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ABSTRACT

Background: Mechanical ventilation is lifesaving in children with respiratory failure. However, its unnecessary prolongation once a
child is capable of sustaining spontaneous effective ventilation is associated with significant complications. Objective: To identify the
factors that lead to higher chance of extubation failure in mechanically ventilated children. Materials and Methods: A prospective,
observational study was conducted over a period of 1 year. Children admitted to pediatric intensive care unit of a tertiary care hospital
of Northern India aged 1 month—17 years, needing mechanical ventilation were included in the study. Predefined criteria were used
to decide the timing of extubation. Relevant details were recorded to study various patient-related parameters and their association
with extubation outcome. Results: Mean age of the study group was 50 months with a male:female ratio of 3:1. Extubation failure
rate was 14.5%. Extubation failure was significantly higher in patients ventilated for >7 days (p=0.01), those with the pediatric
risk of mortality score >10 at admission (p=0.009), in addition to peak inspiratory pressure >16 cm H,O (p=0.009) and FiO,>0.35
(p=0.01) before extubation. Accidental extubation was also associated with higher extubation failure (p<0.001). Conclusion: Our
study demonstrates that even though sicker patients requiring ventilation for longer duration are more prone to failed extubations,
protocol based, and planned extubations lead to better extubation success.

Key words: Accidental extubation, Duration of ventilation, Fraction of inspired oxygen, Peak inspiratory pressure, Pediatric risk
of mortality score

are often required in critically ill infants and children with
respiratory failure. While invasive mechanical ventilation
is lifesaving, it can be associated with complications. Therefore,
it is important that mechanical ventilation be discontinued as
soon as the patient is capable of sustaining spontaneous effective
breathing. Both premature extubation and unnecessary ventilation
are hazardous [1]. Discontinuation of mechanical ventilation as
soon as it is no longer needed is important to avoid respiratory
complications and physiological dependence on sedatives and
analgesics. The purpose of extubation is to achieve the transition
from ventilator dependent to independent breathing in a smooth
manner and avoiding stress to cardiorespiratory system [2].
Pre-extubation parameters are utilized to provide insight into
reasons for patient’s ventilator dependence and provide focus as to
which therapeutic intervention needs to be implemented to prepare
a patient for extubation. They also assist in the formulation of
extubation plan targeted toward patient’s specific needs. Extubation
failure is defined as the need for reinstitution of ventilatory support
within 24-72 h of planned extubation [3], which can be variable
between 2 and 47% of extubated patients and is highest in preterm
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neonates (22-28%) [4]. Pathophysiology of extubation failure can
be distinct from that of weaning failure [5].

Paucity of literature on factors predicting extubation outcome
in children, poor predictive value of weaning guidelines proposed
for adults [6], and lack of sensitivity of indices developed for the
prediction of extubation success [7] urged us to gain insight into
this rather important aspect of mechanical ventilation. Hence, our
study was done to evaluate the factors associated with extubation
failure in children.

MATERIALS AND METHODS

This prospective, observational study was conducted over a
period of 1 year on patients admitted to pediatric intensive care
unit (PICU). All children between the age group of 1 month and
17 years requiring mechanical ventilation were included in the
study. The children who refused to give consent for participation
in the study or did not complete treatment in our hospital before
extubation were excluded from the study.

The study was approved by the institutional ethics committee.
The aim of the study was to determine the factors associated with
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extubation failure. After obtaining informed parental consent,
detailed history, physical examination, relevant investigations,
the course of the illness during hospital stay, management, final
diagnosis, and the outcome of patients were documented.

Extubation Protocol

After weaning to the lowest possible ventilatory settings, patients
were given spontaneous breathing trials (T-piece or pressure
support <10 cm of H,0). Those who passed the trial were planned
for extubation. Sedation, analgesia, and feeds were stopped at least
4 h before planned extubation. Prophylactic steroid (one dose of
IV dexamethasone 0.2 mg/kg) was administered if the duration
of intubation was >5 days and repeated if deemed necessary
after extubation [8]. Most of the patients were extubated to face
mask oxygen and some to nasal prong/face mask CPAP/BiPAP,
depending on the age of the child and availability of appropriate
size of oxygen delivery device. Patient’s cardiorespiratory status
was monitored. Post-extubation stridor was treated with a single
inhalation of nebulized adrenaline (0.5 ml/kg, max 4 ml of 1:1000
dilution), repeated if necessary [9]. Severe stridor requiring
reintubation was treated with IV dexamethasone 0.2 mg/kg/dose
6 h for 2 days before the next extubation attempt.

The decision to wean and extubate was based on patient’s clinical
status, blood gas determination, and extent of ventilator support.
The criteria followed for extubation are mentioned in Table 1.

The weaning and extubation protocol was followed in most
patients, but some patients were extubated from higher levels
of ventilator support due to unplanned/accidental extubation.
Nonetheless, all the patients were included in data analysis. Extubation
failure was defined as the need for reinstitution of ventilatory support
within 24-72 h of planned endotracheal tube removal.

