
Should We Use Volume-Targeted Noninvasive Ventilation in Patients
With Acute Hypercapnic Respiratory Failure?

There is strong evidence that the use of noninvasive
ventilation (NIV) as first-line therapy is beneficial in pa-
tients with severe COPD exacerbation in as much as it
reduces endotracheal intubation and mortality.1,2 In acute
hypercapnic respiratory failure, NIV provides positive pres-
sure that increases tidal volume and alveolar ventilation,
with subsequent improvement of oxygenation and reduc-
tion of hypercapnia. The most commonly used modes to
apply NIV are pressure-limited,3 either pressure support
ventilation when ICU ventilators are used or bi-level positive
airway pressure when home or dedicated NIV ventilators are
used.4 The resulting minute ventilation is mainly determined
by patient-triggered breaths and by preset levels of pres-
sure support above PEEP using pressure support ventila-
tion or the difference between inspiratory positive airway
pressure (IPAP) and end-expiratory positive airway pres-
sure (EPAP) using bi-level positive airway pressure.

The load of respiratory muscles is particularly high dur-
ing a COPD exacerbation.5,6 The marked increase in work
of breathing is due to the worsening of expiratory flow
limitation, resulting in lung hyperinflation and intrinsic
PEEP. As a result, the patient needs to overcome intrinsic
PEEP to trigger the ventilator and to generate inspiratory
flow and tidal volume. Applying external PEEP and pres-
sure support (or IPAP and EPAP) both help to reduce
patient effort and to increase tidal volume.7 Preset pressure
support and magnitude of patient effort are the 2 main
determinants of the resulting tidal volume. In acute hyper-
capnic respiratory failure, tidal volume cannot be guaran-
teed under pressure-limited modes because airway resistance,
intrinsic PEEP, patient effort, and/or respiratory drive may
vary.8 In the case of alterations of mechanical properties un-
der NIV, the breathing pattern could result in short and small
breaths despite a high central respiratory drive.6

A possible alternative helping to maintain a constant
tidal volume during NIV could be the use of a volume-
targeted mode. This hybrid mode continuously controls

tidal volume by automatic adjustment of pressure support
level. Tidal volume remains constant regardless of the
changes in respiratory conditions (eg, in the case of an
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increase in airway resistance, intrinsic PEEP, or a decrease
in patient effort). The main drawback reported with a vol-
ume-targeted mode is a paradoxical decrease in pressure
support in the case of an increase in ventilatory demand.9

Indeed, in the case of an increase in tidal volume due to a
rough increase in patient effort, the response of the ven-
tilator will be an inadequate reduction in pressure support
to reduce the resulting tidal volume. However, during a
severe COPD exacerbation, the main consequence of al-
terations in respiratory mechanics is a reduction in patient
effort and in tidal volume.5,6 A volume-targeted mode may
theoretically avoid the risk of reduced tidal volume and
minute ventilation. A previous case-control study reported
benefits in 11 subjects with COPD and hypercapnic en-
cephalopathy treated with volume-targeted mode as com-
pared with 11 matched subjects treated with pressure-lim-
ited mode.10 The use of volume-targeted mode facilitated
rapid recovery of consciousness and decrease in PaCO2

. As
expected, tidal volumes were significantly higher with vol-
ume-targeted mode than with pressure-limited mode with-
out a significant increase in leaks.

In this issue of RESPIRATORY CARE, Cao et al11 report the
results from a multi-center randomized controlled trial com-
paring pressure-limited NIV (IPAP up to 25 cm H2O to
obtain a tidal volume of 8–10 mL/kg of predicted body
weight) versus volume-targeted NIV (IPAP ranging from
10 to 25 cm H2O to target a tidal volume of 10 mL/kg
with) in 58 subjects with acute hypercapnic respiratory
failure (PaCO2

�45 mm Hg with a pH between 7.25 and
7.35). Among them, 78% of subjects had underlying COPD.
In both groups, the PaCO2

was significantly reduced 6 h
after NIV (primary outcome) to a similar extent regardless
of the ventilatory mode. Neither other physiologic param-
eters (pH, breathing frequency, or accessory muscle use)
nor clinical outcomes (rates of intubation and mortality,
NIV duration, or length of hospital stay) differed between
groups. The subjects receiving volume-targeted ventilation
had significantly less variance of tidal volume than those
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receiving pressure-limited NIV, with a subsequent large vari-
ance of IPAP levels. However, the mean tidal volumes were
very close in the 2 groups: 583 � 70 mL in the volume-
targeted mode versus 581 � 132 mL in the pressure-limited
mode. The daily doses of NIV as well as the amount of leaks
and tolerance to NIV were similar in both groups.

This study11 has several strengths, including well-bal-
anced baseline subject characteristics and prespecified cri-
teria for intubation or weaning of NIV. The weaknesses
include a small sample of subjects with a relatively low
severity, as indicated by the low breathing frequency around
22–23 breaths/min at baseline and a pH between 7.25 and
7.35 (inclusion criteria). Negative findings of this study
lead us to consider the usual pressure-limited modes as the
first strategy of NIV in the management of subjects with
acute hypercapnic respiratory failure. Indeed, tidal vol-
umes were similar between groups and did not differ sig-
nificantly over time, suggesting that few episodes of wors-
ening or changes in subject mechanical respiratory
properties occurred during the NIV sessions. An adequate
tidal volume is the cornerstone of NIV efficiency in acute
hypercapnic respiratory failure, whatever the mode used,
and the implementation of an NIV protocol driven by care-
givers (nurses/respiratory therapists) with the aim of tar-
geting adequate tidal volume by adjusting the pressure
support level may be associated with good outcomes.12

We cannot exclude the possibility that a volume-targeted
mode may be beneficial in patients with acute and marked
alterations of respiratory mechanical properties or in the case
of hypercapnic encephalopathy with altered respiratory drive.
Volume-targeted NIV appears to be feasible and well-toler-
ated, with the advantage of limiting variance of tidal volume
over time with similar effect on hypercapnia.
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