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Abstract Objective: To assess the
acute effect of a lung recruitment
maneuver (LRM) on lung morpholo-
gy in patients with acute lung injury
(ALI) or acute respiratory distress
syndrome (ARDS). Patients: Ten pa-
tients with ALI/ARDS on mechani-
cal ventilation. Design: Prospective
clinical study. Setting: Computed to-
mography (CT) scan facility in a
teaching hospital. Interventions: An
LRM performed by stepwise increas-
es in positive end-expiratory pres-
sure (PEEP) of up to 30–40 cmH2O.
Lung basal CT sections were taken
at end-expiration (patients 1 to 5),
and at end-expiration and end-inspi-
ration (patients 6 to10). Arterial
blood gases and static compliance
(Cst) were measured before, 
during and after the LRM. 
Measurements and main results:
Poorly aerated and non-aerated tis-
sue at PEEP 10 cmH2O accounted
for 60.0±29.1% of lung parenchyma,
while only 1.1±1.8% was hyperin-
flated. Increasing PEEP to 20 
and 30 cmH2O, compared to 

PEEP 10 cmH2O, decreased poorly
aerated and non-aerated tissue by
16.2±28.0% and 33.4±13.8%, re-
spectively (p<0.05). This was associ-
ated with an increase in PaO2 and a
decrease in total static compliance.
Inspiration increased alveolar re-
cruitment at all PEEP levels. Hyper-
inflated tissue increased up to
2.9±4.0% with PEEP 30 cmH2O,
and to a lesser degree with inspira-
tion. No barotrauma or severe hypo-
tension occurred. Conclusions: Lung
recruitment maneuvers improve oxy-
genation by expanding collapsed al-
veoli without inducing too much hy-
perinflation in ALI/ARDS patients.
An LRM during the CT scan gives
morphologic and functional informa-
tion that could be useful in setting
ventilatory parameters.
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Introduction

Computed tomography (CT) has been widely used dur-
ing the last 20 years to assess lung morphology; this has
resulted in a better understanding of the pathophysiology
of acute lung injury (ALI) and the acute respiratory dis-
tress syndrome (ARDS), and ventilator-induced lung in-
jury [1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12]. At present, there
is strong evidence that mechanical ventilation affects the

outcome of patients with ALI/ARDS [13, 14, 15, 16].
Optimization of alveolar recruitment and prevention of
lung overdistention seem to play a major role in avoiding
the stress and damage of mechanical ventilation. Lung
recruitment maneuvers (LRMs) are being increasingly
used to optimize alveolar recruitment in patients with
ALI/ARDS [13, 14]. High but brief peak inspiratory or
end-expiratory pressures improve oxygenation without
detrimental effects on hemodynamics or barotrauma [17,
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18, 19, 20, 21, 22]. However, there are no data on the
morphologic changes during or after the LRM, which
could shed light on the mechanism involved.

The aim of our study was to assess the acute effect of
an LRM on lung morphology, made by stepwise increas-
es in positive end-expiratory pressure (PEEP) during the
lung CT scan in patients with ALI/ARDS.

Methods

All patients admitted to our eight-bed surgical ICU who required
mechanical ventilation were managed following our ventilatory
management protocol. Briefly, this involves 8 ml/kg tidal volume
(Vt), PEEP levels 5–8 cmH2O and FIO2 to maintain oxygen satu-
ration (SatO2) above 90% under volume-controlled ventilation as
starting parameters. Plateau pressures above 25 cmH2O, oxygen-
ation index greater than 10 cmH2O/mmHg [23] or patients fulfill-
ing ARDS criteria [24] identify patients with severe acute respira-
tory failure. Pressure-volume (P-V) curves according to the Levy
method [25] are traced and PEEP is set 2 cmH2O above the inflec-
tion point (Pflex) in these patients. Vt is decreased to 5 ml/kg in or-
der to maintain plateau pressures below 25–30 cmH2O. Prone po-
sitioning, differential ventilation, nitric oxide and extracorporeal
assistance are used as adjunctive therapies in the more severe pa-
tients. Invasive hemodynamic monitoring is performed to attempt
fluid restriction and decrease lung water without jeopardizing sys-
temic perfusion. Midazolam and morphine are used as sedatives at
the lowest dose that allows gentle ventilation. The weaning period
is started on pressure support plus intermittent volume-controlled
ventilation. Extubation is accomplished when the patient can
breathe normally under low levels of pressure support and PEEP.

