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Incidence and main risk factors associated
with extubation failure in newborns
with birth weight < 1,250 grams
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Abstract

Objectives: To determine the incidence of extubation failure in preterm newborns with birth weight < 1,250 g
extubated to nasal continuous positive airway pressure and to identify the main risk factors associated with the need
for reintubation in this population.

Methods: A retrospective review of eligible infants admitted and mechanically ventilated between July 2002 and
June 2004 was performed. Extubation failure was defined as the need for reintubation within 7 days after the first
extubation attempt.

Results: Of the 52 patients included in the study, 13 died before the first extubation attempt. Of the remaining
39 patients, only nine failed extubation (23.1%) Comparing the two groups (failure vs. successful), there was a
statistically significant difference regarding birth weight, gestational age and 5-minute Apgar score. After logistic
regression, only gestational age was significant. Other secondary outcomes showed significant difference between
the groups: intracranial hemorrhage grade III and/or IV, patent ductus arteriosus and death.

Conclusions: The incidence of extubation failure in our population was similar to the rate reported in the literature.
The main risk factor for extubation failure was prematurity (< 28 weeks). In this population of extreme preterm infants,
implementation of strategies for early extubation, use of methylxanthines, prevention of patent ductus arteriosus,
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and use of different modes of assisted ventilation after extubation may improve the outcomes.

J Pediatr (Rio J). 2009,;85(5):397-402: Prematurity, mechanical ventilation, extubation failure, bronchopulmonary

dysplasia.

Introduction

Invasive mechanical ventilation (MV) is a mode of assisted
ventilation often used in intensive care. In very low birth
weight (VLBW) infants, this type of assisted ventilation
is associated with complications such as pneumothorax,
pneumonia, bronchopulmonary dysplasia (BPD), upper
airway trauma, neurodevelopmentimpairment and death.!-4
The main objective in decreasing the duration of invasive
ventilation is to reduce these complications.

The respiratory system of preterm infants has peculiar
characteristics such as higher instability of upper airway
and chest wall, which makes it difficult to perform a
successful extubation.56 The need for reintubation has
also been associated with complications such as longer
duration of MV, hospital stay, and higher mortality rate. In
adults, approximately 50% of the patients who need to be
reintubated present evidence of hypoxemia and hypercapnia
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or signs of increased work of breathing.” Therefore, it is
extremely important to identify those patients with higher
chances of successful extubation.

The estimated incidence of extubation failure in VLBW
infants ranges from 20 to 50% depending on birth weight
(BW), gestational age (GA), mode of ventilatory support
used after extubation and failure criteria.® Newborns who
receive nasal continuous positive airway pressure (CPAP)
or noninvasive ventilation after extubation have higher
chances of being successfully extubated.8-10

Since there are no measurements or tests with
satisfactory levels of sensitivity and specificity to predict the
optimal moment for extubation in preterm newborns,11-14
it is important to identify the main factors associated with
extubation failure in this population. The objective of the
present study is to determine the incidence and the main
risk factors associated with the need for reintubation in
our neonatal intensive care unit (NICU) in a population of
preterm newborns who are extubated to bubble CPAP.

Methods
Population

All newborns with BW < 1,250 g admitted to our
NICU and mechanically ventilated from July 2002 to
June 2004 were included in the present study. Only
the first extubation attempt was considered. Data were
retrospectively collected from medical records and using a
predefined spreadsheet. Two investigators (F.H. and B.M.)
were responsible for data collection. They were assisted
by two medical residents. Newborns with congenital
malformations or those who were transferred before the
first extubation attempt were excluded. During the study,
all newborns were extubated to bubble CPAP (5 cm H,0).
The study was conducted after being approved by the
Research Ethics Committee of the institution.

Ventilatory assistance

Allnewborns were ventilated using the conventional mode
(intermittent mandatory ventilation), with microprocessor
controlled volume ventilator model Inter 3 (Intermed®,
Sdo Paulo, Brazil), inspiratory time between 0.35 and 0.5
seconds, peak inspiratory pressure between 12 and 20 cm
H,0, positive end-expiratory pressure between 4 and 5 cm
H,O and ventilatory rate between 15 and 60 bpm. The
inspired oxygen fraction (FiO,) was adjusted to keep the
oxygen saturation (Sa0,) between 88 and 92% (alarms:
85-95%). Those newborns with mean upper airway pressure
of approximately 7-8 cm H,0O, ventilatory rate < 20 bpm
and FiO, < 0.3 were considered for extubation.

