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“ EXPIRATION and slow 
decrease of light together 

reaching minimum together ... in 
about 10 s and immediately cry as 
before. Silence and hold for about 
5 s.” In the script for his late play 
“Breath,” Samuel Beckett conveys 
in sound and light his awareness of 
long and vital expiratory times. His 
personal experience with emphy-
sema might have provided some 
of the inspiration. In the current 
issue of ANESTHESIOlOgy, Bellani 
et al.1 propose a new method to 
quantify the respiratory mechani-
cal consequences of these required 
long exhalations in ventilated 
patients and to assess their response 
to positive end-expiratory pressure 
(PEEP).

Auto-PEEP is the positive alveo-
lar pressure in excess of any applied 
PEEP present in some patients’ 
lungs at the end of a passive exha-
lation. It results from incomplete 
pulmonary emptying due mainly 
to increased airway resistance and 
reduced lung elastic recoil, typical of chronic obstructive pul-
monary disease, and potentially worsened postoperatively.2 
Auto-PEEP is related to dynamic lung hyperinflation, that 
is, end-expiratory volumes above the volume of lung elastic 
relaxation, with onset of spontaneous or mechanical inspira-
tion characteristically during an ongoing exhalation.

The main determinants of auto-PEEP are minute venti-
lation, expiratory time, and time constant of the respiratory 
system (i.e., the product of the respiratory system resistance 
and compliance). Increased dyspnea, muscle fatigue, baro-
trauma, hemodynamic compromise, and even cardiac arrest 
are some of the important clinical consequences.3 In patients 
under assisted modes of mechanical ventilation and during 
ventilator weaning, auto-PEEP accounts for a substantial 
increase in patient’s muscle energy expenditure4 and is asso-
ciated with ineffective efforts, that is, inspiratory muscle 

contraction insufficient to trigger a 
ventilator breath. This is due to the 
mechanical load added by auto-
PEEP to the respiratory system, 
which hinders the achievement by 
the patient of usual triggers of ven-
tilatory support, pressures or flows.

Despite its relevance, use of 
auto-PEEP as a variable to guide 
clinical practice in spontaneously 
breathing ventilated patients is lim-
ited due to the difficulty of its mea-
surement which requires absence 
of expiratory muscle activity and 
placement of an esophageal bal-
loon. Neurally adjusted ventilatory 
assist (NAVA) is a ventilatory mode 
that uses the electrical activity of 
the diaphragm (EAdi-derived from 
electrodes from a special esophageal 
catheter) to trigger assisted sup-
port. Because the trigger, cycling, 
and assistance level are all based on 
diaphragm electrical activity and 
not on pressures or flows, it has 
been shown to improve patient–
ventilator synchrony.5

Bellani et al.1 studied whether that electrical activity of 
the diaphragm could also be used to estimate auto-PEEP 
during two spontaneous modes of mechanical ventilation: 
pressure support ventilation (PSV) and NAVA. The authors 
measured the EAdi at the onset of inspiratory flow (denomi-
nated auto-EAdi) in 10 patients with suspected auto-PEEP 
and showed that auto-EAdi followed closely auto-PEEP in 
individual patient analysis. The variable relation between 
EAdi and the pressure generated by the respiratory mus-
cles among patients was elegantly addressed by calibrating 
the EAdi to the negative deflection in the proximal airway 
pressure during an inspiratory effort against closed inspira-
tory and expiratory valves.6 The authors concluded that the 
auto-EAdi provides a simple and reliable tool for continu-
ously monitoring the presence of dynamic auto-PEEP at the 
bedside.
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“This knowledge strength-
ens the methods for investi-
gation and bedside practice 
on the important clinical 
goal of minimizing  patients’ 
auto-PEEP.”

