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BACKGROUND: To investigate patient-ventilator interaction during different levels of noninva-
sive proportional assist ventilation (PAV) compared with noninvasive pressure support ventilation
(PSV). METHODS: Fifteen subjects with severe COPD and hypercapnia were consecutively re-
cruited. After the baseline assessment of unassisted spontaneous breathing, 3 levels of ventilatory
support were applied. The proportional assist (PA) and pressure support (PS) levels were set by
subject comfort. PA�, PS� or PA�, PS� were set at 25% more or less of PA or PS (PA� � 75% PA,
PA� � 125% PA, PS� � 75% PS, PS� � 125% PS). Each level lasted at least 20 min. To
demonstrate the patient-ventilator interaction, the neural respiratory drive, respiratory muscle
effort, flow signal, and airway pressure were simultaneously monitored. RESULTS: The expiratory
cycle delay (time between the termination of the diaphragm electromyogram [EMGdi] signal and
the end of the inspiratory flow) progressively increased with increasing assist level in both modes.
However, compared with PSV, the expiratory cycle delay was significantly longer in each assist level
during noninvasive PAV. The runaway phenomenon was observed in PA�. The time between the
peak EMGdi signal and the maximum value of the flow signal and the time difference between the
peak EMGdi signal and the maximum value of inspiratory pressure were significantly increased
with the increasing assist level of PAV. CONCLUSIONS: The expiratory cycle delay of noninvasive
PAV was significantly longer than that of noninvasive PSV in the subjects with COPD with respi-
ratory failure. During the levels of PAV, the lag time between neural respiratory drive and airway
pressurization was significantly increased and the “runaway” phenomenon may be observed. (Clini-
calTrials.gov registration NCT01782768.) Key words: pressure support ventilation; proportional assist
ventilation; noninvasive ventilation; neural respiratory drive; asynchrony events; patient-ventilator in-
teraction. [Respir Care 2020;65(1):45–52. © 2020 Daedalus Enterprises]

Introduction

Proportional assist ventilation (PAV) has been used with
noninvasive ventilation (NIV) for almost 20 years. Some

studies showed that NIV-PAV enhanced subject comfort
and synchrony, which could enhance the success rate.1,2 In
our previous research, neuroventilatory coupling of sub-
jects with COPD was not remarkably improved by well-
tolerated assist levels of noninvasive PAV compared with
noninvasive pressure support ventilation (PSV).3 Neu-
roventilatory coupling (the ratio of ventilation to neural
respiratory drive) is associated with dyspnea and comfort
of the subjects with COPD.4 Increasing levels of noninva-
sive PAV may enhance comfort in patients with COPD
because of an improvement in neuroventilatory coupling.
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However, neuroventilatory coupling may not be the only
factor related to patient comfort because the patient-ven-
tilator interaction may also play a role. There is research
that, in NIV-PSV, a 25% increase in a well-tolerated in-
spiratory pressure causes more asynchrony events and over-
distention.5 Furthermore, a computer model indicated that
expiratory asynchrony may be an inherent shortcoming of
PAV.6 Therefore, we hypothesized that a 25% increase in
a well-tolerated level of NIV-PAV would also cause more
asynchrony events and overdistention, which would then
decrease comfort scores. The present study was under-
taken to examine the patient-ventilator interaction during
different levels of NIV-PAV compared with NIV-PSV.

Methods

The investigative protocol was approved by the institu-
tional ethics committee of Chinese State Key Laboratory
of Respiratory Disease, and informed consents were ob-
tained from all the subjects who participated. The work
was performed in the First Affiliated Hospital of Guang-
zhou Medical University. Our study was registered in Clini-
caltrials.gov (NCT01782768) on April 29, 2013.

