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Abstract
We present a short overview on what is state of the art 
in mechanical ventilation with emphasis on acute lung 
injury  and acute respiratory distress syndrome  as well 
as on some newer trends for weaning of the patients 
from mechanical ventilation.
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Introduction
Since its introduction in the early fifties of the last 
century, mechanical ventilation has become a unique 
tool to save life especially in, but by no means limit-
ed to, respiratorily compromised patients. Nowadays, 
the recognition that mechanical ventilation, although 
life-saving, can contribute to patient morbidity and 
mortality has been the most important advance in the 
management of patients with acute lung injury (ALI) 
and acute respiratory distress syndrome (ARDS). Like 
that, many other dogmas of mechanical ventilation have 
dramatically changed only within a couple of years. The 
application of external positive end expiratory pressure 
(PEEP) in patients with exacerbated chronic obstruc-
tive pulmonary disease (COPD) or asthma, having 
been abandoned over decades with respect to the risk 
of lung overdistension, now has become a standard pro-
cedure, provided external PEEP is set below the level 
of the so-called intrinsic PEEP. Similarly, the accept-
ance of elevated arterial carbon dioxide partial pressure 
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(PaCO2) in patients with ALI or ARDS (known as 
permissive hypercapnia) has been widely accepted to 
prevent potentially harmful ventilatory settings other-
wise necessary to keep the PaCO2 within physiologi-
cal ranges (i.e., within normal values for the healthy 
subject). The same holds true for the concept of in-
termittent application of sights which was smiled at 
for years and now has been resurrected in the form of 
recruitment maneuvers. Furthermore, the trend to 
allow for supported spontaneous breathing instead 
of the fully controlled mechanical ventilation early 
and thus the less stable phase of ALI and ARDS is 
another example of a dogma that becomes increa-
singly changed. Last but not least, there is increasing 
evidence that noninvasive ventilatory support via a 
face mask or similar devices can successfully augment 
ventilation and prevent tracheal intubation in patients 
with acute cardiogenic pulmonary edema, exacerbated 
COPD, or possibly also in patients suffering from ALI. 
In this context it has to be noted that the apparently 
never-ending struggle of volume-targeted versus pres-
sure-targeted mechanical ventilation seems to be over 
as with the introduction of the so-called dual-control 
modes (i.e., volume-targeted, pressure-limited, and 
time-cycled ventilation) the advantages of volume and 
pressure control have been ideally combined.

In the following, a short overview is given about the 
state of art in mechanical ventilation with emphasis to 
ALI and ARDS as well as on some newer trends for 
weaning of the patients from mechanical ventilation. 
Other promising modalities of ventilatory support that 
are still subjected to experimental investigations and 
therefore far beyond clinical practice will not be ad-
dressed in this review.
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Ventilatory Management of ALI and ARDS
As no specific pharmacologic intervention has been 
proven effective for ALI or ARDS yet, therapy is large-
ly supportive with the use of mechanical ventilation. 
Within the last years there has been growing evidence 
that mechanical ventilation, although necessary to save 
life, can potentiate or directly injure the lungs, i.e., due 
to high inflation pressures or overdistention (barotrau-
ma or volutrauma [1]), repetitive opening and closing of 
alveoli (atelectrauma [2]), and upregulation of cytokine 
release resulting in a systemic inflammatory response 
(biotrauma [3]). These mechanisms collectively have 
been subsumed under the term “ventilator-associated 
lung injury” or VALI [4–6].

Observations show that the lungs of patients with 
ALI or ARDS are heterogeneously affected (some ar-
eas are atelectatic, and therefore less available for ven-
tilation while others appear and behave normal) leading 
to the “baby lung” concept which suggests that lung vol-
ume available for ventilation in ALI/ARDS is markedly 
reduced [7, 8]. This could explain why barotrauma or 
volutrauma results when volumes and pressures adapt-
ed to a normal adult lung are forced in an ARDS lung. 
Furthermore, shear forces at the interface between the 
open and closed lung units result. Both of these injuries 
additionally promote release of cytokines from the lung 
resulting in adverse systemic effects (i.e., contributing to 
the development of multisystem organ failure [2, 3]).

The better understanding of ALI, ARDS and venti-
lator-associated lung injury has lead to lung-protective 
mechanical ventilation strategies recently tested in a 
number of important clinical trials.

Conventional Lung-Protective Ventilation
This strategy is designed to prevent further lung in-
jury in patients with ALI or ARDS using a standard 
mechanical ventilator.

Five randomized controlled trials have compared 
lung-protective ventilation with conventional mechani-
cal ventilation [9–13]. Three of these did not find a dif-
ference in mortality between the treatment and control 
groups [10–12]. One study including 53 patients applied 
higher PEEP and recruitment maneuvers combined 
with pressure- and volume-limited ventilation in the 
intervention group [9]. This study demonstrated a sig-
nificant reduction in 28-day mortality. However, there 
was no significant difference in mortality at hospital 
discharge, and a high mortality rate (71%) in the con-
trol arm may have attributed to the survival difference. 
The fifth largest trial, with 861 patients, of volume- 
and pressure-limited ventilation was conducted by the 
ARDS Network (ARDSNet) [13]. It demonstrated a 9% 

absolute decrease in mortality (31 vs. 40%; p = 0.007) 
when patients were ventilated with reduced tidal vol-
umes (target of 6 ml/kg of predicted body weight with a 
range of 4–8 ml/kg depending on plateau pressure and 
pH) and reduced pressures (plateau pressure, measured 
after a 0.5 s end-inspiratory pause, £ 30 cm H2O).

Although it can be criticized that the control groups 
of the two trials showing a survival advantage did not re-
flect “standard of care”, they strongly suggest that venti-
latory strategies have an impact on mortality [14]. This is 
supported by two subsequent meta-analyses, providing 
some evidence that volume-limited ventilation, particu-
larly in the setting of elevated plateau pressure (>30 cm 
H2O), has a short-term survival benefit [15, 16].

In addition to lung-protective ventilation, higher 
PEEP and the use of recruitment maneuvers may be 
adjunctive components. Recruitment refers to the 
reopening of collapsed alveoli through an intentional 
increase in transpulmonary pressure, which may be 
achieved through a variety of mechanisms. However, 
optimal pressure, duration, and frequency of recruitment 
maneuvers have not been defined and tested in clinical 
trials. Factors as the type (e.g., primary vs. secondary) and 
stage (e.g., early vs. late) of ALI or ARDS and recruit-
ment technique used [17, 18] may be responsible for the 
variable results yielded in human studies [19–23]. It has 
to be emphasized that the safety of recruitment maneu-
vers requires careful evaluation. Although transient 
oxygen desaturation and hypotension are the most com-
mon adverse effects, other clinically significant events 
such as barotrauma (e.g., pneumothorax), arrhythmia, 
and bacterial translocation may occur [22, 24].

