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Fermeture des voies aériennes
Une « nouveauté »?
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Site of airway closure in excised dog lungs: 
histologic demonstration 

J. M. B. HUGHES, D. Y. ROSENZWEIG, AND P. B. KIVITZ 
Departments of Medicine and Radiology, Royal Poslgraduate Medical School, 
Hummersmith ffospita~, London, W 12, England 

HUGHES, J. M. B., II. Y. KOSENZWEIG, AND P. B. KIWTZ. Site sf 
airway closure in excised dog lungs. histologic demonstration. J. Appl. 
Physiol. 29(3) : 340-344. 1970.pOn deflation expul:,ion of gas 
ceases in excised lungs when pleural pressure exceeds airway pres- 
sure (negative transpulmonary (Ptp) pressure) by 2-4 cm H20. 
‘The remaining air is trapped in the lung, presumably by closure of 
airways. We investigated the site of airway closure in two ways. 
First, we outlined the bronchi with dye or lead dust and took 
X-rays at Ptp -6 cm Hz0 MThen gas was trapped. Airways down 
to 1 mm id were patent. Second, we rapidly froze the lung surface 
with liquid Freon at Ptp -6 cm &O and in a cryostat chamber 
cut sections 20 p thick serially through the outer 2-3 mm of lung 
tissue, photographing the cut surface as we did so. We observed 
that airway closure occurred in terminal bronchioles (approxi- 
mately 0.4-0.6 mm id when fully inflated) and we measured the 
length of the closed segment (0. I-l .O mm). 

bronchial P-II relations; b ronchography; bronchioles; lung freez- 
ing; minimal lung volume; trapped gas in the lung 

AIRWAY CLOSURE in lungs at low volumes has been inferred 
from several studies (l-3, 10). Nunn et al. (IO), for ex- 
ample, found that desaturation occurred in some normal. 
subjects breathing air at tidal volumes near residual volume 
(RV) - In addition, large alveolar-arterial 02 differences 
occurred when subjects were breathing 100 % 02 suggest- 
ing atelectasis following absorption of trapped gas. By 
nitrogen washout Burger and Macklem (1) found that 
normal subjects trapped an average of 400 ml of gas while 
breathing air at low lung volumes. With 100 % oxygen 
quasi-static pressure-volume curves on inflation from RV 
were shifted (relative to air control curves) in the direction 
of increased pressure for the same volume, suggesting ab- 
sorption of trapped gas and atelectasis. 

In animals with an open thorax, gas trapping and airway 
closure occurs at negative transpulmonary pressures (pleural 
pressure exceeding airway pressure) of between -2 and 
-4 cm Hz0 (2). In the course of our investigations (4) 
into the trapping of gas in perfused dog lungs we becal-ne 
curious about the site of airway closure. We report here the 
results of two attempts to demonstrate this directly. With 
bronchography we looked at the caliber of airways down to 
1 mm internal diameter (id) at a negative transpulmonary 
pressure at which gas was trapped. Closure of airways was 
not seen. Secondly we examined airways less than 0.8 

mm id microscopically after rapidly freezing the surface of 
lung at Ptp -6 cm HzO; with serial sections we followed 
changes in the caliber of the lumen of bronchioles. 

METHODS 

Greyhound dogs were anesthetized with intravenous 
thiopentone (0.4-0.6 g) and heparinized (2000 IU/kg). 
After exsanguination the left lungs were removed, perfused, 
and ventilated as described (4). Lungs were placed horizon- 
tally in a Lucite box. Volume changes were recorded on a 
2-liter bell spirometer and transpulmonary pressure changes 
with a water manometer. Airway pressure remained at 
atmospheric; pleural pressure was changed by altering the 
pressure in the box. Absolute lung volume was not meas- 
ured. Unless specifically mentioned the same volume history 
was used for all measurements. The lung was inflated maxi- 
mally by lowering the pressure in the box to -24 cm Hz0 
and then ventilated for 3-4 breaths from 10 to 15 cm Hz0 
transpulmonary pressure (Ptp). The lung was next slowly 
inflated from Ptp 5 to 21 cm Hz0 and transpulmonary 
pressure and volume changes were recorded as the lung 
was deflated to a negative Ptp of 6 cm HZO. Expulsion of 
gas ceased between Ptp -2 and -4 cm HZO. 