Subjects

Fifteen subjects with severe COPD and hypercapnia were
consecutively recruited. The diagnosis of COPD was made
according to the Global Initiative for Chronic Obstructive
Lung Disease guideline.7 All the subjects were on long-
term oxygen therapy (2 L/min) and received NIV after
admission. The criteria to initiate NIV were as follows: (1)
patients with COPD and respiratory acidosis (PaCO2

�
45 mm Hg); and (2) severe dyspnea with clinical signs
suggestive of respiratory muscle fatigue, increased work
of breathing, or both, such as the use of respiratory acces-
sory muscles, paradoxical motion of the abdomen, or re-
traction of the intercostal spaces.7 Measurements were per-
formed on the subjects 3–5 d after admission. The basic
information of the subjects is presented in Table 1. Respi-
ratory status was measured at the time of recovery. Arte-
rial blood gas data were measured during spontaneous
breathing with oxygen therapy (2 L/min) at the time of
study. The exclusion criteria included the following: se-
vere cardiovascular disease, pneumonia, neuromuscular
and chest-wall deformity, respiratory arrest, cardiovascu-
lar instability (hypotension, arrhythmias, myocardial in-
farction), change in mental status or patients who were
uncooperative, high risk of aspiration, viscous or copious
secretions, recent facial or gastroesophageal surgery,
craniofacial trauma, fixed nasopharyngeal abnormalities,
burns, and extreme obesity.

Measurements

To demonstrate the interaction between subject effort
and ventilator response, the neural drive, respiratory mus-
cle effort, flow signal, and airway pressure were simulta-
neously monitored. The flow signal was obtained from a
heated pneumotachograph (Erie, Fleish No 1 Pneumota-
chograph, Lausanne, Switzerland) connected to a differ-
ential pressure transducer (ML141, ADInstruments, Mel-
bourne, Australia). The pneumotachograph was inserted
between the face mask and the plateau valve (Respironics,
Pittsburgh, Pennsylvania) of the NIV circuit. Tidal volume
(VT) was calculated by numerical integration of the flow
signal. The minute ventilation was calculated as the prod-
uct of VT and breathing frequency.

Pressure at the airway opening was measured with a
pressure transducer (HY Ruishibo Medical Technology,
Guangzhou, China) connected to one port of the face mask.
Changes in esophageal pressure and gastric pressure were
recorded by using the balloon-catheter technique. The
2 catheters were connected to the pressure transducer (HY
Ruishibo). The design and positioning of the balloon cath-
eter followed the American Thoracic Society/European Re-
spiratory Society Statement on Respiratory Muscle Test-
ing.8 The correct positioning of the esophageal balloon
measurement was tested by using the occlusion method

QUICK LOOK

Current knowledge

Proportional assist ventilation (PAV) has been imple-
mented in noninvasive ventilation (NIV) for almost 20
years. Some studies have shown that NIV-PAV could
enhance patient comfort and synchrony, which would
enhance the success rate. In our previous research, the
dyspnea of subjects with COPD could not be remark-
ably relieved by NIV-PAV.

What this paper contributes to our knowledge

In the present study, the expiratory cycle delay of NIV
PAV was significantly longer than that of NIV pressure
support ventilation in the subjects with COPD and with
respiratory failure. During PAV, the pressure and flow
supply lagged behind the neural respiratory drive de-
mand of the subjects. At the high assist level, the lag
behind between the airway pressure supply and the neu-
ral respiratory drive was significantly increased, and
the runaway phenomenon was observed. The delay be-
tween the neural drive and the positive pressure supply
might be a new type of asynchrony that would decrease
patient comfort during NIV.
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while the subject was breathing through a mouthpiece.8 A
multi-pair esophageal electrode catheter with 10 coils,
which provided 5 pairs of electrodes, was used to obtain
the diaphragm electromyogram (EMGdi). The electrode
design, positioning, and signal processing were performed
as described by Jolley et al9 and Luo et al.10

Ventilatory Settings

All the subjects wore a face mask, fitted to the appro-
priate size, during the experiment. Both PSV and PAV
were delivered noninvasively by the same ventilator
(BiPAP Vision, Respironics). The ventilator circuit was
equipped with a plateau valve (Respironics, Pennsylvania,
Pittsburgh) to prevent CO2 rebreathing. The “runaway”
method was used to set resistance (R) and elastance (E), as
described by Porta et al11 and Younes.12 Before protocol
initiation, the proportional assist (PA) and pressure sup-
port (PS) levels were assessed separately according to the
subjects’ comfort. Oxygen administration (5 L/min) was
continuously delivered throughout ventilation, with SpO2

maintained at �98%. All the details of the setting can be
found in the online supplementary materials (see the sup-
plementary materials at http://www.rcjournal.com).

Experimental Procedures

The subjects were studied in the afternoon while they
were in a semirecumbent position. After the application of
topical anesthesia (10% xylocaine), the subjects were asked
to swallow 2 balloon-tipped catheters and the multipair
esophageal electrode catheter through the nose into the
correct position.