Alternative Ventilatory Approaches to Lung 
Protection 

The precise role of high-frequency ventilation (HFV) 
and airway pressure release ventilation (APRV) has not 
been established. HFV allows for higher mean airway 
pressures, lower peak airway pressures and for mark-
edly reduced tidal volumes (1–3 ml/kg) [25, 26]. Only 
high-frequency oscillatory ventilation (HFOV) has been 
studied in moderately sized randomized trials [27]. In 
two trials (148 and 61 patients, respectively) there were 
no significant differences with respect to major adverse 
outcomes (i.e., new air leakage, intractable hypoten-
sion) and mortality between HFOV and conventional 
mechanical ventilation.

Airway pressure release ventilation not only pro-
vides higher mean airway pressures but also allows for 
spontaneous breathing, which may be associated with 
better gas exchange, improved hemodynamics, and 
reduced sedation requirements [28].
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Adjunctive Therapies to Lung-Protective Ventilation 
The use of prone positioning may lead to recruitment of 
dorsal (nondependent) atelectatic lung units, improved 
respiratory mechanics, decreased ventilation–perfusion 
mismatch, increased secretion drainage, and reduced 
injurious mechanical forces [29].

There are three randomized trials of prone posi-
tioning in adults with ALI or ARDS [30–32]. In the first 
study including 304 patients a significant improvement 
of oxygenation in the prone group could be demon-
strated but no significant difference in mortality or any 
secondary outcome [30]. However, a post hoc analysis 
showed decreased mortality for the most severely ill pa-
tients assigned to the prone position at day 10, but this 
benefit did not persist beyond intensive care unit dis-
charge. The second study including 791 patients (48% 
with ALI or ARDS) also demonstrated improved oxy-
genation without a survival benefit at 28 days [31]. The 
third study was stopped early (133 of 200 patients) due 
to problems with enrolment. It revealed a large, but sta-
tistically insignificant, difference in intensive care unit 
mortality between the two groups (supine, 58.6% vs. 
prone, 44.4%; p = 0.43) [32].

At this time, other adjunctive therapies such as in-
haled vasodilators (e.g., NO), surfactant, and extracor-
poreal life support should be limited to future clinical 
trials and rescue therapy for patients with ALI or ARDS 
with life-threatening hypoxemia failing maximal conven-
tional lung-protective ventilation as there is insufficient 
scientific evidence to support their use in daily practice.

Ventilatory Management for Weaning 
from Mechanical Ventilation

At the latest after there has been a lasting improvement 
in the underlying causes for ventilatory impairment, the 
process of weaning from mechanical ventilation should 
be initiated. To this end, two distinct concepts have 
been established of which the one gives preference to 
a more controlled modality of mechanical ventilation 
interrupted by a daily preextubation trial [33]. In this 
2 h trial, the patient is breathing spontaneously with suf-
ficient oxygen delivery and PEEP via the endotracheal 
tube but without any additional ventilatory support. 
The other concept is based on a gradual reduction of 
ventilatory support whereby the patient is expected to 
concomitantly increase his effort step by step [34]. Al-
though the latter sounds very physiological, some pit-
falls have to be addressed.

First of all, competence for successfully managing 
ventilation is not only limited to the ability to deal with 
the work of breathing but also to deal with breathing 
control that still might be hampered in the very early 

phase of weaning, e.g., due to after-effects of analgo-
sedation.

Secondly, the endotracheal or tracheostomy tube 
(ETT) as the smallest part of the connecting system 
between the ventilator and patient imposes an addi-
tional work of breathing for the patient [35–37]. Ad-
ditional means that this work of breathing is imposed 
to the work the patient already has, i.e., to overcome 
impaired mechanical properties of his diseased respi-
ratory system, and also that this kind of work will no 
longer be present after the removal of ETT. Due to its 
resistive nature, the ETT-related additional work of 
breathing mainly depends on the gas flow through and 
the inner diameter of the ETT: the higher the gas flow 
and the smaller the ETT, the higher the pressure drop 
across the ETT and, thus, the bigger the additional work 
of breathing for the patient [38–40]. As the gas flow in 
spontaneous breathing is far from being constant, ETT 
resistance can, by principle, not be compensated for by 
a constant inspiratory pressure support, e.g., with the 
pressure support ventilation (PSV) mode [35, 47]. In 
addition, it has to be highlighted that the ETT-related 
additional work of breathing is not restricted to inspi-
ration but also present during expiration and therefore 
can change the otherwise passive process of exhalation 
to an active (i.e., power consuming) one [37, 39]. If so, 
expiratory time will be prolonged and air trapping and 
intrinsic PEEP might be promoted [41].

A third point that has to be addressed for the con-
cept of gradual weaning from ventilatory support goes 
along the patient’s increasing competence to participate 
in both the work and the control of breathing. Unlike 
controlled mechanical ventilation in the sedated patient 
where ventilation is defined exclusively by the settings 
of the ventilator and the mechanical properties of the 
patient’s respiratory system, a third contributor, i.e., the 
patient’s behavior, interacts with the compound of ven-
tilatory settings and respiratory mechanics. As long as 
the patient’s behavior goes along the preset ventilatory 
modalities, external (i.e., by the ventilator) and internal 
(i.e., by the patient) contribution of breathing support 
ideally supplies each other. If this is not the case, the 
patient and the ventilator are more or less in asynchrony 
(fighting each other [42, 43]) and the resulting effect on 
ventilation might be very less than that entered by ei-
ther contributor. Obviously, sensitive algorithms for the 
triggering of inspiration and expiration are necessary to 
improve patient–ventilator synchrony [35, 42, 43]. By 
the way, optimized synchronization between the venti-
lator’s response and the neural intention of the patient 
to start inspiration and expiration is increasingly sub-
jected to ongoing research [44].



