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Prediction of extubation failure in preterm infants
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Obijective: To identify whether the results of assessment of respiratory muscle strength or respiratory
load were better predictors of extubation failure in preterm infants than readily available clinical data.
Patients: Thirty six infants, median gestational age 31 (range 25-36) weeks and postnatal age 3
(1-14) days; 13 were < 30 weeks of gestational age.

Methods: Respiratory muscle strength was assessed by measurement of maximum inspiratory pressure
generated during airway occlusion, and inspiratory load was assessed by measurement of compliance
of the respiratory system.

Results: Overall, seven infants failed extubation—that is, they required reintubation within 48 hours.
These infants were older (p < 0.01), had a lower gestational age (p < 0.01), and generated lower
maximum inspiratory pressure (p < 0.05) than the rest of the cohort. Similar results were found in the
infants < 30 weeks of gestational age. Overall and in those < 30 weeks of gestational age,
gestational age and postnatal age had the largest areas under the receiver operator characteristic
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curves.

cations, such as nosocomial infection,' emphasising the

importance of extubating infants as soon as possible. Yet,
about one third of premature infants fail extubation—that is,
they subsequently require extra respiratory support in the
form of continuous positive airways pressure (CPAP) or
reventilation.” These data indicate that currently used criteria
to indicate readiness to wean and extubate are relatively inac-
curate. We have shown that a low lung volume’ and small
chest radiograph lung area’ after extubation could predict
extubation failure. Although a low lung volume performed
better than a low compliance of the respiratory system (CRS)
and commonly used clinical indices, it performed less well
than a low gestational age.’ In addition, a low lung volume or
small lung area after extubation has limited usefulness, as the
infant has already been extubated. Ideally, infants likely to fail
extubation should be identified before removal of the
endotracheal tube and that manoeuvre delayed to a more
appropriate time. Infants who have a low lung volume after
extubation may have an unfavourable balance between respi-
ratory muscle strength and respiratory load. Our aim was to
test the hypothesis that infants who failed extubation,
particularly those born very immaturely—that is, at less than
30 weeks of gestational age—have reduced respiratory muscle
strength rather than a high respiratory load.

Prolonged ventilatory support increases the risk of compli-

METHODS

Premature infants less than or equal to 2 weeks of age receiv-
ing mechanical ventilation were studied if they were deemed
by the clinician in charge ready to be extubated. All were ven-
tilated through oral shouldered endotracheal tubes using time
cycled pressure limited ventilators (SLE 2000; SLE Ltd,
Croydon, Surrey, UK). All infants followed the routine wean-
ing policy. At a ventilator rate of 40 breaths/minute, infants
were started on caffeine (a loading dose of 20 mg/kg and then
maintenance of 5 mg/kg/24 hours) and changed to patient
triggered ventilation. The inspiratory time (0.3-0.4 seconds)
remained constant throughout the weaning process. The peak
inspiratory pressure was reduced as blood gas results permit-
ted. At least 12 hours before extubation, all sedation was
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Conclusion: In very premature infants, low gestational age and older postnatal age are better predic-
tors of extubation failure than assessment of respiratory muscle strength or respiratory load.

stopped and caffeine administered. Infants were considered
ready to be extubated once their peak pressure was < 16 cm
H,0 and inspired oxygen concentration was < 40%. The deci-
sion to extubate was made by the clinical team who were
unaware of the results of the respiratory muscle strength and
respiratory function tests. The infant was then transferred to
endotracheal CPAP for one hour. If a respiratory acidosis
(pH < 7.25 with a raised Paco, and base excess < 5) did not
develop, the infant was extubated into a headbox containing
an appropriate concentration of humidified oxygen to
maintain a satisfactory arterial oxygen saturation. After extu-
bation, blood gases were checked at least four hourly, but more
frequently if indicated by changes in the continuous
respiratory, heart rate, and oxygen saturation monitoring.
Nasal prong CPAP was instituted by the clinical team accord-
ing to routine policy—that is, if a respiratory acidosis or recur-
rent minor apnoeas developed. Infants were reintubated if
they had a major apnoea, developed a severe respiratory
acidosis (pH < 7.20), or failed to improve despite the institu-
tion of CPAP.

