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Mechanical ventilation: changing concepts 
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ct Mechanical ventilation is routinely delivered to patients admitted in intensive care units to reduce work of 

breathing, improve oxygenation, or correct respiratory acidosis. Although traditional modes of mechanical 

ventilation achieve many of these goals, they have important limitations. Alternative modes are supposed 

to handle some of these limitations and are now available on modern ventilators. This article reviews 

general aspects of functioning and limitations of traditional modes of mechanical ventilation, and the poten­

tial interest of some new promising modes. 
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Introduction 
Mechanical ventilation is frequently delivered to pa­

tients admitted in intensive care units (ICU) to reduce 
work of breathing, improve oxygenation, or correct res­
piratory acidosis. Common indications, according to a 
multinational survey involving more than 5000 patients, 
are acute respiratory failure (69%), coma (17%), acute 
on chronic respiratory failure (13%), and neuromuscu­
lar disorders (2%).[1] 

In most cases, ventilator is set to completely control 
patient’s ventilation shortly after intubation. The objec­
tive is to improve oxygenation without inducing damage 
to the lungs and to put the respiratory muscles at rest. 
Afterwards, when patient’s condition begins to improve, 
his or her ventilation is assisted by the ventilator until 
extubation. This can be done with all traditional modes 
at variables degrees.[2] Although this seems logical, there 

is no clear consensus about when, how and at which 
level patient’s work of breathing should be reduced. In­
sufficient assistance may induce diaphragmatic fatigue 
or weakness and force the recruitment of accessory in­
spiratory muscles, sometimes leading to respiratory aci­
dosis.[3,4] Excess in assistance may induce respiratory 
alkalosis and reduce respiratory drive, facilitating the 
appearance of patient-ventilator asynchronies and sleep 
disruptions.[2,5–7] 

In this article, we will review new insights in some new 
promising alternative modes of ventilation aimed to im­
prove the adaptation of the ventilator to patient’s respi­
ratory demand, including proportional assist ventilation, 
adaptative support ventilation, and knowledge-based 
systems. 

Traditional Modes of Mechanical

Ventilation
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Modes of ventilation summarize the way assistance is 
applied to patient’s respiratory system by the ventilator. 
They are usually defined by control and phase vari­
ables.[8] 

Control variables are flow (or volume) or pressure. 

Free full text available from www.ijccm.org 
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When using traditional modes, ventilators control only 
one variable (flow/volume or pressure). The other one 
(pressure or volume) reflects patient’s effort and respi­
ratory system mechanical properties according to the 
equation of motion of the respiratory system (Figure 1). 

Phase variables refer to how respiratory cycle is “han­
dled” by the ventilator: change from expiration to inspi­
ration, inspiration, change from inspiration to expiration 
and expiration.[8] Inspiration starts when a signal reaches 
a specific threshold value: time (set respiratory rate) in 
the case of controlled ventilation and pressure or flow 

Figure 1: The equation of motion of the respiratory system that 
establishes the relationship between airway pressure (Paw), the 
elastic (PE) and resistive (PR) components and the inspiratory 
muscles effort (Pmus). Pappl: Total applied pressure on the 
respiratory system; PE0: elastic recoil pressure before inspiration; 
Vt: tidal volume; E: elastance; V: inspiratory flow; R: resistance 

Figure 2: Ventilation with volume-assured pressure support 
(VAPS). The first two inspirations are pressure-targeted cycles. 
During the next two inspirations, delivered volumes are less than 
the desired minimum tidal volume (empty arrows) when instant 
inspiratory flow reaches the “constant flow level” (full arrows). At 
this point, the ventilator delivers a constant inspiratory flow to attain 
the minimum tidal volume. Thus, an increase in airway pressure is 
observed (*) 

trigger for assisted ventilation. Thereafter, the control 
variable (flow or pressure) increases up to a predefined 
limit and is maintained at this level until the end of inspi­
ration. In the case of flow control mode, inspiration fin­
ishes after a fixed inspiratory time or after delivering a 
defined volume. On the other hand, the end of inspira­
tion in pressure modes is defined by time pressure con­
trolled ventilation (PCV) or when inspiratory flow reaches 
a predefined threshold pressure support ventilation
 (PSV). Finally, pressure during expiration can be con­
trolled until next inspiratory cycle, allowing the delivery 
of positive end expiratory pressure (PEEP). 

