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Abstract Purpose: During neu-
rally adjusted ventilatory assist
(NAVA), it is difficult to quantify the
relative contribution of the patient
versus the ventilator to the inspiratory
tidal volume (Vtinsp). To solve this
problem, we developed an index, the
‘‘patient–ventilator breath contribu-
tion’’ (PVBC), using the inspiratory
deflection of the diaphragmatic elec-
trical activity (DEAdi) and Vtinsp

during assisted and non-assisted
breaths. This study evaluated the
PVBC index in an experimental
setup. Method: Nine intubated and
sedated rabbits were studied during
repeated ramp increases of the NAVA
level. One breath was non-assisted at
each NAVA level. The PVBC index
was evaluated during resistive load-
ing and after acute lung injury. PVBC
was calculated by relating Vtinsp/
DEAdi of a non-assisted breath to that
of the preceding assisted breath. The
PVBC was compared to the relative

contribution of esophageal pressure
(DPes) to transpulmonary pressure
deflections (DPL,dyn). Results: The
relationship between PVBC and
DPes/DPL,dyn was slightly curvilinear
with an intercept different from zero
(y = -1x2 ? 1.64x ? 0.21) and a
determination coefficient (R2) of 0.95.
Squaring the PVBC values resulted in
a near perfect linear relationship
(y = 1.02x ? 0.05) between PVBC2

and DPes/DPL,dyn with an R2 of 0.97.
Conclusion: This study shows that
Vtinsp and EAdi can be used to predict
the contribution of the inspiratory
muscles versus that of the ventilator
during NAVA. If clinically applica-
ble, this could serve to quantify and
standardize the adjustment of the
level of assist, and hence reduce the
risks of excessive ventilatory assist.
Further studies are required to evalu-
ate if this method is clinically
applicable.
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Introduction

Mechanical ventilation has evolved from a treatment that
overrides the patient’s breathing (controlled mechanical
ventilation) into the more interactive concept of ‘‘partial
ventilatory assist’’, where the ventilator partially assists
breathing. When synchronized, both the patient and the
ventilator contribute to the lung-distending pressure
necessary to overcome the inspiratory load and generate
the inspiratory tidal volume (Vtinsp) [1]. However, the
relative contribution of patient effort versus the venti-
lator contribution to Vtinsp remains unknown for all
modes except for certain applications of proportional
assist ventilation (PAV?) [2]. Quantification of this
variable is important since inappropriate assist levels are
associated with adverse effects. When assist is too low,
fatigue and respiratory failure may develop [3]; when
assist is set too high, diaphragm impairment may ensue
[4, 5].

The introduction of neurally adjusted ventilatory assist
(NAVA) [6] and measurements of diaphragm electrical
activity (EAdi) has made it possible to quantify neural
inspiratory drive. Yet, there is no information about the
relative contribution to a breath between the patient and
the ventilator during NAVA, which would help to quan-
tify and standardize the adjustment of the level of assist.
We hypothesized that a simple measurement of Vtinsp and
the inspiratory change in EAdi (DEAdi) during one non-
assisted breath and one ventilator-assisted breath would
allow the calculation of a patient–ventilator breath con-
tribution (PVBC) index. The reasoning was as follows:
during an inspiration without ventilator assistance, the
patient’s neural inspiratory effort (reflected by DEAdi)
generates Vtinsp. If adding synchronized assist to the
patient’s neural inspiratory effort, the resulting Vtinsp

depends on the sum of patient and ventilator pressure
contribution. If the patient’s neural inspiratory effort
remains the same during both non-assisted and assisted
breaths, the ratio of Vtinsp during the non-assisted and
assisted breaths should reflect the relative contribution of
the patient to the inspiratory volume of the ventilator. As
it is unlikely that neural inspiratory efforts are identical
for two consecutive breaths, normalizing the Vtinsp to the
DEAdi (Vtinsp/DEAdi, in units of ml/lV) offers a poten-
tial solution. A PVBC index could be expressed by the
ratio of Vtinsp/DEAdi without assist and Vtinsp/DEAdi
with assist [i.e., (Vtinsp/DEAdi)no-assist/(Vtinsp/DEAdi)assist].
A PVBC index close to 1 indicates that the patient is
generating the Vtinsp, with little or no contribution from the
ventilator. A PVBC index close to zero indicates that the
ventilator contributes to most of the Vtinsp.

The present study validates the PVBC index against
directly measured pressure parameters during NAVA in
rabbits during conditions of airflow obstruction and acute
lung injury (ALI).

Materials and methods

The study was approved by St. Michael’s Hospital Ani-
mal Care and Use Committee. Care was performed in
accordance with the Canadian Council on Animal Care.

Procedures and instrumentation

Nine sedated spontaneously breathing adult male New
Zealand white rabbits weighing 2.8–3.4 kg were studied.
All animals were instrumented to continuously measure
arterial blood pressure (BP), transcutaneous oxygen sat-
uration (PtcO2), Pes, gastric pressure (Pga), and EAdi as
well as airway pressure (Paw), flow, and tidal volume
during inspiration (Vtinsp) and expiration (Vtexp). Blood
gases were obtained at the beginning and end of each
protocol. Descriptions of anesthesia, instrumentation,
physiological measurements, and NAVA are provided in
the Electronic Supplementary Material (ESM).

Experimental protocol

First, animals breathed with NAVA set to zero, positive
end-expiratory pressure (PEEP) 2 cmH2O, and a fraction
of inspired oxygen (FiO2) of 40 % (baseline period).