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/121/3/447/369681/20140900_0-00010.pdf by guest on 19 M

ay 2023



Anesthesiology 2014; 121:447-9 448 E. L. V. Costa and M. F. Vidal Melo

Editorial Views

In comparing auto-PEEP measurements during PSV and 
NAVA, it is important to note that during PSV the pressure 
generated by the inspiratory muscles allows for an estimate 
of auto-PEEP. This is because the deflection in esophageal 
pressure from the start of inspiratory effort to the onset of 
inspiratory flow is equal to or slightly greater than the pres-
sure required to counterbalance auto-PEEP.7 As well pointed 
out by the authors, the same is not true during NAVA when 
ventilatory support is triggered by the electrical activity of 
the diaphragm. In this case, the inspiratory esophageal pres-
sure deflection represents a lower boundary and not the 
effective alveolar auto-PEEP, a likely contributing factor for 
the lower auto-PEEP during NAVA and distinct auto-PEEP 
versus auto-EAdi regression lines observed by the authors for 
the two ventilatory modes. Also relevant is the fact that the 
NAVA and PSV groups were matched by equivalent peak 
pressures. Thus, although it is tempting to argue in favor of 
a superiority of NAVA in this work, no specific optimization 
and individualization of PSV or NAVA settings was pursued. 
Accordingly, the results cannot be directly interpreted as a 
final comparison of the best performance of the studied ven-
tilatory modes.

Not all patients with auto-PEEP respond equally to exter-
nal PEEP. Whereas overinflation is usually expected to follow 
the application of PEEP in obstructive patients, a significant 
proportion of these may show a “paradoxical” response with 
decreased functional residual capacity, plateau pressure, and 
total PEEP.8 Indeed, even in the same patient not all lung 
regions respond equally to PEEP,9 consistent with the redis-
tribution of regional lung ventilation in chronic obstructive 
pulmonary disease.10 Some regions can actually deflate with 
higher PEEP, a finding indicative of regional flow limita-
tion.9 The individual response to PEEP will depend on the 
magnitude of auto-PEEP and on the relative contribution 
of regions with and without flow limitation. That deflation 
with application of PEEP actually portrays ultimately the 
main goal of external PEEP in the presence of auto-PEEP: 
airway recruitment. If this is not achieved, PEEP will only 
produce hyperinflation and its consequences.

For these reasons, Bellani et al.’s1 findings of diaphrag-
matic unloading directly proportional to increases in exter-
nal PEEP should be interpreted cautiously. Even though 
they might suggest that higher external PEEP was always 
beneficial by reducing auto-PEEP, total PEEP, and the pos-
sibility of hyperinflation should be considered. Whereas 
individual measurements of total PEEP as a function of 
external PEEP were not presented, on average increasing 
external PEEP from 0 to 14 cm H2O caused only a mod-
est (approximately 2 cm H2O) reduction of auto-PEEP, 
with the net result of an increased total PEEP. Accordingly, 
the benefits of external PEEP could be offset by the side 
effects of hyperinflation. At the bedside, stable or reduced 
plateau pressures in volume-cycled ventilation or increased 
tidal volumes in pressure-cycled ventilation resulting from 
careful PEEP up-titration indicate a favorable response to 

external PEEP in the presence of auto-PEEP.3 In fact, the 
changes in tidal volume with PEEP reported in the study 
suggest an optimal PEEP lower than the applied maximum 
(14 cm H2O). Bellani et al.1 expand those bedside resources 
by offering the auto-EAdi and the inspiratory delay between 
the onset of diaphragmatic electrical activity and inspiratory 
flow as novel clinical measurements to assess diaphragmatic 
workload and optimize ventilatory assistance.

The typical airway pressure tracing during NAVA in the 
presence of auto-PEEP identified by the authors is another 
contribution worth of attention. It presents an abrupt 
increase in airway pressures at the onset of inspiration caused 
by closure of the expiratory valve and likely related to the 
magnitude of auto-PEEP, followed by a transient pressure 
reduction with low flow before further increase in pressure. 
Such tracing reveals that despite early triggering of inspira-
tion during NAVA, there is also the possibility of muscle 
activity with minimal air flow in this mode. Such wasted 
energy could lessen the benefits of earlier triggering of NAVA 
as compared with PSV. Further comparisons of those modes 
in terms of energy expenditure and accessory inspiratory and 
expiratory muscle function, particularly relevant in more 
severe chronic obstructive pulmonary disease, will bring fur-
ther information to the field.

