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Intrinsic PEEP: a cause of  inspiratory muscle ineffectivity 
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Abstract. Intrinsic PEEP has been described as an in- 
spiratory threshold load to the inspiratory muscles 
that could increase the work of  breathing. We report 
a patient who presented ineffective inspiratory efforts 
to trigger the ventilator; when we applied PEEP in 
similar amounts of  measured intrinsic PEEP, his in- 
spiratory efforts became able to trigger the ventilator, 
suggesting that the inspiratory load was alleviated. 
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Intrinsic PEEP (PEEPi), or "auto-PEEP",  is uninten- 
tional positive end-expiratory pressure (PEEP) that 
occurs at the alveolar level in some mechanically ven- 
tilated patients when an incomplete exhalation occurs 
[1, 5]. PEEPi  is proport ional  both to tidal volume and 
mechanical time constant of  the respiratory system 
(i.e. the product of  respiratory resistance and com- 
pliance), and inversely related to expiratory time [2]. 

Inspiratory muscles must generate a negative 
pressure equal in magnitude to the elastic recoil 
pressure of  the lung plus the triggering pressure before 
an assisted ventilator breath can be initiated. This 
added workload may produce inspiratory muscle 
fatigue, in patients with poor  respiratory muscle func- 
tion [3, 4]. 

We report a postsurgical patient whose inspiratory 
muscle strength could only trigger the ventilator for 
half  of  her inspiratory efforts, and how this problem 
was resolved when a PEEP  similar to PEEPi  was set 
in the ventilator. 

Case report 

A 70-year-old white female, with a history of COPD, 
was admitted to the hospital for evaluation of  an intra- 

abdominal  mass. A pressumptive diagnosis of  pan- 
creatic cystoadenoma was made. She underwent a pan- 
creatoduodenal resection that confirmed the diagno- 
sis. Her postoperative course was complicated by 
hemodynamic instability, requiring dopamine infu- 
sion and prolonged mechanical ventilation. Approx- 
imately 2 weeks after surgery, she was slowly weaned 
without incident. She was discharged a month after 
admission. 

During the mechanical ventilation period in the 
assist-control mode (Servoventilator Siemens 900 C, 
FiO2: 0.4, without PEEP, VT: 700 ml, RR : 15 × ', I : E 
1:2,3), whilst the patient had normal  arterial gases, 
she performed a number of  inspiratory efforts as 
evidenced by intercostal muscle contractions and 
thoracoabdominal  discoordination. However, about a 
half  of  such efforts were unable to trigger the ven- 
tilator, despite maximal sensitivity ( - 0 . 5  cm H20). 

We measured flow (3) and volume (V) by means of  
a pneumotacograph,  and airway pressure (Paw) and 
esophageal pressure (Peso) with differential pressure 
transducers (Fig. 1). During each expiration we detec- 
ted pressure oscillations in the Paw tracing, correspon- 
ding to clinical ineffective inspiratory effort. These ef- 
forts were unable to trigger the ventilator (see Fig. 1). 
These Paw oscillations were synchronous and almost 
equal to the Peso tracing. The flow signal correspon- 
ding to the ineffective inspiratory efforts only reached 
zero flow, but failed to became inspiratory because the 
inspiratory valve remained closed. Following each in- 
effective inspiratory efforts there was an "expiration" 
of  the previously inspired volume. 

We found a 5 cm H20 PEEPi  by occluding the 
airway at the end expiration as described by Pepe and 
Marini [5], so we added a PEEP level similar to the 
measured PEEPi. After that all the inspiratory efforts 
were able to trigger the ventilator, decreasing the con- 
traction rate of  the respiratory muscles from 34/rain to 
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Fig. 1. Flow (1/min), Peso (cmHzO), Volume (L), and Paw 
(cm H20) curves in the reported patient 

21/min, (thus saving 13 ineffective inspiratory efforts 
each minute) and the thoracoabdominal discoordina- 
tion disappearing. The P(A-a)O2 remained unchang- 
ed with this level of  PEEP (PAO2:94 PACO2:35 vs 
previous PaO2 : 90, PaCO 2 : 40). 

Discussion 

This case illustrate another form to improve pulmo- 
nary mechanics in critically ill mechanically ventilated 
patients showing PEEPi with weak or fatigued 
respiratory muscles. 

In those patients having an elevated gradient be- 
tween alveolar and mouth pressures (PEEPi), efforts 
should be directed to diminish this gradient and avoid 
superimposed respiratory workload. This goal may be 
achieved with measures directed to decrease alveolar 
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Fig. 2. A theoretical explanation of the effect of external PEEP in 
patients with PEEPi. Solid lines: mouth pressure. Dotted lines: 
alveolar pressure. Ineffective inspiratory effort. In the last cycle ex- 
ternal PEEP was applied 

pressure, such as administration of bronchodilators or 
increasing expiratory time of  the ventilator. 

When PEEPi  persists despite an optimal phar- 
macologic treatment and ventilatory pattern, we sug- 
gest that an external PEEP, sinlilar to PEEPi, should 
be set in the ventilator to reduce the gradient between 
alveolar and mouth pressures by increasing mouth 
pressure. 

With the use of PEEP, all the inspiratory efforts 
were effective to trigger the ventilator. We assumed 
that external PEEP diminished the gradient between 
alveolar and mouth pressures, allowing the respiratory 
muscles to perform enought negative airway pressure 
to trigger the ventilator (Fig. 2). With this improved 
effectivity, the contraction rate fell from 34 to 21 per 
min, thus increasing the muscle relaxation time, sug- 
gesting an additional improvement in the diaphragma- 
tic perfusion time, which is a well known mechanism 
to prevent respiratory muscle fatigue [3, 4]. 

In patients with poor respiratory muscle function 
who present some ineffective inspiratory efforts, in the 
assist-control mode, we recommend to measure the 
PEEPi  and to try if the use of external PEEP in the 
ventilator, in similar magnitude to the measured 
PEEPi  improves the inspiratory muscle effectivity. If 
the measure of PEEPi  is not available, it would be 
useful to use progressive PEEP levels until the ineffec- 
tive inspiratory efforts disappear. A possible limita- 
tion of this use of PEEP could be the induced incre- 
ment in intrapulmonary volume if the patients were 
hyperinflated; with the lack of  direct data about 
pulmonary volumes in our patient this question re- 
mains controversial. Carefully designed, controlled 
studies are needed to define whether intrapulmonary 
volume increase in PEEPi patients with the use of  
PEEP. 
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