Figure 3: Example of adaptive pressure ventilation (APV). In this 
case, tidal volume increases due to a larger patient’s demand (full 
arrow). APV inappropriately reduces pressure level during the next 
cycles (empty arrows). This type of response can also be seen 
during volume support (VS) 

Figure 4: Example of proportional assist ventilation with a high 
degree of gain (90% of flow and volume assistance). Airway 
pressure (Paw) grossly follows esophageal pressure (Peso). Large 
Peso swings produce bigger pressure assistance (full arrow) and 
vice versa (empty arrow). This example was obtained with a Puritan 
Bennett 840 (Tyco Healthcare, Mansfield, MA). This ventilator 
automatically performs tele-inspiratory pauses during PAV to 
measure elastance (*) 
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“Traditional” modes are frequently chosen by clinicians. 
According to international surveys, assist control venti­
lation (ACV), PCV, synchronized intermittent mandatory 
ventilation (SIMV) and PSV are largely preferred.[1,9] 

ACV, the most frequently used mode, allows a precise 
control of tidal volume and minute ventilation.[10] This is 
especially important during the initial phase of mechani­
cal ventilation, when patient’s effort must be largely re­
duced and oxygenation needs be improved. ACV is a 
flow (or volume) controlled and time (or volume) cycled 
mode. Consequently, airway pressure is not controlled 
during inspiration, and depends on the equation of mo­
tion of the respiratory system. This is not very trouble­
some during controlled ventilation, because airways 
pressures, especially plateau pressure, can be easily 
monitored. 

Adaptation is usually facilitated by sedation at the be­
ginning of mechanical ventilation. Sedation is also 
needed to facilitate tolerance to particular settings such 
as small tidal volumes used in patient suffering from 
acute respiratory distress syndrome.[11,12] However, con­
tinuous and deep sedation has been associated with 
increased duration of mechanical ventilation and length 
of stay in the ICU.[13] 

Fixed settings of inspiratory time, flow, and tidal vol­
ume during assisted ventilation with ACV can be very 
difficult to tolerate for patients having a high respiratory 
drive. For example, early auto-triggering (double cycling) 
may happen if patient’s inspiratory time is larger than 
ventilator time.[14] Insufficient flow during ACV may be 
perceived as a resistance to inflow by the patient and 
increases patient’s effort.[15] 

Pressure-targeted modes, such as PSV, can overcome 
some of the limitations observed during ACV. PSV is a 
patient-initiated, pressure controlled and flow cycled 
mode.[16] This means that pressure assistance is con­
stant whatever patient’s effort is and proportional to the 
level of pressure support.[2] Inspiratory flow is variable 
and decelerating. It depends on patient’s effort and on 
his (or her) respiratory mechanics (airway resistance and 
respiratory system elastance). Cycling off criteria (from 
inspiration to expiration) is usually reached when inspira­
tory flow attains a predefined threshold. This value is 
usually expressed as a percentage of peak inspiratory 

flow and can be manually set in some ventilators. Stand­
ard setting is 25% of peak inspiratory flow. Additionally, 
a maximal inspiratory time can be set in some ventila­
tors, introducing a conditional time cycling variable, simi­
lar to PCV. This may be of interest in the presence of 
leaks, as shown during non invasive mechanical venti­
lation for avoiding prolonged inspirations and patient­
ventilator asynchrony.[17] Altogether, these features may 
give the patient the opportunity for choosing his (or her) 
tidal volume, inspiratory time, and flow. This makes PSV 
suitable for assisted mechanical ventilation. It has also 
been proved to been useful for weaning.[18,19] 

Several drawbacks related to its characteristics have 
been stressed for PSV, making setting not so easy as 
previously envisaged.[20] First, setting the level of pres­
sure support is still a matter of discussion. Normally, it is 
set to obtain a respiratory rate within a desired interval, 
a certain tidal volume and to abolish accessory muscle 
utilization.[16] This is furthermore complicated by the fact 
that severe and maybe unacceptable patient-ventilator 
asynchronies have been reported with high level of as­
sistance.[2,21] Second, without intervention pressure sup­
port will be always the same whatever patient’s respira­
tory demand. This prompts to a frequent need for re­
evaluations of the patient’s and monitoring of alveolar 
ventilation (minute ventilation and PaCO

2
). Third, pres­

sure rise time is also important. Low pressurization rates 
increase patient’s effort, whereas very high rates may 
induce cough and are frequently experienced as uncom­
fortable.[22] Finally, cycling off criteria (also called expira­
tory trigger) may also play a role in terms of patient­
ventilator interaction.[14] As previously stated, some ven­
tilators allow changing the cycling off criteria. Although 
it is not still clear which flow value must be used, some 
ventilator only propose fixed algorithms that may in­
crease the risk of delayed cycling (e.g., 5 l/min for Puri­
tan Bennett 7200 [Tyco Healthcare, Mansfield, MA] and 
5% for Siemens 300 [Siemens Medical Systems Inc, 
Lund, Sweden]).[16] Different criteria may be needed in 
patients showing a high respiratory drive and shorter 
neural inspiratory times, such as patients with obstruc­
tive lung disease.[14] Additionally, these patients may 
show recruitment of expiratory muscle during late ven­
tilator inspiration.[23] This may further promote an in­
crease in dynamic intrinsic PEEP and, as a conse­
quence, may decrease the likelihood to recognize next 
patient’s effort.[24] 
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Improving Patient and Ventilator Matching 
“Alternative” modes were developed to improve match­

ing between patient’s ventilation demand and ventilator 
supply. In the vast majority, they are modification of “tra­
ditional” modes, which take advantage of ventilator mi­
croprocessor to adapt assistance to reach specific ob­
jectives. This can represent different levels of complex­
ity, from just assuring a predefined minute ventilation or 
tidal volume to a complex adaptation of assistance ac­
cording to respiratory pattern or physiological variables. 
In the next paragraph, we discuss the interest, clinical 
evaluation, and limitation of alternative modes aimed to 
improve the interaction between patient and assistance 
delivered by the ventilator. 

