospital settings.3 9,20,21
Clinical and observational studies have made extensive
efforts to identify predictors and definitive markers, and
develop integrated and indexed standard practices and
protocols for effective extubation. In a meta-analysis by Ng
et al. evaluating the pre-extubation assessment and its diag-
nostic accuracy in predicting EF, 55 unique pre-extubation
assessments were found to be poor predictors of EF.”?

Extubation failures result in longer MV durations and
ICU stays—these major risk factors that may lead to severe
clinical conditions and consequently increase mortality
rates.® Therefore, in this study, we evaluated various
etiological risk factors and demographic characteristics
associated with the incidence of EFs and prognosis
regarding death. EF is a major risk factor in neonates and

. . . . 3 i .
infants, as observed in earlier studies,”>'%%’ potentially

because of the high airway resistance, immature respiratory
system, neurological factors, and smaller airway with low
elastance of the ribcage in these children.”* Our study
identified younger age as a high-risk factor associated with
death in patients with EF, thus corroborating earlier reports.

Several other risk factors, such as admission etiology,
mechanical ventilation time, length of PICU stay, and pro-
longed use of sedative drugs, are associated with EF risk.
These risk factors are generally associated with greater
severity of the prognosis to post-extubation clinical compli-
cations and worsening of health status, thus ultimately
increasing morbidity and mortality rates.*’->>?° The clinical
data in our study from 42 of 335 patients who underwent EF
demonstrated a requirement for prolonged MV support and
PICU lengths of stay. Furthermore, these factors were
significantly elevated in patients who died after
unsuccessful extubation. Our findings were similar to those
of Al Ghafri et al., who have also observed that EF is
positively  associated with  preoperative mechanical
ventilation duration and escalation of the inotropic score.”’
Length of PICU stay may be affected by various factors,
including the clinical admission etiology, severity of
medical status, age, sex, individual immune response, use
of prophylactic drugs, and treatment strategiecs. However,
EF is also a highly influential factor directly associated
with the need for additional rounds of ventilator weaning,
additional use of sedative and prophylactic drugs,
prolonged recovery times, and respiratory muscle weakness.

The increased lengths of hospital stay with prolonged
ventilator support may be linked to atelectasis, ventilator-
associated pneumonia, and other several induced clinical
complications, thus further increasing treatment times and
hospitalization costs. 2% Therefore, healthcare specialists
should carefully consider these potential risk factors
requiring close speculation and constant monitoring for
timely initiation of the weaning process, thereby alleviating
ventilator-induced clinical complications. Interestingly, we
observed a significant contribution of cardiovascular disease
(42.9%) as a primary diagnostic condition in the incidence of
EF, in excellent agreement with findings from Baisch et al.
and Heubel et al.>*"

Laryngeal edema may arise from the mechanical irritation
and pressure induced by IMV, and may result in the devel-
opment of UAO and post-extubation stridor, thereby
increasing the risk of development of ventilator-associated
pneumonia. Laryngeal edema post-extubation is more com-
mon in pediatric than adult patients, primarily because of
differences in respiratory tract anatomy; an occurrence rate of
4—37% has been reported in earlier studies with varying
population demographics.(’m""‘ 132 Several studies have
explored the effectiveness and efficacy of corticosteroids
such as dexamethasone in treating UAO, laryngeal edema,
and post-extubation stridor, through anti-inflammatory ef-
fects. However, the results of the prophylactic use of dexa-
methasone have not been standardized, because of
contradictory reports among clinical studies. However, this
treatment has been demonstrated to be beneficial in risk-prone
patients, including both children and adults. A randomized
controlled trial by Ritu et al., in 42 children receiving dexa-
methasone and 38 children receiving placebo, has reported
that a 0.15 mg/kg/dose of dexamethasone is not beneficial in
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decreasing post extubation stridor.™ Similarly, Saleem et al.
have reported that prophylactic use of dexamethasone
(0.5 mg/kg/dose), compared with a control of no
medication, is ineffective in decreasing reintubation rates in
children (n = 30).** Several other studies have also reported
the ineffectiveness of dexamethasone in decreasing EF and
post extubation stridor in children.'>!°

