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a much smaller scale. High-frequency ventilation (HFV) was
used in 15% of the ventilated infants, in most cases with
a piston driven oscillator (Table V; available at www.jpeds.
com). The distribution in ventilation modes was
comparable in the predefined subgroups. Conventional
ventilation was mostly combined with synchronized
intermittent mandatory ventilation (SIMV) followed by
assist/control ventilation. In 6% of the patients the
conventional modality was non-synchronized. In 92% of
infants conventional ventilation was delivered with an
infant ventilator, that is, a ventilator only suitable for
ventilating newborns and infants (Table V).

Ventilator Pressures, Volumes, and Other Settings
The mean peak inspiratory pressure (PIP) during conven-
tional mechanical ventilation was 18.6 ! 4.6 cmH2O
(Table VI). More detailed analysis showed that in 75% of
the patients the PIP was between 15 and 25 cmH2O
(Figure 1, A; available at www.jpeds.com). All patients
received positive-end expiratory pressure (PEEP) during

conventional ventilation with a mean level of 4.5 ! 1.1
cmH2O. In most patients PEEP was set between 4 to 6
cmH2O and rarely exceeded 7 cmH2O (Figure 1, B). There
were no significant differences in airway pressures in the
gestational age and birth weight subgroups. Patients
ventilated in the first 3 days after birth had a significantly
lower mean PIP (17.5 vs 19.1 cmH2O, P < .01) compared
with patients ventilated after the first week of life. Patients
with respiratory distress syndrome had a significantly lower
mean PIP (18.0 vs 19.0 cmH2O, P < .05) and PEEP (4.3 vs
4.6 cmH2O, P < .01) compared with patients intubated for
other causes of respiratory failure.
Tidal volumes were measured in 84% of the patients on

conventional ventilation, with a mean volume of 5.7 ! 2.3
mL/kg (Table VI). In 66% of the patients the tidal volume
was between 4 to 7 mL/kg and in 18% of the patients the
tidal volume was above 7 mL/kg (Figure 2). The median
gestational age and birth weight of the infants subjected to
these higher tidal volumes was, respectively, 27 (IQR 25-
33) weeks and 945 (IQR 680-1800) g. Tidal volumes were
measured at the Y-piece of the ventilation circuit in 99% of
the patients, with a hot-wire in 76% and a pressure
differential device in 24% of the cases. Endotracheal tube
leakage was reported in 110 (29%) of the patients
ventilated with a flow sensor. Patients ventilated in the first
3 days after birth had a significantly lower mean expiratory
tidal volume (4.8 vs 6.1 mL/kg, P < .001) compared with
patients ventilated after the first week of life. There were no
significant differences in expiratory tidal volume in the
gestational age, birth weight and respiratory distress
syndrome subgroups.
Table VI also summarizes other ventilator settings during

conventional ventilation. The ventilator rate was significantly
higher (43 vs 36 breaths/min, P < .001) and the inspiration
time shorter (0.37 vs 0.42 sec, P < .01) in patients less than
30 weeks gestation or a birth weight less than 1000 g
compared with patients born at term or having a birth
weight above 2000 g.
The median FiO2 (0.38 vs 0.28, P < .001) and mean airway

pressure (12.3 vs 7.9 cmH2O, P < .001) during HFV were sig-
nificantly higher compared with conventional ventilation
(Table VI). Data on pressure amplitudes during HFV are
not presented because the available high-frequency
ventilators use different units for this variable.

Discussion

Since its introduction in the 1960s, mechanical ventilation
has been one of the cornerstones in the treatment of respira-
tory failure in newborns. Over time, technological advances
in ventilators have provided neonatologists with new ventila-
tion modes and strategies, many of which have been tested in
randomized controlled trials.5 However, the translation and
implementation of these trial results to daily clinical practice
has been poorly studied. In this survey we investigated how
neonatal ventilation is practiced in NICUs.

Table IV. Ventilation modes and synchronization

Patients (n = 535)

Conventional modes 457 (85%)
Time cycled pressure limited 317 (69%)
Pressure controlled 46 (10%)
Volume controlled 7 (2%)
Volume guarantee 43 (9%)
Pressure support* 39 (9%)
Others 5 (1%)

High-frequency mode 78 (15%)
Synchronization modes†

Synchronized intermittent mandatory ventilation 274 (60%)
Assist/Control ventilation 140 (31%)
Pressure support ventilationz 11 (3%)
No synchronization 29 (6%)

*Pressure support breaths combined with either time cycled pressure limited ventilation or con-
tinuous positive airway pressure.
†Patients on conventional modes included.
zPressure support ventilation combined with continuous positive airway pressure.