Computed tomography scan

Patients requiring lung CT scan for diagnostic or therapeutic pur-
poses were included in the study. Lung CT scan is not routine in
ALI/ARDS patients. We have set up the CT scan facility room as
an ICU room so we can work on the ventilator and make inspirato-
ry or expiratory pauses with known levels of airway pressure. This
avoids patient movement, improves the quality of CT images and
allows a better interpretation of them. Patients are connected to a

Siemens 900-C (Siemens, Munich, Germany) ventilator with
PEEP 10–15 cmH2O, under sedatives and muscle relaxants. Non-
invasive hemodynamic monitoring and SatO2 are continuously
measured. Informed written consent is obtained from the patient’s
next of kin to allow the dynamic slices.

At first, a conventional CT scan (Picker PQ2000; Philips Med-
ical Systems, Best, The Netherlands) from the neck down to the
lung bases is performed with 8 mm thick CT slices during an in-
spiratory pause. The matrix is 512×512, which gives a voxel size
around 2–3 mm3. After seeing the images on the screen, one CT
slice is selected for the dynamic protocol, usually at the middle or
lower third of the thorax, which will be later referred to as the bas-
al CT section [4].

Protocol 1

The first five patients were on volume-controlled ventilation for the
whole LRM protocol with baseline PEEP from 10 to 14 cmH2O
(Fig. 1, Table 1). After the basal CT section was selected, PEEP
was switched down to 0 cmH2O (ZEEP) and FIO2 increased to
maintain SatO2 above 0.9. The ZEEP basal CT section was taken
after 3–5 min during an expiratory pause. PEEP was then increased
in 5 cmH2O steps up to 30–40 cmH2O. End-expiratory basal CT
sections were taken after 30–45 s at each PEEP level (Fig. 1 and
Fig. 3). At high levels of PEEP, and as peak airway pressures were
approaching 50 cmH2O, Vt was decreased and respiratory rate in-
creased to maintain minute ventilation. After 4–6 min for the whole
LRM, of which 2 or 3 were PEEP levels at or above 20 cmH2O,
ventilatory parameters were set to the previous levels.

Protocol 2

For the next five patients, the ventilatory mode was switched to
pressure-controlled ventilation, with 20 cmH2O driving pressures
and PEEP 10 cmH2O as baseline parameters, and basal CT sec-
tions were taken both during an expiratory, and again at an inspi-
ratory pause (Fig. 2). Then PEEP was increased by 10 cmH2O up
to 30 cmH20 and basal CT slices were taken at expiratory and in-
spiratory pauses. Finally, ventilatory parameters were set down to
baseline and, after 3–5 min, a new CT slice was taken. Mean air-
way pressures (MAP) and expiratory Vt were measured on the
ventilator and arterial blood gases taken at baseline, at 30 cmH2O
PEEP and after the LRM. Static compliance (Cst) was calculated

Table 1 Characteristics of patients; values are means ± SD (ARDS acute respiratory distress syndrome, Pa/FIO2 PaO2:FIO2 ratio,
Ox.Ix oxygenation index, Cst static compliance, D/S died/survived)

Patient Sex/Age Diagnosis Type of Lung APACHE II FIO2 PEEP Pa/FIO2 Ox.Ix. Cst Outcome
(years) ARDSa morpho- (cmH2O) (mmHg) (cmH2O/ (ml/ (D/S)

logyb mmHg) cmH2O)

1 F/30 Pancreatitis EP LH 12 0.4 10 178 10.2 23 S
2 M/35 Mediastinitis P LH 7 0.6 10 144 9.8 32 S
3 F/57 Pneumonia P LH 19 0.3 12 214 8.1 27 S
4 M/72 Politrauma EP LH + DH 12 0.6 12 155 12.3 42 S
5 M/72 Pneumonia P LH + DH 28 0.5 14 162 12.9 24 D
6 F/68 Pancreatitis EP LH + DH 20 0.8 10 66 27 29 D
7 F/44 Pancreatitis EP DH 21 1 15 46 46 30 D
8 M/66 Pneumonia P LH + DH 29 0.6 15 120 17.5 32 D
9 F/67 Pneumonia P LH + DH 23 0.5 10 128 13.1 26 S

10 M/70 Pneumonia EP LH + DH 28 0.6 10 177 6.2 60 S
– 58±16 – – – 20±8 0.6±0.2 12±2 139±52 16±12 33±12 4D/6S

a Type of ARDS according Gattinoni et al. [1]
b Lung morphology according Malbouisson et al. [10]
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as Cst = Vt /20, and oxygenation index (Ox.Ix.) as Ox.Ix. = (MAP
x FIO2) / PaO2 [3]. This new protocol took 2–3 min for the LRM
and PEEP was not dropped below 10 cmH2O at any time to avoid
loss of recruitment.

