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Abstract
Objective: High-frequency ventilation (HFV) is increasingly used in preterm infants but 
data on weaning and extubation are limited. We aimed to establish if weaning the 
continuous distending pressure (CDP) below 8 cmH2O and the fraction of inspired 
oxygen (FIO2) below 0.30 is feasible in preterm infants on open lung HFV and if these 
settings result in successful extubation. 

Design: Retrospective cohort study

Setting: Neonatal intensive care unit in a university hospital

Patients: Preterm infants ventilated and directly extubated from HFV between January 
2003 and August 2005.

Measurements and main results: Data on patient characteristics, ventilator settings, gas 
exchange, respiratory support following extubation and the number of patients failing 
extubation (i.e. reintubation within 48 h) were retrospectively collected. 214 infants, 
accounting for 242 ventilation periods, were included in the study. The CDP, but not the 
FIO2, decreased significantly in the 24-h period prior to extubation, resulting in a mean 
CDP of 6.8 ± 1.6 cmH2O and a mean FIO2 of 0.25 at the time of extubation. At these settings, 
193 (90%) infants were successfully extubated. Multivariate logistic regression analysis 
showed that birth weight was the only independent variable positively associated with 
successful extubation. 

Conclusion: This study shows that weaning the CDP below 8 cmH2O with a FIO2 below 
0.30 is feasible during open lung HFV and extubation at these settings can be successful 
in preterm infants.  In our series, a 90% success rate was observed.  The value of this 
approach should be prospectively compared to conventional weaning and extubation 
strategies.
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Introduction
Mechanical ventilation is a life-saving intervention in preterm infants with acute 
respiratory failure (1). Unfortunately, its prolonged use also increases the risk of 
complications such as nosocomial infection and bronchopulmonary dysplasia (BPD) (2, 
3). It has therefore been advocated to extubate ventilated infants as soon as possible 
once the pulmonary condition has improved (4). Several studies have tried to establish 
the optimal timing of extubation using variables such as blood gases, ventilator settings, 
pulmonary mechanics and muscle strength (5-9). However, in all of these studies infants 
were treated with conventional mechanical ventilation (CMV). 
Over the last two decades high-frequency ventilation (HFV) has been increasingly used in 
preterm infants with respiratory failure (10). When combined with an optimal lung volume 
or open lung ventilation strategy (i.e. optimal alveolar recruitment and stabilization using 
the lowest possible pressure) HFV can potentially reduce the incidence of BPD (11). Despite 
this increasing use, data on weaning and extubation from HFV are limited. Some clinicians 
switch from HFV to CMV once the acute lung disease has improved and subsequently wean 
and extubate from this ventilation mode (12). However, this combined use of HFV and 
CMV may be less effective in reducing the incidence of BPD compared to a strategy using 
HFV alone (13). Others wean and extubate infants directly from HFV, using a continuous 
distending pressure (CDP) below 8 cmH2O and a fraction of inspired oxygen (FIO2) below 
0.30 as criteria to attempt extubation (11, 14, 15). However, it has not been reported if 
weaning to these extubation settings is feasible and result in successful extubation.
To answer these questions the present study retrospectively analyzed a cohort of 
preterm infants treated with open lung HFV, who were weaned and directly extubated 
from this modality using a CDP below 8 cmH2O and a FIO2 below 0.30 as extubation 
criteria. In addition, we tried to establish if other patient or treatment related variables 
were associated with successful extubation.

Methods
This study was approved by the Institutional Review Board at the Academic Medical 
Center of Amsterdam, which waived the need for parental consent.

Patients

Preterm infants with a gestational age less than 37 wk and ventilated with HFV between 
January 2003 and August 2005 were identified in the patient data management system. 
The medical charts were reviewed and patients directly extubated from HFV were 
included in the present cohort. The number of patients not extubated from HFV was 
also recorded including the main reason for this decision.
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Ventilation protocol

The neonatal intensive care unit of the Emma Children’s Hospital uses HFV as the primary 
mode of ventilation in preterm infants admitted with respiratory failure caused by 
respiratory distress syndrome (RDS). Preterm infants needing mechanical ventilation for 
other causes of respiratory failure are subjected to either conventional positive pressure 
ventilation or HFV. HFV is delivered with a SensorMedics 3100 A oscillator (SensorMedics 
Critical Care, Yorba Linda, CA) or a Babylog 8000plus (Drager medical, Lubeck, Germany).
All infants receiving HFV are subjected to an open lung ventilation strategy as previously 
described (16). Briefly, the aim of this strategy is to recruit collapsed alveoli and 
subsequently stabilize these alveoli with the lowest possible CDP, using oxygenation as 
an indirect parameter for lung volume. The criteria to define the optimal lung volume (i.e. 
optimal recruitment) are adequate oxygenation, defined as a transcutaneous oxygen 
saturation between 86 and 94%, with a FIO2 ≤ 0.25. If this FIO2 target cannot be reached, 
the CDP is set at a level resulting in adequate oxygenation with the lowest possible FIO2. 