Dual-control Modes 
Ventilator controls only one variable (pressure or vol­

ume/flow) during assistance with traditional modes such 
as PSV or ACV. Some ventilators also offer special 
modes that allow controlling both variables. However, 
there is only one single variable (pressure or volume/ 
flow) that is actually controlled at a given part of inspira­
tion. This kind of modalities is frequently enclosed un­
der the term “dual-control” modes. Nomenclature is het­
erogeneous, changes from ventilator to ventilator and 
sometimes is not very informative.[25] 

Dual-control modes can be seen as basic algorithm 
based closed-loop modes. In almost all cases, airway 
pressure is the controlled variable, which is adjusted to 
attain a specific tidal volume. This can be done within 
one single inspiration or in a breath-to-breath fashion. 
The objective is simple: better adaptation to changes in 
respiratory mechanics in case of assisted ventilation, and 
control of airway pressure while assuring minute venti­
lation. Potentially, this can improve patient’s comfort and 
reduce the necessity of frequent modification in ventila­
tor settings. However, as we will below, basic dual-con­
trol modes present several problems sometimes putting 
patients at risk. Additionally, published clinical experi­
ence with these modes is scarce. 

Volume-assured pressure support (VAPS) is an ex­
ample of dual mode, which adapts within one cycle. It 
has been described more than 10 years ago and has 
been included in Bird 8400 and T-Bird (Bird Corp, Palm 
Springs, CA).[26] Specific settings are minimum tidal vol­
ume, respiratory rate, pressure support and “constant 

flow” level. Inspiration can be triggered by time (control­
led cycle) or by the patient. At the beginning, the venti­
lator delivers gas to increase airway pressure, behaving 
as in PCV or PSV. As in pressure controlled modes, 
flow decreases progressively until a predefined level 
(“constant flow”). At this point, if inspiratory tidal volume 
is equal or greater than predefined minimum tidal vol­
ume, then inspiratory valve closes and expiration be­
gins as in PSV. However, if inspiratory tidal volume is 
smaller, then inspiration will continue with a constant 
flow until the minimum tidal volume is delivered without 
further pressure control.[25,26] This may dangerously in­
crease inspiratory time, predisposing the patient to gas 
trapping (intrinsic PEEP) and phase asynchronies when 
patient’s effort is reduced (Figure 2). Although one short 
term physiological study showed improvements in work 
of breathing and synchronisation compared with ACV,[26] 

there are no data about long term utilisation of this mode. 
Volume support adjusts pressure support to attain a 

predetermined tidal volume and while maintaining minute 
ventilation in a breath-to-breath basis. It was originally 
included in Servo 300 (Siemens Medical Systems Inc, 
Lund, Sweden) and is actually available in Servoi 

(Maquet Inc, Solna, Sweden). It is an assisted, pres­
sure controlled and flow cycled mode as PSV. Specific 
settings are desired tidal volume and respiratory rate. 
Initially, ventilator calculates patient’s dynamic compli­
ance during a test breath with 5 cm H

2
O of pressure 

support. Thereafter based on this “constant,” it calcu­
lates the pressure needed to produce set tidal volume. 
Changes cycle to cycle can be less than 3 cm H

2
O, go­

ing from PEEP to 5 cm H2O below maximal peak in­
spiratory pressure. Another rule can increase target tidal 
volume when patient’s respiratory rate is less than set 
respiratory rate to keep minimum minute ventilation con­
stant. Volume support “correctly” increases assistance 
when tidal volume is reduced, as can be observed in 
patients with increasing airway resistance or rapid shal­
low breathing. If, however, the patient increases his or 
her effort (and tidal volume) to compensate an incre­
ment in respiratory demand as can be seen in fever or 
acidosis, it will paradoxically decrease assistance (Fig­
ure 3). The latter has been recently showed in a physi­
ological study conducted in patients exposed to in­
creases in dead space.[27] 

Some pressure controlled and time cycle modes have 
been introduced by manufacturers. They share many 
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characteristics of volume support. Some examples are 
pressure-regulated volume control (PRVC) available in 
Servo ventilators, Adaptive Pressure Ventilation from 
Galileo (Hamilton Medical AG, Bonaduz, Switzerland) 
and Autoflow from Evita 4 (Dräger, Lübeck, Germany). 
They just adjust airway pressure to attain specific target 
tidal volume and minute ventilation. As in volume sup­
port, when faced with increases in patient respiratory 
effort that may increase tidal volume, the ventilator will 
actually reduce assistance (Figure 3). Similarly to the 
other dual-control modes, published experience is very 
limited.[28,29] 

Proportional Assist Ventilation 
Proportional assist ventilation (PAV) is conceptually 

different from all available modes of mechanical ventila­
tion. It is a patient-triggered and pressure-controlled 
mode which adapts assistance according to patient’s 
effort and mechanics properties within the inspiratory 
cycle [Figure 4]. In contrast with previously cited modes 
of ventilation, PAV controlled variable (pressure) is 
changed all around the inspiratory phase following in­
spiratory flow and volume instantaneous values.[30–32] 