Meta-analyses by Kuriyama et al., Khemani et al.,
McCaffrey et al., and Kimura et al. have evaluated the
effectiveness of dexamethasone and reported beneficial ef-
fects in preventing laryngeal edema, EFs, and post-
extubation stridor.'”* 3" A network meta-analysis by Iyer
et al. has shown that administration of a 0.5 mg/kg/dose of
dexamethasone in patients >12 h before extubation is
effective strategy for decreasing reintubation rates in chil-
dren.*® Interestingly, = dexamethasone administration
(0.5 mg/kg/dose) 12 h before extubation in patients with
laryngomalacia, tracheomalacia, or gastroesophageal reflux
disease has been shown to significantly alleviate EF
incidence (31.6%). Our results corroborate the findings of
Iyer et al. and Khemani et al.'”* Thus, the administration
of dexamethasone can be considered clinically relevant in
increasing the chance of survival and decreasing the death
rate in critically ill pediatric patients admitted to the PICU,
as well as avoiding post-extubation stridor, laryngeal
edema, and respiratory distress.

We also observed that higher PRISM scores and predicted
mortality rates were potentially associated with EF and death
risks, thereby corroborating findings from earlier studies.””*
However, Wratney et al. have not observed a significant
association between higher PRISM scores and EFs.*!

Limitations

One limitation of this study is its retrospective nature.
However, to minimize any potential bias, the data were
reviewed by two senior nurses, and patients were excluded
from the study if any significant data were missing. Another
limitation is that the data were obtained from a single center
serving a niche population; thus, the findings cannot be
directly correlated to a broader population. A multi-center
data analysis would aid in better assessment of the risk
factors.

Conclusions

This study delineated potential risk factors that signifi-
cantly contribute to elevated incidence of EFs. Younger age,
cardiovascular disease, longer length of ICU stay, and pro-
longed requirement for MV before extubation were identified
to severely influence EF rates. These factors were found to be
associated with elevated death risk in patients with higher
PRISM scores and to predict mortality rates. Dexametha-
sone administration before extubation in severe cases
markedly alleviated the chance of EFs in pediatric patients.
Variations in extubation assessment practices at the institu-
tional level eventually lead to delays in weaning from IMV.
Further prospective studies should be conducted to assess the
improvements in extubation time while maintaining a very
low EF incidence.

Source of funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for- profit
sectors.

Conflict of interest

We have no conflicts of interest to declare.

Ethical approval

The research design and protocol were reviewed and
approved by the Institute Research Ethics Committee, Unit
of Biomedical Ethics, Faculty of Medicine, King Abdulaziz
University (registration number HA-02-J-008; January 1,
2022).

Authors contributions

KAA conceived, designed, and conducted the research;
collected and analyzed the data; and drafted, critically
reviewed, and approved the final draft of the manuscript. She
is responsible for all aspects of the work. All authors have
critically reviewed and approved the final draft, and are
responsible for the content and similarity index of the
manuscript.

References

1. Khemani RG, Markovitz BP, Curley MAQ. Characteristics of
children intubated and mechanically ventilated in 16 PICUs.
Chest 2009; 136(3): 765—771. https://doi.org/10.1378/chest.09-
0207.

2. Simonassi JI, Canzobre MT. [Predictors of upper airway
obstruction following extubation in critically ill children]. Andes
Pediatr  2022; 93(4): 543—551. https://doi.org/10.32641/
andespediatr.v93i4.4155.

3. Toida C, Muguruma T, Miyamoto M. Detection and validation
of predictors of successful extubation in critically ill children.
PLoS One 2017; 12(12):e0189787. https://doi.org/10.1371/
journal.pone.0189787.

4. Farias JA, Fernandez A, Monteverde E, Flores JC,
Baltodano A, Menchaca A, et al. Mechanical ventilation in
pediatric intensive care units during the season for acute lower
respiratory infection: a multicenter study. Pediatr Crit Care
Med 2012; 13(2): 158—164.  https://doi.org/10.1097/
PCC.0b013e3182257b82.