Image processing

Computed tomography images are downloaded to an optical disc
and processed using Osiris software (University Hospitals of Gene-
va). We used methods similar to other CT studies [3, 4, 5, 6, 7, 8, 9,
10, 11, 12]. First, the lung contour on each basal CT section was
traced and total CT volume (TVCT) and average density (HCT) were
measured. With these data, we obtained the amount of gas volume
(GVCT = TVCT x HCT / −1000) and weight (WCT = TVCT −GVCT)
for each lung slice. Lung parenchyma characteristics were defined
according to their densities measured in Hounsfield units (HU). Hy-
perinflated tissue was defined as −1000 to −901 HU, normal aerated
tissue as −900 to −501 HU, poorly aerated tissue (PAT) as −500 to 
−101 HU and non-aerated tissue (NAT) as −100 to +100 HU. Alve-
olar recruitment (RECALV) with PEEP or inspiration was defined as
the decrease in poorly aerated and non-aerated lung parenchyma.

Statistical analysis

Clinical characteristics and ventilatory data are presented as
means ± SD. Comparisons on the amount of gas and tissue with
different levels of PEEP, and ventilatory and oxygenation data
were evaluated by one-way analysis of variance (ANOVA). The
level of significance was set at p less than 0.05.

Results

Ten patients (5 M, 5 F, 58±16 years) with ALI/ARDS
(PaO2/FIO2 46–214) underwent a thoracic CT scan for
diagnostic or therapeutic reasons. Clinical characteristics
and baseline parameters are shown in Table 1. Figure 3
illustrates the end-expiratory basal CT sections taken at
different PEEP levels in all patients.

Protocol 1

The ZEEP condition was associated with an increase in
basal densities (Fig. 3) and a decrease in SatO2 in most
patients. Increasing PEEP up to 40 cmH2O significantly
increased lung volume, because of an increase in gas
volume and no change in lung weight, even at high lev-
els of PEEP (Fig. 4). Left lung volumes were significant-
ly smaller than the right ones at all PEEP levels (Fig. 4).
A caudal displacement of the lung during the LRM, es-
pecially at high levels of PEEP, was seen in all patients
(Fig 3). Patient 5 presented severe desaturation at ZEEP
despite FIO2 1.0, which was resolved after several
LRMs. No severe hypotension was observed in any pa-
tient.

Fig. 1 Pressure-time curve 
for the first protocol (patients 
1 to 5). A lung CT scan is 
performed at end-inspiration
under volume-controlled venti-
lation. After 3–5 min of zero
end-expiratory pressure
(ZEEP), a lung recruitment ma-
neuver consisting in 5 cmH2O
increments in positive end-
expiratory pressure (PEEP) up
to 40 cmH2O is performed. The
selected basal CT sections were
taken at each PEEP level at
end-expiration

Fig. 2 Pressure-time curve for
the second protocol (patients 
6 to 10). A lung CT scan is per-
formed at end-inspiration under
pressure-controlled ventilation
with 20 cmH2O driving pressure
and 10 cmH2O positive end-
expiratory pressure (PEEP).
Then, a lung recruitment maneu-
ver (LRM) consisting of 10
cmH2O increments in PEEP up
to 30 cmH2O is performed. The
selected basal CT sections were
then taken at each PEEP level
and after the LRM at baseline
parameters at end-expiration and
end-inspiration
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Protocol 2

The increase in PEEP level from 10 to 30 cmH2O was
associated with an increase in lung volume, due to an in-
crease in gas volume (Fig. 5). The increase in gas vol-
ume between end-expiration and end-inspiration was
greater at PEEP 10 cmH2O than at PEEP 30 cmH2O, 
despite the same driving pressure (20 cmH2O). PaO2,
PaO2:FIO2 ratio and MAP increased with PEEP, while
Vt and total Cst decreased (Table 2).