PAV is based on the equation of motion of the respira­
tory system (Figure 1). As can be inferred from this for­
mula, at each moment of inspiration, total applied pres­
sure on the respiratory system is equal to elastic pres­
sure plus resistive pressure. These two components can 
be calculated by multiplying elastance by flow and re­
sistance by volume, respectively. Total applied pressure 
is also equal to airway pressure (ventilator assistance) 
plus muscular pressure (patient’s effort). During PAV, 
ventilator calculates the applied pressure by measuring 
its elastic and resistive components at each moment 
while knowing instant delivered volume and flow. Then 
it adjusts the pressure according to a percentage of these 
components, usually called volume and flow assistance. 
Thus, according to the equation of motion, the ventilator 
will pressurize airway in proportion to muscular effort, 
provided that the other part of applied pressure is done 
by the patient.[32,33] If settings are correct, the ventilator 
will cycle from inspiration to expiration at the same time 
that patient’s effort finishes. 

Several physiological studies showed that PAV effi­
ciently decreases respiratory effort.[31,33–35] It may also 
preserve physiological breathing pattern better than PSV, 

allowing a greater variability of tidal volume with differ­
ent degrees of assistance.[36,37] Additionally, PAV may 
significantly improve patient-ventilator matching com­
pared with traditional modes of mechanical ventilation[38] 

and may increase comfort.[39,40] Some investigators have 
evaluated the utility of PAV over prolonged periods dur­
ing non invasive mechanical ventilation: no major side 
effect was noted and data suggested that it might be 
better tolerated.[40–43] Less refusals to continue mask 
assistance were observed with PAV in a randomized 
study.[40] 

Several drawbacks have been signaled for PAV. As it 
was previously described, elastance and resistance must 
be known by the ventilator to work correctly. This may 
be difficult during assisted ventilation. If incorrect high 
values are introduced and high percentage of assistance 
is used, the ventilator can overassist the patient and fail 
to recognize the end of patient breath. This situation is 
known as “runaway.” Under these circumstances, the 
ventilator inspiration finishes when peak pressure alarm 
is attained or when patient expiratory effort is strong 
enough to correct the mistake.[32] Although runaways may 
not jeopardize patients if alarms are correctly set, it may 
create major phase asynchronies and discomfort. To 
overcome this problem, elastance and resistance can 
be calculated during flow controlled ventilation obtained 
with hyperventilation or brief sedation.[44] Another possi­
bility is progressively increasing volume and flow assist­
ance (gain) until obtaining a runaway. This allows rec­
ognizing the maximum tolerable values. This is frequently 
reported as the runaway method.[32,45] However, these 
methods are not dynamic and if used, repeated meas­
urement should be performed. Recently, new methods 
of non invasive intermittent measurements of elastance 
and inspiratory resistance during PAV have been pro­
posed (Figure 4).[46,47] These methods are very promis­
ing and have been partially integrated in PAV offered by 
Puritan Bennett 840 (Tyco Healthcare, Mansfield, MA). 
However, larger long-term experience is needed to test 
its safety and efficiency. 

PAV is also affected by intrinsic PEEP, even if inspira­
tory trigger is set at the minimum value. The latter may 
induce ineffective efforts or reduce the total amount of 
patient’s effort that is actually assisted, failing to cor­
rectly coupling patient inspiration to ventilator assistance. 
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Ventilatory Assist Driven by the Patient 
Coupling ventilator assistance to diaphragm function 

is not a new idea.[48] The main interest is to avoid uncou­
pling due to mechanical factors such as intrinsic PEEP. 

Recently, some authors have proposed modes that 
assist in proportion to indicators of diaphragmatic activ­
ity. One approach using transdiaphragmatic pressure as 
driven signal was tested in healthy subjects exposed to 
different levels of inspiratory pCO

2
. The ventilator was 

well synchronized to subjects’ efforts.[49] Although this 
mode may appear promising, transdiaphragmatic pres­
sure signal sometimes is altered by cardiac artifacts or 
expiratory muscle interference possibly limiting its util­
ity.[50] Another interesting approach is neurally adjusted 
ventilatory assist (NAVA).[51] It is a promising but still 
experimental mode of ventilation. It provides assistance 
in proportion to diaphragm effort. It depends on continu­
ous recording of diaphragmatic electrical activity, which 
is obtained via a nasogastric catheter incorporating a 
multiple array esophageal electrode (nine electrodes 
spaced 10 mm apart). The onset and end of assistance 
and the level of assistance are directly driven by this 
signal.[52] In theory, NAVA should provide better patient­
ventilator synchrony than other pressure-targeted 
modes. First results support this expectation. Unlike all 
other modes (including PAV), NAVA should not be influ­
enced by intrinsic PEEP or by the presence of leaks as 
in the case of standard triggering systems. The initial 
report on NAVA revealed advantages compared with 
PSV in terms of triggering and cycling-off synchrony.[52] 

These first physiological results are encouraging. 