Haberthür C, Stocker R. New Aspects in Mechanical Ventilation

31European Journal of  Trauma 2006 · No.  1  © Urban & Vogel

Connected with, but not restricted to, the problem 
of asynchrony, another pitfall of the concept of gradual 
weaning from ventilatory support has to be addressed, 
i.e., the time that has to be spent for adapting the venti-
latory settings during the course of weaning to (1) the re-
solving mechanical properties of the respiratory system, 
(2) the patient’s behavior, and (3) planned withdrawal 
of ventilatory support. This task will be even more time-
consuming for noninvasive ventilation (NIV). To en-
tirely fulfill that task, a nearly continuous bedside pres-
ence of a respiratory therapist (nurse, doctor) seems to 
be a prerequisite.

In summary, the concept of weaning from mechani-
cal ventilation by a gradual withdrawal of ventilatory 
support in connection with a concomitant increasing 
participation of the patient sounds very physiological 
and thus might be preferred in case the pitfalls related 
with have been successfully overcome. Of note, these 
pitfalls are the more important in more diseased patients 
whereas they are of minor importance or even neglecta-
ble in less diseased patients, e.g., in patients subjected to 
a short course of postsurgical ventilation.

The concept of allowing patients to breathe spon-
taneously while receiving mechanical ventilation, in-
terspersing their own efforts with those of the machine, 
evolved in the early 1970s with the introduction of as-
sist/control (A/C), intermittent mandatory ventilation 
(IMV) and later on with synchronized intermittent 
mandatory ventilation (SIMV) and PSV. Despite their 
usefulness and broad acceptance in clinical practice 
(especially PSV), the application of these ventilatory 
modalities has unmasked the pitfalls mentioned above 
rather than helped to circumvent them. Meanwhile 
some newer ventilatory modes are available in clinical 
practice being especially designed to overcome some of 
these disadvantages.

Automatic Tube Compensation
Automatic tube compensation [ATC; also known as 
tube compensation, (TS) and other acronyms] is a new 
option to compensate for the nonlinearly flow-dependent 
pressure drop across an ETT during inspiration and, in 
some ventilators, also during expiration. In doing so, 
ATC compensates for the tube-related additional work 
of breathing (“electronic extubation”). ATC is based 
on a closed-loop working principle [45]. For expiratory 
tube compensation (if at all in place), either a negative 
pressure source is mandatory [45] or the preset PEEP 
level is used as a rather limited source of “negative” 
pressure [46]. ATC is not a true ventilatory mode but 
rather a new option that can be combined with virtu-

ally all ventilatory mode whereby the level of pressure 
assistance in that mode then has to be reduced [46]. As 
of yet, ATC has been associated with certain benefits 
for the tracheally intubated spontaneously breathing 
patient. Among these, reduced work of breathing [47, 
48], preservation of the natural “noisy” breathing pat-
tern [46–49], enhanced synchronization between the 
patient and the ventilator [46, 50], and improved respi-
ratory comfort [49, 51] seem to be the most important. 
Moreover, sufficient spontaneous breathing with ATC 
alone, i.e., without any additional ventilatory assist, 
might help to predict more accurately the readiness for 
extubation in the last phase of weaning from mechani-
cal ventilation [52]. Furthermore, it has been shown in 
patients with acute lung disease that ATC unloads the 
inspiratory muscles and increased alveolar ventilation 
without adversely affecting cardiorespiratory function 
[53]. Of note, however, it has been demonstrated in an 
experimental setting that the flow-adapted tube com-
pensation in different commercially available ventila-
tors was more or less adequate for inspiratory but not 
for expiratory tube compensation [54]. Expiratory ATC 
should not be used in the presence of active airway ob-
struction as it might then facilitate airway collapse [46, 
50]. A further limitation of ATC is given when the ETT 
becomes (partly) obstructed by tube kinking or mucous 
deposition [55]. If so, resistance of the ETT will be in-
evitably undercompensated (as with any other ventila-
tory modes such as PSV) because the algorithm behind 
ATC is based on the physical conditions of a native, 
i.e., unobstructed, ETT [46]. With a bedside maneuver, 
accuracy of ATC can be easily regained [56].

Proportional Assist Ventilation
In an effort to adapt the breathing assistance of the ven-
tilator closer to the needs of the spontaneously breath-
ing patient (e.g., to avoid patient–ventilator asynchrony 
and to solve triggering problems) proportional assist 
ventilation [PAV; also known as proportional pressure 
support, (PPS) and other acronyms] has been devel-
oped [57–60]. PAV was first described in 1962 by Tyler 
and Grape [61]. Instead of a preset pressure support (as 
with PSV) the patient receives support in proportion to 
his instantaneous effort without any preselected target 
for volume or pressure. Consequently, PAV is the only 
ventilatory mode that adapts pressure assistance instan-
taneously and thus continuously to the patient’s needs. 
The patient’s instantaneous effort is determined by the 
(patient-generated) instantaneous airflow and volume 
and is supported by a flow- and volume-proportional 
pressure support, respectively [57, 58]. In doing so, 
flow-proportional pressure support compensates for 



Haberthür C, Stocker R. New Aspects in Mechanical Ventilation

32 European Journal of  Trauma 2006 · No.  1  © Urban & Vogel

increased airway resistance and volume-proportional 
pressure support for reduced compliance of the respi-
ratory system. In other words, flow-proportional pres-
sure support unloads the resistive burden of the patient 
whereas volume-proportional pressure support does it 
for elastic burden. With PAV the pressure applied to in-
flate the respiratory system results from a combination 
of the patient’s inspiratory effort and the positive jet 
proportional pressure applied by the ventilator. In do-
ing so, PAV works in a positive feedback manner (like 
an amplifier) whereby the gain of amplification has to 
be set by the caregiver. PAV does not need an inspira-
tory or expiratory trigger [50]. Furthermore, if PAV 
is applied as pure flow-proportional pressure support, 
there is no end-inspiratory positive pressure load (other-
wise inevitable with any other ventilatory mode except 
negative pressure ventilation with iron lung or similar 
devices) [50]. As PAV provides flow-proportional pres-
sure support in a linear manner, it can, by principle, not 
adequately compensate for the nonlinear pressure drop 
across the ETT in intubated patients [48, 50]. Therefore, 
PAV should always be combined with ATC.