The protocol was a single-blind, randomized, crossover
trial. During the first measurement period, signals of un-
assisted, stable, spontaneous breathing (�5 min) were col-
lected as baseline data. After collection of this informa-
tion, the subjects were randomly assigned to receive either
PAV or PSV. We then titrated the original pressures (PA
or PS) set for patient comfort to a 25% increase or to
reduced levels for both PA and PS (PA� � 75% PA,
PA� � 25% increase of the baseline assist level [PA],
PS� � 75% PS, PS� � 25% increase of the baseline
inspiratory pressure [PS]). Thus, for each mode, 3 levels of
support were applied (PA�, PA, PA�; and PS�, PS,
PS�). A default level of 4 cm H2O of expiratory positive
airway pressure was applied to all the subjects. During the
experiment, each level lasted at least 20 min until breath-
ing was stabilized. Another period of spontaneous breath-
ing followed the first stage of ventilation (washout period).
When the magnitude of esophageal pressure returned to
baseline, the other mode was started. All the raw signals
were recorded, and the last 15 min of the stable computer-
stored data of each level were calculated and analyzed.
Mean values were used for subsequent statistic analysis. At
each period, the subjects scored their comfort with a visual
analog scale, which ranged from 0 (worst) to 10 (best). The
meaning of the visual analog scale and the questions were
interpreted to the subject before the experiment. The physi-
cians asked the subjects to rate how they felt at each assist
level, and the subjects used this scaled rating to express their
feelings. Leaks were monitored by the display of the venti-
lator and the computer during the procedure. When a leak
was observed, the mask was carefully adjusted.

Data Analysis

The patient-ventilator interaction between the 2 types of
noninvasive ventilator modes was considered as the pri-
mary outcome of this study. The inspiratory trigger delay
was measured as the time difference between the begin-
ning of the increase in the EMGdi signal and the beginning
of the ventilator inspiratory flow. The expiratory cycle
delay was measured as the time course between the termi-
nation of the EMGdi and the end of inspiratory flow during
mechanical ventilation. By detecting the waveform of the
EMGdi, the signal and airway pressure, 3 main types of asyn-
chronies were quantified according to previously published
definitions:13,14 (1) ineffective efforts, (2) auto-triggering, and
(3) double triggering. Of note, double triggering was defined
as one neural inspiration that triggers 2 breath cycles. The
asynchrony index was defined as the number of asynchrony
events divided by the total breathing frequency.

To further investigate the patient-ventilator interaction,
the time course between the peak point of the EMGdi and
the maximum value of flow signal and the time difference
between maximum EMGdi and maximum value of inspira-

Table 1. Baseline Data of the Subjects With COPD and
Hypercapnia

Baseline Data Results

Age, y 67.5 � 10.1
BMI, kg/m2 21.4 � 4.1
PaO2

, mm Hg 83.7 � 16.7
PaCO2

, mm Hg 60.3 � 9.7
pH 7.33 � 0.04
FEV1, L 0.61 � 0.15
FEV1 predicted % 22 � 5
FEV1/FVC % 35 � 8
FVC, L 1.83 � 0.56
FVC predicted % 53 � 16
RMSmax, �V 176.8 � 58.6

Data are presented as mean � SD.
BMI � body mass index
RMSmax � largest value of the root mean square obtained from maximum maneuvers
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tory pressure were also measured. The air leak was calcu-
lated as the (inspiratory VT � the expiratory VT) � the
breathing frequency. The data of “runaway” in PA� was
selected to analyze. The VT was calculated by numerical
integration of the flow signal.

Statistical Analysis

The results were expressed as mean � SD. Differences
of the physiologic data between each assisted level (PA�,
PA, PA�; and PS�, PS, PS�) were evaluated by repeated
measures analysis of variance, with Least significance dif-
ference test post hoc analysis for multiple comparisons.
Differences of the visual analog scale scores between each
assisted level were assessed with a Friedman test for mul-
tiple related samples. P 	 .05 was considered significant.
Statistical analyses were performed by using SPSS 17.0
(SPSS, Chicago, Illinois).

