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"Intrinsic" PEEP (PEEPi): role of expiratory muscles

V. Ninane

In normal subjects breathing at rest, lung volume at
end-expiration corresponds with the elastic equilibrium
volume, or relaxation volume (Vr), of the respiratory
system. If expiratory duration is not long enough, then
inspiration may begin before the system has returned to
Vr, such that end-expiratory lung volume is higher than
Vr. This condition is named dynamic pulmonary hyper-
inflation and "intrinsic" positive end-expiratory pressure
(PEEPi), also called auto PEEP, corresponds to the elas-
tic recoil of the lung at end-expiration [1, 2].

In the spontaneously breathing subject, this dynamic
hyperinflation occurs mainly when the rate of lung emp-
tying is decreased owing to high respiratory resistance or
flow limitation. The highest degrees of dynamic hyper-
inflation are, thus, encountered in patients with airway
diseases, particularly chronic obstructive pulmonary dis-
ease (COPD) patients. In the ventilated patient, external
determinants may also induce dynamic pulmonary hy-
perinflation, or increase the magnitude of dynamic hy-
perinflation that was already present before the onset
of mechanical ventilation. These additional external de-
terminants include a preceding inflation volume that is
too large, a time available for expiration that is reduced
or a decreased rate of lung emptying owing to high re-
sistance associated with the tube, the ventilator tubing
or devices [3].

Dynamic pulmonary hyperinflation has important pa-
thophysiological and therapeutic implications mainly
in critical care medicine [3]. In particular, it implies that
as the inspiratory muscles start to contract they must first
offset the elastic recoil pressure of the system before in-
spiratory flow can begin and lung volume can increase.
PEEPi associated with dynamic pulmonary hyperinfla-
tion thus corresponds to an inspiratory threshold load
and is associated with an increased inspiratory work of
breathing. This has led several investigators to give ex-
ternal PEEP or continuous positive airway pressure (CPAP)
in the belief that this would unload the inspiratory mus-
cles and, therefore, reduce the inspiratory work of brea-
thing [4–6].

It must be stressed, however, that PEEPi and dynamic
pulmonary hyperinflation are not always linked. In fact,
alveolar pressure can also remain positive throughout
expiration when the expiratory muscles contract [1, 5].
With respect to this, recent studies have shown that in
many patients with stable but severe COPD [7] as well
as in many mechanically ventilated patients [8, 9], expi-
ration is a mechanically active process. These observa-
tions, thus, provide strong evidence that the active nature
of expiration is an important determinant of PEEPi in

such patients and, therefore, that the importance of dy-
namic pulmonary hyperinflation has been overestimated.
Since a positive end-expiratory alveolar pressure result-
ing from an expiratory muscle contraction does not rep-
resent an inspiratory threshold load, the level of external
PEEP that is needed in such patients must be signifi-
cantly less than conventionally thought. The contribu-
tion of expiratory muscle contraction to the increase in
end-expiratory alveolar pressure has to be taken into ac-
count when applying external PEEP or CPAP to offset
PEEPi or these procedures might, in fact, result in en-
hanced pulmonary dynamic hyperinflation with further
deleterious consequences [4, 10].

In this issue of the European Respiratory Journal,
ZAKYNTHINOS and co-workers [11] report on a method
for detecting expiratory muscle use and quantifying its
contribution to PEEPi. The two points at issue in this
and other studies [7–9] are:
1) How to detect expiratory muscle use? The four dif-
ferent muscles of the anterolateral wall of the abdomen
(i.e. the external and internal oblique, the rectus abdo-
minis and the transversus abdominis muscles) are con-
ventionally thought to be the main expiratory muscles.
It must be stressed, however, that they do not operate as
a unit during breathing [12]. This is well illustrated by
the observation that the contraction of the abdominal
muscles that occurs during expiration in many stable
patients with severe chronic airflow obstruction is usu-
ally confined to the deepest abdominal muscle layer,
namely the transversus abdominis muscle [13]. In con-
trast, during resting breathing, these patients generally
do not contract the muscles of the superficial abdominal
layer (namely, the external oblique and rectus abdominis)
which are clearly not the most prominent abdominal
expiratory muscles [12]. Therefore, when assessing ab-
dominal muscle use with electromyography (EMG), the
activity of the transversus rather than the external obli-
que or the rectus abdominis should be recorded. Surface
electrodes record essentially from the superficial abdom-
inal layers, and these technical reasons probably explain
why previous studies [14–18] using surface electrodes
have reported that COPD patients in general do not show
any abdominal muscle EMG activity. Therefore, to avoid
underestimation of abdominal muscle use with EMG stud-
ies, concentric needle electrodes should be used instead,
and implanted selectively in the transversus abdominis
with the aid of a high-resolution ultrasound scan [12,
13]. For the same reasons, abdominal wall palpation that
explores mainly the superficial abdominal layers may
also underestimate active contraction of the abdominal
muscles. Indeed, palpation failed to reveal expiratory use
of abdominal muscles during resting breathing in 14 out
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of 17 stable patients with severe COPD who showed
EMG evidence of continuous phasic expiratory contrac-
tion of the deeply located transversus abdominis [12].