In clinical studies, PAV has been shown to fulfill 
most of the promises coming along, such as to avoid pa-
tient–ventilator asynchrony and triggering failure [50, 
62], to reduce airway pressure at preserved alveolar ven-
tilation [63, 64], and to allow for a more physiological 
(i.e., variable) breathing pattern [64–68] and increased 
comfort [69]. Alongside the highly appealing advantages 
of PAV, a number of limitations and disadvantages also 
need to be depicted. First of all, full advantages of the 
PAV mode could be drawn only, if current compliance 
and resistance of patient’s respiratory system are known 
[50, 58]. As during spontaneous breathing this is not an 
easy task, especially in the clinical setting, the level of 
unloading with PAV cannot be properly defined. As a 
consequence, under-compensation and over-comepen-
sation (“run-away”) of the elastic and resistive burden 
might result [58]. Furthermore, as PAV allows the pa-
tient complete freedom in determining his breathing 
pattern and thus in selecting his respiratory rate and 
the depth of his breaths, this freedom presupposes that 
the patient’s respiratory control center is able to handle 
this degree of freedom [50, 58]. This will hardly be the 
case in the very early phase of weaning (e.g., because 
of ongoing or just discontinued sedation therapy) and 
definitely not in patients with periodic breathing or the 
Cheyne–Stokes breathing pattern [70] which both can 
be intensified by PAV to a more severe degree. Fur-
thermore, PAV should not be applied in the presence of 
leakage in the pneumatic ventilator–patient system, as 
the control algorithm behind PAV then will proportion-

ally support also the leak flow and thus might promote 
lung overdistention [58].

Adaptive Support Ventilation
The philosophy behind adaptive support ventilation 
(ASV; available with the Galileo ventilators from 
Hamilton Medical) is to improve the patient–ventila-
tor interaction by allowing the patient to determine the 
ventilatory support required, whereby the ventilator 
automatically adapts to the changing requirements for 
support [71–73]. ASV is analogous to modern closed-
loop technology in aviation such as autopilot and auto-
matic landing system. ASV is based on pressure-targeted 
SIMV with pressure support, using a computerized lung 
function analyzer to determine the patient’s require-
ment online breath-by-breath [74] and a programmed 
computer-driven ventilator to supply the best pressure, 
flow, and ventilation pattern as precisely as possible 
for each breath [74–79]. The cornerstones for deter-
mining the best pressure, flow, and ventilation pattern 
are based on the preset (by the caregiver) minimum al-
veolar ventilation, well-defined boundaries for safety, 
the concept of maximal energetic benefit (i.e., minimal 
work of breathing of the patient–ventilator unit [75]), 
and measurements of current lung mechanics included 
therein series dead space and expiratory time constant 
[74]. ASV can be used for controlled mechanical venti-
lation as well as for supported spontaneous breathing, 
but over and above that, also for the proper transition 
from the former to the latter and vice versa [71, 72]. 
With that feature in place, ASV can be used to deliver 
full or partial ventilatory support during the initiation, 
maintenance, and weaning phase of mechanical ventila-
tion whereby the entire process of mechanical ventila-
tion and weaning (with respect to ventilatory support 
but not to oxygenation) is widely automated. Not sur-
prisingly, ASV has been designated with the catchword 
automatic weaning [71]. However, because of the com-
plexity of the weaning process, ASV was designed and, 
as yet, has been demonstrated to work properly in easy-
to-wean rather than in difficult-to-wean patients. One 
of the major disadvantages of ASV lies in the fact that 
in the presence of an increased minute ventilation the 
ASV controller is unable to differentiate between in-
creased ventilatory demand (e.g., fever, infection, etc.) 
and regaining competence of the patient to deal with 
the work of breathing. Any increase in alveolar minute 
ventilation will be answered by the ASV controller by a 
reduction of the ventilatory support level, which is ad-
equate in the latter but deleterious in the former, i.e., in 
case of increased ventilatory demand. May be that, with 
the incorporation of airway occlusion pressure into the 
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algorithm (P0.1 controller [80]), ASV could overcome 
such problems and, in connection with ATC, might be 
able to govern weaning also in more difficult-to-wean 
patients.

SmartCare
This ventilatory option is commercially available only in 
the Evita XL ventilators from Dräger and was designed 
to automatically wean the pressure support (PSV) in 
ventilator-dependent spontaneously breathing patients. 
In contrast to ASV, which is based on well-defined 
rules, SmartCare is rather based on a clinical protocol 
for weaning being elaborated by experts in respiratory 
care [81–83]. In doing so, SmartCare firstly regulates the 
level of pressure support in order to have the patient’s 
breathing rate, tidal volume, and end-tidal CO2 within 
well-defined ranges (the so-called zone of comfort). In 
a second step, the pressure support is automatically re-
duced step by step provided all of the above-mentioned 
respiratory variables remain within the zone of comfort. 
If one or more of the respiratory variables leave the 
zone of comfort, the pressure support level is increased 
stepwise up to its preset upper limit or backup apnea 
ventilation is initiated. If the pressure support has been 
reduced to a minimal level being considered to compen-
sate for ETT resistance and all of the respiratory vari-
ables were within the zone of comfort, removal of the 
ETT can be considered. Note, that the settings for oxy-
genation (i.e., PEEP and FiO2) must be adapted manu-
ally as they are not in the scope of automated weaning. 
As of jet, SmartCare has been demonstrated to work 
well in not difficult-to-wean patients [84, 85]. It has also 
been shown that SmartCare significantly shortens dura-
tion of weaning, which holds especially true in intensive 
care units with limited personal resources [85, 86].

Non-invasive Ventilation
Non-invasive ventilation (NIV) delivers mechanical 
ventilatory support to the lungs with a non-invasive in-
terface (i.e., face mask) between patient and ventilator 
instead of an ETT. Proper use of nasal or face masks 
is crucial to avoid air leakage, pressure sores, eye ir-
ritation, and poor patient compliance. The use of na-
sal masks carries a great risk of leakage if the patient 
breathes through the mouth, a markedly impairing ef-
fectiveness. Various ventilation modes can be applied 
in NIV. Continuous positive airway pressure (CPAP) 
is the simplest one and can be used for the treatment of 
cardiogenic pulmonary edema and in postoperative res-
piratory complications but probably not for acute respi-
ratory failure. To effectively support a patient with acute 
respiratory failure, a combination of pressure support 
(PSV) with PEEP is used. Another promising mode of 

NIV assistance is the application of PAV currently be-
ing under investigation. Tolerance of NIV depends not 
only on the patient’s mental and respiratory status but 
also on the attention given by caregivers. Poor tolerance 
of NIV by the patient has been found to be an independ-
ent predictor of failure [87].

