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Although mechanical ventilation is a supportive measure 
and not a therapy for acute respiratory failure (ARF), the 
proper setting of the ventilator can contribute significant- 
ly to the success of a treatment by providing adequate 
control of arterial blood gases and by allowing the pa- 
tient's respiratory muscles to rest. Both these aims can 
easily be achieved during controlled mechanical ventila- 
tion (CMV) by adjusting minute ventilation, FiO 2 and 
positive end-expiratory pressure (PEEP). In contrast, dur- 
ing assisted ventilation in patients with an intact 
respiratoy drive, the patient-ventilator interaction may be 
more complicated, to the extent that the patient appears 
to fight against the ventilator. Under these circumstances, 
neither controlling arterial blood gases nor allowing the 
respiratory muscles to rest is warranted. However, with 
advances in technology, modern, microprocessor-equip- 
ped ventilators are now able to deliver different kinds of 
pressure and flow waveforms and to adapt mechanical 
ventilation to different patient's characteristics and 
underlying diseases, to such an extent that the traditional 
"patient-ventilator battle" seems to be on its way out. 

Among the various modes of assisted mechanical ven- 
tilation, e.g. assist/control ventilation (AMV) and syn- 
chronised intermittent mandatory ventilation (SIMV), in- 
spiratory pressure support ventilation (PSV) has been 
gaining in popularity in intensive care units (ICUs) 
because of its adaptability to patients' ventilatory 
demands and patterns. PSV may help to reverse acute 
respiratory failure (ARF) not only in intubated patients 

but also when delivered through a face mask [1]. Recent 
research has also shown that PSV may be the mode of 
choice for governing the transition from mechanical ven- 
tilation to spontaneous breathing in difficult-to-wean pa- 
tients, particularly when compared with SIMV, in which 
it is the number of assisted breaths rather than the level 
of assistance to each breath that is gradually reduced [2, 
3]. PSV is a mode of  ventilatory assistance that allows a 
critically ill but cooperative patient good, albeit in- 
complete, control of his or her breathing pattern. How- 
ever, as has been pointed out by Nava et al. [4], some pa- 
tients appear to struggle against the ventilator setting 
even during PSV. Similar observations have been reported 
by Patessio et al. [5] and by Lessard et al. [6], and the 
phenomenon appears to be not uncommon [7, 8]. The pa- 
tient-ventilator battle seems to be back. 

Despite the widespread use of PSV in ICUs, precise 
guidelines for the bedside management of patients ven- 
tilated with PSV are lacking. The pressure level has been 
adjusted in various ways in many studies. Interestingly, 
the debate about the "best" level of PSV is on its way to 
becoming a classic in critical care medicine, alongside 
that on the "best" PEEP (positive end-expiratory pres- 
sure) [9, 10] and the more recent controversy on the 
"best" weaning parameter and technique [2, 3, 11, 12]. 

Proper adjustment of the PSV level is important if one 
is to avoid the undesired consequences of either insuffi- 
cient or excessive pressure assistance. On the one hand, an 
insufficient level of pressure assistance will not sufficient- 
ly decrease the ventilatory workload nor will it provide 
adequate rest for the patient's respiratory muscles, which 
is one of the primary goals of PSV [1]. Since neither pre- 
set tidal volume (VT) nor minute ventilation (VE) is 
assured with PSV, rapid deterioration in arterial blood 
gases may result from inadequate assistance. On the other 
hand, an excessive level of pressure assistance could pro- 
mote respiratory muscle disuse and atrophy, as well as 
determine large VT with enhanced risk of pulmonary 
hyperinflation and eventually barotrauma. In this con- 
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nection, a recent study by Alberti et al. [13] suggests that 
measurement of P 0.1 can provide a reliable, simple and 
non-invasive parameter for setting PSV at the bedside. 
Because of a significant correlation between P 0.1 and 
work of breathing (WOB), high values of P 0.1 (e.g. 
>6 cmH20 ) indicate insufficient support, whereas low 
values of P 0.1 (e.g. < 3 cmH20 ) may indicate that there 
is room to decrease the level of PSV [13]. 

An important, documented [4, 5, 7] complication of 
excessive pressure assistance is the appearance of ineffec- 
tive inspiratory muscle contraction, i.e. patient efforts 
that occur during expiration and are not efficient enough 
to trigger a new ventilator cycle, despite a negative deflec- 
tion in pleural pressure. Nava et al. [4] point out that in 
mechanically ventilated COPD patients recovering from 
an episode of acute exacerbation, PSV levels at which a 
satisfactory equilibrium in arterial blood gases can be ob- 
tained may result in ineffective inspiratory efforts. A 
similar observation was made by Patessio et al. [5] in ven- 
tilator-dependent COPD patients at PSV levels above 
15 cmH20, and by Hubmayr at lower levels of PSV, 
namely 10 and 5 cmH20, during weaning in patients 
with neurological diseases [7]. Ineffective efforts were 
also reported by Braschi et al. [14] during SIMV, and by 
Fernandez et al. during AMV [15]. Ineffective inspiratory 
muscle contraction may escape routine monitoring of 
respiratory mechanics in microprocessor-equipped ven- 
tilators as wasted efforts have little effect on the displayed 
tracings of airflow, volume and airway pressure. Under 
such circumstances, the patient appears to be adapted to 
the ventilator setting, although his or her respiratory 
muscles are continuing to contract under load. 