The end-expiration basal CT section volume at PEEP
30 cmH2O was far greater than end-inspiration basal CT
section volume at PEEP 10 cmH2O, despite similar static
airway pressures, this is 30 cmH2O (Fig. 5).

Three to five minutes after the LRM, there was a sig-
nificant improvement in oxygenation index compared to
baseline values. However, basal CT section lung vol-
umes at end-expiration and end-inspiration were higher,
but not significantly so, than baseline values. There were
also non-significant improvements in lung mechanics
and PaO2 and PaO2:FIO2 ratio (Fig 5 and Table 2).

Alveolar recruitment and hyperinflation

Poorly aerated and non-aerated tissue accounted for
60.0±29.1% of lung parenchyma at PEEP 10 cmH2O,
while only 1.1±1.8% was hyperinflated for all ten pa-
tients (Fig. 6). Alveolar recruitment at end-expiration
with PEEP 20 and 30 cmH2O, compared to PEEP
10 cmH2O, reached 16.2±28.0% and 33.4±13.8%, re-
spectively (p<0.05). This was mainly due to an absolute
decrease of non-aerated zones, while poorly distended
zones tended to remain constant (Fig. 6).

Inspiration in patients 6 to 10 further increased alveo-
lar recruitment compared to end-expiration values at all
PEEP levels. However, this increment was lower with
increasing PEEP levels, from 22.0±7.3% to 15.7±4.5%

Fig. 3 Basal CT section at end-expiration at different positive
end-expiratory pressure (PEEP) levels of all patients. Patients 6 to
10 also have basal CT sections for those PEEP levels at end-inspi-
ration and after the lung recruitment maneuver (not shown)

Fig. 4 Gas volume (left panel)
and weight (right panel) for 
the right lung (dashed squares)
and left lung (open squares)
basal CT sections during the
first protocol (patients 1 to 5).
Increments in positive end-
expiratory pressure (PEEP) 
increased the amount of gas
volume in all patients without
changing the weight. Data are
means ± SD. *p<0.05 versus
baseline value
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and 11.1±3.3% at PEEP 10, 20 and 30 cmH2O, respec-
tively (Fig. 6). Hyperinflation in patients 6 to 10 in-
creased slightly up to 1.9±2.8 and 2.9±4.0% with PEEP
20 and 30 cmH2O, respectively (p<0.05), and to a lesser
degree with inspiration (Fig. 6).

Discussion

This study shows that LRMs using high levels of PEEP
improve oxygenation by expanding previously collapsed
alveoli without inducing too much hyperinflation in pa-
tients with acute respiratory failure. On the other hand, a
LRM during the CT scan seems safe and gives morpho-
logic and functional information that could be useful in
setting ventilatory parameters.

Alveolar recruitment

Lung recruiting maneuvers should be considered as high
distending airway pressures for short periods of time.
They can improve ventilation at low Vt and/or airway
pressures by expanding collapsed alveoli [17, 18, 19].
Although we did not register hemodynamic parameters,
some clinical data have proved it to be safe. Recently,
Lapinsky et al. tried a sustained inflation pressure of
30–45 cmH2O for up to 20 s in 14 hypoxemic patients
[20]. Significant improvement in oxygenation occurred
in the majority of patients within 10 min without baro-
trauma. There was a reversion to mild hypotension im-
mediately after the maneuver was stopped. Sighs up to
45 cmH2O plateau pressure have also been used and

Fig. 5 Volume of gas of the left
and right lung basal CT sec-
tions, respectively, during the
second protocol (patients 6 to
10). During the lung recruitment
maneuver (LRM), positive end-
expiratory pressure (PEEP) up
to 30 cmH2O increased the
amount of gas at end-expiration
(closed squares) and end-inspi-
ration (open squares). Five min-
utes after the LRM (10-post),
gas volume at end-expiration
and end-inspiration is greater,
but not significantly, than base-
line values (10), despite similar
airway pressures. Data are
means ± SD. *p<0.05 versus
baseline value

Table 2 Ventilatory and oxy-
genation data on protocol 2
(patients 6 to 10). (Vt tidal vol-
ume, Cst static compliance,
MAP mean airway pressure,
Ox.Ix. oxygenation in-
dex,Pa/FIO2 PaO2:FIO2 ratio)