Adaptive Support Ventilation 
Adaptive support ventilation (ASV) is a pressure con­

trolled closed-loop system which allows adaptation of 
assistance during all phases of mechanical ventilation, 
from control ventilation to weaning.[53] It is only devel­
oped in Hamilton ventilators (Hamilton Medical AG, 
Bonaduz, Switzerland). The main principle of function­
ing is based on Otis’s formula.[54] Using this formula, the 
microprocessor can calculate an “ideal” respiratory pat­
tern (tidal volume and respiratory rate), which needs the 
smallest total energy expenditure, providing specific 
minute ventilation, a calculated dead space, which de­
pends on body weight and an expiratory time constant. 
Minimum minute ventilation is the only specific setting 
that must be chosen by the clinician. It is based on pa­

tient’s body weight. 

When starting ventilation in ASV, the ventilator pro­
vides three pressure control time cycle inspirations, and 
calculates respiratory mechanics. Expiratory time con­
stant is estimated from the tidal volume curve during 
each expiration.[55] Then, using Otis’s formula, a target 
respiratory rate is calculated. Target tidal volume is com­
puted from minimum minute ventilation and target res­
piratory rate. Thereafter, target values are calculated 
cycle by cycle. Depending on patient’s spontaneous res­
piratory rate, ASV can works as PCV, if there is no spon­
taneous breathing; as pressure SIMV, when patient’s 
respiratory rate is smaller than target; or as PSV, if pa­
tient’s respiratory rate is greater. Pressure level is then 
adapted to attain the target tidal volume (within limits 
imposed by pressure alarms). Cycling off criteria is flow 
based in the case of assisted ventilation or time based 
for mandatory inspiration.[53] 

There is not much published experience with ASV. 
Most studies are short term and during the postopera­
tive period.[56–60] All these studies showed promising 
results, including decrease of patient’s respiratory ef­
forts, stability of alveolar ventilation without operator’s 
intervention and safety during weaning in selected situ­
ations. However, many important unsolved questions 
remain to be answered for ASV: how minimum ventila­
tion must be set, how ASV must be adapted faced with 
changes in breathing demand and how weaning must 
be handled. 

Knowledge-based Systems 
When the physiological and clinical knowledge needed 

to manage a well defined clinical situation is acquired, it 
can be embedded within a computer program that drives 
the ventilator using artificial intelligence techniques, such 
as production rules, fuzzy logic, or neural networks.[61] 

These new techniques allow planning and control. Con­
trol is a local task, which consists of determining what 
the immediate next step is. Planning is a strategic task, 
aimed at regulating the time-course of the process. For 
control and planning, numerous techniques have been 
developed in the fields of control theory and artificial in­
telligence, respectively. The main difference between 
these two fields lies in the process models used. Con­
trol and planning are two complementary and essential 
tasks that must be combined to design multi-level con­
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trollers for automatically supervising complex systems 
such as mechanical ventilators. Because the driving 
process is based on complex physiological models, it is 
important to avoid both over-simplification and exces­
sive complexity. For example, Strickland and Hasson 
tried to develop a controller incorporating an active clini­
cal strategy represented by production rules using SIMV 
and PSV (IF conditions, THEN actions). Their work did 
not lead to commercial development.[62,63] 

The Smart Care® system, which is now included in 
Evita XL (Dräger, Lübeck, Germany), is an embedded 
version of the initial NeoGanesh system.[64] The 
NeoGanesh system drives the ventilator with PSV, keep­
ing a patient within a zone of “respiratory comfort” de­
fined by respiratory parameters. Additionally it is capa­
ble of superimposing an automated strategy for wean­
ing.[64,65] The NeoGanesh system is based on modeling 
of the medical expertise required to perform mechanical 
ventilation in PSV mode. It does not include mathemati­
cal equations of a physiological model. Several types of 
evaluation have been performed to determine how well 
the system adapts the level of assistance to patient needs 
(evaluation of the control level),[65] to assess the extuba­
tion recommendation made by the system (evaluation 
of the strategic level)[64] and to estimate the impact on 
clinical outcomes.[66] This system has been shown to 
reduce periods of excessive respiratory efforts and to 
predict extubation time with good accuracy. It has been 
used safely during prolonged periods of mechanical ven­
tilation and has been shown recently to reduce the time 
spent on the ventilator.[67] 

Conclusion 
Traditional modes of mechanical ventilation provide 

adequate control of ventilation in most cases. However, 
as it was previously described, they may present many 
problems to the clinician facing a spontaneously breath­
ing patient. New modes such as PAV, ASV or knowl­
edge based system are now available and seem very 
promising to help to improve adaptation during assisted 
ventilation. However, before recommending their use, 
further studies are needed to better characterize clinical 
interest and to target the population that might take ad­
vantage of its implementation. 

References 
1. Esteban A, Anzueto A, Frutos F, Alia I, Brochard L, Stewart TE, 

et al, Characteristics and outcomes in adult patients receiving 

mechanical ventilation: a 28–day international study. JAMA 

2002;287:345–55. 