Patients with hypercapnic acute respiratory failure 
are most likely to benefit from NIV [88, 89]. The patho-
physiology of acute decompensation episodes of chronic 
respiratory failure involves an inability of the respira-
tory muscles to generate adequate alveolar ventilation. 
Therefore, such patients have a small tidal volume, 
which is inadequately compensated for by an increase 
in respiratory rate. Their rapid shallow breathing with 
a limited carbon dioxide removal may be improved by 
NIV and it can reverse clinical abnormalities related to 
hypoxemia, hypercapnia, and acidosis [90, 91] resulting 
in avoidance of endotracheal intubation and reduction 
of complications, length of stay, and finally improv-
ing survival in patients with COPD [92–94]. Further-
more, NIV can be considered in patients with a do-not-
intubate order, especially in those with a diagnosis of 
congestive heart failure or chronic obstructive pulmo-
nary disease, who have strong coughing, or who are not 
sedated due to a better prognosis [95].

Some patients with acute cardiogenic pulmnary 
edema may require short-term ventilatory support. 
Several NIV modalities have been used to prevent 
endotracheal intubation in these cases. Non-invasive 
CPAP increases intrathoracic pressure, decreases arte-
rio-venous shunting, and improves arterial oxygenation 
[96, 97]. Furthermore, CPAP may lessen the work of 
breathing by decreasing the left ventricular afterload in 
non-preload-dependent patients [98]. Randomized tri-
als comparing CPAP with PSV plus PEEP found equal 
effects of both CPAP and PSV plus PEEP. Moreover, 
they could show a significant reduction in the need of 
endotracheal intubation and mechanical ventilation 
compared to standard medical treatment [99, 100].

Most recently, an increasing number of studies have 
been presented where NIV has been studied in patients 
with predominately hypoxemic respiratory failure. In 
some of these studies it could be shown that in selected 
patients with ALI in the absence of hemodynamic and 
neurological impairment, NIV may reduce the need for 
intubation and improve outcomes [93, 101, 102].

One of the benefits of NIV may be the reduction 
of infectious complications. NIV potentially reduces 
the risk of nosocomial pneumonia because the natural 
glottic barrier is not bypassed by an endotracheal tube. 
Lower rates of mortality, intubation, infection, and 
lower length of stay could be shown in solid organ re-
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cipients or in patients with severe immune suppression 
[103, 104]. Whether NIV is effective for postextubation 
respiratory distress is still a matter of debate. The first 
randomized controlled trial performed in a heterogene-
ous group of patients did not show any benefit from the 
use of NIV to prevent the need for re-intubation [105].

Risks of NIV: In an emergency department study, a 
trend toward poor outcome in the NIV group suggested 
that endotracheal intubation was perhaps delayed by in-
appropriate or inadequate use of NIV [106]. In the study 
from Antonelli et al. [101] that found overall benefits of 
NIV, the mortality rate was still high in patients who 
were initially given NIV but eventually required intuba-
tion, raising the possibility that delayed intubation may 
have adversely affected the outcomes. Identifying early 
predictors of NIV failure may be useful to minimize this 
risk.

References 
1. Dreyfuss D, Soler P, Basset G, et al. High inflation pressure pul-

monary edema: respective effects of high airway pressure, high 
tidal volume, and positive end-expiratory pressure. Am Rev Respir 
Dis 1988; 137:1159–64.

2. Slutsky AS. Lung injury caused by mechanical ventilation. Chest 
1999;116:9S–15S.

3. Tremblay LN, Slutsky AS. Ventilator-induced lung injury: from 
barotrauma to biotrauma. Proc Assoc Am Physicians 1998; 
110:482–8.

4. American Thoracic Society. International consensus conferences 
in intensive care medicine: ventilator-associated lung injury in 
ARDS. Am J Respir Crit Care Med 1999;160:2118–24.

5. Crimi E, Slutsky AS. Inflammation and the acute respiratory dis-
tress syndrome. Best Pract Res Clin Anaesthesiol 2004;18:477–92.

6. Plotz FB, Slutsky AS, van Vught AJ, et al. Ventilator-induced lung 
injury and multiple system organ failure: a critical review of facts 
and hypotheses. Intensive Care Med 2004;30:1865–72.

7. Gattinoni L, Pesenti A. ARDS: the non-homogeneous lung; facts 
and hypothesis. Intensive Crit Care Dig 1987;6:1–4.

8. Gattinoni L, Pesenti A. The concept of "baby lung." Intensive Care 
Med 2005;31:776–84.

9. Amato MB, Barbas CS, Medeiros DM, et al. Effect of a protective-
ventilation strategy on mortality in the acute respiratory distress 
syndrome. N Engl J Med 1998;338:347–54.

10. Brochard L, Roudot-Thoraval F, Roupie E, et al. Tidal volume 
reduction for prevention of ventilator-induced lung injury in 
acute respiratory distress syndrome. Am J Respir Crit Care Med 
1998;158:1831–8.

11. Stewart TE, Meade MO, Cook DJ, et al. Evaluation of a ventilation 
strategy to prevent barotrauma in patients at high risk for acute 
respiratory distress syndrome: pressure-and volume-limited 
ventilation strategy group. N Engl J Med 1998;338:355–61.

12. Brower RG, Shanholtz CB, Fessler HE, et al. Prospective, ran-
domized controlled clinical trial comparing traditional versus 
reduced tidal volume ventilation in acute respiratory distress 
syndrome patients. Crit Care Med 1999;27:1492–8.

13. The Acute Respiratory Distress Syndrome Network. Ventilation 
with lower tidal volumes as compared with traditional tidal 
volumes for acute lung injury and the acute respiratory distress 
syndrome. N Engl J Med 2000;342:1301–8.

14. Eichacker PQ, Gerstenberger EP, Banks SM, et al. Meta-analysis 
of acute lung injury and acute respiratory syndrome trials testing 
low tidal volumes. Am J Respir Crit Care Med 2002;166:1510–4.

15. Petrucci N, Iacovelli W. Ventilation with smaller tidal volumes: a 
quantitative systematic review of randomized controlled trials. 
Anesth Analg 2004; 99:193–200.

16. Moran JL, Bersten AD, Solomon PJ. Meta-analysis of controlled 
trials of ventilator therapy in acute lung injury and acute 
respiratory distress syndrome: an alternative perspective. 
Intensive Care Med 2005; 31:227–35.

