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The interface: crucial for successful noninvasive ventilation

M.W. Elliott

Noninvasive ventilation (NIV) is a real advance in the
management of both chronic and acute respiratory failure. It
is the absence of an endotracheal or tracheostomy tube which
defines NIV. The development of various interfaces have
made the delivery of effective ventilation to patients without
intubation possible and a good interface is crucial to success.
These can be factory manufactured or customised. Driven
largely by the explosion in the diagnosis and treatment of
obstructive sleep apnoea there are now a wide variety of
different factory-made masks of different designs, shapes,
sizes and materials. It is usually possible to find something
that suits most individuals and there is seldom a need for an
individually made interface. Broadly speaking there are four
different types: full face masks (enclose mouth and nose),
nasal masks, nasal pillows or plugs (insert directly into the
nostrils), and mouthpieces. A review of published studies
showed that in acute NIV facial masks predominate (63%),
followed by nasal masks (31%) and nasal pillows (6%). In
contrast for chronic NIV nasal masks (73%) are the most
commonly used followed by nasal pillows (11%), facial masks
(6%) and mouthpieces (5%) [1]. More recently the use of a
"helmet" has been described in hypoxaemic acute respiratory
failure (ARF) with patients receiving continuous ventilation
for many days [2]. Nasal masks have less static dead space, are
not as claustrophobic and allow expectoration and commu-
nication more easily than full face masks. The improvement in
arterial blood gas tensions appears to be slower in some
studies using nasal masks compared to face masks [3]. A full
face mask is usually chosen when there is significant mouth
breathing, which is very common in patients with an acute
exacerbation of chronic obstructive pulmonary disease (COPD),
and at least during the initial phase results in better quality of
ventilation, in terms of improved minute ventilation and
blood gases [4, 5]. Sometimes, in the post acute situation
patients can be encouraged to continue NIV, to maximise the
improvement in blood gases, by switching from a full face
mask to a less claustrophobic nasal mask. Semi-customised masks
consist of a prefabricated frame in which a quick drying filler
is injected and afterwards moulded to the patient9s face.
Moulded masks which use small nasal openings, may have
increased resistance, which could decrease ventilation [1].

Minimising leak is the first major challenge in both acute
and chronic NIV. Leak results from a poor fit between the
mask and the skin or through the open mouth. It reduces
alveolar ventilation and synchrony between the patient and
the machine, and the quality of sleep during NIV may be
compromised [6]. During continuous positive airway pressure
leak has been shown to increase nasal resistance [7]; this can
be improved by the use of a heated humidifier which
also increases comfort and tolerability and it is likely that
the same is true during NIV. Continuous monitoring of non-
intentional leak and ventilation has been incorporated in

newer NIV devices and may help clinicians identify when leak
is significant enough to interfere with effective ventilation.

The use of an appropriate sized mask is obvious, but equal
attention should be directed towards the choice of the correct
size of headgear. The fit of the mask can be improved by
applying mask cushions and seal and support rings. The
amount of leak should be monitored but however good the
interface, some leak is inevitable and it is important that the
ventilator should be able to compensate. Leak compensation
is limited with volume targeted ventilators; adding a leak to
the circuit of these ventilators may result in a fall in tidal
volume of w50% [8]. However moderate leaks can be
compensated by increasing the tidal volume. Pressure targeted
ventilators have much better leak compensating abilities with
peak inspiratory flow rates of 120–180 L?min-1. However
in tests on a lung model it has been found that leak
compensating capabilities differ markedly between different
devices [9]. To reduce mouth leaks while wearing a nose mask
a chin strap is sometimes tried, but is rarely effective. Another
approach is to tape the mouth shut; the effect of this on the
quality of ventilation and sleep during NIV has been
investigated in patients with chronic respiratory failure [6].
Taping the mouth was associated with a marked reduction of
leak, improved ventilation and sleep quality. However there
are no reports of mouth taping in patients with ARF and it is
unlikely to be acceptable to the majority of patients. Use of a
full face mask is the usual remedy for excessive mouth leak.