2.	 Leung P, Jubran A, Tobin MJ. Comparison of assisted ventilator 

modes on triggering, patient effort and dyspnea. Am J Respir 

Crit Care Med 1997;155:1940–8. 

3.	 Brochard L, Harf A, Lorino H, Lemaire F. Inspiratory pressure 

support prevents diaphragmatic fatigue during weaning from 

mechanical ventilation. Am Rev Respir Dis 1989;139:513–21. 

4.	 Laghi F, Cattapan SE, Jubran A, Parthasarathy S, Warshawsky 

P, Choi YS, et al, Is weaning failure caused by low–frequency 

fatigue of the diaphragm? Am J Respir Crit Care Med 

2003;167:120–7. 

5.	 Chao DC, Scheinhorn DJ, Stearn–Hassenpflug M. Patient–ven­

tilator trigger asynchrony in prolonged mechanical ventilation. 

Chest 1997;112:1592–9. 

6.	 Nava S, Bruschi C, Fracchia C, Braschi A, Rubini F, Patient– 

ventilator interaction and inspiratory effort during pressure sup­

port ventilation in patients with different pathologies. Eur Respir 

J 1997;10:177–83. 

7.	 Parthasarathy S, Tobin MJ. Effect of ventilator mode on sleep 

quality in critically ill patients. Am J Respir Crit Care Med 

2002;166:1423–9. 

8.	 Chatburn RL, Classification of Mechanical Ventilators, in Princi­

ples and Practice of Mechanical Ventilation, M.J. Tobin, Editor. 

McGraw–Hill, Inc: New York, USA; 1994. p. 37–64. 

9.	 Esteban A, Anzueto A, Alia I, Gordo F, Apezteguia C, Palizas F, 

et al, How is mechanical ventilation employed in the intensive 

care unit? An international utilization review. Am J Respir Crit 

Care Med 2000;161:1450–8. 

10.	 Mador MJ, Assist–Control Ventilation, in Principles and Practice 

of Mechanical Ventilation, M.J. Tobin, Editor. McGraw–Hill, Inc: 

New York, USA; 1994. p. 207–20. 

11.	 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 Dis­

tress Syndrome. N Engl J Med 2000;342:1301–8. 

12.	 Artigas A, Bernard GR, Carlet J, Dreyfuss D, Gattinoni L, Hud­

son L, et al, The American–European Consensus Conference 

on ARDS, part 2: Ventilatory, pharmacologic, supportive therapy, 

study design strategies, and issues related to recovery and 

remodeling. Acute respiratory distress syndrome. Am J Respir 

Crit Care Med 1998;157:1332–47. 

13.	 Kress JP, Pohlman AS, O’Connor MF, Hall JB, Daily Interrup­

tion of Sedative Infusions in Critically Ill Patients Undergoing 

Mechanical Ventilation. N Engl J Med 2000;342:1471–7. 

14.	 Sassoon CS, Foster GT. Patient–ventilator asynchrony. Curr 

Opin Crit Care 2001;7:28–33. 

241 



IJCCM October-December 2003 Vol 7 Issue 4Indian J Crit Care Med October-December 2005 Vol 9 Issue 4 

15.	 Cinnella G, Conti G, Lofaso F, Lorino H, Harf A, Lemaire F, et al, 

Effects of assisted ventilation on the work of breathing: volume– 

controlled versus pressure–controlled ventilation. Am J Respir 

Crit Care Med 1996;153:1025–33. 

16.	 Brochard L, Pressure Support Ventilation, in Principles and Prac­

tice of Mechanical Ventilation, MJ Tobin, Editor. McGraw–Hill, 

Inc: New York, USA; 1994. p. 239–57. 

17.	 Calderini E, Confalonieri M, Puccio PG, Francavilla N, Stella L, 

Gregoretti C, Patient–ventilator asynchrony during noninvasive 

ventilation: the role of expiratory trigger. Intens Care Med 

1999;25:662–7. 

18.	 Brochard L, Rauss A, Benito S, Conti G, Mancebo J, Rekik N, 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. 

19.	 Esteban A, Frutos F, Tobin MJ, Alia I, Solsona JF, Valverdu I, et 

al, A comparison of four methods of weaning patients from me­

chanical ventilation. Spanish Lung Failure Collaborative Group. 

N Engl J Med 1995;332:345–50. 

20.	 Brochard L, Pressure–support ventilation:still a simple mode? 

Intens Care Med 1996;22:1137–8. 

21.	 Nava S, Bruschi C, Rubini F, Palo A, Iotti G, Braschi A, Respira­

tory response and inspiratory effort during pressure support ven­

tilation in COPD patients. Intens Care Med 1995;21:871–9. 

22.	 Chiumello D, Pelosi P, Croci M, Bigatello LM, Gattinoni L, The 

effects of pressurization rate on breathing pattern, work of breath­

ing, gas exchange and patient comfort in pressure support ven­

tilation. Eur Respir J 2001;18:107–14. 

23.	 Jubran A, Van de Graaff WB, Tobin MJ. Variability of patient– 

ventilator interaction with pressure support ventilation in patients 

with chronic obstructive pulmonary disease. Am J Respir Crit 

Care Med 1995;152:129–36. 