Respiratory measurements were made once the clinician in
charge deemed the infant ready to be extubated, informed
written parental consent had been obtained, and within six
hours before extubation. A pneumotachograph (Mercury F1L;
GM Instruments, Kilwinning, Scotland) was inserted between
the endotracheal tube and ventilator circuit. The pneumo-
tachograph was attached to a differential pressure transducer
(MP45; range = 2 cm H,0; Validyne Corporation, Northridge,
California, USA). The flow signal from the pneumotachograph
was integrated to give volume (Gould Integrator model
13-4615-70; Cleveland, Ohio, USA). Airway pressure changes
were measured from a side port on the pneumotachograph
using a differential pressure transducer (MP45; range * 100
cm H,O; Validyne Corporation). Flow, volume, and pressure

Abbreviations: CPAP, continuous positive airways pressure; CRS,
compliance of the respiratory system; IP, inspiratory pressure; MIP,
maximum inspiratory pressure; PIP, peak inspiratory pressure; Fio,,
inspired oxygen concentration; ROC, receiver operator characteristic.
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Table 1 Comparison of infants who did and did not fail extubation
Failure (n=7) Success (n=29) p Value
Gestational age (weeks) 27 (25-31) 32 (27-36) <0.01
Birth weight (g) 918 (685-1752) 1874 (938-2856) <0.01
Postnatal age (days) 8 (2-14) 2 (1-9) <0.01
Max PIP (cm H,O) 22 (18-23) 20 (15-27) NS
Max Fio, 0.65 (0.31-0.78) 0.44 (0.21-0.94) NS
PIP before extubation 12 (11-15) 12 (10-16) NS
Fio, before extubation 0.30 (0.22-0.38) 0.23 (0.21-0.3¢) <0.05
CRS (ml/cm H,0O/kg) 0.79 (0.43-1.16) 0.77 (0.32-2.18) NS
Inspiratory pressures
Mean IP (cm H,0) 11.3 (7.3-19.7) 16.7 (6.6-57.2) <0.03
Max IP (cm H,O) 15.7 (12.7-25.1) 23.3 (9.2-77.0) NS
Max MIP (cm H,O) 17.3 (12.7-30) 32.7 (20.0-77.0) <0.01
Mean MIP (cm H,O) 14.3 (9.9-21.2) 24.8 (14.1-69.3) <0.01
Data are median (range).
CRS, compliance of the respiratory system; IP, inspiratory pressure; MIP, maximum inspiratory pressure; PIP,
peak inspiratory pressure; Fio,, inspired oxygen concentration.

signals were simultaneously recorded on a polygraph (Gould
2800S). During a brief period of disconnection from the venti-
lator, inspiratory pressures during an occlusion and CRS were
measured. To measure inspiratory pressures, occlusions were
made at end expiration and maintained through at least four
respiratory cycles. At least three separate occlusions were
made. The following inspiratory pressures were then deter-
mined:

(1) inspiratory pressure (IP): the inspiratory pressure gener-
ated by the first breath after the occlusion;

(2) mean IP: the mean IP from the series of occlusions;

(3) max IP: the maximum IP generated during the series of
occlusions;

(4) maximum inspiratory pressure (MIP): the maximum
inspiratory pressure generated during each occlusion;

(5) mean MIP: the mean of the MIPs from the series of occlu-
sions;

(6) maximum MIP (max MIP): the maximum MIP generated
during the series of occlusions.

Inspiratory pressures were also related to birth weight—that
is, an infant’s inspiratory pressures were divided by his/her
birth weight.

CRS was measured using the occlusion technique. The
occlusion was performed at end inspiration which provoked
the Hering-Breuer reflex and hence a temporary apnoea, indi-
cated by a positive pressure plateau of at least 0.3 second.® CRS
was calculated from the inspiratory volume immediately

before the occlusion divided by the height of the airway pres-
sure plateau during the occlusion. The mean of the results
from 10 occlusions was calculated, and CRS then related to
body weight. The coefficient of repeatability of CRS is 0.08
ml/cm H,0.

