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Abstract
Aim: To determine the risk factors associated with extubation 
failure (EF) in neonates

Materials and Methods: This was a prospective observational 
study involving neonates who were ventilated for at least 
24 hours. Of the 117 enrolled neonates, 93 completed the 
study. The standard care was provided as per unit protocol. 
The demographic, ventilatory, hematologic, and biochemical 
parameters and complications were recorded. The primary 
outcome was EF within 48 hours of first elective extubation. 

Results: Among the 93 neonates who completed the study, 
41 experienced EF (44.08%). Statistically significant risk factors 
were very low birth weight (P = .012), anemia requiring packed 
red blood cell (PRBC) transfusion (P = .0021), culture-positive 
sepsis (P = .0326), and ventilation duration ≥ 5 days (P = .0002).

Conclusion: In this study, very low birth weight, anemia 
requiring PRBC transfusion, culture-positive sepsis, and venti-
lation duration ≥ 5 days were found to be the risk factors of EF.
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Introduction
Mechanical ventilation (MV) is initiated with success-
ful early extubation as the primary goal, but the need 
for reintubation is not uncommon. Extubation failure 
(EF) can be defined as the need for reintubation within 
48 hours of the first elective extubation. Neonates who 
are likely to fail extubation should be identified before-
hand, and the maneuver should be planned to a more 
optimal time.1 In cases requiring reintubation, there is 
a higher risk of hospital mortality, increased duration 
of NICU and hospital stay, prolonged duration of MV, 
and higher hospital costs. As there is no proven treat-
ment for EF, clinicians must understand the factors 
predicting extubation outcome and improve clinical 
decision making.2 Thus, knowledge of the risk factors 
of EF in neonates can help predict a more optimal time 
for extubation and avoid the morbidity and mortality 
due to premature or delayed extubation. 

Aim
The aim of this study was to identify the risk factors 
associated with EF in neonates admitted to a tertiary 
care center.

Materials and Methods
Study design
This was a prospective observational study conducted 
over 2 years, from November 2015 to October 2017. 
It involved 93 neonates admitted to the NICU of the 
tertiary care center of Bangalore Medical College and 
Research Institute (Bengaluru, Karnataka, India). 

Inclusion criteria
Neonates with a birth weight > 600 g, gestational age 
> 26 weeks, and under MV for at least 24 hours were 
included in this study, after obtaining informed consent 
from parents or guardians.

Exclusion criteria
Neonates with a birth weight < 600 g, with gestational 
age < 26 weeks, and having major congenital anomalies, 
severe perinatal asphyxia, and preexisting intraventricular 

hemorrhage of grade 3 or 4 were excluded from this 
study. For the main analysis, data of neonates who died 
or left against medical advice before the first elective 
extubation were not considered.

Criteria for mechanical ventilation
1. Respiratory distress with PaO2 < 50 mm Hg, SpO2 

< 88% on FiO2 > 0.8, or PaCO2 > 60 mm Hg with 
arterial blood pH < 7.25

2. Failure of optimal continuous positive airway 
pressure (CPAP) or apnea on CPAP

3. Respiratory arrest or prolonged or frequent apnea
4. Refractory convulsions requiring midazolam 

infusion

Study population
Based on the occurrence of EF within 48 hours, the 
study neonates were divided into 2 groups: EF and non-
EF (NEF). Of the 117 neonates enrolled, 93 completed 
the study.

Study procedure
Endotracheal intubations were performed using laryn-
goscopes with Millers blade 00, 0, or 1 for extreme pre-
term, preterm, and term neonates, respectively. The 
size of the endotracheal tube (ET) was based on the  
neonate’s weight at the time of intubation: 2.5-mm 
tube for neonates ≤ 1000 g, 3.0-mm tube for neonates 
> 1000 g and ≤ 2000 g, and 3.5-mm tube for neonates 
> 2000 g. The placement of the tube (in cm) was based 
on the formula: ET depth = weight + 6 cm. This was 
checked by auscultation of air entry on both the sides of 
the chest, and the tube was fixed firmly.