24.	 Parthasarathy S, Jubran A, Tobin MJ. Cycling of inspiratory and 

expiratory muscle groups with the ventilator in airflow limitation. 

Am J Respir Crit Care Med 1998;158:1471–8. 

25.	 Branson RD, New modes of mechanical ventilation. Curr Opin 

Crit Care 1999;5:33–42. 

26.	 Amato MB, Barbas CS, Bonassa J, Saldiva PH, Zin WA, de 

Carvalho CR, Volume–assured pressure support ventilation 

(VAPSV). A new approach for reducing muscle workload during 

acute respiratory failure. Chest 1992;102:1225–34. 

27.	 Jaber S, Delay JM, Matecki S, Sebbane M, Eledjam JJ, Brochard 

L, Volume–guaranteed pressure–support ventilation facing acute 

changes in ventilatory demand. Intensive Care Med 

2005;31:1181–8. 

28.	 Piotrowski A, Sobala W, Kawczynski P. Patient–initiated, pres­

sure–regulated, volume–controlled ventilation compared with 

intermittent mandatory ventilation in neonates: a prospective, 

randomised study. Intensive Care Med 1997;23:975–81. 

29.	 Alvarez A, Subirana M, Benito S. Decelerating flow ventilation 

effects in acute respiratory failure. J Crit Care 1998;13:21–5. 

30.	 Younes M, Proportional assist ventilation, a new approach to 

ventilatory support. Theory. Am Rev Respir Dis 1992;145:114– 

20. 

31.	 Younes M, Puddy A, Roberts D, Light RB, Quesada A, Taylor K, 

et al, Proportional assist ventilation. Results of an initial clinical 

trial. Am Rev Respir Dis 1992;145:121–9. 

32.	 Younes M. Proportional Assist Ventilation (PAV), in Principles 

and Practice of Mechanical Ventilation, Tobin MJ, Editor. 

McGraw–Hill Inc: New York, USA; 1994. p. 349–70. 

33.	 Bigatello LM, Nishimura M, Imanaka H, Hess D, Kimball WR, 

Kacmarek RM et al, Unloadiing of the work of breathing by pro­

portional assist ventilation in a lung model. Crit Care Med 

1997;25:267–72. 

34.	 Delaere S, Roeseler J, D’hoore W, Matte P, Reynaert M, Jolliet 

P, et al, Respiratory muscle workload in intubated, spontane­

ously breathing patients without COPD: pressure support vs pro­

portional assist ventilation. Intensive Care Med 2003;29:949– 

54. 

35.	 Appendini L, Purro A, Gudjonsdottir M, Baderna P, Patessio A, 

Zanaboni S, et al, Physiologic response of ventilator–depend­

ent patients with chronic obstructive pulmonary disease to pro­

portional assist ventilation and continuous positive airway pres­

sure. Am J Respir Crit Care Med 1999;159:1510–7. 

36.	 Ranieri VM, Giuliani R, Mascia L, Grasso S, Petruzzelli V, Puntillo 

N, et al, Patient–ventilator interaction during acute hypercapnia: 

pressure–support vs. proportional–assist ventilation. J Appl 

Physiol 1996;81:426–36. 

37.	 Marantz S, Patrick W, Webster K, Roberts D, Oppenheimer L, 

Younes M, Response of ventilator–dependent patients to differ­

ent levels of proportional assist. J Appl Physiol 1996;80:397– 

403. 

38.	 Giannouli E, Webster K, Roberts D, Younes M, Response of 

ventilator–dependent patients to different levels of pressure sup­

port and proportional assist. Am J Respir Crit Care Med 

1999;159:1716–25. 

39.	 Wysocki M, Richard JC, Meshaka P. Noninvasive proportional 

assist ventilation compared with noninvasive pressure support 

ventilation in hypercapnic acute respiratory failure. Crit Care Med 

2002;30:323–9. 

40.	 Gay PC, Hess DR, Hill NS. Noninvasive proportional assist ven­

tilation for acute respiratory insufficiency. Comparison with pres­

sure support ventilation. Am J Respir Crit Care Med 

2001;164:1606–11. 

41.	 Winck JC, Vitacca M, Morais A, Barbano L, Porta R, Teixeira-

Pinto A, et al, Tolerance and physiologic effects of nocturnal mask 

242 



IJCCM October-December 2003 Vol 7 Issue 4 Indian J Crit Care Med October-December 2005 Vol 9 Issue 4 

pressure support vs proportional assist ventilation in chronic 

ventilatory failure. Chest 2004;126:382–8. 

42.	 Vitacca M, New things are not always Better: proportional assist 

ventilation vs. pressure support ventilation. Intensive Care Med 

2003;29:1038–40. 

43.	 Fernandez–Vivas M, Caturla-Such J, Gonzalez de la Rosa J, 

Acosta-Escribano J, Alvarez-Sanchez B, Canovas-Robles J. 

Noninvasive pressure support versus proportional assist venti­

lation in acute respiratory failure. Intensive Care Med 

2003;29:1126–33. 