Table VI. Ventilatory measurements of included
infants

Conventional mechanical ventilation

Peak inspiratory pressure (cmH2O) 18.6 ! 4.6
Pressure support level (cmH2O) 13.8 ! 5.2
Mean airway pressure (cmH2O) 7.9 ! 2.3
Positive end-expiratory pressure (cmH2O) 4.5 ! 1.1
Expiratory tidal volume (mL/kg) 5.7 ! 2.3
No tidal volumes measured 73 (16%)
Ventilatory rate (breaths/min) 41 ! 14
Inspiration time (sec) 0.38 ! 0.10
Fraction inspired oxygen 0.28 (0.21-0.36)*
Inspiratory flow (L/min) 8.1 ! 2.7

High-frequency ventilation
Mean airway pressure (cmH2O) 12.4 ! 3.2
Frequency (hertz) 10 (10-12)*
Inspiration time 33% (33%-40%)*
Fraction inspired oxygen 0.38 (0.25-0.55)*
Inspiratory flow (L/min) 15 ! 5

Data are presented as mean and standard deviation, unless stated differently.
*Median and IQR.
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intermittent mandatory ventilation (SIMV) followed by
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conventional modality was non-synchronized. In 92% of
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the patients the PIP was between 15 and 25 cmH2O
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conventional ventilation with a mean level of 4.5 ! 1.1
cmH2O. In most patients PEEP was set between 4 to 6
cmH2O and rarely exceeded 7 cmH2O (Figure 1, B). There
were no significant differences in airway pressures in the
gestational age and birth weight subgroups. Patients
ventilated in the first 3 days after birth had a significantly
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with patients ventilated after the first week of life. Patients
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4.6 cmH2O, P < .01) compared with patients intubated for
other causes of respiratory failure.
Tidal volumes were measured in 84% of the patients on
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mL/kg (Table VI). In 66% of the patients the tidal volume
was between 4 to 7 mL/kg and in 18% of the patients the
tidal volume was above 7 mL/kg (Figure 2). The median
gestational age and birth weight of the infants subjected to
these higher tidal volumes was, respectively, 27 (IQR 25-
33) weeks and 945 (IQR 680-1800) g. Tidal volumes were
measured at the Y-piece of the ventilation circuit in 99% of
the patients, with a hot-wire in 76% and a pressure
differential device in 24% of the cases. Endotracheal tube
leakage was reported in 110 (29%) of the patients
ventilated with a flow sensor. Patients ventilated in the first
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tidal volume (4.8 vs 6.1 mL/kg, P < .001) compared with
patients ventilated after the first week of life. There were no
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Table VI also summarizes other ventilator settings during
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higher (43 vs 36 breaths/min, P < .001) and the inspiration
time shorter (0.37 vs 0.42 sec, P < .01) in patients less than
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weight above 2000 g.
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nificantly higher compared with conventional ventilation
(Table VI). Data on pressure amplitudes during HFV are
not presented because the available high-frequency
ventilators use different units for this variable.
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has been one of the cornerstones in the treatment of respira-
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in ventilators have provided neonatologists with new ventila-
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randomized controlled trials.5 However, the translation and
implementation of these trial results to daily clinical practice
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neonatal ventilation is practiced in NICUs.
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To make sure that the results provide an accurate reflec-
tion of daily clinical practice, this study collected data on
neonatal ventilation ‘‘live’’ at the bedside and not by ques-
tionnaire. To minimize the risk of monitoring only local or
national practices we included patients from 21 countries
and 173, mostly level 3, NICUs in Europe. As expected, the
included patients were mainly preterm infants with almost
half having an extremely low birth weight (<1000 g). This
subgroup of newborn infants has the highest risk of needing
mechanical ventilation at some point during treatment.6

Consistent with this high percentage of preterm infants, the
most prominent reason to start ventilation was respiratory
distress syndrome.

