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Introduction

Extrinsic positive end-expiratory pressure (PEEP) ap-
plied to the patient at the airway opening is used artifi-
cially to increase end-expiratory lung volume. Extrinsic
PEEP is increased or decreased in small increments in
ventilator-dependent patients because of its marked ef-
fects on cardiorespiratory status. Unintentional or un-
measured end-expiratory hyperinflation, called intrinsic
or auto-PEEP, can also occur and have similarly marked
profound cardiorespiratory effects in ventilator-depen-
dent patients during controlled mechanical ventilation.
Ventilatory settings can interact with the passive process
of expiration and generate intrinsic or auto-PEEP [1, 2].

What is intrinsic (or auto-) PEEP?

During passive expiration of the lungs the elastic forces
of the respiratory system are the driving forces and can
be described by the relationship between lung volume
and the elastic recoil pressure of the respiratory system.
The lower the elastic forces, or the higher the resistive
forces, the longer will be the time needed to fully expire
the inspired tidal volume. In a single-compartment
model of the lung in which the lung behaves as if it has a
single resistance and compliance, the volume at any
given time during expiration (V) is described by the
monoexponential equation, V=V ~Ve-*, where k is the
time constant of the equation and is the product of resis-

tance times compliance (the reverse of elastance), and V,
is the end-inspiratory volume. In practical terms a time
constant is the time required for the lungs to expire 63%
of their initial volume. Thus the time needed passively to
expire the inspired tidal volume is determined by the two
main characteristics of the respiratory system: elastance
and resistance. If expiration is interrupted before its nat-
ural end, i.e., by occurrence of the next inspiration, end-
expiratory lung volume is higher than the so-called re-
laxation volume of the respiratory system, usually re-
ferred to as functional residual capacity. As a result the
alveolar pressure at the end of expiration is higher than
zero (zero being the atmospheric pressure), as predicted
by the relationship between lung volume and the elastic
recoil pressure of the respiratory system. This process is
called dynamic hyperinflation, and the positive end-expi-
ratory alveolar pressure associated with a higher than
resting lung volume, is called intrinsic or auto-PEEP. Im-
portantly for the clinician, this pressure is not directly
measured at the airway opening and is thus not shown on
the pressure dial of the ventilator. What the ventilator
measures is the pressure in the ventilator circuit. Because
the direction of the flow is still expiratory, the pressure
measured by the ventilator at the end of expiration re-
flects only the relationship between flow and the resis-
tance of the expiratory line, above the set PEEP. It does
not give the clinician any information about the real al-
veolar pressure.

How one can suspect the presence
of intrinsic (or auto-) PEEP

The presence of a positive alveolar pressure higher than
the atmospheric pressure or higher than the external
PEEP set on the ventilator (which is a new “reference
pressure” for the lungs) can be identified by inspection
of the expiratory flow-time curve. When the expiratory
time is sufficient for lung emptying, expiratory flow de-
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Fig. 1 Tracings of flow (V) and airway pressure (Paw) at the air-
way opening during volume controlled (VC), pressure-controlled
(PC), and pressure-controlled inverse ratio ventilation (PCIRV). In
the first two situations the expiratory flow declines gradually to
zero; in the third case inspiration is lengthened by the inverse ratio
setting and expiration shortened; the expiratory flow is abruptly
interrupted, indicating the presence of dynamic hyperinflation and
intrinsic or auto-PEEP. (From Lessard et al. [3])

clines from a maximum to zero or to the set PEEP. An
interruption in this process results in an abrupt change in
the slope of this curve, immediately continued by the
next inspiratory flow. In other words, the next “inspira-
tion” starts during “expiration.” Since the ventilator,
which cannot generate flow into the patient’s lungs until
the pressure at the airway opening exceeds the end-expi-
ratory alveolar pressure, one way in which to measure
intrinsic or auto-PEEP is to determine the airway pres-
sure at the exact time of inspiratory flow. One can mea-
sure the intrinsic PEEP level by simultaneously record-
ing airway pressure and flow data using a high-speed
tracing. Figure 1 illustrates how shortening the expirato-
ry phase generates such dynamic hyperinflation [3].

sure in the alveoli minus pressure at the airway opening)
on which is based the equation, disappears. In the setting
of expiratory flow-limitation, the expiratory time re-
quired to minimize intrinsic PEEP is much longer than
predicted by the time constant alone. By minimizing in-
spired minute ventilation the clinician can minimize in-
trinsic (auto-) PEEP.

Can intrinsic (or auto-) PEEP be reliably measured?

Since the reason for the presence of intrinsic PEEP is
flow-dependent pressure gradients from the alveolus to
the airway opening, occluding of the expiratory port of
the ventilator at the exact end of expiration causes air-
way pressure to equilibrate rapidly with alveolar pres-
sure and reliably measure the end-expiratory alveolar
pressure. This occlusion takes place at the exact time
where the next inspiration should start and is now avail-
able on most modern ventilators (“expiratory hold or
pause”). If the patient is fully relaxed, this pressure mea-
surement reflects the mean alveolar pressure at the end
of expiration. Most of the time a plateau is reached after
less than 1 s, but in the case of inhomogeneous lungs this
pressure may require a few seconds to also reflect some
very slow compartments. This airway occlusion pressure
may not be homogeneously present in the whole lung but
represents an average pressure of all regional levels of
end-expiration alveolar pressure. Usually the difference
between the expiratory pause airway pressure and the set
external PEEP is called intrinsic or auto-PEEP, while the
measured pressure is referred to as total PEEP.

Is the level of intrinsic (or auto-) PEEP predictable?

If one assumes the respiratory system to be homogene-
ous and behave as a single compartment, a monoexpo-
nential equation can be used. By simple mathematics it
takes three time constants (one being the product of re-
sistance and compliance) to expire 96% of the inspired
tidal volume. Therefore any longer expiratory time mini-
mizes or fully avoids incomplete emptying. For instance,
a resistance of 10 cmH,0.1-1.s-! and a compliance of
100 ml.emH,0-! (0.1 l.cm H,0-!) results in a time con-
stant of 1 s. Thus 3 s represents the minimal expiratory
time needed to avoid intrinsic or auto-PEEP. Unfortu-
nately, the diseased lungs are not only frequently inho-
mogeneous, making this calculation overly simplistic,
but the presence of small airway collapse during expira-
tion, also referred to as expiratory flow limitation, makes
this even more complicated. Because of an abnormal
structure of the small airways, when the pressure sur-
rounding these conducts becomes higher than the pres-
sure inside the airway, these small conducts collapse.
The relationship between the “driving pressure” (pres-

Can the set external PEEP influence the total PEEP
in the case of dynamic hyperinflation?

A frequent confusion is the belief that external PEEP
could be useful in reducing the level of dynamic hyper-
inflation because it helps to reduce the value of auto- or
intrinsic PEEP. Obviously this is not the case. The effect
of external PEEP is to minimize the difference between
the alveolar and the ventilator proximal airway pressure.
This difference being called intrinsic or auto-PEEP, ex-
ternal PEEP application results in a decreased intrinsic
or auto-PEEP. The level of dynamic hyperinflation, how-
ever, depends on the level of total PEEP and is either not
influenced by external PEEP when external PEEP is less
than intrinsic PEEP or is even worsened if external
PEEP is set higher than the minimal level of regional in-
trinsic PEEP.
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