
Spontaneous Inspiratory Effort During Lung-Protective Ventilation

The reduction of tidal volume during controlled me-
chanical ventilation of patients with ARDS has proven to
be one of the few specific interventions in critical care that
can save lives.1 Indeed, there is some evidence that lung-
protective ventilation strategies, including tidal volume re-
duction, may have a protective effect in high-risk groups
and is associated with a reduction in the development of
acute lung injury and pulmonary infection.2,3 Although
adherence to reduced tidal volume reduction strategies
remains imperfect, the median pre-randomization tidal vol-
ume in a recent study of mechanically ventilated subjects
without ARDS was 7.0 (interquartile range, 6.0–8.3) mL/kg
predicted body weight and was (mean � SD, 7.2 �
1.4 mL/kg) in an audit of patients who were critically ill
and admitted to 16 ICUs in the United Kingdom, re-
flecting the evolution of ventilator practice over the past
2 decades.4,5

One of the vexing problems in implementing a low
tidal volume strategy is the management of tidal volume
in the presence of spontaneous inspiratory efforts. This
is perhaps more relevant for “preventive” low tidal vol-
ume strategies, wherein the inclination may be to use
partial ventilatory support given the lower severity of
illness in a heterogenous group of patients without
“ARDS.” Indeed, this was a criticism of a recently pub-
lished trial of low versus intermediate tidal volume ven-
tilation for patients without ARDS;4 a high proportion
of the subjects in this study were ventilated by using
pressure-support ventilation, which resulted in little dif-
ferentiation in tidal volume between the low and inter-
mediate tidal volume groups, which, in turn, may have
led to negative trial results.6 This may also be a problem
in ARDS, wherein high respiratory drive related to hy-
percapnia, acidosis, hypermetabolism, systemic inflam-
mation, pain, and anxiety may lead to vigorous respi-
ratory effort and larger-than-prescribed tidal volume
unless deep sedation is used.

A question germane to this issue is the following: Is
spontaneous breathing with either large or small tidal

volumes harmful in ARDS (or pre-ARDS)? Experimen-
tal evidence from the 1980s found that pharmacologi-
cally induced spontaneous hyperventilation in sheep for
12–24 h resulted in acute lung injury.7 In a more recent
study, strong spontaneous ventilation induced by doxa-
pram in experimental acute lung injury was associated
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with worse histologic injury only in animals ventilated
with “moderate” tidal volumes (7–9 mL/kg) compared with
low tidal volume ventilation (6 mL/kg).8 In contrast, re-
sults of other experimental and clinical studies suggest a
protective effect of spontaneous ventilation in acute lung
injury.9 In particular, unrestricted (and unsupported) spon-
taneous ventilation during airway pressure release venti-
lation has been advocated as potentially beneficial for
patients with ARDS.10 Spontaneous breathing during air-
way pressure release ventilation improves gas exchange
and reduces cyclic alveolar collapse in experimental acute
lung injury, which may reduce ventilator-associated lung
injury.11 Clinically, this approach has been found to re-
sult in reduced duration of mechanical ventilation and
length of intensive care stay in comparison with pres-
sure control ventilation.12 Thus, the effect of spontane-
ous ventilation on outcomes during the management of
ARDS or in patients who are at risk for ARDS remains
uncertain at this time, and additional clinical studies are
needed.

Several factors associated with ventilator mode and set-
tings have been identified as potential modifiers of tidal
volume. In the audit of United Kingdom ICU ventilation
practices, the use of pressure control ventilation resulted in
higher average tidal volumes than volume control ventila-
tion (mean � SD, 7.9 � 1.8 mL/kg vs 7.0 � 1.2 mL/kg).5

Likewise, Needham et al13 noted slightly larger tidal vol-
umes in association with the use of pressure control versus
the use of pressure regulated volume control, and a higher
percentage of time spent with excessively large tidal vol-
umes (19% vs 9%). However, these studies do not directly
address the issue of spontaneous inspiratory efforts, and
the factors that lead to exuberant spontaneous ventilatory
efforts by patients who are critically ill are mainly spec-
ulative.
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In the current issue of RESPIRATORY CARE, Koide et al14

reported an attempt to identify factors associated with
low tidal volume ventilation in a consecutive series of
mechanically ventilated subjects who were admitted to
a medical and surgical ICU of a tertiary hospital in
Osaka, Japan. Their analysis was restricted to patients
with a PaO2

/FIO2
� 300 mm Hg and to those with spon-

taneous inspiratory efforts. Low tidal volume was de-
fined as � 8 mL/kg (predicted body weight). A unique
aspect of their study was that they investigated acid-
base status associations with tidal volume by using the
Stewart model. In particular, the associations among
strong ion difference and total nonvolatile weak acids
and tidal volume were explored, in addition to associ-
ations with a variety of other physiologic and clinical
variables. The authors found that a high strong ion dif-
ference combined with a low total nonvolatile weak
acids, which indicated a tendency toward metabolic al-
kalosis, was associated with low tidal volume. Paradox-
ically, they also found that the administration of opioids
was associated with a higher tidal volume, a finding that
is difficult to explain due to the retrospective nature of
the study; it may be that opioids were preferentially
administered to subjects with vigorous inspiratory ef-
forts rather than being causative of higher tidal vol-
umes.

It is not particularly surprising that metabolic alka-
losis is associated with lower spontaneous ventilatory
effort, and Koide et al14 reasonably suggest that manip-
ulation of buffering might be one way to promote low
tidal volume ventilation. That said, the individual cor-
relations among a strong ion difference, total nonvola-
tile weak acids, and tidal volume in the current study
were extremely weak, each accounting for �1% of the
variability in tidal volume. These findings suggest that
there were other more important and as yet undefined
factors that affected subjects’ spontaneous inspiratory
efforts. Related to this was a major limitation of the
current study in that the authors did not provide a con-
vincing argument that the difference in tidal volume
between the low and high groups was due to spontane-
ous inspiratory effort; given that all the subjects seemed
to be ventilated by using pressure-regulated modes, dif-
ferences in respiratory mechanics (compliance and re-
sistance) could account for much of the difference in
tidal volume.

The authors are to be congratulated for their efforts to
identify factors associated with the achievement of low
tidal volume ventilation in patients on mechanical venti-
lation and with spontaneous inspiratory efforts, but more
research is needed to guide respiratory therapists and cli-
nicians in their quest to optimize management of these

patients. Fundamental questions remain: Are spontaneous
inspiratory efforts detrimental or beneficial in acute lung
injury, and can these efforts be modulated to the benefit of
patients?

Steven Deem
Swedish Medical Center

Seattle, Washington
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