A dyssynchrony between the frequency set by the ven- 
tilator and the patient's spontaneous frequency, com- 
monly referred to as fighting the ventilator, has tradi- 
tionally been interpreted as an indication for sedation. 
This may be the case when anxiety or pain is causing a 
high respiratory rate; however, sedation may be inap- 
propriate when the mechanism for the ineffective efforts 
and dyssynchrony is behavioural in origin; in such cases, 
changes in the ventilator setting may be more appropri- 
ate. 

Briefly stated, the primary mechanism underlying in- 
effective efforts is the discrepancy between the negative 
pressure generated by the patient's contracting in- 
spiratory muscles and the excessive elastic recoil of the 
respiratory system. High levels of intrinsic positive end- 
expiratory pressure (PEEPi) and/or excessive VT may be 
at the origin of wasted inspiratory efforts. Indeed, when 
the inspiratory muscles contract while volume is still be- 
ing expired, the elastic recoil of the respiratory system has 
to be fully counterbalanced before a negative pressure is 
created in the central airway and hence either inspiration 
can start or the pressure boost can be triggered. 

The most common condition leading to the occurrence 
of ineffective inspiratory efforts during mechanical ven- 

tilation is the presence of high levels of intrinsic positive 
end-expiratory pressure (PEEPi) due to incomplete ex- 
piration [16]. Although several mechanisms may deter- 
mine PEEPi, increased flow resistance is by far the 
leading cause, particularly in mechanically ventilated pa- 
tients in whom the rate of lung emptying may be retarded 
not only by airway disease (e.g. asthma) and obstruction 
(e.g. secretions), but also by the added resistance of the 
endotracheal tube and the ventilator tubings and circuits. 
During AMV, SIMV and PSV, if PEEPi is present, the 
magnitude of the total pressure needed to be developed by 
the patient's contracting inspiratory muscles in order to 
trigger a mechanical breath can be much larger than the 
usual triggering pressure, which is generally set at a few 
centimetres of water (e.g. -1  to -3  cmH20). In the 
presence of significant levels of PEEPi, such as have been 
reported by Nava et al. [4] and Patessio et al. [5], the total 
amount of inspiratory muscular effort required to trigger 
the pressure boost may become substantial. Under these 
circumstances, the negative pressure developed by some 
inspiratory muscle contractions may be smaller than 
PEEPi and hence insufficient to trigger the ventilator: 
wasted efforts occur and the patient seems to fight 
against the ventilator, as has been elegantly demonstrated 
by Fernandez et al. [14]. Only inspiratory efforts that de- 
velop a negative deflection in pleural pressure (Ppl) larger 
than PEEPi and equal to PEEPi plus the triggering 
pressure will trigger the ventilator. 

High levels (e.g. >7 cmH20) of PEEPi have been ob- 
served only in patients with respiratory failure due to ex- 
acerbation of COPD [16]. These are the patients for 
whom a reduction in PEEPi may be crucial in preventing 
a patient-ventilator battle. Changing the ventilatory set- 
tings to increase the expiratory time (TE) is useful in re- 
ducing PEEPi [17]. However, that manoeuvre may not be 
sufficient during assisted modes of mechanical ventila- 
tion, when ventilatory frequency is governed by the pa- 
tient's breathing drive and timing. It has been shown that 
application of external PEEP by the ventilator may im- 
prove the patient-ventilator interaction [4, 15]. Indeed, 
PEEP reduces PEEPi, thereby decreasing the magnitude 
of the negative deflection in Ppl required to trigger the 
ventilator [4, 15, 161, as well as the overall work of breath- 
ing in COPD patients [18]. Providing the level of PEEP 
does not exceed PEEPi, the end-expiratory lung volume 
will remain essentially the same [16, 19]. Following the 
reduction in PEEPi, most, if not all, inspiratory efforts 
become effective, with a substantial decrease in the inspi- 
ratory workload and a better interaction between patient 
and ventilator. Some recent studies have questioned the 
usefulness of applying PEEP during AMV and PSV in 
some or all patients with PEEPi, pointing out that a sub- 
stantial portion of the positive end-expiratory alveolar 
pressure could be due to expiratory muscle activity rather 
than to the end-expiratory recoil of the respiratory system 
[6, 16, 19]. Under these circumstances, the deflection in 
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Ppl preceding inspiration is due to the relaxation of the 
expiratory muscles rather than to the contraction of the 
inspiratory muscles in an effort to counterbalance 
PEEPi. Clearly, application of PEEP when PEEPi is 
caused by expiratory muscle activity is not only useless, 
but might also unduly increase lung volume and decrease 
inspiratory muscle force. However, Appendini et al. [19] 
found that the expiratory muscle contribution to PEEPi 
at high levels of PEEPi was small (< 3 cmH20), so that 
application of PEEP during PSV actually resulted in a 
substantial reduction in the inspiratory workload. Al- 
though the majority of published data show that applica- 
tion of moderate levels of PEEP can efficiently reduce the 
magnitude of a patient's inspiratory effort without in- 
creasing lung volume, expiratory muscle activity may help 
to explain some differences observed among individual 
patients [16]. It might be that in some instances (e.g. 
where it is difficult to adapt the ventilator setting to the 
patient's frequency and/or where weaning is difficult), 
measurement of both oesophageal and gastric pressure 
are needed to set the appropriate level of PEEP or CPAP 
(continuous positive airway pressure) [6, 19]. 