Weaning and extubation protocol

To ensure that patients were ventilated with the lowest possible CDP, attempts 
were made to lower the CDP at least every 12 h, keeping the FIO2 as close as possible 
to the target of 0.25. As soon as the CDP was reduced below 8 cmH2O patients were 
considered eligible for extubation. At that point in time a FIO2 up to 0.30 was accepted, 
to ensure that extubation was not delayed by small fluctuations in oxygen need. The 
morphine administration was stopped and most patients were extubated within the 
next 12 h. If lowering the CDP below 8 cmH2O repeatedly failed during the weaning 
process, extubation was attempted at higher settings. In addition, patients considered 
for systemic dexamethasone treatment were subjected to an extubation trial before 
starting administration unless the attending physician felt the patient was too instable 
to tolerate such a procedure. 
Following extubation most patients were supported by nasal continuous positive airway 
pressure (CPAP) starting at a pressure of at least 5 cmH2O and supplemental oxygen to 
keep the transcutaneous oxygen saturation measured by pulse oximetry between 86 
and 94 percent. All patients were treated with caffeine when indicated. 
In line with previous studies, we defined successful extubation as not requiring 
reintubation within 48 hours after the extubation attempt (5). Patients were reintubated 
if the FIO2 exceeded 0.6 or the arterial PH dropped below 7.20 and the PaCO2 exceeded 
8.0 kPa or if infants had recurrent apnea requiring repeated stimulation or bag-and-mask 
ventilation or if infants showed clinical signs of severe respiratory distress.
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Data collection

Data were retrospectively extracted from the medical charts for all ventilation periods 
during the admission. Besides patient and maternal characteristics, the postnatal age 
at the start of ventilation, the primary diagnosis for respiratory failure and the type of 
ventilator delivering HFV were recorded. Data on CDP, FIO2, pressure amplitude and 
frequency, recorded hourly during the time of ventilation, were averaged over 6 – h 
periods during the 24 h preceding the extubation attempt. In addition, data on these 
variables were also collected at the time of actual extubation.
The number of patients failing extubation (i.e. reintubation within 48 h) was recorded, 
including the time of reintubation, the main reason for failing extubation and the results 
of a second extubation attempt.
The mode of respiratory support following extubation was recorded and data on the 
required nasal CPAP pressure and/or FIO2, which were recorded hourly, were averaged 
over a 6 – h period during the 48 h after extubation.
Data on the average partial carbon dioxide pressure (PCO2) were extracted from the 
blood gas analyses performed in the 24 h period before and in the first two 24 h periods 
after extubation.
The number of patients treated with diuretics or postnatal systemic dexamethasone at 
the time of extubation was recorded.

Statistical analysis

Statistical analysis was performed using SPSS version 12 (SPSS, Chicago, IL) and Graph 
Pad Prism version 4 (GraphPad Software Inc., CA, USA). Data are presented as mean 
± SD or median and interquartile range (IQR). Skewed data were analyzed by a Mann-
Whitney U test, a Wilcoxon test or Friedman’s analysis of variance (ANOVA) followed 
by a Bonferroni post hoc test. Data showing a normal distribution were analyzed by an 
unpaired t-test or a repeated measures ANOVA followed by a Bonferroni post hoc test. 
We used uni- and multivariate logistic regression analysis to explore possible associations 
between failure to extubate and the following prespecified variables: gestational age, 
birth weight, surfactant treatment and number of doses, type of ventilator, primary 
diagnosis, age at extubation, duration of ventilation, CDP, FIO2, pressure amplitude and 
PCO2 at the time of extubation.  A p value less than 0.05 was considered significant.

Results
Patients

A total of 972 preterm infants were admitted to the NICU of the Emma Children’s 
hospital during the study period and 373 (38%) of these infants required mechanical 
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ventilation (Figure 1). In 264 (71%) of these ventilated infants, HFV was the primary mode 
of ventilation. Fifty of these infants were excluded from this analysis for the following 
reasons: 24 infants died during HFV, 23 infants were switched and subsequently 
extubated from CMV, and the records of 3 patients could not be retrieved. The reasons 
for switching from HFV to CMV were: inability to wean the CDP (6), hypercapnia not 
responding to increased amplitude (2), transportation of the patient (3), HFV needed 
for other patients (2), and attempt to improve hemodynamic instability (3). In 7 patients 
the reason for switching to CMV was not documented, but appeared not be related to 
weaning problems. 