PEEP level (cmH2O) 10 20 30 10-post

Vt (ml) 490±134 336±94* 249±84* 510±142
Cst (ml/cmH2O) 24.5±6.7 16.8±4.7* 12.4±4.2* 25.5±7.1
MAP (cmH2O) 18.7±2.4 29.3±3.0* 38.8±2.3* 19.0±2.2
PaO2 (mmHg) 58.7±16.3 – 93.0±27.7* 84.0±27.9
Ox.Ix. (cmH2O/mmHg) 28.9±16.8 – 38.6±25.1 21.7±15.9*
Pa/FiO2 (mmHg) 80.2±42.9 – 126.2±60.3* 113.4±53.2
PaCO2 (mmHg) 64.7±17.0 – 72.0±24.3* 63.7±27.2
pH 7.20±0.14 – 7.18±0.17 7.20±0.19*p<0.05 versus baseline values

(PEEP 10 cmH2O)

Fig. 6 Histogram of lung tissue (ml) during the second protocol
(patients 6 to 10). Normal aerated tissue at end-expiration (exp.)
increased due to alveolar recruitment (decrease in poorly and non-
aerated tissue) when increasing positive end-expiratory pressure
(PEEP) levels, with further increases at end-inspiration (insp.).
Hyperinflated tissue increased to a lesser degree, both when in-
creasing PEEP levels and during inspiration
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have shown marked improvement in oxygenation and
lung elastance [19]. Recently, Grasso et al. applied
40 cmH2O of continuous positive airway pressure for
40 s in 22 ARDS patients during use of the ARDS Net
lung-protective ventilatory strategy, and observed a 50%
increase in PaO2:FIO2 ratio in half of them [22]. The
other half, in whom PaO2:FIO2 increased by only 20%,
had been ventilated for a longer period of time and
showed a significant decrease in cardiac index and mean
arterial pressure.

Our study shows that alveolar recruitment is the main
mechanism for the increase in lung volume during our
LRM, which is clearly noted on visual inspection and
quantified through voxel density analysis. The decrease
in non-aerated tissue accounts for most of the increase 
in normal aerated tissue, as also shown by other studies
[1, 7].

There has been controversy about how to assess alve-
olar recruitment and two basic CT approaches have been
described in the literature [1, 7, 26, 27]. While Rouby et
al. have measured the whole lung under two conditions
(0 and 10 or 15 cmH2O PEEP and FIO2 1.0), Gattinoni et
al. have used one to three slices with different inspiratory
and expiratory airway pressures. We used the one CT
slice technique, which sometimes is not representative of
the entire lung, but allows study of the behavior of the
lung at several airway pressures, under less X-ray expo-
sure [1, 7, 27].

Most importantly, as shown recently by Crotti, our
study reaffirms that alveolar recruitment is a pan-inspira-
tory phenomenon [27]. This is clearly shown by the in-
crease in normal aerated tissue during inspiration at all
PEEP levels. This simple fact leads to several conclu-
sions. Firstly, as suggested by other authors, PEEP above
the inflection point does not predict full recruitment [28,
29, 30]. Secondly, end-inspiratory volume depends on
peak inspiratory pressures [1, 27]. In other words, PEEP
prevents the closure of alveoli previously opened by in-
spiration [1, 29, 30].

Hyperinflation and overstretching

Although LRM recruits alveolar units, it also produces
hyperinflation and, to a greater degree, overstretching.
These two terms have been recently introduced to be
used instead of overdistention, which had been previous-
ly used to describe these two phenomena imprecisely
[1]. Hyperinflation was quantified by the increase in
densities below −900 HU with increasing PEEP levels
and inspiration. In contrast, overstretching – a mechani-
cal concept – is shown by the decrease in Vt at the same
driving pressures (Table 2) and the lower gas volume
change between end-expiration and end-inspiration at 10
and 30 cmH2O PEEP (Fig. 5).