Our study shows that TCPL ventilation combined with an
SIMV synchronization mode, is the most popular conven-
tional ventilation mode for ventilating both preterm and
term newborn infants. The clinical use of other modes than
TCPL, such as volume controlled, volume guarantee and
pressure support ventilation seems to be very limited. There
may be several reasons for this limited use of newer conven-
tional modes. First, TCPL ventilation is historically the most
frequently used ventilation mode and thus neonatologists
and neonatal nurses have most experience with it. Second,
there are only a limited number of (often small) randomized
controlled trials that compared the newer modes with TCPL
ventilation and these showed no clear benefits on long term
outcomes.7,8 Many clinicians may therefore believe that there
is no reason to change their current ventilation practices. Fi-
nally, it is important to realize that, in contrast to most adult
ventilators, many of the newer conventional modes have only
recently been incorporated in infant ventilators. This study
shows that neonatologists mainly use infant ventilators,
and it might well be that some of the newer ventilation
mode are not (yet) available in many NICUs.

For more than a decade there has been growing aware-
ness among neonatologists that mechanical ventilation can
also injure the newborn lung.9 Experimental studies have
identified alveolar overdistension (volutrauma) and alveo-

lar collapse (atelectrauma) as the major risk factors for
this ventilator-induced lung injury.10,11 A recent study in
adults ventilated for acute respiratory distress syndrome
reported a lower mortality in patients ventilated with a tidal
volume of 6 ml/kg compared with 12 mL/kg.12 Unfortu-
nately, a comparable trial has never been conducted in
the neonatal population. Still, some neonatologists have
advocated tidal volumes between 4 and 7 mL/kg in new-
born infants,13 although the scientific basis for this recom-
mendation is probably weak. The median tidal volume (5.3
mL/kg) and 25th and 75th percentiles (4.1 to 6.6 mL/kg)
presented in this study seem to indicate that many neona-
tologists have adopted and implemented the low tidal vol-
ume range into clinical practice. However, in 18% of the
patients the tidal volume exceeded 7 mL/kg, indicating
that higher tidal volumes are still used in a minority of pa-
tients. It was interesting to observe that these higher tidal
volumes were mainly used in the extremely premature and
not the term infant. In 16% of the patients no tidal vol-
umes were measured at all. A possible explanation for
this finding could be that some (older) ventilators are
not equipped with a flow sensor. When the ventilator
does have a flow sensor, the present study shows that
the transducer is almost always placed between the endo-
tracheal tube and the Y-piece of the ventilator circuit,
thereby increasing dead space volume. Some clinicians re-
move the flow sensor as a means to reduce the tidal vol-
ume and accept the fact that the actual delivered volume
is not measured.14

The optimal level of PEEP in newborn patients has been
poorly studied. This study suggests that neonatologists
make little effort in finding the optimal level of PEEP in in-
dividual patients but instead write a generic order between
4 and 6 cmH2O of PEEP. Despite the fact that more recent
experimental studies have suggested that applying higher
levels of PEEP might be lung protective, PEEP levels rarely
exceeded 7 cmH2O.15,16

Despite promising results reported from experimental
studies, human studies have not conclusively shown that
HFV has major benefits on long-term outcomes compared
with conventional mechanical ventilation.17 This might be
one of the reasons why HFV was only used in 15% of the pa-
tients in this study. A second reason could be that the HFV
mode is not always available in the neonatal unit. This study
was not able to differentiate whether HFV was used as a pri-
mary or a rescue mode of mechanical ventilation.
In conclusion, this study shows that TCPL ventilation

combined with SIMV is the most commonly used ventila-
tion mode in neonatal ventilation. Tidal volumes are usu-
ally targeted between 4 to 7 mL/kg and PEEP between 4 to
6 cmH2O. Newer ventilation modes seem to be incorpo-
rated into clinical practice at a slow pace, because they
are only used in a minority of patients. These unique
data on ventilation practices in neonatology can be used
in the design of future trials comparing new ventilation
modalities or strategies against what is currently seen as
‘‘standard ventilation. This hopefully might improve the

Figure 2. Distribution of the expiratory tidal volumes in pa-
tients on conventional mechanical ventilation (n = 457).