Figure 1. Flow diagram showing the inclusion procedure and the number of ventilation periods.

After being successfully extubated, 41 infants of initial cohort of 373 ventilated patients 
required a second and 13 a third ventilation period (Figure 1). In 28 (52%) of these 54 
additional ventilation periods HFV was used.
Thus, the present study included 214 infants, accounting for 242 HFV periods, and Table 1 
shows the most important characteristics.
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Table 1. Patient and maternal characteristics

Variable                                       n = 214

Gestational age  –  wk   29,5 ± 2,5

Birth weight  –  g 1301 ± 483

 ≤ 1000 g  –  no. (%) 68 (32)

Five minute Apgar score  –  median (IQR) 8 (7 – 9)

Male sex  –  no. (%) 124 (58)

Preeclampsia  –  no. (%) 39 (18)

Rupture of membranes > 24 h  –  no. (%) 31 (15)

Singleton  –  no. (%) 148 (69)

Antenatal steroids  –  no. (%) 154 (72)

 Complete 88 (41)

Surfactant treatment  –  no. (%) 179 (84)

 1 dose  –  no. (%)a 113 (63)

 2 doses  –  no. (% a 47 (26)

 3 doses  –  no. (%)a 19 (11)

Delivery by cesarean section  –  no. (%) 98 (46)

Primary ventilation period

Ventilation was started at a median postnatal age of 3.5 h (IQR 0.8 – 10) and the majority 
of infants were managed with the Sensor Medics 3100A (Table 2). RDS was the most 
prominent reason for starting mechanical ventilation (86%). Extubation was attempted 
at a median age of 62 h (IQR 29 – 137), and was successful in 193 (90%) of the 214 infants. 
In the subgroup of patients with a birth weight equal or below 1000 g (n=68) extubation 
was successful in 55 (81%) infants.

The CDP showed a significant decrease over time in the 24-h period prior to extubation 
(Figure 2), resulting in a mean CDP of 6.8 ± 1.6 cmH2O at the time of extubation (Table 2). 
Consistent with the open lung ventilation strategy, the mean FIO2 remained at or below 
0.25 during the 24 h before extubation (Figure 2) and the actual time of extubation (Table 
2). There were no clinically relevant differences in the CDP, FIO2, pressure amplitude 
or frequency between infants who were successfully extubated or those who failed 
extubation (Table 2).
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Table 2. Data on ventilatory parameters and PaCO2 during the first ventilation period.

Parameter Total Succes Failure

(n = 214) (n = 193) (n = 21)

CDP at extubation (cmH2O) 6.8 ± 1.6 6.7 ± 1.4 7.3 ± 2.8

FIO2 at extubation 0.25 ± 0.06 0.24 ± 0.06 0.28 ± 0.10

HFFI (Babylog)  –  no. (%) 50 (23) 42 (22) 8 (38)

 Amplitude at extubation (%) 23.8 ± 7.0 24.1 ± 7.2 22.3 ± 6.4

 Frequency at extubation (Hz) 8.1 ± 0.5 8.1 ± 0.5 8.0 ± 0.0

HFOV (Sensor Medics)  –  no. (%) 164 (77) 151 (78) 13 (62)

 Amplitude at extubation (cmH2O) 16.5 ± 5.2 16.7 ± 5.1 14.1 ± 5.6

 Frequency at extubation (Hz) 10.2 ± 1.0 10.2 ± 1.0 10.0 ± 0.0

PaCO2 (kPa)

 24 h period before extubation 6.0 ± 0.8 6.0 ± 0.9 6.0 ± 0.7

 0–24 h period after extubation 6.1 ± 1.0 6.0 ± 0.9 7.0 ± 1.2a

 24–48 h period after extubation 5.9 ± 1.2 5.8 ± 1.0 10.3 ± 0.6b

HFFI high-frequency flow interruptor; HFOV high-frequency oscillatory ventilation
a p < 0.01 vs success group (unpaired t-test)
b n=2

Figure 2. Changes in CDP (squares) and FIO2 (triangles) 24 h before extubation. * p < 0.001 for CDP 
reduction (Friedman test).