Extubation failure

Extubation failure was defined as the need for
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reintubation within 7 days after extubation. The following
criteria were used to define the need for reintubation: a)
respiratory acidosis (partial pressure of carbon dioxide in
the arterial blood or PaCO, > 65 mmHg and pH < 7.25; b)
significant number of apnea episodes (> 6 during 6 hours);
c) apnea episodes requiring resuscitation; d) consistent
increase (> 2 hours) in the need for oxygen higher than
50% in CPAP to keep SaO, within the desired range. A
secondary analysis, using the period of 72 hours as a
definition of failure and different weight ranges (< 1,000 g
and 1,000-1,249 g), was also performed.

Definitions
The following definitions were considered in the present
study:

- BPD. We used the definition based on the disease
severity.15> All newborns who require supplementary
oxygen for > 28 days are diagnosed as having BPD. These
newborns are reassessed at 36 weeks of corrected age
(if GA < 32 weeks), or on the 56th day of life (if GA > 32
weeks), or at hospital discharge. During reassessment,
the newborns kept in room air are classified as having
mild BPD, those who are still receiving FiO, < 0.3 are
considered to have moderate BPD, and those with FiO, >
0.3 and/or CPAP and/or MV are classified as having
severe BPD.

- Patent ductus arteriosus (PDA). 1t is defined based on
the presence of clinical signs such as systolic murmur,
wide pulse and/or hyperdynamic precordium and need of
clinical and/or surgical treatment, or based on diagnosis
confirmation via echocardiogram. Indomethacin was
administered only as a pharmacologic treatment of
PDA.

- Intracranial hemorrhage (ICH). It was diagnosed based
on the findings of the cranial ultrasound and classified
according to Papile.16

- Retinopathy of prematurity (ROP). It was defined
according to the international classification.1”

Variables

- Perinatal characteristics: pregnancy-induced hyperten-
sion, time of membrane rupture, use of antenatal ste-
roids, mode of delivery, BW, GA, sex, 1- and 5-minute
Apgar score and small for GA newborn.

- Ventilatory characteristics: administration of surfactant
and age (minutes), number of doses, pre-extubation
data (mean airway pressure, FiO,, pH and PaCO,), age
at extubation, time interval between extubation and
need for reintubation.

- Secondary outcomes: BPD, ICH grade III/IV, ROP, PDA,
length of hospital stay, and death.
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Statistical analysis

The statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) version
9.0. Continuous variables were analyzed using Student’s
t test, and the categorical variables were analyzed using
chi-square or Fisher’s exact test. Finally, we performed a
binary logistic regression analysis including the main risk
factors for extubation failure.

Results

During the study period, 80 infants with BW < 1,250 g
were admitted to our NICU. Five newborns were excluded:
three had congenital malformations, one was transferred to
another hospital ward and one did not have the complete
medical record available. Of the 75 remaining patients,
23 (30.6%) were not intubated and 13 died before the
first extubation attempt (two patients did not have the
complete medical records available). Thus, 39 newborns
were assessed: 30 (76.9%) were successfully extubated
and nine (23.1%) needed to be reintubated within 7 days
after extubation (Figure 1).

80 patients

Congenital malformations (3)
Transferred intubated (1)
Missing medical record (1)

—{ Never intubated (23)

Death before first extubation
attempt (13), medical records
missing for two patients

Extubated (39)

l

Successfully extubated (30)

|

Late reintubation
(> 7 days) (5)

Extubation failure (9)

Figure 1 - Study population

The main characteristics of the population are shown
in Table 1. Almost all newborns were ventilated due to
hyaline membrane disease (94.8%). There was only
one case of pulmonary hypertension associated with
pneumothorax (2.6%) and one case of apnea (2.6%). There
was no significant difference between cause of MV and
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extubation failure (p = 0.729). Most of the 13 newborns
that died before the first extubation attempt were males,
with similar BW and GA to the group of newborns in
which extubation failed. Successfully extubated newborns
presented significantly higher BW, GA and 5-minute
Apgar than those who failed extubation (p < 0.05), were
extubated at a younger age (33 hours, ranging from 3 to
408 vs. 115 hours, ranging from 22 to 480; p = 0.07),
had higher pH values (7.38+0.08 vs. 7.29+0.07; p <
0.05) and lower PaCO, levels (35.8+11.5 vs. 42.7+6.6
mmHg; p < 0.05) at pre-extubation blood gas analysis
(Table 2). Those newborns for whom extubation failed
were reintubated approximately 48 hours after extubation
(median: 48 hours; interquartile range: 24-153 hours).
Successfully extubated newborns had a lower incidence
of PDA, ICH grade III/IV and death (Table 2).