5. Principi T, Fraser DD, Morrison GC, Farsi SA, Carrelas JF,
Maurice EA, et al. Complications of mechanical ventilation in
the pediatric population. Pediatr Pulmonol 2011; 46(5): 452—
457. https://doi.org/10.1002/ppul.21389.

6. Torres A, Gatell JM, Aznar E, el-Ebiary M, Puig de la
Bellacasa J, Gonzalez J, et al. Re-intubation increases the risk of
nosocomial pneumonia in patients needing mechanical ventila-
tion. Am J Respir Crit Care Med 1995; 152(1): 137—141. https://
doi.org/10.1164/ajrccm.152.1.7599812.

7. Elisa P, Francesca C, Marco P, Davide V, Laura Z,
Fabrizio Z, et al. Ventilation weaning and extubation
readiness in children in pediatric intensive care unit: a re-
view. Front Pediatr 2022; 10:867739. https://doi.org/10.3389/

fped.2022.867739.



https://doi.org/10.1378/chest.09-0207
https://doi.org/10.1378/chest.09-0207
https://doi.org/10.32641/andespediatr.v93i4.4155
https://doi.org/10.32641/andespediatr.v93i4.4155
https://doi.org/10.1371/journal.pone.0189787
https://doi.org/10.1371/journal.pone.0189787
https://doi.org/10.1097/PCC.0b013e3182257b82
https://doi.org/10.1097/PCC.0b013e3182257b82
https://doi.org/10.1002/ppul.21389
https://doi.org/10.1164/ajrccm.152.1.7599812
https://doi.org/10.1164/ajrccm.152.1.7599812
https://doi.org/10.3389/fped.2022.867739
https://doi.org/10.3389/fped.2022.867739

522

Risk assessment of extubation failure

10.

11.

12.

13.

14.

17.

18.

20.

21.

22.

23.

. Baisch SD, Wheeler WB, Kurachek SC, Cornfield DN. Extu-

bation failure in pediatric intensive care incidence and out-
comes. Pediatr Crit Care Med 2005; 6(3): 312—318. https://
doi.org/10.1097/01.PCC.0000161119.05076.91.

. Weatherall AD, Burton RD, Cooper MG, Humphreys SR.

Developing an Extubation strategy for the difficult pediatric
airway-Who, when, why, where, and how? Paediatr Anaesth
2022; 32(5): 592—599. https://doi.org/10.1111/pan.14411.
Gorito VVS, Silva MJ, Moreira A, Mota TCd, Ribeiro A.
Extubation failure: the reality of a pediatric intensive care unit.
Int J Med Rev Case Rep 2021; 5(5): 25—27. https://doi.org/
10.5455/1IJMRCR.Extubation-Failure-12-452.

Byrnes J, Bailly D, Werho DK, Rahman F, Esangbedo I,
Hamzah M, et al. Risk factors for extubation failure after pe-
diatric cardiac surgery and impact on outcomes: a multicenter
analysis. Crit Care Explor 2023; 5(10):e0966. https://doi.org/
10.1097/CCE.0000000000000966.

Beitler JR, Malhotra A, Thompson BT. Ventilator-induced
lung injury. Clin Chest Med 2016; 37(4): 633—646. https://
doi.org/10.1016/j.ccm.2016.07.004.

Goligher EC, Dres M, Patel BK, Sahetya SK, Beitler JR,
Telias I, et al. Lung- and diaphragm-protective ventilation. Am
J Respir Crit Care Med 2020; 202(7): 950—961. https://doi.org/
10.1164/rcem.202003-0655CP.

Khemani RG, Sekayan T, HotzJ, Flink RC, Rafferty GF, Iyer N,
et al. Risk factors for pediatric extubation failure: the importance
of respiratory muscle strength. Crit Care Med 2017; 45(8): ¢798—
€805. https://doi.org/10.1097/CCM.0000000000002433.