The nursing staff recorded hourly on observation charts the
infant’s ventilator settings. From these charts, the infant’s
maximum peak inspiratory pressure (PIP) and inspired oxygen
concentration (Fio,) during ventilatory support and the PIP and
Fio, immediately before extubation were noted. The infant’s
gestational age, birth weight, and postnatal age were recorded.

Analysis

Extubation failure was diagnosed if an infant required reintu-
bation within 48 hours of extubation. Differences between
infants in whom extubation failed or succeeded were assessed
for statistical significance using the Mann-Whitney U test.
Receiver operator characteristic (ROC) curves were
constructed,® and the area under each ROC curve calculated’
and compared to determine which predictor performed best.
Analysis was undertaken for the whole group and then for
only those less than 30 weeks of gestational age.

Patients

Thirty six infants, median gestational age 31 weeks (range
25-36), birth weight 1569 g (685-2856), and postnatal age 3
days (1-14) were studied (table 1). Thirteen infants were less
than 30 weeks of gestational age at birth (table 2). Their
median gestational age was 28 weeks (range 25-99), birth

Table 2 Comparison of infants <30 weeks gestational age who did and did not
fail extubation
Failure (n=6) Success (n=7) p Value
Gestational age (weeks) 27 (25-28) 29 (27-29) <0.01
Birth weight (g) 899 (685-1606) 1170 (938-1440) NS
Postnatal age (days) 9.5 (5-14) 2 (2-7) <0.01
Max PIP (cm H,O) 22 (18-23) 19 (17-20) <0.03
Max Fio, 0.56 (0.31-0.65) 0.40 (0.28-0.84) NS
PIP before extubation 12.5(11-15) 12 (11-13) NS
Fio, before extubation 0.30 (0.22-0.38) 0.22 (0.21-0.36) NS
CRS (ml/cm H,0/kg) 0.80 (0.47-1.16) 0.77 (0.50-1.02) NS
Inspiratory pressures
Mean IP (cm H,0) 11.7 (7.3-19.7) 16.4 (12-24.6) <0.04
Max IP (cm H,O) 18.3 (12.7-25.1) 21.3 (13.3-37.0) NS
Max MIP (cm H,0) 23.2 (12.7-30.0) 32.7 (21.3-62.6) <0.05
Mean MIP (em H,O) 15.6 (9.9-21.2) 25.2 (18.0-45.7) <0.01
Data are median (range).
CRS, compliance of the respiratory system; IP, inspiratory pressure; MIP, maximum inspiratory pressure; PIP,
peak inspiratory pressure; Fio,, inspired oxygen concentration.
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Table 3 Comparison of areas under the receiver
operator characteristic curves
Infants <30 weeks
All infants gestational age
Gestational age 0.93 0.93
Birth weight 0.86 0.81
Postnatal age 0.89 0.98
Max PIP 0.71 0.86
Max Fio, 0.62 0.66
CRS/kg 0.54 0.51
Inspiratory pressures
Mean IP 0.78 0.86
Max IP 0.72 0.67
Mean MIP 0.90 0.95
Max MIP 0.82 0.83
Inspiratory pressures corrected for birth weight
Mean IP/kg 0.59 0.69
Max IP/kg 0.61 0.52
Max MIP/kg 0.53 0.62
Mean MIP/kg 0.52 0.81
CRS, compliance of the respiratory system; IP, inspiratory pressure;
MIP, maximum inspiratory pressure; PIP, peak inspiratory pressure;
Fio,, inspired oxygen concentration.

weight 1018 g (range 685-1606), and postnatal age 5 days
(2-14). The study was approved by the research ethics
committee of King’s Healthcare National Health Service Trust.