Most of the preparations were perfused with blood at 
37 C. Pulmonary arterial and venous pressures were meas- 
ured with saline manometers, and blood flow by collection 
of timed samples in a cylinder. Flow was controlled by a 
roller pump. If  perfusion was needed for longer than a few 
minutes a steady flow of venous blood was taken from a 
mongrel dog to which the blood leaving the isolated lung 
was returned. 

X-ray measurements. In 10 experiments 2-4 ml of contrast 
medium (oily or aqueous Dionosil) was instilled into the 
airways through the bronchial cannula. In three other 
experiments finely particulate lead was introduced into the 
airways as described by Leopold and Gough (7). After 
inflation to Ptp 21 cm HZO, the lung was deflated slowly 
over about 5 min to Ptp -6 cm HZO. Radiographs were 
taken at Ptp 21, 10, 5, 0, and - 6 cm HZO. A nonscreen 
film and a 0.3-mm focal spot was used. The distance from 
the X-ray source to the lung was 96 cm, and from the lung 
to the film was 5-7 cm. 

The radiographs were magnified 10 times by projection 
onto a screen and the diameters of airways ranging from 
17 mm to 0.8 mm id were measured. The airways selected 
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Figure 3. CT slices (top row) and 3D rendering of a single terminal airway (bottom row) demonstrating closure as airway pressure is reduced. PEEP = 
positive end-expiratory pressure, ZEEP = zero end-expiratory pressure.

Figure 4. Examples of matched airways at baseline (left column) and following lung injury (right column) demonstrating different locations of airway 
collapse with respect to the studied segment delineated by the yellow dotted lines; A, airway closure occurs upstream to the measured segment;  
B, closure of the downstream end of the studied segment; and C, closure in two locations causing trapping of air within the lumen of the studied 
segment. The 3D rendered airways were reoriented for better visibility. PEEP = positive end-expiratory pressure.

Un phénomène dynamique

Broche Crit Care Med 2019

Il existe une pression de fermeture/d’ouverture des voies aériennes



Pour comprendre: rappel sur la compliance

Définition mécanique: « Dilatation volumique en fonction 
d’une variation de pression » 𝐶 =

∆𝑉
∆𝑃

P = 𝑃! + 𝑃"#$ + 𝑃#%

P = 𝑃! + �̇�×ℛ + +𝑉 𝐶

Equation du mouvement du système respiratoire (1929)

Pour mesurer la compliance, il faut s’affranchir de la 
pression résistive (et donc du débit)



Courbe pression-volume quasi-statique

Débit inspiratoire faible

Mankikian Crit Care Med 1983

P = 𝑃! + �̇�×ℛ + +𝑉 𝐶~0

Pente de la courbe = compliance



Concept historique

Elastic pressure–volume curves: what information
do they convey?

Björn Jonson, Cecilia Svantesson

In 1929 von Neergaard demonstrated that sur-
face forces are responsible for a large part of the
elastic recoil pressure of the lungs.1 This was
evidenced by recordings of elastic recoil during
deflation of air- and liquid-filled lungs. On the
basis of similar experiments, extended to
include inflation (fig 1), Radford laid down
concepts which still form the basis for the
interpretation of elastic pressure–volume
(Pel–V) curves in today’s intensive care units.2

In this review these concepts will be analysed.
The relevance of Pel–V curves as guidelines in
managing ventilation to avoid lung trauma will
be discussed. Furthermore, techniques for
recording and analysis of Pel–V curves will be
briefly commented upon.