17. Lim SC, Adams AB, Simonson DA, et al. Intercomparison of 
recruitment maneuver efficacy in three models of acute lung 
injury. Crit Care Med 2004;32:2371–7.

18. Pelosi P, D’Onofrio D, Chiumello D, et al. Pulmonary and 
extrapulmonary acute respiratory distress syndrome are 
different. Eur Respir J Suppl 2003; 42:485–565.

19. Lapinsky SE, Aubin M, Mehta S, et al. Safety and efficacy of a 
sustained inflation for alveolar recruitment in adults with 
respiratory failure. Intensive Care Med 1999;25:1297–301.

20. Pelosi P, Cadringher P, Bottino N, et al. Sigh in acute respiratory 
distress syndrome. Am J Respir Crit Care Med 1999; 159:872–80.

21. Foti G, Cereda M, Sparacino M, et al. Effects of periodic lung 
recruitment maneuvers on gas exchange and respiratory 
mechanics in mechanically ventilated ARDS patients. Intensive 
Care Med 2000; 26:501–7.

22. The ARDS Clinical Trials Network. Effects of recruitment maneu-
vers in patients with acute lung injury and acute respiratory 
distress syndrome ventilated with high positive end-expiratory 
pressure. Crit Care Med 2003;31:2592–7.

23. Meade MO, Guyatt GH, Cook DJ, et al. Physiologic randomized 
pilot study of a lung recruitment maneuver in acute lung injury. 
Am J Respir Crit Care Med 2001;165:A683.

24. Cakar N, Akinci O, Tugrul S, et al. Recruitment maneuver: does it 
promote bacterial translocation? Crit Care Med 2002;30:2103–6.

25. Ritacca FV, Stewart TE. Clinical review: high frequency-oscillatory 
ventilation in adults - a review of the literature and practical 
applications. Crit Care 2003;7:385–90.

26. Imai Y, Slutsky AS. High-frequency oscillatory ventilation and 
ventilator-induced lung injury. Crit Care Med 2005;33:S129–34.

27. Derdak S, Mehta S, Stewart TE, et al. High-frequency oscilla-
tory ventilation for acute respiratory distress syndrome in 
adults: a randomized, controlled trial. Am J Respir Crit Care Med 
2002;166:801–8.

28. Habashi NM. Other approaches to open-lung ventilation: airway 
pressure release ventilation. Crit Care Med 2005; 33:S228–40.

29. Pelosi P, Brazzi L, Gattinoni L. Prone position in acute respiratory 
distress syndrome. Eur Respir J 2002; 20:1017–28. 

30. Gattinoni L, Tognoni G, Pesenti A, et al. Effect of prone positioning 
on the survival of patients with acute respiratory failure. N Engl J 
Med 2001;345:568–73.

31. Guerin C, Gaillard S, Lemasson S, et al. Effects of systematic prone 
positioning in hypoxemic acute respiratory failure: a randomized 
controlled trial. JAMA 2004;292:2379–87.

32. Mancebo J, Rialp G, Fernandez R, et al. Randomized multicen-
ter trial in ARDS. Supine vs. prone position. Intensive Care Med 
2003;29:S64.

33. Esteban A, Frutos F, Tobin MJ, et al. A comparison of four methods 
of weaning patients from mechanical ventilation. N Engl J Med 
1995;332:345–50.

34. Brochard L, Rauss A, Benito S, et al. Comparison of three methods 
of gradual withdrawal from ventilatory support during weaning 
from mechanical ventilation. Am J Respir Crit Care Med 1994; 
150:896–903.



Haberthür C, Stocker R. New Aspects in Mechanical Ventilation

35European Journal of  Trauma 2006 · No.  1  © Urban & Vogel

35. Katz JA, Kraemer RW, Gjerde GE. Inspiratory work and airway 
pressure with continuous positive pressure delivery systems. 
Chest 1985;88:519–26.

36. Shapiro M, Wilson RK, Casar G, et al. Work of breathing trough dif-
ferent sized endotracheal tubes. Crit Care Med 1986;14:1028–31.

37. Habib MP. Physiological implications of artificial airways. Chest 
1989;96:180–4.

38. Wright PE, Marini JJ, Bernard GR. In vitro versus in vivo compari-
son of endotracheal tube airflow resistance. Am Rev Respir Dis 
1989;140:10–6.

39. Guttmann J, Eberhard L, Fabry B, et al: Continuous calculation 
of intratracheal pressure in tracheally intubated patients. 
Anesthesiology 1993;79:503–13.

40. Guttmann J, Kessler V, Mols G, et al: Calculation of intratracheal 
pressure in the presence of pediatric endotracheal tubes. 
Crit Care Med 2000;28:1018–26.

41. Banner MJ, Downs JB, Kirby RR, et al. Effects of expiratory 
flow resistance on inspiratory work of breathing. Chest 
1998;93:795–9.

42. Fabry B, Guttmann J, Eberhard L, et al. An analysis of 
desynchronisation between the spontaneously breathing 
patient and ventilator during inspiratory pressure support. 
Chest 1995;107:1387–94.

43. Ranieri VM, Giuliani R, Mascia L, et al. Patient–ventilator 
interactions during acute hypercapnia: pressure support versus 
proportional assist ventilation. J Appl Physiol 1996;81:429–36.

44. Du HL, Amato M, Yamada Y. Automation of expiratory trigger 
sensitivity in pressure support ventilation. In: Iotti GA (ed). 
Closed-loop control mechanical ventilation. Respiratory Care 
Clinics of North-America, vol 7, nr 3, Saunders Company, Philadel-
phia, 2001, pp 503–17.

45. Fabry B, Guttmann J, Eberhard L, et al: Automatic compensation 
of endotracheal tube resistance in spontaneously breathing 
patients. Technol Health Care 1994;1:281–91.

46. Guttmann J, Haberthur C, Mols G, et al. Automatic tube compen-
sation (ATC). Minerva Anesthesiol 2002;68:369–377.

47. Fabry B, Haberthür C, Zappe D, et al. Breathing pattern and 
additional work of breathing in spontaneously breathing 
patients with different ventilatory demands during inspiratory 
pressure support and automatic tube compensation. Intensive 
Care Med 1997;23:545–52.

48. Haberthür C, Elsasser S, Eberhard L, et al. Total versus 
tube-related work of breathing in ventilator-dependent 
patients. Acta Anaesthesiol Scand 2000;44: 749–57.