Extubation success rate ranged according to the criterion
used: 72 hours = 82.1% and 7 days = 76.9%. For the
newborns with BW < 1,000 g, these percentages were 70
and 65%, and for those between 1,000 and 1,249 g, the
percentages were 94.8 and 89.5%, respectively (Figure
2). The main reasons for extubation failure were: apnea
(66.7%), pneumothorax (22.2%) and increased work of
breathing (11.1%). In the logistic regression analysis
for the main risk factors, only GA was significant (< 28
weeks).

Discussion

Our study showed an incidence of extubation failure of
23% in a population of newborns with BW < 1,250 g who
were ventilated using the conventional mode and extubated
to nasal CPAP under 5 cm of water seal. The main risk factor
associated with this outcome was GA at birth. The several
aspects related to extubation success for these preterm
infants are discussed next.
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Figure 2 - Successful extubation according to weight range and
different failure criteria
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Table 1 - Demographic characteristics

Extubation failure Successful extubation Death

(n=9) (n = 30) (n=11)

Characteristics n (%) n (%) n (%)
Pregnancy-induced hypertension 1(11.1) 10 (33.3) 2 (18.2)
Prolonged rupture of the membrane (> 18 hours) 4/8 (44.4) 10/29 (33.3) 3 (27.3)
Prenatal steroid 7 (77.8) 28 (93.3) 7 (63.6)
Cesarean section 4 (44.4) 20 (66.7) 7 (63.6)
Birth weight (grams)* 845.6+156 993.6+171.2F 852.24+207.1
Gestational age (weeks)* 26.4£1.0 29.5+2.1% 27.6+2.6
Male 7 (77.8) 16 (53.3) 9 (81.8)
1-minute Apgar* 3 (2-4.5) 4 (3-7) 2 (1-5)
5-minute Apgar* 7 (5-8) 8 (7-9)* 6 (3-8)
Small for gestational age 3 (33.3) 14 (46.7) 3 (27.3)

" Mean =+ standard deviation.
t p < 0.05 (failure vs. success).
+ Median (interquartile range).

Table 2 -

Ventilatory characteristics and secondary outcomes

Extubation failure (n = 9)

Successful extubation (n = 30)

Characteristics n (%) n (%)
Surfactant administration 7 (77.8) 5(83.3)
Age at surfactant administration (minutes)* 75 (25-120) 60 (20-240)
No. of surfactant doses® 1.4+1.0 1.3+0.9
Age at extubation (hours)* 115 (22-480) 33 (3-408)
Pre-extubation aminophylline 5 (55.6) 8 (26.7)
Pre-extubation MAP (cm H,0)" 5.1+0.8 5.3+£1.5
Pre-extubation FiO, 0.25+0.08 0.27+0.15
Pre-extubation pH 7.29+0.07 7.38+0.08*
Pre-extubation PaCO, (mmHg) 42.7+6.6 35.8+11.5*
Duration of extubation failure (hours)* 48 (24-153) -

BPD 5 (55.6) 15 (50)
ICH grade III/IV 4 (44.4) 4 (13.3)*
ROP 4 (44.4) 10 (33.3)
PDA 6 (66.7) 5 (16.7)*
Length of hospital stay (days)* 84 (7-127) 61.5 (13-97)
Death 5 (55.6) 2 (6.7)F

BPD = bronchopulmonary dysplasia; FiO, = inspired oxygen fraction; ICH = intracranial hemorrhage; MAP = mean airway pressure; PaCO, = partial
pressure of carbon dioxide in the arterial blood; PDA = patent ductus arteriosus; ROP = retinopathy of prematurity.

* Median (interquartile range).
t Mean + standard deviation.
+ p<0.05.

Incidence and causes of extubation failure

Data from the literature report a wide range on the
rate of extubation failure due to important differences in
the populations studied (BW and GA), failure criteria and
modes of ventilatory support used after extubation.6:8:13,18
Davis et al.,1? in a study involving preterm infants with BW
between 600 and 1,250 g, showed a significantly lower
incidence of failure in newborns extubated to nasal CPAP
(34%) in comparison with those extubated to oxyhood

(60%). Recent studies have demonstrated an even lower
incidence in newborns extubated to noninvasive ventilation
in comparison with those extubated to nasal CPAP.8:20 In our
study, all patients were extubated to nasal CPAP. Using 7 days
as a period of time to define extubation failure, we found a
rate of 35% in newborns with BW < 1,000 g. Stefanescu et
al.,® in a population with GA and BW similar to our study,
and using similar definitions, reported a failure incidence of
8% in newborns with BW > 1,000 g and 40% in those with
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BW < 1,000 g. In our study, 18% of the newborns were
reintubated within 72 hours after extubation. Barrington et
al.,8 in a population with lower GA and BW, and using the
same 72 hours as failure definition, reported anincidence rate
of 44%. An important limitation of our study was the death
of 13 newborns before any extubation attempt. Considering
that these infants had BW and GA similar to those who had
failed extubation, if all of them had been included in this
group, our failure incidence would have increased from 23
to 42% - even so, it would fall within the percentage range
of failure reported in the literature for newborns with BW
< 1,250 g extubated to nasal CPAP.