All ventilated neonates were provided standard care 
as per unit protocol, including regular suctioning and 
intensive monitoring till 48 hours after extubation. 
Packed red blood cell (PRBC) transfusion was consid-
ered whenever hematocrit (Hct) was < 35% in neonates 
aged < 28 days and < 30% in older neonates. The demo-
graphic, ventilatory, hematologic, biochemical, and 
arterial blood gases (ABG) data and complications, if 
any, were recorded and analyzed as possible risk factors.
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The neonates who had spontaneous respiratory effort 
were ventilated on synchronized intermittent man-
datory ventilation mode, and those who did not have 
spontaneous effort were put on intermittent positive-
pressure ventilation mode. The decision to wean and 
extubate from the ventilator was based on the following 
criteria:
•	 Clinical: Improvement in the basic disease and 

complications managed, a stable hemodynamic 
state with minimal or no inotropic support, and off 
any sedation for at least 6 hours

•	 Laboratory: Hct > 30% (> 35% in the first 7 d of life), 
normal blood glucose and serum electrolyte levels, 
and acceptable ABG level on minimal ventilatory 
settings

•	 Ventilatory: Stable for 6 to 12 hours on minimal 
ventilatory support with FiO2 ≤ 0.35, Ti = 0.35 to 
0.4 s, peak inspiratory pressure  < 15 cm of H2O, 
positive end-expiratory pressure = 3 to 4 cm of 
H2O, and respiratory rate < 35 breaths per minute

Dexamethasone at 0.25 mg/kg/dose, intravenously, was 
used in the periextubation period in cases with multi-
ple intubations (≥ 3), prolonged ventilation (≥ 7 d), or 
occurrence of stridor after extubation. Enteral feeding 
was suspended for 4 hours and endotracheal suction was 
done just before extubation. Neonates weighing < 1500 
g were extubated to bubble CPAP with nasal interface 
and continued at least up to 48 hours, and those weigh-
ing ≥ 1500 g were put on a head box with oxygen supply 
at 5 L/min. After extubation, the neonates were moni-
tored hourly for vitals, along with continuous oxygen 
saturation monitoring till 48 hours, and then less fre-
quently. Downes score for respiratory distress and pres-
ence of stridor, if any, were recorded in the initial 48 
hours of extubation. Normal saline and/or adrenaline 
nebulization, chest physiotherapy, and suctioning of air-
way secretions were done regularly.

The primary outcome recorded was occurrence 
of EF within 48 hours of the first elective extuba-
tion. Occurrence of EF or decision for reintubation 
was considered when a neonate had any of the fol-
lowing, as per the unit protocol: Downes score ≥ 6, 
PaCO2 >  60  mm  Hg and arterial blood pH < 7.25, 
PaO2 < 50 mm Hg, or SpO2 < 88% on FiO2 ≥ 0.5 and 

recurrence of or prolonged apnea that could not be 
revived by bag and mask ventilation.

Statistical analysis
All the recorded parameters were compared and ana-
lyzed as possible risk factors.

The collected data were analyzed using SAS version 8 
(SAS Institute Inc., NC, USA). Multivariate linear 
regression, Spearman rank correlation coefficient, and 
paired and unpaired t tests were used to test the defined 
hypothetical parameters.

Results
This study aimed to identify the main risk factors 
associated with EF in neonates. Of the 117 neonates 
assessed to be eligible for inclusion into the study, 13 
died before the first elective extubation, 7 self-extubated 
before the first elective extubation, and 4 left against 
medical advice before the first elective extubation. 
Hence, excluding these 24 neonates, 93 completed the 
study. Based on the occurrence of EF, the neonates were 
divided into 2 groups: EF and NEF. The rate of EF in 
this study was found to be 44.1%, with 52 (55.9%) in 
the EF group and 41 in the NEF group.