Features of the elastic pressure–volume

curve

Pel–V curves are often recorded during an
insuZation of gas which is preceded by an
expiration to the elastic equilibrium volume.
An example of an inspiratory Pel–V curve
recorded from a patient with acute lung injury
(ALI) is shown in fig 2. The features of the
curve are well known.3 4 The curve can be con-
sidered to consist of three segments: an initial
flat segment reflects a very low compliance,
indicating collapse of peripheral airways and/or
lung units preventing lung inflation; there then
follows a segment with a steeper slope (that is,
greater compliance); the transition between
these two segments, which may be more or less
abrupt, can be denoted the lower inflection
point (LIP). Compliance remains stable over
the second “linear” segment, as shown in vari-
ous species.4–7 At large volumes and high pres-
sures the slope—that is, the compliance—

decreases. In fact, the compliance approaches
zero when the respiratory system is extensively
distended.7–10 The point at which a decrease in
compliance is identified can be denoted the
upper inflection point (UIP). The segment
between the LIP and the UIP represents a zone
of optimal compliance over which tidal ventila-
tion should preferentially occur in order to
protect the lung from trauma. However, this
interpretation of the Pel–V curve should be
critically analysed. To this end, we investigated
a multi-compartment lung model.

Multi-compartment lung model

The lung model comprises 100 units with a
distribution of properties. The variations in
properties are intended to mimic the non-
homogeneity of the opening pressure of
collapsed lung units as observed in ALI and in
the acute respiratory distress syndrome
(ARDS) by, for example, Gattinoni et al.11 The
units are subjected to diVerent distending
pressures corresponding to the pleural pressure
gradient which is increased in ALI/ARDS due
to the increase in lung density. The increased
density will attenuate the distending pressure
of lower lung units.

When the lung model is assumed to be fully
recruited, it has a compliance of 50 ml/cm H2O
which is constant up to a Pel of 14 cm H2O. At
higher pressures the compliance falls and
approaches zero at a fictive maximum volume
of 1500 ml. The “ideal” Pel–V curve represent-
ing the fully recruited lung is shown in fig 3.

Each of the 100 lung units has an identical
Pel–V curve if the unit is recruited. For simplicity

Figure 1 Pulmonary pressure–volume curves obtained
during inflation and deflation with air and saline.2 The
higher elastic recoil pressure during air deflation shows that
surface tension contributes to lung recoil. It can be seen that
during inflation with air a lower inflection point is followed
by a steep, nearly linear, segment.

200

150

100

0

50

2016

Pressure (cm H2O)

CAT 27

Air inflation

Saline
inflation

Vo
lu

m
e 

(m
l)

1280 4

Figure 2 The elastic pressure–volume (Pel–V) curve
recorded over an extended volume range from a patient with
acute lung injury. The smooth curve is calculated according
to a three segment model. The dotted line represents the
extrapolation of the linear segment of the Pel–V curve.
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« Poumon collabé en dessous du LIP » ?

1616 AMERICAN JOURNAL O F RESPIRATORY AN D CRITICAL CARE MEDICINE VOL 159 1999

gas and tissue present in the lungs. In a first step, the volume of gas
and tissue for each compartment of 22 HU was computed using the
following equations:

(1)

(2)

(3)

(4)

(5)

where CT is the mean CT number of the compartment analyzed. In a
second step, the volume of gas and the volume of tissue for the whole
lung were calculated by adding the values of the volume of gas and the
volumes of tissue obtained for each compartment of 22 HU.

Statistical Analysis
The results are expressed as means 6 SD in the text and tables and as
mean 6 SEM in the figures. The qualitative variables were compared
by a x2 test corrected for small samples. The hemodynamic, respira-
tory, mechanical and CT scan parameters under ZEEP, PEEP1, and
PEEP2 conditions were compared between groups by two-way analy-
sis of variance for one within and one between factor. Parameters
measured under ZEEP conditions were compared by a Student un-
paired t test. The significance level was fixed at 5%.

