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Lung mechanics deal with the forces which are needed to move air in and out of the lungs. However, these
forces are also due to the condition of the chest wall and I will therefore discuss both the mechanics of the lungs
and the chest wall, i.e., the respiratory mechanics.

The forces are needed to counteract 1) the resistance to airflow in the airways and 2) the elastance of the
lungs and of the chest wall. To be able to describe these forces it is necessary to measure 1) airflow — lung
volume change, 2) pressure in the airways and, 3) an estimate of the pleural pressure, usually from esophageal
pressure 

Respiratory mechanics can be measured either under “no flow — static” or dynamic conditions. 

“STATIC” MEASUREMENTS

Static measurementa are usually made by slow or interrupted insufflations of air into the lungs under
simultaneous registration of airway (and sometimes esophageal) pressure and volume changes. From these
registrations a static pressure-volume (PV) curve or loop is constructed (figure 1).

The purpose of measuring under “static” conditions is to decrease the influence of resistance (which is
present during airflow) as much as possible, in order to examine the elastic forces of the respiratory system.
However, true static conditions are not possible to achieve because of the visco-elasticity of the lungs and the
effect of gas exchange.

A PV-loop can be divided in an inspiratory and an expiratory part. The inspiratory part can, at least under
pathological conditions, be divided into three parts: 1) a part at low pressures with low compliance (volume
change/pressure change), 2) a part at higher pressures with high compliance, and 3) a part with low compliance
at the highest airway pressures. The “knee” between 1) and 2) is commonly called “lower inflexion point (LIP)”
or “Pflex”, and the “knee” between 2) and 3) the “upper inflexion point (UIP)”. The expiratory part may be
divided in two parts: 1) a part with low compliance at the high airway pressures, and 2) a part with high
compliance at somewhat lower airway pressures. The “knee” between these two parts is named “collapse
pressure (CP)”.

FIGURE 1

Figure 1. A static pressure volume loop obtained during slow insufflation and exsufflation of the lungs. 
LIP = lower inflexion point, UIP = upper inflexion point, CP = collapse pressure
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MYTH

Lower inflexion point represents the pressure at which all lung regions are open and is therefore useful
when setting PEEP.

REALITY

Probably not.

Originally, it was thought that LIP represented the end of lung recruitment process (all lung regions are
open), the part of the curve between LIP and UIP distension of the lungs and the part at higher pressures than
UIP overdistension. However, LIP does not represent the end of lung recruitment process, but instead the start
of the lung recruitment process [1,2]. The part of the curve between LIP and UIP represents both lung
recruitment (which gives a high compliance) and distension of already open lung regions [1,2,3,4,5].
Furthermore, LIP is dependent on the compliance of the chest wall and particularly on the compliance of the
abdominal-diaphragmic part of the chest wall [6]. This is in its turn dependent on the intra-abdominal pressure.
In fact, in patients with abdominal compartment syndrome, LIP may only indicate the level of intra-abdominal
pressure [Manu Malbrain, personal communication]. Also, if the patient has an obstructive lung disease or is
intubated with an endotracheal tube with a small inner diameter, and not enough time is given for expiration
before an inspiratory PV-curve is registered, LIP might only show the level of auto-PEEP [7]. Moreover, if the
flow rate during insufflation is too high, the pressure at LIP only represents the pressure needed to overcome the
flow resistance in the endotracheal tube and in the airways and not the start of lung recruitment. 

Hence, LIP does not theoretically indicate the pressure for optimal PEEP [8]. However, it might
incidentally show the same pressure as at the collapse pressure (CP). CP is the pressure where the lungs start to
lose volume that in collapse-prone lungs is caused by de-recruitment. Ideally, if ‘the open lung approach’ is
considered, PEEP should be set by using the pressure at CP [9].

MYTH

Upper inflexion point indicates the pressure at which overdistension occurs.

REALITY

Overdistension occurs also at lower pressures.

Upper inflexion point (UIP) shows the pressure where compliance starts to decrease and was therefore
thought to indicate the pressure at which overdistension starts. However, overdistension of a lung unit is due to
a high local trans-pulmonary pressure. Because there is a gradient of increasing trans-pulmonary pressures from
dependent to non-dependent lung regions, the local trans-pulmonary pressures in the non-dependent regions
could be quite high causing overdistension already at airway pressures much lower than UIP [10].

MYTH

Upper inflexion point shows the end of the lung recruitment process.

REALITY

To recruit the most severely collapsed lung regions, higher airway pressures are needed.

Upper inflexion point (UIP) is usually located at airway-pressures of 25-30 cmH2O. Rothen and coworkers
have shown that an airway pressure above 40 cmH2O is needed in cardio-pulmonary healthy patients to open up
anesthesia-induced atelectasis [11]. In patients with ARDS even a higher pressure is necessary to achieve
adequate lung recruitment [12] and sometimes a pressure as high as 60 cmH2O is required [13]. Thus, UIP does
not indicate the pressure at which recruitment ends.

MYTH

Esophageal pressure is equal to the intra-pleural pressure.
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REALITY

The intra-pleural pressure is different in different parts of the pleura, and the esophageal pressure might at
best represent the intra-pleural pressure at the point of measurement.