44.	 Wrigge H, Golisch W, Zinserling J, Sydow M, Almeling G, 

Burchardi H. Proportional assist versus pressure support venti­

lation: effects on breathing pattern and respiratory work of pa­

tients with chronic obstructive pulmonary disease. Intensive Care 

Med 1999;25:790–8. 

45.	 Wysocki M, Meshaka P, Richard JC, Similowski T. Proportional– 

assist ventilation compared with pressure–support ventilation 

during exercise in volunteers with external thoracic restriction. 

Crit Care Med 2004;32:409–14. 

46.	 Younes M, Webster K, Kun J, Roberts D, Masiowski B. A method 

for measuring passive elastance during proportional assist ven­

tilation. Am J Respir Crit Care Med 2001;164:50–60. 

47.	 Younes M, Kun J, Masiowski B, Webster K, Roberts D. A method 

for noninvasive determination of inspiratory resistance during 

proportional assist ventilation. Am J Respir Crit Care Med 

2001;163:829–39. 

48.	 Huszczuk A, A respiratory pump controlled by phrenic nerve 

activity. J Physiol 1970;210:183. 

49.	 Sharshar T, Desmarais G, Louis B, Macadou G, Porcher R, Harf 

A, et al, Transdiaphragmatic pressure control of airway pres­

sure support in healthy subjects. Am J Respir Crit Care Med 

2003;168:760–9. 

50.	 Sinderby C, Ventilatory assist driven by patient demand. Am J 

Respir Crit Care Med 2003;168:729–30. 

51.	 Navalesi P, Costa R. New modes of mechanical ventilation: pro­

portional assist ventilation, neurally adjusted ventilatory assist 

and fractal ventilation. Curr Opin Crit Care 2003;9:51–8. 

52.	 Sinderby C, Navalesi P, Beck J, Skrobik Y, Comtois N, Friberg 

S, et al, Neural control of mechanical ventilation in respiratory 

failure. Nat Med 1999;5:1433–6. 

53.	 Brunner JX, Iotti GA. Adaptive Support Ventilation (ASV). Minerva 

Anestesiol 2002;68:365–8. 

54.	 Otis AB, Fenn WO, Rahn H. Mechanics of breathing in man. J 

Appl Physiol 1950;2:592–607. 

55.	 Lourens MS, van den Berg B, Aerts JG, Verbraak AF, 

Hoogsteden HC, Bogaard JM. Expiratory time constants in me­

chanically ventilated patients with and without COPD. Intensive 

Care Med 2000;26:1612–8. 

56.	 Cassina T, Chiolero R, Mauri R, Revelly JP. Clinical experience 

with adaptive support ventilation for fast–track cardiac surgery. 

J Cardiothorac Vasc Anesth 2003;17:571–5. 

57.	 Laubscher TP, Frutiger A, Fanconi S, Jutzi H, Brunner JX. Auto­

matic selection of tidal volume, respiratory frequency and minute 

ventilation in intubated ICU patients as start up procedure for 

closed–loop controlled ventilation. Int J Clin Monit Comput 

1994;11:19–30. 

58.	 Sulzer CF, Chiolero R, Chassot PG, Mueller XM, Revelly JP. 

Adaptive support ventilation for fast tracheal extubation after 

cardiac surgery: a randomized controlled study. Anesthesiology 

2001;95:1339–45. 

59.	 Tassaux D, Dalmas E, Gratadour P, Jolliet P. Patient–ventilator 

interactions during partial ventilatory support: a preliminary study 

comparing the effects of adaptive support ventilation with syn­

chronized intermittent mandatory ventilation plus inspiratory pres­

sure support. Crit Care Med 2002;30:801–7. 

60.	 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 1998;14:245–52. 

61.	 Nemoto T, Hatzakis GE, Thorpe CW, Olivenstein R, Dial S, Bates 

JH. Automatic control of pressure support mechanical ventilation 

using fuzzy logic. Am J Respir Crit Care Med 1999;160:550–6. 

62.	 Strickland JH Jr, Hasson JH. A computer–controlled ventilator 

weaning system. Chest 1991;100:1096–9. 

63.	 Strickland JH Jr, Hasson JH. A computer–controlled ventilator 

weaning system. A clinical trial. Chest 1993;103:1220–6. 

64.	 Dojat M, Harf A, Touchard D, Laforest M, Lemaire F, Brochard 

L. Evaluation of a knowledge–based system providing ventilatory 

management and decision for extubation. Am J Respir Crit Care 

Med 1996;153:997–1004. 

65.	 Dojat M, Harf A, Touchard D, Lemaire F, Brochard L. Clinical 

evaluation of a computer–controlled pressure support mode. Am 

J Respir Crit Care Med 2000;161:1161–6. 

66.	 Bouadma L, Lellouche F, Cabello B, Taille S, Mancebo J, Dojat 

M, et al. Computer–driven management of prolonged mechani­

cal ventilation and weaning: a pilot study. Intensive Care Med 

2005;31:1446-50. 

67.	 Lellouche F. Computer–driven ventilation reduces duration of 

weaning: a multicenter randomized controlled study. Intensive 

Care Med 2004;30:S69. 

243 