Outcome Assessment

Various factors were assessed with regard to their association
with extubation outcome.

Statistical Analysis

Mean and standard deviations were computed. Chi-square or
Fisher’s exact test whichever was applicable was applied for

comparing groups. Statistical analysis was done using the SPSS
Version 20.

RESULTS

Four hundred and fifty children were admitted to the PICU during
the study period of 1 year. Out of these, 85 children needed
mechanical ventilation. Fifty-three patients met the inclusion
criteria and were finally enrolled. The mean age of the study group
was 50+49.9 months with a male:female ratio of 3:1. Out of them,
28% of patients were brought in respiratory arrest. Majority of the
patients (87%) were ventilated for more than 72 h with an average
duration of ventilation (DOV) of 6.9+4.4 days. The most common
indication for mechanical ventilation was respiratory disorder
(55%). Extubation success was significantly higher in this group
(p=0.004). Extubation failure rate was lowest in the patients
with pneumonia (13%). Other groups of conditions requiring
mechanical ventilation were central nervous system disorders
(25%), neuromuscular diseases (11%), and trauma (9%).

Atotal of 53 patients underwent 62 extubation trials. Extubation
failure rate was 14.5% (9 failures of 62 extubation attempts). Two
patients had a single extubation failure (3.2%). Two patients had
two extubation failures each (6.5%), of which one patient died and
one was extubated successfully. One patient had three extubation
failures (4.8%) and had to be tracheostomized. Extubation failure
was significantly higher in patients ventilated for >7 days (27%)
compared to those ventilated for <7 days (6%), (p=0.01). Pediatric
risk of mortality (PRISM) score >10 at admission also showed a
strong association with extubation failure (p=0.009).

Extubation failure rate was maximum in infants (19%) but was
not statistically significant (p=0.25). With regard to the effect of
nutritional status, patients with weight for age >3" percentile had
lesser failure rate (10%) than those <3 percentile (24%), but the
impact did not attain statistical significance (p=0.08). Similarly,
level of consciousness at admission as assessed by Glasgow coma
scale did not show a strong association with extubation outcome.
Out of the 62 extubations that took place during the study period,
49 were planned and 13 were unplanned (accidental) extubations.
Reintubation was required in 6 of 13 patients (46% failure rate) in
the accidental extubation group compared to 3 of 49 (6% failure
rate) in the planned extubation group. Accidental extubation was

Table 1: Criteria followed for extubation in mechanically ventilated children in pediatric intensive care unit

Clinical criteria

Ventilator-related criteria

Laboratory-related

criteria
Respiratory rate — (Breaths/min) Expiratory tidal volume >5 ml/kg on a pressure ABG
<1 year=30-60/min support <10 cm of H,0 pH=7.35-7.45

1-3 years=25-40/min Fi0,<0.4 pCO,=35-50 mm of Hg
4-5 years=20-35/min PEEP <5 cm of H,0 PO,=>80 mmHg
6-12 years=18-30/min Sp0,>94% PCV (Hct) >30

13-18 years=12-20/min
Absence of significant retractions and paradoxical breathing
Minimal or no inotrope requirement

Glasgow coma scale >10 and good cough reflex

PaO,/Fi0, >200

S. electrolytes
S. Na=135-145 mEq/L
S. K=3.5-5 mEg/L
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associated with significantly higher extubation failure compared
to planned extubation (p<0.001).

The duration of mechanical ventilation was significantly
increased in patients with accidental extubation. In this subgroup
of patients with accidental extubations, the following ventilatory
parameters showed significant association with extubation failure:
Peak inspiratory pressure (PIP=APIP (Peak inspiratory pressure
above PEEP)+PEEP (Peak end-expiratory pressure) >16 cm H,O
(p=0.009) and fraction of inspired oxygen (FiO,) >0.35 (p=0.01)
before extubation. The parameters affecting extubation are
mentioned in Table 2.

Laboratory parameters (pre-extubation ABG, hematocrit,
and serum K+) were not found to significantly affect extubation
outcome. The most common complication seen in patients
receiving mechanical ventilation was
pneumonia which was reported in 37% of cases followed by

ventilator-associated

Table 2: Factors affecting extubation in mechanically ventilated
children

Parameter Extubation Extubation  p-value
failure, n (%) success, n (%)

Age
<1 month 04 (19) 17 (81) 0.25
>1 month 05 (12.2) 36 (87.8)

Gender
Male 05 (11) 40 (89) 0.13
Female 04 (23.5) 13 (76.5)

Nutritional status (weight for age)
<3" centile 05 (23.8) 16 (76.2) 0.08
>3 centile 04 (9.8) 37(90.2)

Glasgow coma scale at admission
<8 05 (17.2) 24 (82.8) 0.29
>8 04 (12.1) 29 (87.9)