Apart from invasive EMG studies using needle elec-
trodes, expiratory use of abdominal muscles may also be
inferred from measurements of abdominal pressure and
chest wall motion [19–21]. Indeed, when the abdominal
muscles contract, they pull the abdominal wall inward
and increase abdominal (gastric) pressure. The presence
of this characteristic volume-pressure relationship of the
abdomen during expiration has been shown to be a good
indicator of the presence or absence of significant ex-
piratory activity in the transversus abdominis [7]. This
approach, however, requires the positioning of a gastric
balloon as well as assessment of the respiratory changes
in abdominal dimensions by means of magnetometry [7]
or inductive plethysmography [8].

2) How to correct PEEPi for expiratory muscle contracti-
on? During controlled mechanical ventilation, respiratory
muscles, including expiratory muscles, are presumably
at rest and PEEPi then corresponds mainly to dynamic
pulmonary hyperinflation. In addition, there is no indi-
cation for external PEEP in this condition since there is
no need for inspiratory muscle unloading. In contrast,
expiratory muscle activity may occur and contribute to
PEEPi in conditions of spontaneous breathing efforts,
such as during spontaneous breathing in COPD patients
[7] or assisted ventilation [8, 9]. Firstly, it is important to
stress that even COPD patients in a stable condition are
generally unable to voluntarily diminish the expiratory re-
cruitment of the abdominal muscles when this recruitment
is present [7]. This implies that the only way to suppress
this activity is to administer sedative or paralyzing med-
ication. For obvious reasons, alternative approaches have
been developed to assess the relative contributions of ex-
piratory muscle contraction and dynamic pulmonary
hyperinflation to the positive end-expiratory alveolar
pressure.

The increase in abdominal pressure associated with
abdominal muscle contraction causes the diaphragm to
move cranially into the thoracic cavity, and this dis-
placement, in turn, results in a rise in pleural pressure
(Ppl). On this basis, it seems logical to correct PEEPi
for expiratory muscle contraction by subtracting from
the initial measurement the gastric pressure (Pga) rise
associated with abdominal muscle contraction (i.e. as-
sociated with a decrease in abdominal dimensions). This
reasoning is however based on the assumption that the
diaphragm is relaxed and the increase in Pga is trans-
mitted into an equal increase in Ppl. If this assumption
is correct, the increase in Pga is probably also a good
estimate of the overall mechanical effect of expiratory
muscles. Indeed, it is likely that patients with abdomi-
nal expiratory activity contract additional expiratory mu-
scles, in particular rib cage expiratory muscles such as
the triangularis sterni and the internal interosseous inter-
costals [22]. These muscles may then accentuate the rise
in alveolar pressure caused by the contraction of the
abdominal muscles. Provided this rise in pressure is well
transmitted to the abdominal compartment, one may
assume that the rise in Pga is a good estimate of over-
all expiratory muscle effect.