The second major challenge is finding an interface, which is
comfortable and does not cause side-effects. Mask-induced
pressure sores, typically over the nasal bridge, usually caused
by over tightening the straps, may lead to reduced tolerance.
Different dressings have been evaluated to prevent nasal
bridge abrasion. Other side-effects, related to the interface
include eye irritation and dryness.

The third issue, relating to the interface, is the size of the
dead space; on the face of it this is likely to be much larger
with noninvasive interfaces than an endotracheal tube.
Carbon dioxide (CO2) rebreathing has been shown with
some home bi-level ventilators that have a single gas delivery
circuit and do not contain a true exhalation valve [10, 11].
True exhalation valves may increase the resistance to
exhalation and the work of breathing [12]. In this issue of
the European Respiratory Journal SAATCI et al. [13] report a
very carefully performed bench study of a variety of face
masks used with different noninvasive ventilators. In addition
to measuring static dead space the authors measured dynamic
dead space, which will be affected by flow through the
ventilator circuit and mask. A number of important themes
emerge which are of practical importance both in informing
future mask design and also choice of mode of ventilation
and machine settings during NIV. Firstly continuous flow
throughout expiration reduced total dynamic dead space to
close to physiological dead space with most face masks.
Without the maintenance of positive pressure throughout
expiration, although dynamic dead space was reduced during
NIV, it was to a lesser degree. This is in keeping with the
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observation of FERGUSON and GILMARTIN [11] who showed
that once positive end-expiratory pressure, or expiratory
positive airway pressure, was reduced below 4–6 cmH2O CO2

rebreathing was markedly increased in the absence of a
nonrebreathing exhalation valve. Secondly the position of the
exhalation ports affects dynamic dead space; ports over the
nasal bridge were best followed by those positioned elsewhere
within the mask and then those at the junction between the
mask and the ventilator circuit. This is what would be expected
theoretically, with the expiratory port situated diametrically
opposite the inspiratory port there will be minimal rebreath-
ing whereas if the path of gas flow during inspiration and
expiration are the same more rebreathing will occur. When
the path of expiration is somewhere in between the same will
be true for the degree of rebreathing. In a clinical study of
seven patients with COPD ventilated noninvasively moving
the path for exhalation was shown to reduce CO2 rebreathing
to almost zero [14]. Thirdly there is a poor relationship (r=0.36)
between the static volume of the mask and the dynamic dead
space. Even a mask with a static dead space approaching a
litre had a dynamic dead space that was little different to
other face masks with a much smaller static dead space. This
observation is likely to be explained by the streaming effect of
gas through the face mask. It may also explain why the "helmet",
with an enormous static dead space, can be used effectively
for NIV, at least in patients with nonhypercapnic respiratory
failure [2]. The effect of flow through the mask may even
reduce the dead space to less than that expected during spon-
taneous breathing without a mask in situ. Finally even masks
that do not have ports situated in the optimal place may still
perform well, in terms of a small dynamic dead space,
probably because of unintentional leak around the nasal
bridge; in other words leak between mask and face may be
beneficial during NIV in terms of reducing rebreathing [15].

Although carbon dioxide rebreathing has been demon-
strated during noninvasive ventilation [11, 14] it is not known
whether it is of clinical significance or not. One reason why an
effect in terms of clinical outcome may not have been seen
hitherto is because of unintentional leak from between the
mask and the face [15]. The goal of minimising leak remains
a key aim for successful noninvasive ventilation both to
maximise ventilation but also improve patient ventilator syn-
chrony. As mask and head gear design improves to achieve
this end, and unintentional leak reduces, rebreathing could
start to impact upon outcome. There seems to be little reason
not to position the exhalation port over the nasal bridge and
there are other good reasons for the addition of some positive
airway pressure during expiration as well as inspiration in
terms of reducing the work of breathing [16] and improving
gas exchange during sleep [17]. Exhalation ports over the
nasal bridge should become the "standard", and some positive
pressure maintained through expiration the norm, during
noninvasive ventilation.
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