The baseline parameters of the 2 groups were compared 
(Table 1). Statistical analysis of the baseline param-
eters of the 2 groups showed that they were compara-
ble. There was a significant difference (P = .01) in birth 
weight between both the groups, and hence, very low 
birth weight (VLBW; < 1500 g) appears to be a risk fac-
tor for EF. The male-to-female ratio, gestational age, 
mode of delivery, and administration of antenatal ster-
oids did not appear to have any statistically significant 
correlation with EF in this study.

The characteristics of the study population within the 
NICU and their laboratory parameters were also assessed 
as possible risk factors. Table 2 shows a consolidation of 
the results and statistical analysis. Among the possible 
risk factors analyzed, anemia requiring PRBC transfu-
sion (P = .0021), culture-positive sepsis (P = .0326), and 
ventilation ≥ 5 days (P = .0002) were found to be statis-
tically significant risk factors of EF. This study did not 
find any correlation between EF and median duration of 



94 • PERINATOLOGY • Vol 19 • No. 3 • Oct–Dec 2018

Original Article

Devadas S, et al. Risk Factors of Extubation Failure in Neonates

The study showed that VLBW neonates had a higher 
EF rate (72.2%) compared with the neonates with birth 
weight ≥ 1500 g (37.3%), and this difference was statis-
tically significant (P = .012). The study by Singh et al3 
showed that VLBW neonates had an insignificant but 
higher EF rate compared with those having birth weight 
≥ 1500 g (40% vs 27.0%). This contrast may be because 
of the larger number of neonates in the VLBW cate-
gory in our study compared with that in the study by 
Singh et al3 (19.4% vs 9.2%). Hiremath et al4 also found 
no correlation between birth weight and EF. However, 
in similar studies by Hermeto et al,5 Oliveira et al,6 
Dimitriou et al,7 and Costa et al,8 higher birth weight 
had a statistically significant correlation to successful 
extubation. This contrast may be partly explained by 
the fact that the first 3 studies were conducted exclu-
sively in preterm and LBW neonates and the latter had 
a higher population of VLBW neonates compared with 
the current study (47% vs 19%).

In this study, 24 neonates (58.5%) in the EF group and 
13 (25%) in the NEF group had culture-positive sepsis 
at some point of their hospital stay. This difference is sta-
tistically significant (P = .03), and hence sepsis is a risk 
factor of EF. This is comparable to the studies by Singh 
et al3 and Hiremath et al,4 who recorded sepsis rates of 
45.7% (P = .00) and 42% (P = .034), respectively.

In this study, 13 neonates in the EF group (31.7%) 
and 3 in the NEF group (5.8%) had anemia requir-
ing PRBC transfusion at least once during their hos-
pital stay. This difference is statistically significant 
(P = .0021), and hence anemia is also one of the main 
risk factors of EF. This finding correlates with that of 
Singh et al3 and Hiremath et al.4

When the groups were compared for the number of 
neonates ventilated for ≥ 5 days, which was 15 (36.6%) 
and 3 (5.8%) in the EF and NEF groups, respectively, 
there was a statistical significance (P = .0013). Hence, 
duration of ventilation ≥ 5 days correlates with a higher 
incidence of EF in neonates. Hiremath et al4 also found 
ventilation duration to be a statistically significant risk 
factor (P = .006). In a pediatric study on EF in the 
NICU by Edmunds et al,9 it was found that neonates 
who had received MV longer were more at risk of EF. 

Table 1. Baseline Characteristics of the Study 
Population

Parameter EF Group NEF Group P Value
Birth Weight, g 2116 ± 325 2477 ± 458 .37
Weight Categorization, n (%)
 < 1500 g
 1500–2499 g
  ≥ 2500 g

13 (31.7)
12 (29.2)
16 (39)

5 (9.6)
16 (30.7)
31 (59.6)

.012a

.38

.47
Gestation, wk 34.95 ± 3.80 36.59 ± 2.63 .4
Gestation Categorization, n (%)
 < 28 wk
 28–36 wk
  ≥ 37 wk

2 (4.8)
21 (51.2)
18 (43.9)

0 (0)
19 (36.5)
33 (63.4)

.86

.11

.23
Inborn:Outborn 23:18 33:19 .08
Male:Female 19:22 30:22 .30
Antenatal Steroid (Any Dose), 
n (%) 11 (26.9) 6 (11.5) .38

Mode of Delivery, n (%)
 Vaginal delivery
  Lower segment cesarean 

delivery

29 (70.7)
12 (29.2)

31 (59.6)
21 (40.3)

.16

.20

aP < .05. 
EF, extubation failure; NEF, non–extubation failure.