The 21 infants who failed extubation were reintubated within a median time of 13 h (IQR 
8 – 23). The main reasons for reintubation were: high FIO2 (6), high PCO2 (6), severe 
retractions (6), and apnea (3). Fifteen infants were successfully extubated from HFV at a 
second attempt and 1 infant was extubated after switching to CMV. Five infants died on 
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HFV before a second attempt could be performed.
Following extubation 211 infants required respiratory support, in most cases nasal CPAP 
(92%). As shown by figure 3 the CPAP pressure and FIO2 decreased significantly during 
the first 48 h after extubation in the group of infants successfully extubated. However, 
in the patients failing extubation the CPAP pressure and FIO2 remained constant.

Figure 3. Changes in CPAP pressure (A) and FIO2 (B) 48 h after extubation in the success (triangles) and 
failure (circles) group. * p < 0.001 for CPAP pressure (repeated measures ANOVA) and FIO2 (Friedman 
test) reduction.
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Blood gas analysis in the 24 h prior to extubation showed no differences in PCO2 levels 
between the infants successfully extubated or failing extubation. However, in the first 
24 h following extubation, the mean PCO2 levels were significantly higher in the infants 
failing extubation (Table 2). Due to the small number of patients in the failure group, 
comparative analysis in the second 24 h period after extubation was not performed. 
Univariate logistic regression analysis showed that both birth weight (OR 1.26, 95% CI 
1.07, 1.48 per 100 g) and FIO2 at the time of extubation (OR 0.94, 95% CI 0.89, 0.99) 
were significantly associated with failing extubation. After entering both variables in 
a multivariate model, only birth weight remained significantly associated, showing an 
increased risk of extubation failure in infants with a lower birth weight (OR 1.23, 95% CI 
1.04, 1.44 per 100 g). More detailed analysis showed that this finding was mainly caused 
by the fact that extubation failure only occurred in infants (n=120) with a birth weight 
below 1250 g. Within this subgroup there was no clear association between birth weight 
and extubation failure. 

Additional ventilation periods

Additional ventilation periods were started at a median age of 16 d (IQR 9 – 25) and 
the most important reason for initiating ventilation was infection (75%), including both 
sepsis and pneumonia. Despite the fact that the mean CDP (9.5 ± 2.9 cmH2O) and FIO2 
(0.29 ± 0.08) tended to be higher compared to the first ventilation period, 26 (93%) of 
the extubation attempts were successful. There were no clinically relevant differences in 
other ventilatory parameters and blood gas analysis (data not shown). The 2 infants that 
failed extubation were successfully extubated at a second attempt.

Extubation at a CDP ≥ 8.0 cmH2O

In 54 (22%) of the 242 ventilation periods the CDP could not be weaned below 8 cmH2O 
and, according to the department protocol, extubation was therefore attempted at a 
CDP ≥ 8.0 cmH2O at a median age of 12 d (IQR 5 – 27). Despite the fact that the mean CDP 
at extubation in these attempts was 10.0 ± 2.5 cmH2O (range 8.0 – 18.1) and the FIO2 0.30 
± 0.10, extubation was successful in 48 (89%) of these ventilation periods.