RESULTS

Patients

Ten males and 4 females (61 6 13 yr of age) were included in
the study. Nine patients were admitted for complications after
surgery, two patients for multiple trauma, and three for a
medical disease. The general characteristics of the patients are
shown in Table 1A and B. Bronchopneumonia was the prin-
cipal cause of ALI. The simplified acute physiologic score
(SAPS II) was 45 6 16 and the lung injury severity score
(LISS) was 2.4 6 0.8. The mean delay between the onset of
ALI and the study was 7 6 4 d. Overall mortality was 43%.

Eight patients had a lower inflection point on their total
respiratory system P–V curve. The results were similar if the
pulmonary instead of the total respiratory system P–V curve
was considered. In six patients the lower inflection point was
detected only on the lung P–V curve, whereas in two the lower

Fraction of gas CT CTgas( CTwater )– CT 1,000⁄=⁄=

Fraction of gas volumegas volumegas tissue+⁄=

Volumegas CT 1,000 volumegas tissue+( )⁄=

Volumetissue volumegas tissue+ volumegas–=

Volumetissue volumegas tissue+ 1[ CT( 1,000 ) ]⁄–=

inflection point was detected both on lung and chest wall P–V
curves. Patients with a lower inflection point were younger
than patients without a lower inflection point (55 6 14 versus
70 6 7 yr, p , 0.05). There was a trend toward an increased
mortality rate (63% versus 17%, p 5 0.1) and LISS score (2.8 6
0.8 versus 2.0 6 0.6, p 5 0.07) in patients with a lower inflec-
tion point, whereas the SAPS II score was similar between the
two groups (44 6 19 versus 44 6 13). In contrast, pulmonary
morphology was different between the two groups: patients
with a lower inflection point had diffuse hyperdensities dis-
seminated more frequently in upper and lower lobes than did
patients without a lower inflection point, who had lung hyper-
densities localized predominantly in their lower lobes. This
difference in regional distribution of hyperdensities was signif-
icantly different between the two groups (p , 0.05).

Differences in Lung Morphology
under ZEEP Conditions

As shown in Figure 1 and Table 3, the slopes of total respira-
tory system and lung P–V curves obtained under ZEEP condi-
tions were significantly different between the two groups (p ,
0.05). For a given pressure, lung volume was lower in patients
with a lower inflection point. When present, the mean value of
the lower inflection point was 9 6 1 cm H2O. As shown in Ta-
ble 2 and Figure 2, overall lung volume (gas plus tissue), and re-
spective volumes of air and tissue measured from the mean CT
number, were not different between groups. In both groups
the volume of tissue was markedly increased when compared
with healthy volunteers (23), suggesting an increase in pulmo-
nary inflammation of an equivalent amount in patients with
and without a lower inflection point. However, the distribu-
tion of aerated, poorly aerated, and nonaerated lung paren-
chyma was different. The proportion of normally aerated lung
was lower (24 6 22% versus 55 6 12%, p , 0.05) whereas the
proportion of poorly aerated lung was greater (40 6 12% ver-
sus 23 6 8%, p , 0.05) in patients with a lower inflection
point. As shown in Figure 3, lung density histograms of pa-
tients with a lower inflection point showed a unimodal distri-
bution with a progressive increase in the volume of the lung
along the Hounsfield unit scale to a maximum peak of 7 6 20
HU. In contrast, lung density histograms of patients without a
lower inflection point had a bimodal distribution with a first

TABLE 2

OVERDISTENDED, AERATED, POORLY AERATED, AND NONAERATED LUNG VOLUMES IN PATIENTS
WITH AND WITHOUT LOWER INFLECTION POINT AT ZEEP AND TWO LEVELS OF PEEP*

Lower Inflection
Point ZEEP PEEP1 PEEP2 PEEP Factor

AN OVA
Grouping Factor Interaction

Total volume, m l 1 2,508 6 660 3,136 6 944 3,341 6 971
2 2,614 6 710 3,578 6 742 3,993 6 823 0.0001 NS 0.02

Normally aerated 1 649 6 723 1,330 6 1,222 1,681 6 1,155
volume, m l 2 1,458 6 642† 2,605 6 605 2,959 6 726 0.0001 0.03 NS