Table 2. Risk Factors of EF

Risk Factor
EF NEF

P Value
n % n %

Anemia (Requiring PRBC 
Transfusion)

13 31.7 3 5.8 .0021a

Culture-Positive Sepsis 24 58.5 13 25 .0326a

Ventilation Duration ≥ 5 d 15 36.6 3 5.8 .0002a

AKI 9 21.9 6 11.5 .0713
Lack of Surfactant Use 
(Applicable to 27 Neonates)

11 40.7 6 22.2 .06

Hyperthermia 1 2.43 0 0 .5
aP < .05. 
AKI, acute kidney injury; EF, extubation failure; NEF, non–extubation failure; PRBC, packed 
red blood cell.

ventilation (P = .764), median day of initiation of venti-
lation (P = .052), acute kidney injury, lack of surfactant 
use, or hyperthermia.

Discussion
In this study, the baseline characteristics in the EF and 
NEF groups, which included sex, gestational age, birth 
weight, type of admission, mode of delivery, and use of 
antenatal steroids, were comparable.
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Prolonged ventilation as a risk factor of EF was also vali-
dated in a pediatric study by Kurachek et al10 (P	< .001) 
and in a neonatal cardiac surgery study by Laudato et 
al11 (P = .009). In similar studies in preterm neonates by 
Manley et al12 and Costa et al,8 a shorter duration of MV 
was found to be a risk factor of EF rather than a longer 
duration. This discrepancy may be explained by the fact 
that in extubated premature neonates who are subjected 
to MV for a shorter time, there is not enough time for 
maturation of the respiratory system function and alveo-
lar stabilization, as hypothesized by Danan et al.13

Table 3 shows the comparison of risk factors of EF 
between various studies. Culture-positive sepsis, anemia 
requiring PRBC transfusion, and prolonged ventilation 
were common risk factors identified in other studies.

Conclusion
In this study, VLBW, culture-positive sepsis, anemia 
requiring PRBC transfusion, and ventilation duration 
≥ 5 days were found to be the main risk factors for EF. 

Limitations
A limitation of this study was the lack of bedside 
echocardiogram during the study period, which would 
have helped in identifying hemodynamically significant 
patent ductus arteriosus as a risk factor of EF, as found 
in similar studies. Studies with a larger study popula-
tion and those analyzing ABG parameters may help in 
identifying more risk factors of EF.
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Table 3. Comparison of Risk Factors of EF in Similar 
Studies

Author Population (n) Risk Factors Significantly 
Associated With EF (P < .05)

Dimitriou et al 
(2002)7
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neonates (36)

Older neonates (P < .01), lower 
gestational age (P < .01), and lower 

maximum inspiratory pressure 
(P < .05)

Oliveira et al 
(2003)6
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neonates (40)
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Hermeto et al 
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Hiremath et al 
(2009)4

Inborn ventilated 
neonates (82)

Sepsis (P = .034), anemia 
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(P = .001)
Costa et al 
(2014)8
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Length of MV (P = .021), 
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extubation (P ≤ .001)
Singh et al 
(2015)3

Sick ventilated 
neonates (163)

Anemia requiring PRBC transfusion 
(P = .04); hs PDA (P = .04), culture-

positive sepsis (P = .00), and 
acquired pneumonia (P = .05).

Present study 
(2017)

Sick ventilated 
neonates (93)

Culture-positive sepsis (P = .0326), 
anemia requiring PRBC transfusion 

(P = .0021), ventilation ≥ 5 days 
(P = .0013), and very low birth 

weight (P = .012)
EF, extubation failure, Hs PDA, hemodynamically significant patent ductus arteriosus.
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