In conclusion, Bellani et al.1 demonstrated that it is pos-
sible to use the diaphragmatic electrical activity recorded by 
the NAVA catheter to estimate auto-PEEP during assisted 
modes of ventilation and to assess the effect on auto-PEEP of 
changing external PEEP. Neuromuscular activity breeds and 
reveals mechanical function. This knowledge strengthens 
the methods for investigation and bedside practice on the 
important clinical goal of minimizing patients’ auto-PEEP.

Acknowledgments
Supported by National Institutes of Health (Bethesda, Mary-
land) grant no. HL 1R01HL121228-01.

Competing Interests
The authors are not supported by, nor maintain any finan-
cial interest in, any commercial activity that may be associ-
ated with the topic of this article.

Correspondence
Address correspondence to Dr. Vidal Melo: mvidalmelo@
partners.org

References
 1. Bellani G, Coppadoro A, Patroniti N, Turella M, Arrigoni MS, 

Grasselli G, Mauri T, Pesenti A: Clinical assessment of auto-
positive end-expiratory pressure by diaphragmatic electri-
cal activity during Pressure Support and Neurally Adjusted 
Ventilatory Assist. ANeSTheSioloGy 2014; 121:563–71

 2. de Prost N, el-Karak C, Avila M, ichinose F, Vidal Melo MF: 
Changes in cysteinyl leukotrienes during and after cardiac 
surgery with cardiopulmonary bypass in patients with and 
without chronic obstructive pulmonary disease. J Thorac 
Cardiovasc Surg 2011; 141:1496–502.e3

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/121/3/447/369681/20140900_0-00010.pdf by guest on 19 M

ay 2023

mailto:mvidalmelo@partners.org
mailto:mvidalmelo@partners.org


Anesthesiology 2014; 121:447-9 449 E. L. V. Costa and M. F. Vidal Melo

EDITORIAL VIEWS

 3. Marini JJ: Dynamic hyperinflation and auto-positive end-
expiratory pressure: lessons learned over 30 years. Am J 
Respir Crit Care Med 2011; 184:756–62

 4. Macintyre NR, Cheng KC, McConnell R: Applied PeeP during 
pressure support reduces the inspiratory threshold load of 
intrinsic PeeP. Chest 1997; 111:188–93

 5. Spahija J, de Marchie M, Albert M, Bellemare P, Delisle S, 
Beck J, Sinderby C: Patient-ventilator interaction during pres-
sure support ventilation and neurally adjusted ventilatory 
assist. Crit Care Med 2010; 38:518–26

 6. Bellani G, Mauri T, Coppadoro A, Grasselli G, Patroniti N, 
Spadaro S, Sala V, Foti G, Pesenti A: estimation of patient’s 
inspiratory effort from the electrical activity of the dia-
phragm. Crit Care Med 2013; 41:1483–91

 7. Rossi A, Gottfried SB, Zocchi l, higgs BD, lennox S, Calverley 
PM, Begin P, Grassino A, Milic-emili J: Measurement of static 
compliance of the total respiratory system in patients with 

acute respiratory failure during mechanical ventilation. The 
effect of intrinsic positive end-expiratory pressure. Am Rev 
Respir Dis 1985; 131:672–7

 8. Caramez MP, Borges JB, Tucci MR, okamoto VN, Carvalho 
CR, Kacmarek RM, Malhotra A, Velasco iT, Amato MB: 
Paradoxical responses to positive end-expiratory pressure in 
patients with airway obstruction during controlled ventila-
tion. Crit Care Med 2005; 33:1519–28

 9. holanda MA, Fortaleza SC, Alves-de-Almeida M, Winkeler GF, 
Reis RC, Felix Jh, lima JW, Pereira eD: Continuous positive 
airway pressure effects on regional lung aeration in patients 
with CoPD: A high-resolution CT scan study. Chest 2010; 
138:305–14

 10. Vidal Melo MF, Winkler T, harris RS, Musch G, Greene 
Re, Venegas JG: Spatial heterogeneity of lung perfusion 
assessed with (13)N PeT as a vascular biomarker in chronic 
obstructive pulmonary disease. J Nucl Med 2010; 51:57–65

D
ow

nloaded from
 http://pubs.asahq.org/anesthesiology/article-pdf/121/3/447/369681/20140900_0-00010.pdf by guest on 19 M

ay 2023