ZAKYNTHINOS and co-workers [11], in this issue of the

Journal, have used the increase in Pga observed between
the end-inspiratory and peak end-expiratory values, or the
total decrease in Pga at end-expiration, to correct the ini-
tial PEEPi, measured in static conditions (PEEPi,stat) [1],
and during end-expiratory airway occlusion. It must be
stressed, however, that these measurements do not al-
ways reflect expiratory muscle effect with accuracy be-
cause Pga tracing is also affected by the contraction of
the inspiratory muscles. Indeed, the descent of the dome
of the diaphragm during inspiration causes an increase
in abdominal (gastric) pressure. At the end of inspiration,
Pga drops rapidly as the diaphragm relaxes and starts to
rise again while the abdominal muscles become active.
If the time available at end-inspiration for Pga to return
to its relaxation value is insufficient, then the mechani-
cal effect of the abdominal muscles might be underesti-
mated. The same phenomenon can occur at the onset of
inspiration if the descent of the diaphragm causes Pga
to increase before this pressure has returned to its relax-
ation value after the derecruitment of the abdominal
muscles. Figure 1, in the paper from ZAKYNTHINOS and
co-workers [11] in this issue of the Journal illustrates
one example in which such an obvious underestimation
of the mechanical effect of the expiratory muscles oc-
curred.

A different situation may arise in some patients with
acute diaphragm dysfunction and excessive recruitment
of the rib cage inspiratory muscles. In this condition,
Pga may in fact decrease rather than increase during in-
spiration [23] with the consequence that the measure-
ment of the overall Pga rise during expiration may, in
fact, lead to overestimation of the mechanical effects of
expiratory muscle contraction. Such paradoxical move-
ments of the abdomen during breathing have been
described during weaning from mechanical ventilation
[24]. One major limitation to the measurement of expi-
ratory muscle effect by the amount of Pga rise during
expiration is, thus, related to the fact that the relaxation
value of Pga may be required and this measurement can
only be obtained if expiratory muscles are put at rest.

In addition, interpretation of the corrected PEEPi has
to be even more cautious if the initial PEEPi is determi-
ned dynamically (PEEPi,dyn) as the fall in pleural pres-
sure before the inspiratory flow starts [6, 7, 25, 26]. In
fact, PEEPi,dyn is not only influenced by the (static) ela-
stic recoil of the respiratory system but also by varying
(dynamic) factors, including inequality of the time con-
stant of different lung units, such that PEEPi,dyn measu-
rement shows values that are different from the values
of PEEPi,stat [27, 28]. It has been suggested to correct
PEEPi,dyn for expiratory muscle contraction by sub-
tracting from its value either the increase in Pga during
expiration [8], with the limitations discussed earlier, or
the fall in Pga that occurs during the time interval (from
the onset of inspiratory effort to the onset of inspira-
tory flow) in which PEEPi,dyn was measured [9]. These
two approaches clearly differ. Due to the fact that Pga,
at end-expiration, may decrease before the beginning of
the inspiratory effort and may go on decreasing after
the onset of the inspiratory flow, the Pga values obtained
by the latter method are lower than the results obtained
with the former approach. Further studies are, therefore,
needed to validate and compare these methods in order
to correct PEEPi,dyn accurately for expiratory muscle use.
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In summary, assessment of expiratory muscle use and
of its mechanical effect in order to correct PEEPi and
titrate external PEEP with accuracy requires the use of
respiratory inductive plethysmography (or magnetome-
try) and the positioning of a gastric balloon. This ap-
proach is invasive and still has potential limitations. These
factors will undoubtedly limit its widespread clinical
application and, in the absence of a simple measurement
of the degree of dynamic hyperinflation in the actively
breathing patient, some controversy will remain as to the
best level of PEEP or CPAP that should be added in
conditions such as assisted ventilation or weaning [3].

Whatever the best strategy may be, a good understand-
ing of the underlying mechanisms and pathophysiologi-
cal consequences of pulmonary dynamic hyperinflation
is needed. With regard to this, it is important to recall
that, although external PEEP or CPAP may help to reduce
the work of breathing associated with PEEPi, this is true
only in patients with airflow limitation. When pulmonary
dynamic hyperinflation is linked to other determinants
[3], application of an external positive pressure may cause
a further increase in hyperinflation and in its deleterious
consequences [4, 10]. Finally, it is also important to stress
that application of external PEEP does nothing to reduce
the degree of pulmonary dynamic hyperinflation since
it does not relieve its underlying mechanisms. We must
then also pay special attention to therapeutic measures
which may effectively diminish dynamic hyperinfla-
tion, including use of bronchodilator therapy in patients
with airflow diseases, changes in the ventilator setting
and the use of a large bore endotracheal tube [3].
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