THE JOURNAL OF PEDIATRICS ! www.jpeds.com Vol. 157, No. 5

770 van Kaam et al

173 centros europeos con cuidados neonatales



S. Navarro-Psihas

Bases fisiológicas
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Trabajo respiratorio

• Trabajo requerido para vencer las fuerzas elásticas y de 
resistencia que se oponen al flujo de gas en el sistema 
respiratorio

• Distensibilidad respiratoria
• Distensibilidad pulmonar
• Distensibilidad torácica

• Resistencia respiratoria
• Resistencia fisiológica
• Resistencia artificial
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Determinantes del trabajo respiratorio

• Distensibilidad pulmonar
• Producción de surfactante
• Contenido de agua

• Resistencia de la vía aérea
• Diámetro (cuarta potencia)
• Longitud
• Curvatura
• Viscosidad del gas
• Turbulencias del flujo
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Endotracheal intubation

WorkReserve

NN

RDS

Tube



S. Navarro-Psihas

Ventilatory support
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Reduction in ventilatory support
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Minimal ventilatory support
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Ventilación sincronizada
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Ventilación no sincronizada

• Altas presiones en la vía aérea

• Oxigenación pobre

• Fluctuaciones de la presión intracraneal

• ↑ Relajantes musculares y sedativos
• Debilidad muscular
• Formación de edema
• Dependencia respiratoria
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Formas de desate de disparo 

• Por flujo
• Más sensible que el de presión
• Medición del volumen corriente
• Adición de espacio muerto
• Auto-disparos en presencia de agua o de fuga por el tubo

• Cápsula de superficie
• Muy sensible
• No agrega espacio muerto
• Sensible a los cambios de posición
• Disparos por artefactos
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Modos de ventilación

• IPPV
• Número fijo de disparos no sincronizados en ausencia de respiración espontánea

• IMV
• Igual pero en presencia de respiración espontánea

• SIMV
• Número fijo de disparos sincronizados con la respiración espontánea del paciente

• SIPPV or A/C
• Soporte de todas las inspiraciones del paciente. La frecuencia ventilatoria es relevante solo 

en presencia de apnea
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SIMV:

• Regulación de la ventilación mediante la frecuencia ventilatoria

• Destete: Reducción de la presión pico y de la frecuencia

• ↑ Variación del volumen corriente y del trabajo respiratorio

• Ventilación muerta durante la respiración espontánea no 
soportada

• Incremento del volumen corriente para aumentar la ventilación 
minuto
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Spontaneous and supported VT 
during SIMV
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SIPPV o A/C

• Frecuencia solo relevante en presencia de apnea

• Destete solo con la presión (accionismo)

• Volumen corriente muy uniforme

• Riesgo de hiperventilación y atrapamiento de aire en el 
caso de auto-disparos
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Ventajas de A/C sobre SIMV

• Volumen corriente más constante

• ↓ taquipnea

• ↓ trabajo respiratorio

• ↓ Variación de la presión arterial

• Destete más rápido (2 de 3 RCT’s)
27
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Argumentos para sostener la 
aversión al cambio
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“Durante SIPPV/AC no es posible destetar 
al paciente porque se soportan todas las 

inspiraciones del paciente”
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“SIPPV/AC puede ser deleterio por el gran 
número de insuflaciones aplicadas al 

paciente”

31



S. Navarro-Psihas

Ventilación mecánica y daño pulmonar

• El daño pulmonar es principalmente debido a:
• Sobredistensión alveolar (↑ VT)
• Reclutamiento a colapso alveolar repetitivo (atelectrauma)

• The OCTAVE study showed
• Less air leak
• Even with non-synchronized ventilation
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“Insuflaciones con mayor presión son 
necesarias para evitar la formación de 

atelectasias”
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Formación de atelectasias

• Volumen corriente alto puede dañar el pulmón

• El momento vulnerable para el colapso alveolar es la 
espiración y no la inspiración (PEEP y no PIP)

• ¡Las atelectasias son comúnmente causadas por 
secreciones en pacientes con esfuerzo respiratorio pobre 
y falta de reflejos!
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Evidencia clínica
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Diseño del estudio

• Estudio prospectivo cross over comparando SIMV+VG con    
A/C+VG con relación a la presión inspiratoria y la función 
pulmonar en pacientes prematuros

• 12 RNPT en ventilación convencional fueron aleatorizados a 
SIMV+VG o A/C+VG por 2 horas y luego fué cambiado el 
modo de ventilación nuevamente 

• Variables:
• PIP, MAP
• MV
• Frecuencia cardiaca, respiratoria, saturación de oxígeno
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Conclusiones:

• A/C en comparación con SIMV:

• Facilita el destete ventilatorio
• ↓ fluctuaciones del volumen corriente
• ↓ Variación de la presión arterial y de la saturación de oxígeno
• ↓ Trabajo respiratorio
• Faltan datos de pronóstico a largo plazo
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¡Gracias!
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