Results

All the subjects well tolerated noninvasive PSV and
PAV. The mean � SD value of the most-tolerated PAV
assist level was 73 � 11%. The comfort score during PS
was significantly higher than that of PA. During PAV, the
highest score was obtained at the PA level (mean � SD,
PA 5.9 � 0.8 vs PA� 3.7 � 0.9, P 	 .001; and PA vs
PA�, 4.7 � 0.7, P 	 .001). There was no significant
difference in air leak among the 3 levels of PSV (mean �
SD, PS� 1.21 � 0.51 L/min; PS 1.44 � 0.64L/min; PS�
1.53 � 0.53 L/min). The air leak was significantly higher
during PA�, most likely related to the occurrence of the
runaway phenomenon (mean � SD, PA� 1.25 � 0.57 L/min;
PA 1.37 � 0.60 L/min; PA� 2.63 � 2.31 L/min PA� vs PA�,
P � .001; PA vs PA�, P � .002).

Patient-Ventilator Interaction

As shown in Figure 1, there was no significant differ-
ence in the inspiratory trigger delay with any settings be-
tween PAV and PSV. As shown in Figure 2, the expiratory
cycle delay was progressively increased with increasing
assist levels in both modes. However, in comparison with
PSV, the expiratory cycle delay was significantly longer in
each assist level during PAV (P 	 .001). The runaway
phenomenon was observed in PA�, with an asynchrony
index of 2.9 � 2.5. The expiratory cycle delay of PA�
was remarkably increased among the 3 levels of PAV
(PA� vs PA [P 	 .001]. and PA� vs PA� [P 	 .001]).
Typical asynchrony events (ineffective efforts, auto-trig-
gering, double triggering) were not observed at any level
of PAV. All the details are presented in Table 2.

As illustrated in Table 3 and Figure 3, the time course
between the peak point of the EMGdi signal and the max-

imum flow signal was significantly increased with increas-
ing levels of PAV, which suggested that the inspiratory
flow supply lagged behind the neural respiratory drive of
the subjects. Similarly, the time difference between the
peak of the EMGdi signal and the maximum inspiratory
pressure value was also significantly increased during all
levels of PAV compared with PSV, which indicated that
airway pressurization also lagged behind the neural respi-
ratory drive of the subjects. The peak point of the EMGdi

signal and the maximum flow signal of PSV was signifi-
cantly shorter than that of PAV at all assist levels. When
the maximum value of the EMGdi signal was achieved, the
preset inspiratory pressure of the ventilator was already
achieved (Fig 4). The time difference between EMGdi peak
and the maximum value of inspiratory pressure was con-
sidered as zero during PSV. Further details are presented
in the online supplementary materials (see the supplemen-
tary materials at http://www.rcjournal.com).
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Fig. 1. Inspiratory trigger delay in 3 levels of proportional assist
ventilation (PAV) and pressure support ventilation (PSV). Toler-
ance � highest assisted level or inspiratory pressure set by sub-
ject tolerance.
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Fig. 2. Expiratory cycle delay in 3 levels of proportional assist
ventilation (PAV) and pressure support ventilation (PSV). Toler-
ance � highest assisted level or inspiratory pressure set by sub-
ject tolerance.
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Discussion

The main findings of our study were as follows: (1)
increasing PAV levels increased the delay between the
neural respiratory drive and airway pressurization during
NIV; furthermore, at high assist levels, the expiratory cy-
cle delay was significantly increased and the runaway oc-
curred; and (2) an increasing PSV assist level would in-
crease the expiratory cycle delay; however, the expiratory
cycle delay and the delay between the neural respiratory
drive and airway pressurization in NIV were significantly
shorter in PSV than PAV.

The impaired neuroventilatory coupling of the subject
with COPD is associated with higher inspiratory work and
dyspnea.9 It can be significantly improved by using NIV.3

In the present study, the subjects were ventilated by using
the same ventilator, type of interface, and circuit. The
comfort score was highly correlated with dyspnea second-
ary to neuroventilatory coupling, the respiratory muscle
load, and patient-ventilator interaction.3,4,13,15 As a result,
the comfort score could be improved by improving this
variable. At a high PAV level (PA�), the neuroventilatory
coupling and VT were significantly increased. The respi-
ratory muscle load was remarkably reduced (see the sup-
plementary materials at http://www.rcjournal.com). How-
ever, the comfort score was lower than that of PA. It may
be related to the runaway phenomenon and asynchrony
in PA�. The runaway phenomenon may contribute to asyn-
chrony and overdistention, which decrease comfort
scores.12