Poorly aerated 1 972 6 327 1,062 6 456 1,121 6 527
volume, m l 2  603 6 271† 533 6 142 495 6 145 NS 0.01 NS

Nonaerated 1 866 6 419 739 6 463 534 6 286
volume, m l 2 538 6 118 351 6 139 306 6 96 0.0001 NS NS

Overdistension 1 2 6 3 6 6 10 15 6 27
volume, m l 2 16 6 19 94 6 95 234 6 213 0.0009 0.01 0.003

Definition of abbreviations: aerated 5 lung volume characterized by densities ranging between 2900 and 2500 HU; lower inflection
point: 1 5 present, 2 5 absent; nonaerated 5 lung volume characterized by densities ranging between 2100 and 100 HU; overdistension 5
lung volume characterized by densities ranging between 21,000 and 2900 HU; PEEP 5 positive end-expiratory pressure; PEEP1 5 lower
inflection point 1 2 cm H2 O or 10 cm H2 O in the absence of a lower inflection point; PEEP2 5 lower inflection point 1 7 cm H2 O or 15 cm
H2 O in the absence of a lower inflection point; poorly aerated 5 lung volume characterized by densities ranging between 2500 and 2100
HU; ZEEP 5 zero end-expiratory pressure.

* Values presented are means 6 SD .
† p , 0.05 comparing patients with and without a lower inflection point at ZEEP.

Vieira Am J Respir Crit Care Med 1999

Non, majorité du poumon est aéré malgré Paw < LIP !



« LIP causé par excès de pression pleurale » ?

ikhYCh I957 PULMONARY VOLUME-PRESSURE HYSTERESIS 

considerations .5 The tension developed in a 
liquid-gas surface can result in a pressure 
difference between the two sides of the surface 
only to the extent that the surface is curved. 
The smaller the radius of curvature, the 
greater will be the pressure difference required 
to maintain the curvature; accordingly, as air 
is forced along successively smaller branches 
of the bronchial tree during inflation from 
the air-free state, the pressures opposing 
surface tension must increase. At the entrance 
of the terminal bronchioles into the alveolar 
ducts the wall radii abruptly increase (9). 
Further movement of air to points of larger 
radii beyond would be associated with a local 
fall in pressure . Air should then continue to 
flow, inflating the units beyond until a new 
equilibrium is reached, when the airway 
pressure is balanced by the opposing forces of 
local elastic elements and the surface forces of 
the expanded unit. 

Such a train of events would contribute to 
irregular expansion of the lungs, to the extent 
that the lengths and minimal radii of various 
pathways di ffer. On the other han .d, this 
phenomen on wou ld h .ave no bearing on the 
uniformity of deflation. Whereas the sequence 
of opening would depend chiefly on the 
geometry of the ‘airway,’ the sequence of 
emptying would depend chiefly on the ge- 
ometry and elastic characteristics of the 
terminal units. To the extent that these were 
similar in different parts of the lung, emptying 
would be more uniform in distribution than 
filling. 

Much of the hysteresis of the excised air- 
filled lungs must relate to the irregular ex- 
pansion. During inflation, with sequential 
opening of units, the total number of units 
sharing the total volume increases progres- 
sively. Thus, the lungs become larger, not 
only in the sense of volume change but also in 
terms of the amount of lung tissue sharing in 
the expansion. During deflation the lungs 
remain ‘large,’ in the latter sense, over much 
of the volume range. Accordingly, a given 
volume must be shared by a smaller number of 
units during inflation from the collapsed state 
than during deflation from a larger volume. 

5 Further implications of this mechanism will be 
considered in greater detail in a separate report (8). 

VOLUME 

ML 

0 IO 

FIG. 5. Saline (solid line) and air (dotted line) volume- 
pressure plots obtained in excised dog lungs. 

As the number of units sharing a given volume 
increases, the over-all pressure difference 
decreases. All inflation pressures must there- 
fore be greater than deflation pressures at 
equal volumes, and the result for a complete 
volume cycle would be a volume-pressure 
hysteresis loop. 