In this connection is should be mentioned that a flow- 
trigger system could be more 'user-friendly' than tradi- 
tional pressure trigger systems. Flow triggers appear to 
improve adaptation of the ventilator setting to the pa- 
tient's ventilatory demand and pattern in mechanically 
ventilated patients with and without COPD [20]. Some 
recent work has provided further evidence of the efficien- 
cy of the flow-trigger system in reducing patients' in- 
spiratory efforts and improving the patient-ventilator in- 
teraction [21, 22]. 

Application of moderate levels of PEEP may prove 
useful in preventing ineffective efforts due to PEEPi. 
However, as has been pointed out by Braschi et al. [14] 
during SIMV and by Appendini et al. [19] during PSV, 
PEEP may not work when ineffective efforts occur early 
in expiration, when the elastic recoil of the respiratory 
system is much greater. High levels of PSV, e.g. 
>20 cmH20 can cause excessive VT, particularly in pa- 
tients with minor derangement in lung mechanics. The 
larger the VT, the longer the time required for expiration. 
In some patients, the central drive activates the in- 
spiratory muscles before complete exhalation of VT and 
even early in expiration. Owing to the large amount of 
elastic recoil, inspiratory efforts occurring while volume 

is being exhaled are wasted until the negative pressure 
developed by the patient's contracting inspiratory 
muscles is sufficient to fully counterbalance the elastic 
recoil of the respiratory system and to trigger the pressure 
boost. Under these circumstances, in order to prevent 
continuous contraction under load, the level of PSV must 
be adjusted to reduce VT. If excessive VT is required to 
control arterial blood gases, it might well be that the pa- 
tient is a poor candidate for PSV and that other, volume- 
cycled ventilatory modes, e.g. SIMV, are needed. In this 
connection it should be emphasised that the primary aim 
of PSV is to reduce the workload on the patient's respira- 
tory muscles and that the management of a gradual tran- 
sition from mechanical to spontaneous ventilation re- 
mains its privileged field of application [1]. An erroneous 
setting of PSV level, either insufficient or excessive, may 
jeopardise the weaning process. 

Recently, a new mode of mechanical ventilation has 
been introduced for patients with an intact drive to 
breathe to adjust ventilatory assistance to the actual and 
variable requirements of the patient. This new mode of 
mechanical ventilation has been named proportional 
assisted ventilation (PAV). The theoretical background 
and some clinical results promise to bring about a signifi- 
cant improvement in the patient-ventilator interaction 
[23]. Clearly, more work is needed before PAV can be- 
come established as a further option in the clinical setting 
of the ICU and an additional weapon in the 'patient-ven- 
tilator battle'. 

In summary, ineffective efforts, i.e. inspiratory muscle 
contractions that are not efficient enough to trigger the 
ventilator, may be readily apparent in patients fighting 
the ventilator, in whom dyssynchrony can easily be 
detected by simple examination. However, ineffective ef- 
forts may also be made by patients who appear to be well 
adapted to the ventilator, whenever the negative deflec- 
tion in pleural pressure is smaller than the elastic recoil of 
the respiratory system. If anxiety, pain, fever or other cen- 
tral mechanisms are at the origin of dyssynchrony, seda- 
tion may be indicated. In contrast, if ineffective efforts 
are due to an inappropriate setting of the ventilator, 
whether this leads to excessive pressure and volume 
assistance or to insufficient PEEP to offset PEEPi, 
changes in the ventilator setting will be more efficient. 
Tendono alla chiarita le cose o s c u r e . . .  [24]. 
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