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explanation was that due to DS in the face mask, ventilation was 
less efficient. When leaks were added to their model by making 
holes in the face mask, oxygen titration time was shorter.16 Similar 
results were reported by Dekker et al where leaks reduced the 
time needed to achieve the desired FiO2 after adjustments using 
the T- piece system during PPV.9 This concurs with our results 
on the shorter time needed when leaks were introduced in the 
model compared with measurements without leaks. Studies on 
PPV with face mask have shown that leakage is common and is 
often very large.12 13 However, with the increasing use of RFM 
during stabilisation the users get feedback on the leak in real time 
which leads to less leakage.17 This facilitates stable PEEP and the 

establishment of functional residual capacity (FRC). However, 
reduced leaks will increase the delay of accurate oxygen delivery 
to the patient after adjustments.

The ratio between DS and TV (DS/TV) in mechanically venti-
lated preterm infants has been shown to be around 0.4–0.8.18 
Placing a face mask on the infant during stabilisation adds DS 
volume to the anatomical DS. The DS of the neonatal face mask 
greatly exceeds the anatomical DS making the DS/TV ratio 
during face mask ventilation for the infants unfavourable. The 
smallest infants with respiratory distress syndrome (RDS) and 
non- compliant lungs will have a reduced TV before surfactant 
is given. FRC will also be low initially and will then gradually 

Figure 3 Oxygen measured at the patient interface for the �rst 90 s after adjustments from FiO2 1.0 to 0.50, downward titration and from FiO2 0.3 
to 0.6, upward titration. On the left simulations with tidal volume 4 mL and added dead space 13 mL: On the right simulations with tidal volume 10 mL 
and added dead space 26 mL. Orange line; rPAP with prongs (<1 mL dead space). Blue line; rPAP with 13 mL and 26 mL added dead space. Green line; 
Neopuff with 13 mL and 26 mL added dead space. Measurements without leaks. FiO2, fraction of inspired oxygen.
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increase. All of these factors may influence oxygen delivery after 
adjustments.

In all the experiments performed, we used ventilation rates 
of 60 with an inspiratory to expiratory (I:E) ratio of 1:1 and a 
PEEP of 6 cm H2O. If lower inflation rates were used, which are 
included in some international guidelines,4 the oxygen adjust-
ment time may be longer. The delay in change in FiO2 due to DS 
will also apply when providing PEEP/CPAP to a spontaneously 
breathing infant with a face mask. The delay could be different 
compared with the presented PPV results depending on sponta-
neous respiratory rate, lower mask leakage and wash out of DS. 
Furthermore, the titration frequency and increments will affect 
the oxygen concentration at the airway level. All of the above 
should be investigated in future research, preferably in clinical 
settings.

Limitations
This study reflects the delay observed in vitro. These results need 
to be confirmed in a clinical study. The added DS in our respi-
ratory circuit model was a straight cylinder and not in the face 
mask shape. Different types and brands of face masks will have 
different volumes. However, the experiment was only designed 
to show the relationship between added DS and TV and the 
effect that this has on oxygen delivery time after adjustments. 
In the clinical setting leakage, inflation rate, I:E ratio, TV, PEEP, 
glottic closure, intermittent spontaneous breathing and FRC 
will be variable and this could not be accounted for in our lab 
settings.

Conclusion
There is a substantial delay in the time taken for changes in FiO2 
made at the blender to reach the patient’s airway during simu-
lated ventilation when face mask DS is added to the respiratory 
circuit used for neonatal stabilisation. This should be recognised 
in guidelines and research protocols. Using nasal interfaces with 
low DS might be more appropriate for infants to minimise the 
risk for hypo- oxygenation and hyper- oxygenation during initial 
stabilisation.
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