Esophageal pressure, measured by use of a balloon in the lower esophagus, has been considered as an
adequate estimate of the pleural pressure. There are several problems with esophageal measurements. First, to
get a correct value, the balloon has to be filled with a very small volume of air and if the balloon is over-inflated,
the pressure is overestimated. Second, the balloon has to be located just above the diaphragm. Due to the
technique to evaluate the position of the balloon, this might be difficult to achieve when the patient is artificially
ventilated. Third, even if the above procedures are made correctly, the measurement might not reflect the pleural
pressure. When the patient is positioned supine, the mediastinal structures will compress the esophagus and the
pressure in the esophagus will be positive at zero end-expiratory airway pressures [14,15]. If this pressure would
be similar to the local pleural pressure, the local trans-pulmonary would be negative indicating atelectasis
formation. However, in normal cardio-pulmonary healthy spontaneously breathing subjects atelectasis is not
formed just by the supine position. Although the absolute values of esophageal pressures might not correctly
represent the absolute pressures in the pleural space in the supine position, there are strong indications that the
changes in esophageal pressure with ventilation or pressure-volume maneuvers adequately reflect the changes
in pleural pressures [4].

MYTH

Infants have lower lung compliance than adults.

REALITY

This is true only if the absolute volume is considered, but not if compliance is related to total lung capacity
or functional residual capacity (specific compliance).

The lower the lung volume, the lower is the lung compliance. However, this indicates only that the increase
in pressure for a specific volume is more in a small lung than in a large lung and not anything about the elastic
structures of the lung. An infant has lower lung compliance, but if this is related to the size of the lungs, an infant
has higher lung compliance than an adult suggesting that an infant´s lung is less elastic [16].

MYTH

A low chest wall compliance indicates that a low compliance of the respiratory system is due to extra-
pulmonary conditions.

REALITY

Even if the primary problem is a stiff chest wall, a low compliance of the respiratory system is usually due
to both the chest wall and the lungs, particularly when a low chest wall compliance is caused by a high intra-
abdominal pressure, compressing the diaphragm.

Chest wall restriction will reduce the size of the lungs and cause atelectasis. For example, when the intra-
abdominal pressure increases, the diaphragm is pushed up in the thorax at end-expiration, producing atelectasis
in dependent and basal lung regions. The atelectasis formation decreases the size of the lungs and thus also the
compliance of the lungs. Hence, the decreased compliance of the lungs will contribute to the reduced
compliance of the respiratory system under these conditions.

DYNAMIC MEASUREMENTS

MYTH

Dynamic ventilator loops are useful for evaluation of lung function.

REALITY

The loops reflect the dynamic pressure-volume (PV) relations of the ventilator tubing and the endotracheal
tube, and only in a lesser extent of the lungs.
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The pressure shown on ventilator monitor is commonly measured in the ventilator tubing. During pressure
controlled ventilation, the pressure in the tubing increases to the preset inspiratory pressure before flow starts
and the volume increases in the lungs, and during expiration the pressure decreases rapidly to the PEEP-level
before the expiratory flow starts and the volume decreases. Thus, the PV-loop seen on the ventilator monitor is
square-like and does not reflect anything about the conditions in the lungs [17]. During volume controlled
ventilation, the pressure in the tubing rapidly increases to the pressure needed to overcome the resistance in the
tubing and the airway before the flow starts. The ascending part of the P-V loop reflects the compliance of the
lungs and of the ventilator tubing. However, if an active humidifier is used, the compliance of the tubing-system
may be substantial (up to 4 cmH20/ml). The expiratory part of the curve is similar to the one obtained during

volume controlled ventilation.

MYTH

Quasi-static breath –by-breath compliance reflects lung compliance.

REALITY

It might do so, but is highly influenced by many other factors which should be considered. 

First, the chest wall compliance, which can be quite low in ARDS, is included in the calculation. Second,
usually the end-expiratory pressure is not obtained after a short pause, disregarding auto-PEEP. Third, breath-
by –breath compliance is highly affected by lung recruitment, the PEEP-level as well as the tidal volume.

MYTH

PEEP recruits collapsed lung regions.

REALITY

PEEP does not recruit, but prevents de-recruitment of collapse-prone lung regions.

Recruitment is an inspiratory phenomenon (i.e. dependent on the inspiratory pressures and not on PEEP).
On the other hand, de-recruitment is an expiratory phenomenon which might be prevented by a PEEP set above
the pressure at which de-recruitment occurs.

Recruitment of collapsed lung regions depends on the regional trans-pulmonary pressure, i.e. the alveolar
(airway) pressure minus the local pleural pressure. In acute respiratory distress syndrome (ARDS), to recruit
collapsed lung this pressure (opening pressure) has theoretically to be between 14 and 20 cmH2O. In ARDS the
pleural pressure increases markedly from non-dependent to dependent lung regions due to the compressing
forces of the weight of the edematous lung, the mediastinum as well as the abdominal pressure. The airway
pressure needed to produce adequate trans-pulmonary opening pressures is therefore higher in the dependent
parts of the lung and is usually above 45 cmH2O in adult patients with ARDS. Hence, in order to recruit basal
lung collapse, inspiratory airway pressures has to be above this level [12,13]. However, the trans-pulmonary
pressure at which the lungs start to collapse again (collapse pressure, see above) is lower than the opening
pressure [3,9] and  the positive end-end expiratory airway pressure needed to prevent de-recruitment (of
dependent lung regions) is therefore only 10-20 cmH2O.  Without an adequate PEEP, the lungs would
immediately collapse after recruitment [17] and PEEP is for that reason an important part of the lung recruitment
process. 

An explanation to the belief that PEEP causes lung recruitment might be the common procedure to set
PEEP.  When setting PEEP during pressure controlled ventilation, the pressure above PEEP is not usually
adjusted downwards and during volume controlled ventilation the tidal volumes are not reduced. This will
generate a higher inspiratory pressure and thus increased trans-pulmonary pressures which will recruit denser
lung collapse and the higher PEEP will then prevent de-recruitment of these newly recruited lung regions.

CONCLUSION.

There are many myths in medicine including respiratory mechanics. However, what is considered as a myth
today might be a reality tomorrow and vice versa. 
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