Pediatric risk of mortality score at admission
<10 02 (5.3) 36 (94.7) 0.009
>10 07 (29.2) 17 (70.8)

Etiology for ventilation
Pneumonia 02 (13.3) 13 (86.7) 0.92
Others 07 (14.9) 40 (85.1)

Duration of ventilation
<7 days 02 (5.6) 39 (94.4) 0.01
>7 days 07 (14.9) 19 (73)

Peak inspiratory pressure*
<16 01 (3.1) 31 (96.9) 0.009
>16 08 (26.7) 22 (73.3)

FiO,
<0.35 04 (8.7) 42 (91.3) 0.01
>0.35 06 (35.3) 11 (64.7)

Ventilation-related complications
Stridor 03 (60) 02 (40) 0.01
Accidental extubation 06 (46) 07 (54) 0.0008
Ventilator-associated 06 (26) 17 (24) 0.032
pneumonia

*(p<0.05)

accidental extubation (21%) and stridor (8%). These complications
were considerably higher in patients with failed extubation.

DISCUSSION

This was a prospective, observational study carried out with the
aim to determine the factors associated with extubation failure.
Mean age of the study population was 50 months in our study
which was comparable to the study population assessed by
Thiagarajan et al. and Hubble et al. [10,11]. Male preponderance
of 3:1 was seen in our patients which was lower in Western
population as gender bias is prevalent in our region [12,13].

A longer DOV (>7 days) and greater severity of the illness
at admission, as assessed by the PRISM III score, were found
to be important predictors of extubation failure. Accidental
(unplanned) extubations were associated with significantly
higher rates of extubation failure. Certain ventilatory parameters,
namely, higher PIP and fraction of inspired oxygen (FiO,) before
extubation also correlated well with increased risk of extubation
failure.

The most common group of conditions requiring mechanical
ventilation in our study were pulmonary illnesses namely,
pneumonia and ARDS. Other studies done by Mokhlesi
et al., Oliveira and Filho, and Edmunds et al. also found similar
observations [5,14,15]. Some Western studies quoted pneumonia
while others found bronchiolitis to be the most common indication
for mechanical ventilation. The extubation failure rate of 14.5% in
our study is comparable to that seen by other authors. Thiagarajan
et al. [10], Mokhlesi et al. [5], and Manczur et al. [16] found
extubation failure rates of 11% and 13% each, respectively.

DOV >7 days had a significant association with extubation
failure. Other studies are in agreement with regard to this finding,
although the threshold DOV associated with extubation failure
varied from 4 to 15 days [17-19]. In the study done by Manczur
et al., the receiver operating characteristic curve identified the
threshold value of DOV of 97 h (4 days) as a discriminator
between successful and failed extubation with 78% sensitivity
and 67% specificity [16]. We also found that patients who were
sicker at admission (PRISM score >10) had higher extubation
failure rates. These results were contradictory to the results
obtained from other centers [17-19].

Even though our study showed a trend toward more extubation
failures in malnourished children, the effect was not statistically
significant. De Souza et al., 2012, reported higher duration of
mechanical ventilation in malnourished children [20] which was
in contrast to the results obtained by Fontela et al., 2005 [18].
A relatively small sample size in our study might be the reason
for results not achieving statistical significance and a different
conclusion compared to other studies with regard to the effect of
nutritional status on extubation outcome.

Unplanned (accidental) extubation was found to be another
significant risk factor for extubation failure, with 46% failure rate
in our study. Unplanned extubation was also associated with a
longer duration of mechanical ventilation. In a case—control study
in an adult intensive care unit, an extubation failure rate of 47%
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was reported in patients with unplanned extubation [21], which is
in concordance with our study.

In the subgroup of patients with unplanned extubation,
ventilator-related parameters, namely, PIP >16 cm H,O before
extubation and FiO, >0.35 were associated with greater
extubation failure. Thiagarajan et al. found a statistically
significant correlation between higher PIP and adverse extubation
outcome (p=0.002) [10]. Similar results were reported by Farias
et al. and Vallverdu et al. [22]. In the study by Engoren et al.,
Fi0O, <0.53+0.08 was a significant predictor of extubation success
(p=0.02) [23]. The level of consciousness at admission and pre-
extubation laboratory parameters (ABG, hematocrit, and serum
K+) did not impact extubation outcome.

The limitations of this study were the small sample size and
short duration of the study. Another limitation was that all patients
could not be extubated as per the planned protocol; but at the
same time, this factor allowed us to analyze and compare the
impact of protocol-based extubation with random extubation on
the rate of extubation failure.

CONCLUSION

The findings of this study illustrate that even though sicker
patients requiring ventilation for longer duration are more
vulnerable to failed extubations, protocol based, and planned
extubations contribute to better extubation success. Further future
studies and more reliable methods are required to predict a child’s
readiness for extubation in a timely manner, thus avoiding undue
prolongation of ventilator support. This study also emphasizes
the need to take active measures to prevent untimely accidental
extubations in PICU.
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