Furthermore, the time course between the airway pres-
surization and the neural respiratory drive was remarkably
longer in PAV compared with PSV. In PA�, this time
course was increased. When the neural respiratory drive,
represented by the EMGdi signal, reached its maximum
value, the airway pressure was just increasing (Fig 4).
When peak inspiratory pressure was attained, the neural
respiratory drive was significantly decreased. The expira-
tory cycle delay was consistently greater in PAV, espe-
cially during high levels of assist. Patient-ventilator asyn-
chrony is related to a poor comfort score during
ventilation.5,16 We speculated that the lag time in airway
pressurization and the neural respiratory drive might be a
new type of asynchrony. The decreased comfort score dur-
ing PA� may be related to asynchrony, despite the im-
provement in neuroventilatory coupling. The expiratory
cycle delay may be related to the control system delay of

Table 2. Patient-Ventilator Interaction With Each of the 3 Levels of
the 2 Modes: PA�, PA, PA�, PS�, PS, PS�

Inspiratory Trigger
Delay (ms)

Expiratory Cycle
Delay (ms)

P

PA� 276 � 41 264 � 56
PA 285 � 82 307 � 69
PA� 299 � 47 471 � 95 	 .001§¶
PS� 254 � 64 215 � 72 � .046*
PS 287 � 68 275 � 66 � .014‡
PS� 281 � 90 404 � 57 	 .001¶§, � .007†

Data are presented as mean � SD.
* P 	 .05, † P 	 .01 with analysis for PS� vs PA�, PS vs PA, PS� vs PA�.
‡ P 	 .05, § P 	 .01 with analysis of variance for PS� vs PS or PS� vs PS�, PA� vs PA
or PA� vs PA�.
¶ P 	 .01 with analysis of variance for PS vs PS�, PA vs PA�.
PA� � 75% proportional assist
PA � proportional assist; the highest assist level set by subject tolerance
PA� � 125% proportional assist
PS� � 75% pressure support
PS � pressure support; the highest inspiratory positive airway pressure set by subject tolerance
PS� � 125% pressure support

Table 3. Patient-Ventilator Interaction in Each of the 3 Levels of
the 2 Modes: PA�, PA, PA�, PS�, PS, PS�

Assist
Level

Time Difference Between the Diaphragm
Electromyogram Peak and the Maximum

Value of Inspiratory Pressure (ms)
P

PA� 327 � 87
PA 406 � 85 � .005†
PA� 544 � 151 	 .001‡§
PS� 0
PS 0
PS� 0

Data are mean � SD.
† P 	 .01 with analysis of variance for PA� vs PA or PA� vs PA�.
‡ P 	 .01, § P 	 .01 with analysis of variance for PA vs PA�.
PA� � 75% proportional assist
PA � proportional assist; the highest assist level set by subject tolerance
PA� � 125% proportional assist
PS� � 75% pressure support
PS � pressure support; the highest inspiratory positive airway pressure set by subject tolerance
PS� � 125% pressure support
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Fig. 3. The time course between peak point of diaphragm EMG
(EMGdi) and maximum value of flow signal in 3 levels of propor-
tional assist ventilation (PAV) and pressure support ventilation
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set by subject tolerance.
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the PAV ventilator.6 The lag time between EMGdi activity
and the initiation of ventilator support may also be asso-
ciated with the delay of the PAV ventilated control system.
There may be electronic delay, mechanical delay, and/or
software control delay between the neural respiratory drive
input and ventilator output. The development of a faster
ventilator control system in PAV may reduce expiratory
asynchrony and the time lag between EMGdi activity and the
initiation of ventilator support but could not get rid of the
asynchrony. Furthermore, leakage is inevitable in NIV;
the runaway phenomenon could not be got rid of too.12

In PS� (125% PS), a remarkable expiratory cycle delay
reflected a similar condition as PAV. However, the expi-
ratory cycle delay was significantly shorter in PS and PS�
compared with PAV. When the maximum EMGdi signal
was achieved, the preset airway pressure of the ventilator
was already achieved in PSV (Fig 4). In the present study,
the time difference between EMGdi peak and the maxi-
mum value of inspiratory pressure was considered as zero
during PSV, although the preset PS has no relationship

with neural respiratory demand. The inspiratory flow could
be increased more quickly than that of PAV. This may be
related to the effective improvement of neuroventilatory
coupling during PSV.