The degree of hysteresis observed in viva, 
particularly when inspirations were started 
from levels approaching the residual volume 
of the lungs, was far greater than that ob- 
served in excised saline-filled lungs, and it 
may be concluded that most of the lungs’ 
hysteresis observed in vivo during slow deep 
volume cycles relates to surface phenomena 
and not to nonreversible stress-s train charac- 
teris tics of tissue elements. In excised air- 
filled lungs 
nonuniform 

hysteresis 
expansion 

was associated with 
of the lungs. It is 

possible that i~z vivo hysteresis also reflects 
closure of some units due to surface forces as 
lung volume is reduced, with subsequent ir- 
regular expansion during inflation. 

If this is correct the functional residual 
capacity takes on added physiologic impor- 
tance, and an occasional sigh may have more 
than emotional significance. In the upright 
position the lungs are substantially inflated at 
the end of expiration and from time to time 
are subjected to inflations we1 1 bey .ond the 
resting tidal vol ume range. Both factors 
should tend to prevent closure of units within 
the lungs. On the other hand, it is possible 
that recumbency with its attendant reduction 
of lung volume may potentiate such closure, 
and red .uction of inspiratory volume reserve, 
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Non, le LIP existe dans un modèle animal ex-vivo (poumons explantés)



« Nouveauté »: Réinterprétation de la courbe
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Quelle est la compliance à 
ce niveau de pression?

38 mL

16 cmH2O

2.4 mL/cmH2O

Compliance du circuit testé!

Chen Am J Respir Crit Care Med 2018



Hypothèse
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Pression d’ouverture des 
voies aériennes (AOP)

Voies aériennes 
complètement 

fermées
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1) Pas d’effort respiratoire
2) PEEP 5 cmH2O
3) Baisser la fréquence respiratoire à 8/min
4) Attendre que Vti=Vte

Fonction courbe PV bas débit 
inspiratoire du ventilateur

Courbe Pression-temps avec 
débit < 10 L/min

Identifier la fermeture des voies aériennes



Courbe Pression-temps bas débit

Début de la courbe de Paw linéaire = Pas de fermeture des voies aériennes



Courbe Pression-temps bas débit

Inflexion au début de la courbe de Paw = Fermeture des voies aériennes

AOP





Épidémiologie

Référence N= Prévalence AOP (cmH2O)
Yonis Am J Respir Crit Care Med 2018 65 32% 11 ± 3; 8 ± 1

Coudroy Intensive Care Med 2019 23 48% 9 [7-12]

Chen Am J Respir Crit Care Med 2020 45 33% 5 à 20

Coudroy Anesthesio 2020 51 41% 10 [9-13]

Haudebourg Am J Respir Crit Care Med 2020
30
30

40%*
11%

8 [5-10]
5 [5-9]

Guérin J Appl Physiol 2020 25 52% 9 [8-15]

Brault J Crit Care 2021 27 44%* 8 [7-10]

Beloncle/Brault/Carteaux/Coudroy/Cour/Dres/
Pham/Piquilloud (non publié) 272 25%* 7 [6-10]

* COVID

Environ 30% des patients
AOP médiane ~ 8-10 cmH2O





Conséquences mécaniques
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Conséquences lésionnelles possibles?

Muscedere Am J Respir Crit Care Med 1994

Rouby Intensive Care Med 1993

Lésions bronchiolaires liées à l’ouverture et à la fermeture 
répétées des voies aériennes à chaque cycle respiratoire

Lésions bronchiolaires décrites dans séries autopsiques

Il faut probablement régler la PEP au dessus de la pression 
d’ouverture des voies aériennes



Recrutement alvéolaire
Quelles nouveautés?