. Tellez DW, Galvis AG, Storgion SA, Amer HN, Hoseyni M,

Deakers TW. Dexamethasone in the prevention of post-
extubation stridor in children. J Pediatr 1991; 118(2): 289—294.
https://doi.org/10.1016/s0022-3476(05)80505-0.

. Markovitz BP, Randolph AG. Corticosteroids for the preven-

tion of reintubation and postextubation stridor in pediatric
patients: a meta-analysis. Pediatr Crit Care Med 2002; 3(3):
223—226. https://doi.org/10.1097/00130478-200207000-00003.
Khemani RG, Randolph A, Markovitz B. Corticosteroids for the
prevention and treatment of post-extubation stridor in neonates,
children and adults. Cochrane Database Syst Rev 2009; 2009(3):
CD001000. https://doi.org/10.1002/14651858.CD001000.pub3.
Gupta D, Greenberg RG, Sharma A, Natarajan G, Cotten M,
Thomas R, et al. A predictive model for extubation readiness in
extremely preterm infants. J Perinatol 2019; 39(12): 1663—1669.
https://doi.org/10.1038/s41372-019-0475-x.

. Ochoa ME, Marin Mdel C, Frutos-Vivar F, Gordo F, Latour-

Perez J, Calvo E, et al. Cuff-leak test for the diagnosis of upper
airway obstruction in adults: a systematic review and meta-
analysis. Intensive Care Med 2009; 35(7): 1171—1179. https://
doi.org/10.1007/s00134-009-1501-9.

Manczur TI, Greenough A, Pryor D, Rafferty GF. Comparison
of predictors of extubation from mechanical ventilation in
children. Pediatr Crit Care Med 2000; 1(1): 28—32. https://
doi.org/10.1097/00130478-200007000-00005.

Beshish AG, Fundora MP, Aronoff E, Rao N, Kelleman MS,
Shaw FR, et al. Prevalence, risk factors, and etiology of extu-
bation failure in pediatric patients after cardiac surgery.
J Pediatr Intensive Care 2022. https://doi.org/10.1055/s-0041-
1742253, EFirst.

Ng P, Tan HL, Ma Y]J, Sultana R, Long V, Wong JJ, et al.
Tests and indices predicting extubation failure in children: a
systematic review and meta-analysis. Pulm Ther 2023; 9(1): 25—
47. https://doi.org/10.1007/s41030-022-00204-w.

Park SJ, Bae MH, Jeong MH, Jeong SH, Lee N, Byun SY, et al.
Risk factors and clinical outcomes of extubation failure in very
early preterm infants: a single-center cohort study. BMC

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Pediatr 2023; 23(1): 36. https://doi.org/10.1186/s12887-023-
03833-5.

Hammer J, Eber E. The peculiarities of infant respiratory
physiology. Paediatric Pulmonary Function Testing Prog Respir
Res Basel, Karger. 2005; 33: 2—7. https://doi.org/10.1159/
Silva-Cruz AL, Velarde-Jacay K, Carreazo NY, Escalante-
Kanashiro R. Risk factors for extubation failure in the intensive
care unit. Rev Bras Ter Intensiva 2018; 30(3): 294—300. https://
doi.org/10.5935/0103-507x.20180046.

Kulkarni AP, Agarwal V. Extubation failure in intensive
care unit: predictors and management. Indian J Crit Care
Med 2008; 12(1): 1-9. https://doi.org/10.4103/0972-5229.
40942.

Al Ghafri M, Al Badi H, Al Hadhrami S. Extubation failure
in infants with modified blalock-taussig shunt: the incidence,
predictors, and outcomes. J Cardiothorac Vasc Anesth 2022;
36(11): 4032—4036. https://doi.org/10.1053/j.jvca.2022.
05.030.

Laham JL, Breheny PJ, Rush A. Do clinical parameters predict
first planned extubation outcome in the pediatric intensive care
unit? J Intensive Care Med 2015; 30(2): 89—96. https://doi.org/
10.1177/0885066613494338.