49. Mols G, Rohr E, Benzing A, et al. Breathing pattern associated 
with respiratory comfort during automatic tube compensation 
and pressure support ventilation in normal subjects. 
Acta Anaesthesiol Scand 2000; 44:223–30 (see editorial 
on page 221: A step in the right direction).

50. Stocker R, Fabry B, Eberhard L, et al. Support of spontaneous 
breathing in the intubated patient: Automatic tube compen-
sation (ATC) and proportional assist ventilation (PAV). 
Acta Anaesthesiol Scand Suppl 1997;111:123–8.

51. Guttmann J, Bernhard H, Mols G, et al. Respiratory comfort 
of automatic tube compensation and inspiratory pressure 
support in conscious human. Intensive Care Med 1997;23:1105–7.

52. Haberthür C, Mols G, Elsasser S, et al. Extubation after breathing 
trials with automatic tube compensation, T-tube, or pressure 
support ventilation. Acta Anaesthesiol Scand 2002;46: 973–9.

53. Wrigge H, Zinserling J, Hering R, et al. Cardiorespiratory effects 
of automatic tube compensation during airway pressure release 
ventilation in patients with acute lung injury. Anesthesiology 
2001;95:382–9.

54. Elsasser S, Guttmann J, Stocker R, et al. Accuracy of automatic 
tube compensation (ATC) in new-generation mechanical 
ventilators. Crit Care Med 2003;31:2619–26.

55. Villafane MC, Cinnella G, Lofaso F, et al: Gradual reduction of 
endotracheal tube diameter during mechanical ventilation via 
different humidification devices. Anesthesiology 1996;85:1341–9.

56. Haberthür C, Eberhard L, Stocker R, et al. Continuous monitoring 
of tracheal pressure including spot-check of endotracheal tube 
resistance. Technol Health Care 2003;11:413–24.

57. Poon CS, Ward SA. A device to provide respiratory-mechanical 
unloading. IEEE Trans Biomed Eng 1986;33:361–5.

58. Younes M, Bilan D, Jung D, et al. An apparatus for altering the 
mechanical load of the respiratory system. J Appl Physiol 1987; 
62:2491–9.

59. Younes M. Proportional assist ventilation, a new approach to 
ventilatory support – Theory. Am Rev Respir Dis 1992;145:114–20.

60. Schulze A, Schaller P, Gehrhardt B, et al. An infant ventilator 
technique for resistive unloading during spontaneous breathing. 
Results in a rabbit model of airway obstruction. Pediatr Res 
1990;28:79–82.

61. Tyler JM, Grape B. The influence of mechanical assistance 
to respiration on the ventilatory response to carbon dioxide 
in emphysema. Am Rev Resp Dis 1962;86:29–36.

62. Ranieri VM, Giuliani R, Mascia L, et al. Patient-ventilator 
interaction during acute hypercapnia: pressure-support vs. 
proportional assist ventilation. J Appl Physiol 1996;81:426–36.

63. Younes M, Puddy A, Roberts D, et al. Proportional assist ventila-
tion – results of an clinical trial. Am Rev Respir Dis 1992;145:121–9.

64. Marantz S, Patrick W, Webster K, et al. Response of ventilator-
dependent patients to different levels of proportional assist 
ventilation. J Appl Physiol 1996;80:397–403.

65. Giannouli E, Webster K, Roberts D, et al. Response of ventilator-
dependent patients to different levels of pressure support and 
proportional assist. Am J Respir Crit Care Med 1999;159:1716–25.

66. Poon CS, Lebowitz HH, Sidney DA, et al. Negative-impedance 
ventilation and pressure support ventilation: a comparative 
study. Respir Physiol 1997;108:117–27.

67. Ranieri VM, Grasso S, Mascia L, et al. Effects of proportional 
assist ventilation on inspiratory muscular effort in patients with 
chronic obstructive pulmonary disease and acute respiratory 
failure. Anesthesiology 1997;86:79–91.

68. Navalesi P, Hernandez P, Wongsa A, et al. Proportional assist 
ventilation in acute respiratory failure: effects on breathing 
pattern and inspiratory effort. Am Respir Crit Care Med 
1996;154:1330–8.

69. Mols G, von Ungern-Sternberg B, Rohr E, et al. Respiratory comfort 
and breathing pattern during volume-proportional assist ventila-
tion and pressure support ventilation: a study on volunteers with 
artificially reduced compliance. Crit Care Med 2000;28:1940–6.

70. Haberthür C, Fabry B, Zappe D, et al. Relationship between 
mechanical loading/unloading, respiratory controller gain 
and periodic breathing in man. Respir Physiol 1998;112:23–113.

71. Linton DM, Potgieter PD, Davis S, et al. Automatic weaning 
from mechanical ventilation using an adaptic lung controller. 
Chest 1994;106:1843–50.

72. Weiler N, Eberle B, Heinrichs W. Adaptive lung ventilation (ALV) 
during anesthesia for pulmonary surgery: automatic response 
to transitions to and from one lung-ventilation. J Clin Monit 
Comput 1999; 14:245–52.

73. Weiler N, Eberle B, Latorre F, Paczynski V, Heinrichs W. Adaptive 
Lung Ventilation (ALV). Evaluierung eines neuen closed loop-ge-
steuerten Beatmungsalgorithmus bei Eingriffen in überstreckter 
Seitenlage. Anaesthesist 1996;45:950–6.



Haberthür C, Stocker R. New Aspects in Mechanical Ventilation

36 European Journal of  Trauma 2006 · No.  1  © Urban & Vogel

74. Brunner JX, Laubscher TP, Banner MJ, et al. A simple method to 
measure total expiratory time constant based on the passive 
expiratory flow–volume curve. Crit Care Med 1995;23:1117–22.

75. Otis AB, Fenn WO, Rahn H. Mechanics of breathing in man. 
J Appl Physiol 1950;2:592–607.

76. Iotti GA, Braschi A, Brunner JX, et al. Respiratory mechanics by 
least squares fitting in mechanically ventilated patients: 
applications during paralysis and during pressure support 
ventilation. Intensive Care Med 1995;21:406–13.

77. Radford EP Jr. Ventilation standards for use in artificial 
respiration. J Appl Physiol 1950;2:592–607.

78. Laubscher TP, Frutiger A, Fanconi S, et al. Automatic selection 
of tidal volume, respiratory frequency and minute volume in 
intubated ICU patients as startup procedure for closed-loop 
controlled ventilation. Int J Clin Monitor Comput 1994;11:19–30.