Our data are similar to other studies that have shown,
despite different definitions, that only a small fraction of
the lung parenchyma is hyperinflated even with high lev-
els of PEEP [1, 8, 31]. However, it is noteworthy that a
small fraction of hyperinflated tissue can have such an
impact on lung mechanics. At least two explanations can
be forwarded. First, as our voxel size equals hundreds of
alveoli, voxels including a heterogeneous population will
be read as their average density. Alveoli at the extremes
of density, such as hyperinflated ones, will have less op-
portunity to be detected [1, 26, 32, 33]. If this is the case,
the real amount of hyperinflated tissue may be underesti-
mated. On the other hand, overstretching not only occurs
in hyperinflated alveoli but has also been described at
the boundaries of atelectatic and normal tissue [34, 35].
This will clearly not be detected on density analysis as
hyperinflated, but most probably as poorly aerated, tis-
sue. Thus, overstretching will result from the amount of
both atelectatic and hyperinflated lung parenchyma. The
real interaction between hyperinflated and overstretched
lung tissue deserves more experimental and clinical 
studies.

Usefulness of lung recruitment maneuver during 
computed tomography scan

Computed tomography scan has been very useful in un-
derstanding lung mechanics and ARDS pathophysiology.
First, it has shown that ARDS involves not a rigid lung
but a highly heterogeneous entity that works as a smaller
lung [3]. Moreover, Cst and Qs/Qt are related to the
amount of gas and tissue, respectively, suggesting a rela-
tionship between CT findings and lung mechanics and
gas exchange. More recently, it has been shown that the
lung works as a sponge, which was clearly seen in some
patients in our study [4, 5, 7].

At the very beginning of our study, we wanted to as-
sess CT scan under different pressure levels so as to set
the best ventilatory strategy. Unfortunately, as the lung
moves in different directions, it is impossible to assess
the three dimensional movement of the thorax with a sin-
gle CT slice [1, 26, 36]. Despite the beautiful images ob-
tained by this method, we were not able to measure the
downward movement of the lung. Secondly, and as many
authors have noted, loss of recruitment can be more dan-
gerous than overdistention [14, 15 19]. Some ARDS pa-
tients present severe desaturation on ZEEP, which is
clearly detrimental, so after the first five patients in the
present study we did not include the ZEEP condition in
the following CT protocols.

However, CT images give additional information to
that which could be obtained at the bedside [37]. Pleural
effusions and barotrauma, which can go undetected on
chest X-rays are easily recognized and can be drained
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promptly. The macroscopic behavior of the lung paren-
chyma with positive pressure ventilation may also orient
ventilation beyond numerical data. For instance, differ-
ential ventilation was applied in patient number 2 as re-
cruitment in the left lung started at the 20–25 cmH2O
PEEP level. Patients 5 and 6, in contrast, had the typical
sponge lung and high PEEP levels were used.

Most important, as mentioned before, is the relation-
ship between expiration and inspiration. Mechanical
ventilation is not a static process but a highly dynamic
one. Static P-V curves depict the mechanical status of
the lung at rest and not during the ventilatory cycle [22,
29]. In contrast, CT-generated images provide a real time
image of the dynamic performance of the lung at end-
inspiration and end-expiration (Fig. 7). This has been
tried, but not accomplished, with expiratory and inspira-
tory P-V curves [22]. We did not perform expiratory P-V
curves, which could have shown a better relationship
with CT findings [22, 29]. Dynamic CT images could
have a great impact on setting ventilatory parameters,
namely PEEP and Vt (or alveolar distending pressures),
by improving alveolar recruitment and limiting over-
stretching [1, 37]. However, patient transfer, X-ray expo-
sure and complex measurements at the present time pre-
clude the clinical use of CT for optimizing ventilatory
management at the bedside.

In conclusion, LRMs effectively improve oxygen-
ation and lung mechanics, mainly by expanding previ-
ously collapsed alveoli. Our study adds new information
on the mechanisms involved in the use of high airway
pressures for short periods of time. The way in which
LRMs should be employed in protective strategies still
needs to be explored.

Dynamic lung CT images could play an important
role in improving alveolar recruitment while avoiding
overstretching. Fast and friendly software connecting CT
machines and ventilators could bring this into clinical
practice.

Fig. 7 Pressure-volume curve obtained from data from Table 2 and
Fig. 5. At the same airway pressures (30 cmH2O), two lung vol-
umes are obtained depending on their position on the ventilatory
cycle. A hypothetical inspiratory and expiratory pressure-volume
curve (dashed line) is traced (FRC functional residual capacity)
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