Clinical Implication

As reported previously, inspiratory work of breathing
can be significantly relieved with a high assist level of
PAV.17,18 In the present study, we found the runaway phe-
nomenon during PA�. The expiratory cycle delay was
progressively increased. Furthermore, the lag time between
the airway pressurization and the neural respiratory drive
was also increased. Although the patient-ventilator inter-
action was good in the baseline assist levels of PAV (PA)
titrated to comfort, the improvement of neuroventilatory
coupling and inspiratory work of breathing was not sig-
nificant compared with spontaneous breathing. We spec-
ulated that PAV would not be suitable during NIV in
patients with COPD and with hypercapnia. The success of
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Fig. 4. Comparison of the lag behind of the airway pressure supply and neural respiratory drive between noninvasive proportional assist
ventilation (PAV) and pressure support ventilation (PSV). Paw � airway pressure; Pes � esophageal pressure; Pga � gastric pressure;
EMGdi � diaphragm electromyogram; Pdi � transdiaphragmatic pressure; Line 1 � EMGdi maximum; Line 2 � maximum flow; Line 3 � time
between maximum EMGdi and maximum flow and Paw.
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NIV depends on patient acceptance and compliance, which
are likely to be associated with ventilator synchrony19 and
the improvement of the neuroventilatory coupling of
COPD.3

The impaired neuroventilatory coupling during COPD
exacerbation could be significantly improved by noninva-
sive PSV compared with noninvasive PAV.3 The baseline
inspiratory pressures titrated to comfort could reduce asyn-
chrony and relieve dyspnea during NIV.3,5 Although the
inspiratory pressure is preset, regardless of the neural re-
spiratory drive, the diaphragmatic electrical activity base
optimization strategy may help to improve synchroniza-
tion.20 Diaphragmatic electrical activity could be moni-
tored by surface electrodes with the development of the
noninvasive technique.21 The novel finding of the present
study was that the delay between the neural respiratory
drive and airway pressurization may be a new type of
asynchrony that could decrease patient comfort during NIV.
Besides the typical asynchrony events, the asynchrony be-
tween the neural respiratory drive and airway pressuriza-
tion should be assessed during NIV.

Limitations of the Study

Subject Selection. Fifteen subjects were recruited for the
study. The participant number was limited because the
balloon-catheter technique and multi-pair esophageal elec-
trode catheter could not be performed in a larger sample
size. We followed the design of previous studies.22,23 How-
ever, the number of subjects in the present study was more
than that in previous studies.22-24 Significant differences
were observed in most of the primary outcomes.

Critique of the Method. In NIV, the runaway method
might be the only way to set R and E, as described by
Porta et al11 and Younes.12 Although the “runaway” method
was introduced 20 years ago, no new method was de-
scribed to estimated R and E in noninvasive ventilation.
PAV with load-adjustable gain factors (PAV�) is a mode
of support in which the ventilator pressure is proportional
to the instantaneous flow (flow assist) and volume (vol-
ume assist).12,25 Flow and volume assist are automatically
adjusted so that they always represent constant fractions of
R and E of the respiratory system, as measured by the
ventilator software.25-27 In PAV with load-adjustable gain
factors, the R and E of the respiratory system were esti-
mated by the interrupter technique during invasive venti-
lation.25-27 As a result, PAV with load-adjustable gain fac-
tors could not be applied during NIV. The runaway method
may be the appropriate method set R and E in the NIV. To
avoid the frequent invasive measurement of placing arte-
rial catheters for sampling arterial blood, arterial blood gas
data were not obtained during ventilation. Varying levels
of inspiratory pressure most likely would not significantly

influence minute ventilation and arterial blood gas values
during short-term ventilation.28,29 The patient-ventilator in-
teraction was the primary outcome in the present study.

Conclusions

The expiratory cycle delay of noninvasive PAV was
significantly longer than that of noninvasive PSV in the
subjects with COPD and with respiratory failure. During
PAV, the pressure and flow lagged behind the neural re-
spiratory drive demand of the subjects. During high levels
of assist, the lag time between airway pressurization and
neural respiratory drive was significantly increased and
the runaway was observed. The baseline NIV-PSV in-
spiratory pressure titrated for comfort provided good pa-
tient-ventilator interaction.
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