79. Laubscher TB, Frutiger A, Fanconi S, et al. The automatic selection 
of ventilation parameters during the initial phase of mechanical 
ventilation. Intensive Care Med 1996;22:199–207.

80. Iotti GA, Braschi A. Closed-loop support of ventilatory workload: 
The P0.1 controller. In: Iotti GA (ed) Closed-loop control mechanical 
ventilation. Respiratory Care Clinics of North-America, vol 7, nr 3,  
Saunders Company, Philadelphia, 2001, pp 441–64.

81. Dojat M, Brochard L. Knowledge-based systems for automatic 
ventilatory management. In: Iotti GA (ed) Closed-loop control 
mechanical ventilation. Respiratory Care Clinics of North-Ameri-
ca, vol 7, nr 3, Saunders Company, Philadelphia, 2001, pp 379–96.

82. Dojat M, Harf A, Touchard D, et al. Evaluation of a knowledge-
based system providing ventilatory management and decision 
for extubation. Am J Respir Crit Care Med 1996;153:997–1004.

83. Dojat M, Pachet F. Guessum Z, et al. NeoGanesh: a working 
system for the automated control of assisted ventilation in 
ICUs. Artif Intell Med 1997;11:97–117.

84. Dojat M, Harf A, Touchard D, et al. Clinical evaluation of a 
computer-controlled pressure support mode. Am J Respir Crit 
Care Med 2000;161:1161–6.

85. Cassina T, Chiolero R, Mauri R, et al. Clinical experience with 
adaptive support ventilation for fast-track cardiac surgery. 
J Cardiothorac Vasc Anesth 2003;17:571–5.

86. Petter AH, Chiolero RL, Cassina T, et al. Automatic "respirator/
weaning" with adaptive support ventilation: the effect on 
duration of endotracheal intubation and patient management. 
Anesth Analg 2003;97:1743–50.

87. Carlucci A, Richard JC, Wysocki M, et al. Non-invasive versus 
conventional mechanical ventilation. An epidemiologic survey. 
Am J Respir Crit Care Med 2001;163:874–80.

88. Nava S, Ambrosino N, Clini E, et al. Non-invasive mechanical 
ventilation in the weaning of patients with respiratory failure 
due to chronic obstructive pulmonary disease. A randomized, 
controlled trial. Ann Intern Med 1998;128:721–8.

89. Plant PK, Owen JL, Elliott MW. Early use of non-invasive ventila-
tion for acute exacerbations of chronic obstructive pulmonary 
disease on general respiratory wards. Lancet 2000;355:1931–5.

90. Brochard L, Isabey D, Piquet J, et al. Reversal of acute exacerba-
tions of chronic obstructive lung disease by inspiratory assist-
ance with a face mask. N Engl J Med 1990;323:1523–30.

91. Thorens JB, Ritz M, Reynard C, et al. Haemodynamic and endocri-
nological effects of non-invasive mechanical ventilation in respi-
ratory failure. Eur Respir J 1997;10:2553–9.

92. Kramer N, Meyer TJ, Meharg J, et al. Randomized, prospective trial 
of non-invasive positive pressure ventilation in acute respiratory 
failure. Am J Respir Crit Care Med 1995;151:1799–806.

93. Confalonieri M, Potena A, Carbone G, et al. Acute respiratory 
failure in patients with severe community-acquired pneumonia. 
Am J Respir Crit Care Med 1999;160:1585–91.

94. Ram FS, Lightowler JV, Wedzicha JA. Non-invasive positive 
pressure ventilation for treatment of respiratory failure due 
to exacerbations of chronic obstructive pulmonary disease. 
In: Cochrane database of systematic reviews 2004 .

95. Levy M, Tanios MA, Nelson D, et al. Outcomes of patients with 
do-not-intubate orders treated with noninvasive ventilation. 
Crit Care Med 2004;32:2002–7.

96. Lin M, Yang YF, Chiang HT, et al. Reappraisal of continuous 
positive airway pressure therapy in acute cardiogenic pulmonary 
edema. Chest 1995;107:1379–86.

97. Masip J, Roque M, Sanchez B, et al. Noninvasive ventilation in 
acute cardiogenic pulmonary edema. Systematic review and 
meta-analysis. JAMA 2005;294:3124–30.

98. Lenique F, Habis M, Lofaso F, et al. Ventilatory and hemodynamic 
effects of continuous positive airway pressure in left heart 
failure. Am J Respir Crit Care Med 1997;155:500–5.

99. Bersten AD, Holt AW, A.E. V, et al. Treatment of severe cardiogenic 
pulmonary edema with continuous positive airway pressure 
delivered by face mask. N Engl J Med 1991;325:1825–30.

100. Masip J, Betbese AJ, Paez J, et al. Non-invasive pressure 
support ventilation versus conventional oxygen therapy in 
acute cardiogenic pulmonary oedema. Lancet 2000;356:2126–32.

101. Antonelli M, Conti G, Rocco M, et al. A comparison of non-invasive 
positive-pressure ventilation and conventional mechanical 
ventilation in patients with acute respiratory failure. N Engl J 
Med 1998; 339:429–35.

102. Martin TJ, Hovis JD, Costantino JP, et al. A randomized, prospective 
evaluation of non-invasive ventilation for acute respiratory 
failure. Am J Respir Crit Care Med 2000;161:807–13.

103. Antonelli M, Contin G, Bufi M, et al. Non-invasive ventilation for 
treatment of acute respiratory failure in patients undergoing 
solid organ transplantation. JAMA 2000;283: 235–41.

104. Hilbert G, Gruson D, Vargas FR, et al. Non-invasive ventilation 
in immunosuppressed patients with pulmonary infiltrates, fever, 
and acute respiratory failure. N Engl J Med 2001; 344: 481–7.

105. Keenan S, Powers C, McCormack DGB. Non-invasive positive-
pressure ventilation for postextubation respiratory distress. 
JAMA 2002;287:3238–44.

106. Wood KA, Lewis L, Von Harz B, Kollef MH. The use of non-invasive 
positive pressure ventilation in the emergency department. 
Chest 1998;113:1339–46.

Address for Correspondence
Christoph Haberthür
Head surgical intensive care unit
Spitalstrasse
Kantonsspital 
6000 Luzern-16
Switzerland
e-mail: christoph.haberthuer@ksl.ch