Supportive therapies

To facilitate weaning and extubation 4 (2%) infants received diuretics and 8 (4%) received 
systemic dexamethasone. All infants failing extubation due to recurrent apnea were 
adequately treated with caffeine.
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Discussion
Despite the fact that randomized controlled trials have not provided conclusive evidence 
that HFV is more effective in preventing BPD than CMV, its use in preterm infants has 
increased significantly over the last two decades (10). Unfortunately, specific data on 
how to apply HFV in daily clinical practice are still limited, and mainly consist of general 
recommendations such as to optimize lung volume (open lung strategy) and to avoid 
cross-over to CMV by weaning and extubating directly from HFV (17). To our knowledge, 
this is the first report providing more detailed data on the extubation process during HFV 
in preterm infants.
All infants treated with HFV were subjected to an open lung strategy, defining the 
optimal lung volume as adequate oxygenation using a FIO2 at or below 0.25 (16). To 
assure that this optimal volume was maintained with the lowest possible pressure, 
the weaning protocol stated that the CDP should be stepwise reduced at least every 
12 h. The significant reduction in CDP and the stable FIO2 at 0.25 during the 24 h before 
extubation indicates that application of this dynamic weaning procedure and the open 
lung ventilation strategy was feasible in the majority of infants. This observation is 
also supported by the fact that only 8 infants were switched to CMV for weaning or 
ventilation problems. Unfortunately, the retrospective design of the present study did 
not allow for a more detailed analysis of these infants.
We used a CDP below 8 cmH2O and a FIO2 below 0.30 as criteria to attempt extubation, 
settings nowadays also applied in spontaneously breathing infants on nasal CPAP 
(18). Although these criteria have been reported previously (11, 14, 15), this is the first 
study showing that these settings can actually be reached in the majority of infants 
weaned from open lung HFV and, more importantly, that extubation at these settings 
is successful in more than 90% of the infants in the present cohort. In the subgroup of 
infants with a birth weight below 1000 g the success rate dropped to 81%. This result 
seems to be comparable to previous reports on extubation from CMV (5-8,19), indicating 
that weaning and extubating directly from HFV might be an alternative approach to 
switching and weaning from CMV.
Additional analysis of the group failing extubation did not reveal any clinically relevant 
differences in the CDP and FIO2 24 h before and at the time of extubation. Multivariate 
logistic regression analysis only revealed a significant association between birth weight 
and extubation failure. Although this finding is in line with recent observations that the 
smallest infants have the highest risk of failing spontaneous breathing on early nasal 
CPAP (20), our findings should be interpreted with some caution because there were no 
extubation failures in the group with a birth weight above 1250 g.
It as been shown that treatment with caffeine and nasal CPAP lowers the risk of 
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extubation failure in preterm infants (21, 22). For this reason we analyzed the use of these 
therapeutic options in the 48 h following extubation and found that all infants failing 
extubation were adequately treated with caffeine and nasal CPAP, making this a less 
probable cause for extubation failure. As expected, infants failing extubation needed 
higher levels of CPAP pressures and FIO2 compared with those successfully extubated, 
and failed to show a clear reduction in these parameters over time. Consistent with 
these finding the PCO2, which was comparable in all infants at the time of extubation, 
was significantly higher in failure group compared with the success group. 
A minority of the included infants needed to be ventilated a second or third time during 
the admission period, with infection being the most prominent reason for reintubation. 
It was interesting to observe that in these, mostly older, infants the CDP often could not 
be weaned below 8 cmH2O while still maintaining an open lung condition. We can only 
speculate on the possible explanations for this finding. First, it is our experience that 
lung disease often becomes more inhomogeneous after the first week of life, especially 
in patient with developing chronic lung disease. This might result in considerable 
differences in regional compliance, making it more difficult to maintain alveolar patency 
in less compliant regions at lower CDPs. Second, there is some experimental evidence 
that active expiration during HFV may result in airway collapse and loss of ventilation 
in the regions distal to these so-called “choke points” (23). Stenting the airways with 
higher CDPs might prevent this phenomenon from happening.
In accordance with the department protocol the infants repeatedly failing weaning to a 
CDP below 8 cmH2O were extubated at higher CDP levels. Surprisingly extubation was 
still successful in approximately 90% of these infants, raising the questions if successful 
extubation in less complicated infants can also be achieved at a CDP above 8 cmH2O. 
It is, however, important to emphasize that most of these extubation attempts were 
performed after the first week of life and that these result may not be applicable to 
earlier attempts. The relatively high success rate of extubation in these older infants 
might also, in part, explain the limited use of systemic dexamethasone and diuretics in 
our study.
This study has several limitations that need to be addressed. First, approximately 30% 
of the infants requiring mechanical ventilation were not treated with HFV, which may 
have biased the results of this study. However, as CMV was mainly used in infants with 
less severe lung disease, it is unlikely that these infants would have failed extubation 
had they been ventilated with HFV. Second, our retrospective study did not have a 
comparable control group treated and extubated from CMV, making a direct comparison 
of extubation success rates  between these two modes not possible. Third, the  infants in 
this cohort were treated with elective HFV and our results might be different in patients 
treated with rescue HFV. 
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Although the present study suggests that weaning and direct extubation from HFV 
is feasible in the majority of preterm infants, there are two important questions that 
remain to be answered. First, is weaning and direct extubation from HFV superior to 
switching and subsequent weaning and extubating from CMV? Second, is successful 
extubation from higher CDP levels, as reported in some of the older (> 1 week) preterm 
infants in this study, also feasible in preterm infants less than 1 week old? These questions 
cannot be answered by the present study. Future randomized controlled trials will have 
to address these questions also taking into account the effects on other important 
outcome parameters such as the duration of mechanical ventilation and the incidence of 
bronchopulmonary dysplasia. 
In conclusion, this study shows that weaning the CDP below 8 cmH2O with a FIO2 below 
0.30 is feasible during open lung HFV and extubation at these settings can be successful 
in preterm infants. In our series, a 90% success rate was observed. The value of this 
approach should be prospectively compared to conventional weaning and extubation 
strategies.
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