Torrini F, Gendreau S, Morel J, Carteaux G, Thille AW,
Antonelli M, et al. Prediction of extubation outcome in criti-
cally ill patients: a systematic review and meta-analysis. Crit

Care 2021; 25(1): 391. https://doi.org/10.1186/s13054-021-
03802-3.
Heubel AD, Mendes RG, Barrile SR, Gimenes C,

Martinelli B, da Silva LN, et al. Extubation failure in pe-
diatric intensive care unit: a retrospective cohort study.
Fisioter Pesqui 2020; 27(1): 34—40. https://doi.org/10.1590/
1809-2950/18038927012020.

Markovitz BP, Randolph AG, Khemani RG. Corticosteroids
for the prevention and treatment of post-extubation stridor
in neonates, children and adults. Cochrane Database Syst
Rev 2008; 2: CD001000. https://doi.org/10.1002/
14651858.CD001000.pub2.

Loberger JM, Manchikalapati A, Borasino S, Prabhakaran P.
Prevalence, risk factors, and outcomes of airway versus non-
airway pediatric extubation failure. Respir Care 2023; 68(3):
374—383. https://doi.org/10.4187/respcare.10341.

Ritu Jhamb U. Dexamethasone in prevention of postextubation
stridor in ventilated children: a randomized, double-blinded,
placebo-controlled trial. Indian J Crit Care Med 2020; 24(12):
1230—1235. https://doi.org/10.5005/jp-journals-10071-23679.
Saleem AF, Bano S, Haque A. Does prophylactic use of
dexamethasone have a role in reducing post extubation stridor
and reintubation in children? Indian J Pediatr 2009; 76(5): 555—
557. https://doi.org/10.1007/s12098-009-0067-4.

Kuriyama A, Umakoshi N, Sun R. Prophylactic cortico-
steroids for prevention of postextubation stridor and rein-
tubation in adults: a systematic review and meta-analysis.
Chest 2017; 151(5): 1002—1010. https://doi.org/10.1016/
j.chest.2017.02.017.

McCaffrey J, Farrell C, Whiting P, Dan A, Bagshaw SM,
Delaney AP. Corticosteroids to prevent extubation failure: a
systematic review and meta-analysis. Intensive Care Med
2009; 35(6): 977—986. https://doi.org/10.1007/s00134-009-
1473-9.

Kimura S, Ahn JB, Takahashi M, Kwon S, Papatheodorou S.
Effectiveness of corticosteroids for post-extubation stridor and
extubation failure in pediatric patients: a systematic review and
meta-analysis. Ann Intensive Care 2020; 10(1): 155. https://
doi.org/10.1186/s13613-020-00773-6.