Apnea, pneumothorax, and increased work of breathing
were the main causes of reintubation in our sample. Other
studies have confirmed our results; the major identified
causes were apnea, increased work of breathing and
increased oxygen requirements.11,13,19

Risk factors

In a study conducted by Dimitriou et al.,!! gestational
age (GA < 30 weeks) and postnatal age were risk factors
more significant than the measurements of respiratory
muscle strength and respiratory load. Szymankiewicz et
al.13 assessed the pulmonary mechanics of VLBW newborns
before they were extubated and demonstrated that
patients who had successful extubation had significantly
better results of pulmonary function and similar clinical
characteristics in comparison with patients who failed. In
our study, such measures were not routinely taken before
extubation. Among the data collected, we found that the
following factors had an influence on the percentage
of extubation failure: BW (p = 0.03), GA (p < 0.01)
and 5-minute Apgar score (p < 0.01). However, after
performing the logistic regression analysis, only GA was
significant between the groups studied.

Weaning form MV

Slow weaning, with delayed first extubation attempt, is
associated with a higher failure rate and a prolonged use
of MV. Danan et al.,!2 using optimized MV, delayed this
first extubation attempt for 36 hours without achieving
any improvement of the success rate. Thomson et al.2t
compared extubation in 24 hours with extubation on the
5th day of life in preterm baboons and demonstrated
that the animals extubated later had increased number
of apneic episodes, duration of MV and increased oxygen
requirements, with more severe lung injury and increased
number of inflammatory markers. In our study, we
found an important, although non-significant, difference
in the postnatal age at extubation (success = 33 hours
vs. failure = 115 hours; p = 0.07). We have recently
demonstrated, in a population with similar BW and GA,
the introduction of a MV protocol, which established
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evidence-based criteria for extubation and reintubation,
was able to provide a significant reduction in the incidence
of extubation failure in newborns who were extubated
earlier (5 days vs. 1.2 day).22

The use of methylxanthines also reduces time on MV,
mainly in newborns with BW < 1,000 g who are extubated
in the first week of life.23 Recently, Schmidt et al.24
demonstrated a significant decrease in the time of ventilatory
support in newborns who received caffeine at 3-4 days
of life while on MV. In our study, methylxanthines were
not used as a routine treatment and/or as a prophylactic
procedure.

Secondary outcomes

Inappropriate weaning from MV may cause atelectasis,
episodes of hypoxia and, as a consequence, brain injury.7:25
Therefore, it is extremely important to identify the moment
when the patient has higher chances of being successfully
extubated. In our study, we found significant differences in
rates of ICH grade III/IV (p = 0.04), PDA (p < 0.01) and
death (p < 0.01) between the patients who were successfully
extubated and those who needed reintubation. Due to the
retrospective design of our study, it is difficult to determine
the causality between these outcomes and extubation failure.
Nevertheless, for most extreme preterm infants, ICH and
PDA are events that occur during the first days of life. These
intercurrent events may be caused by newborns’ higher
immaturity (lower GA) and/or severity, contributing to the
delayed ventilatory weaning and the consequent increase
in failure incidence. On the other hand, delayed extubation,
as mentioned above, is associated with worsening of the
lung injury and increased number of inflammatory markers.
On its turn, increase in the inflammatory activity has been
associated with a higher incidence of ICH and reopening
of the ductus arteriosus.22:26,27

Conclusion

Our study demonstrated an incidence of extubation
failure similar to the rates reportedin the literature fora NICU
where the newborns are ventilated in a conventional mode
and extubated to bubble CPAP. We used specific criteria for
oxygenation, extubation and reintubation, and the main risk
factor for failure was extreme prematurity (< 28 weeks). In
this population, the implementation of ventilatory weaning
protocols, administration of methylxanthines (caffeine),
prevention of PDA and use of alternative methods of post-
extubation ventilatory assistance (nasal ventilation) may
contribute to improve such outcomes.
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