RESULTS

Seven infants failed extubation. Four infants were reintubated
because of frequent apnoeas and bradycardias, two because of
a severe apnoea, and the seventh because of a respiratory aci-
dosis because of poor respiratory effort (this infant was 31
weeks of gestational age). The infants who failed extubation
differed significantly from the rest of the cohort in having a
lower gestational age (p < 0.01) and birth weight (p < 0.01)
and requiring a higher Fio, before extubation. In addition,
those who failed extubation generated lower inspiratory pres-
sures (table 1). The results, however, failed to reach statistical
significance when the inspiratory pressures were corrected for
birth weight. Considering only those infants who were less
than 30 weeks of gestational age, those who failed extubation
were significantly more immature (p < 0.01), of greater post-
natal age (p < 0.01), and had required a higher maximum PIP
(p < 0.03). In addition, the mean IP (p < 0.04), maximum IP
(p < 0.05), and mean MIP (p < 0.01) were significantly lower
in those who failed extubation (table 2). Similarly, in this sub-
group the inspiratory pressures corrected for birth weight did
not differ significantly between infants who failed or had a
successful extubation. Comparison of the areas under the ROC
curves showed the best predictors of extubation failure in the
group overall and in those less than 30 weeks of gestational
age were low gestational age and older postnatal age (table 3).
Both a low gestational age and older postnatal age had high
sensitivities and specificities in predicting extubation failure,
particularly in those less than 30 weeks of gestational age
(100%, 86% low gestational age; 83%, 100% older postnatal

age).

DISCUSSION

We have shown that low gestational age and older postnatal
age at attempted extubation were the most accurate predictors
of extubation failure. The infants who failed extubation had
more severe respiratory failure, as evidenced by their higher
maximum PIP and inspired oxygen concentrations. Not
surprisingly then, it took longer for their ventilator settings to
be reduced to those at which weaning was routinely started
and they required ventilator support for longer. It is possible
that low respiratory muscle strength contributes to extubation
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failure in very immature infants and in those in whom extu-
bation is attempted at an older age. Inspiratory muscle
strength is related to maturity at birth, MIP being higher in
term than preterm infants." Prolonged ventilation may result
in impaired respiratory muscle strength, as disuse atrophy
starts after only a few days of mechanical ventilation."

To assess respiratory muscle strength, we measured the
inspiratory pressure generated against an occlusion. Two
occlusion methods can be used to obtain such data: one
involves total airway occlusion at end exhalation and the sec-
ond involves the use of a unidirectional expiratory valve to
selectively permit exhalation while inspiration is blocked."
Marini et al'* showed that the timing of the maximum pressure
generated was not affected by the choice of methods, but the
maximal pressure achieved using an expiratory valve almost
invariably exceeded that obtained using the first method. MIP
varies with the intensity of the respiratory drive, the duration
of the manoeuvre, and the lung volume at the time of airway
occlusion.” " The likely explanation for the findings of Marini
et al is that use of a unidirectional expiratory valve resulted in
lower lung volumes and hence improved characteristics of the
inspiratory muscles” and enhanced ventilatory drive. At low
lung volumes, inspiratory muscles are optimally lengthened
and the geometry of the diaphragm is optimised.” * Outward
recoil of the relaxing chest wall also assists the inspiratory
musculature in achieving inspiratory force near residual
volume." Nevertheless, in this study, we used a method
involving total airway occlusion and still saw significant
differences between the infants who did and did not fail extu-
bation.

Inspiratory load, as assessed by measurement of CRS before
extubation, did not differ significantly between infants who
did and did not fail extubation, confirming our previous
findings.” Our results therefore suggest that respiratory mus-
cle strength is a more important contributor to extubation
failure than high inspiratory load. Methlyxanthines improve
diaphragmatic contractility'’; all the infants included in this
study were receiving caffeine when examined. Other
strategies that may improve respiratory muscle strength in
immature infants and hopefully decrease extubation failure
are desirable.

Differences in the inspiratory pressures between infants
who did or did not fail extubation were no longer significant
when corrected for birth weight, the explanation being that it
was the smaller babies who failed extubation. Comparison of
the areas under the ROC curves (table 3) showed that low
inspiratory pressures corrected for birth weight, except the
mean MIP, were poorly predictive of extubation failure. Thus
we would not recommend routine measurements of inspira-
tory pressure against an occlusion to facilitate the appropriate
timing of extubation. In conclusion, extubation failure in very
immature infants is more accurately predicted by low
gestational age and older postnatal age than assessments of
respiratory load or respiratory muscle strength.
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