Rappel sur le concept de « baby lung »

Gattinoni Intensive Care Med 2005

à PEEP 5 cm H2O



Intérêt de recruter des alvéolesY Y
Risque de surdistension

élevé
Risque de surdistension

moindre





Evaluation du recrutement alvéolaire

Gattinoni New Engl J Med 2006 Lu Crit Care 2006

Titration de PEP

Frerichs Thorax 2017 Suter New Engl J Med 1976

« Nouveauté »: évaluation au lit du malade sans autre dispositif 
que le respirateur (et une calculatrice)



↑ PEP 10 cmH2Ox 10 cmH2O

Principe théorique (fin d’expiration)Y30 mL/cmH2O Y
Volume fin d’expiration 

(EELV)
EELV + 

+ XX mLEELV + 300 mL



Patient « recrutable » (fin d’expiration)Y30 mL/cmH2O Y
Volume fin d’expiration 

(EELV)
EELV + (30 mL/cmH2O x 10 cmH2O)

= EELV + 300 mL + XX mL

↑ PEP 10 cmH2O

+ XX mL



Patient « non recrutable » (fin d’expiration)Y30 mL/cmH2O Y
Volume fin d’expiration 

(EELV)
EELV + (30 mL/cmH2O x 10 cmH2O)

= EELV + 300 mL + XX mL

↑ PEP 10 cmH2O



Evaluation de la recrutabilité au lit du maladeY Y
↓ PEP 10 cmH2O

Sur 1 cycle respiratoire

Grand volume expiré

Volume inspiré à PEP élevée

EELV prédit: Compliance à PEP basse x ↓PEP

Volume dérecruté éventuel



Volume dérecruté

Dépend de l’importance de la baisse de PEEP

Normaliser le volume dérecruté au ∆ PEEP

𝑉𝑜𝑙 𝑑é𝑟𝑒𝑐𝑟𝑢𝑡é
∆ 𝑃𝐸𝐸𝑃 = 𝐶!"#$"% &é()*(#+é



Compliance du poumon dérecruté

Rapporter à la compliance à PEEP basse (baby lung)

𝐶!"#$"% &é()*(#+é
𝐶,-,. /#%0

= ⁄𝑅 𝐼 𝑟𝑎𝑡𝑖𝑜

R/I ratio

0.5

plutôt recrutableplutôt non recrutable
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Mais s’il y a une fermeture des voies aériennes

∆𝑃𝐸𝐸𝑃 ≠ 𝑃1-#+) − 5 𝑐𝑚𝐻2𝑂∆𝑃𝐸𝐸𝑃 = 𝑃1-#+) − 𝐴𝑂𝑃 𝐶,-,. /#%0 =
𝑉+

𝑃!/-+ − 𝐴𝑂𝑃
𝐶,-,. /#%0 ≠

𝑉+
𝑃!/-+ − 𝑃𝐸𝐸𝑃+

Pour le calcul du R/I ratio, il faut prendre en compte l’existence d’une 
fermeture des voies aériennes (et donc faire une courbe PV bas débit)
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En pratique



PEEP 15, s’affranchir de l’auto-PEEP



Dérecrutement entre PEEP 15 et 5



Mécanique à PEEP 5 et courbe PV



Vti PEEP 15= 405 mL

Grand Vte lors baisse de PEEP= 1217 mL

Pas de fermeture des voies aériennes

A PEP 5, Pplat= 12 cmH2O

𝑉!"# = 1217 − 405 −
400
12 − 5

× 15 − 5 = 1217 − 405 − 571 = 241 𝑚𝐿

𝐶$%&'%( )é!"#!&+é =
241
15 − 5

= 24,1 𝑚𝐿/𝑐𝑚𝐻,𝑂

⁄𝑅 𝐼 𝑟𝑎𝑡𝑖𝑜 =
24,1
400

(12 − 5)

=
24,1
57,4

= 0,42

https://rtmaven.com
https://app.sdrapps.fr/riRatio

https://rtmaven.com/
https://app.sdrapps.fr/riRatio


Les « nouveautés » en ventilation

Fermeture complète des voies aériennes

Courbe pression-volume bas débit à PEEP 5 cm H2O

PEEP > AOP?

Le patient est-il « recrutable » ?

R/I ratio (manœuvre de dérecrutement + courbe PV)

Réglage de PEEP selon R/I ratio?



Merci de votre attention