https://doi.org/10.1097/01.PCC.0000161119.05076.91
https://doi.org/10.1097/01.PCC.0000161119.05076.91
https://doi.org/10.1111/pan.14411
https://doi.org/10.5455/IJMRCR.Extubation-Failure-12-452
https://doi.org/10.5455/IJMRCR.Extubation-Failure-12-452
https://doi.org/10.1097/CCE.0000000000000966
https://doi.org/10.1097/CCE.0000000000000966
https://doi.org/10.1016/j.ccm.2016.07.004
https://doi.org/10.1016/j.ccm.2016.07.004
https://doi.org/10.1164/rccm.202003-0655CP
https://doi.org/10.1164/rccm.202003-0655CP
https://doi.org/10.1097/CCM.0000000000002433
https://doi.org/10.1016/s0022-3476(05)80505-0
https://doi.org/10.1097/00130478-200207000-00003
https://doi.org/10.1002/14651858.CD001000.pub3
https://doi.org/10.1038/s41372-019-0475-x
https://doi.org/10.1007/s00134-009-1501-9
https://doi.org/10.1007/s00134-009-1501-9
https://doi.org/10.1097/00130478-200007000-00005
https://doi.org/10.1097/00130478-200007000-00005
https://doi.org/10.1055/s-0041-1742253
https://doi.org/10.1055/s-0041-1742253
https://doi.org/10.1007/s41030-022-00204-w
https://doi.org/10.1186/s12887-023-03833-5
https://doi.org/10.1186/s12887-023-03833-5
https://doi.org/10.1159/000083486
https://doi.org/10.1159/000083486
https://doi.org/10.5935/0103-507x.20180046
https://doi.org/10.5935/0103-507x.20180046
https://doi.org/10.4103/0972-5229.40942
https://doi.org/10.4103/0972-5229.40942
https://doi.org/10.1053/j.jvca.2022.05.030
https://doi.org/10.1053/j.jvca.2022.05.030
https://doi.org/10.1177/0885066613494338
https://doi.org/10.1177/0885066613494338
https://doi.org/10.1186/s13054-021-03802-3
https://doi.org/10.1186/s13054-021-03802-3
https://doi.org/10.1590/1809-2950/18038927012020
https://doi.org/10.1590/1809-2950/18038927012020
https://doi.org/10.1002/14651858.CD001000.pub2
https://doi.org/10.1002/14651858.CD001000.pub2
https://doi.org/10.4187/respcare.10341
https://doi.org/10.5005/jp-journals-10071-23679
https://doi.org/10.1007/s12098-009-0067-4
https://doi.org/10.1016/j.chest.2017.02.017
https://doi.org/10.1016/j.chest.2017.02.017
https://doi.org/10.1007/s00134-009-1473-9
https://doi.org/10.1007/s00134-009-1473-9
https://doi.org/10.1186/s13613-020-00773-6
https://doi.org/10.1186/s13613-020-00773-6

K.A. Al-Sofyani

523

38.

39.

40.

Iyer NP, Lopez-Fernandez YM, Gonzalez-Dambrauskas S,
Baranwal AK, Hotz JC, Zhu M, et al. A network
meta-analysis of dexamethasone for preventing postextubation
upper airway obstruction in children. Ann Am Thorac Soc
2023; 20(1): 118—130. https://doi.org/10.1513/AnnalsATS.
202203-2120C.

Slonim AD, Marcin JP, Pollack MM. Chapter 6 — Outcomes in
pediatric critical care medicine: implications for health services
research and patient care. In: Fuhrman BP, Zimmerman JJ,
editors. Pediatric critical care. 4th ed. Saint Louis: Mosby; 2011.
pp. 59—66.

Odek C, Kendirli T, Ucar T, Yaman A, Tutar E, Eyileten Z,
et al. Predictors of early extubation after pediatric cardiac
surgery: a single-center prospective observational study. Pediatr

41.

Cardiol 2016; 37(7): 1241—1249.
500246-016-1423-6.

Wratney AT, Benjamin Jr DK, Slonim AD, He J, Hamel DS,
Cheifetz IM. The endotracheal tube air leak test does not pre-
dict extubation outcome in critically ill pediatric patients.
Pediatr Crit Care Med 2008; 9(5): 490—496. https://doi.org/
10.1097/PCC.0b013e3181849901.

https://doi.org/10.1007/

How to cite this article: Al-Sofyani KA. Predictors and
outcomes of extubation failures in a pediatric intensive
care unit: A retrospective study. J Taibah Univ Med Sc
2024;19(3):516—523.



https://doi.org/10.1513/AnnalsATS.202203-212OC
https://doi.org/10.1513/AnnalsATS.202203-212OC
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
http://refhub.elsevier.com/S1658-3612(24)00016-7/sref39
https://doi.org/10.1007/s00246-016-1423-6
https://doi.org/10.1007/s00246-016-1423-6
https://doi.org/10.1097/PCC.0b013e3181849901
https://doi.org/10.1097/PCC.0b013e3181849901

	Predictors and outcomes of extubation failures in a pediatric intensive care unit: A retrospective study
	Introduction
	Materials and Methods
	Study design, demography, and PICU setting
	Extubation characteristics and data collection
	Exclusion criteria
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusions
	Source of funding
	Conflict of interest
	Ethical approval
	Authors contributions
	References