Then, in each healthy rabbit, four consecutive ramp
increases of the NAVA level were performed after the
sequential application of two different resistive loads (R1
and R2). Thereafter ALI was induced in the rabbits by
intratracheal installation of HCl; about 30 min later the
same ramp increase in NAVA levels was performed
during ALI (without resistive loading).

For all conditions (except initial baseline period), PEEP
was set to 5 cmH2O and the NAVA level was increased
every 20 s and repeated with two different rates of ramp
increase: slow (steps of 0.2 cmH2O/lV every 20 s) and
fast (steps of 0.4 cmH2O/lV every 20 s) to ensure repro-
ducibility regardless of step changes in assist. In summary,
the following conditions were tested in each animal:

1. High resistance/slow ramp (R1slow)
2. High resistance/fast ramp (R1fast)
3. Very high resistance/low ramp (R2slow)
4. Very high resistance/fast ramp (R2fast)
5. ALI/slow ramp (ALIslow)
6. ALI/fast ramp increase (ALIfast)

Stepwise increases in the NAVA level were performed
starting from a NAVA level of zero and terminated at a
NAVA level corresponding to 100 % unloading. The
latter was defined as the point where the increase of the
NAVA level did not further suppress the EAdi and where
the negative inspiratory deflections of Pes were abolished.
At each NAVA level, one non-assisted breath was
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obtained by automatically zeroing the NAVA level
(reprogrammed algorithm that omitted the assist delivery)
during a single inspiration and delivered PEEP of
5 cmH2O. At every second NAVA level (i.e., every 40 s),
the non-assisted breath was followed by an end-expiratory
occlusion, resulting in one inspiratory effort against
occluded airways. At the end of each run, the NAVA level
was returned to zero for a stabilization period in the
respective condition before the next ramp increase of the
NAVA level commenced. For more information see ESM.

Data analysis

Off-line breath-by-breath analysis was performed on
EAdi, Pes, and Paw waveforms. Inspiratory time (Ti) and
mean inspiratory deflection of DEAdi, DPaw, and DPes
were calculated between the onset of EAdi and the point
where EAdi dropped to 70 % of peak. Transpulmonary
pressure (DPL,dyn) was calculated as DPaw - DPes.
Intrinsic PEEP (PEEPi) was measured as the increase in
Paw during end-expiratory occlusion and was corrected
for expiratory muscle recruitment [7].

Since the ramp increases of the NAVA level had
different duration and number of step changes for each
condition, the DPes values of each run were normalized to
baseline DPes values obtained at the beginning of the run
(NAVA zero level) and then divided into five parts
(‘‘quintiles of unloading’’). Individual data corresponding
to a quintile of unloading was sorted for each variable into
the respective quintile. Finally, the average value was
calculated for each quintile.

Description of PVBC and associated indices

The PVBC index was calculated as (Vtinsp/DEAdi)no-assist/
(Vtinsp/DEAdi)assist. An index directly quantifying how

much the inspiratory muscle effort contributed to the total
lung-distending pressure during assisted breaths was cal-
culated as DPes/DPL,dyn. Additional indices validating the
PVBC index are presented in the ESM.

Statistical analysis

SigmaStat (3.10, Systat Software inc., San Jose, CA,
USA) was used for statistical analysis. Values in the text
and figures are mean ± SD, unless otherwise indicated.
The relationship between different variables was tested
with linear regression analysis. A two-way repeated
measures ANOVA was performed and post hoc compar-
ison was performed by Student–Newman–Keuls test to
compare the relevant variables between the different
experimental conditions and at different levels of
unloading. The level of significance was p \ 0.05.

Results

All nine animals completed four ramp increases in NAVA
level (2 slow and 2 fast) with two different levels of
resistive loading. Two animals died immediately after
intratracheal instillation of HCl. Thus, seven animals
underwent slow and fast ramp increases of the NAVA
level after ALI.

After ALI, compliance of the respiratory system
decreased by 50 % (from 5.0 ± 1.2 to 2.5 ± 0.4 ml/
cmH2O). The mean PaO2/FiO2 ratio before ALI was
494 ± 42 and decreased to 128 ± 33 at 5 min post-ALI.

The NAVA levels reached higher values during R1 and
R2 than during ALI (Table 1). DPaw and PEEPi values
observed at the highest NAVA level were significantly
lower for ALI than for R1 and R2. No animal showed signs

Table 1 Highest NAVA level as well as the associated diaphragm electrical activity, airway and esophageal pressures, and intrinsic
PEEP values observed at the highest NAVA level during each condition

Units ALI R1 R2

Slow Fast Slow Fast Slow Fast

NAVA level cmH2O/lV 5.8 ± 1.5 6.9 ± 2.5 8.3 ± 2.1 9.7 ± 3.0 8.8 ± 1.8 9.7 ± 1.7
DPaw cmH2O 11.0 ± 3.2 12.4 ± 3.1 28.0 ± 6.3 28.8 ± 6.1 42.7 ± 6.2 44.1 ± 6.0
PEEPi cmH2O 0.5 ± 0.4 0.5 ±0.3 2.2 ± 1.0 2.0 ± 1.3 4.4 ± 1.4 4.5 ± 1.3
Vtinsp ml/kg 6.4 ± 1.1 6.9 ± 1.6 7.1 ± 1.1 7.1 ± 1.4 8.1 ± 1.9 7.7 ± 1.3
DEAdiass lV 1.8 ± 0.7 1.9 ± 0.8 3.4 ± 0.9 3.2 ± 1.0 5.0 ± 0.9 5.2 ± 1.3
DEAdino-ass lV 2.3 ± 0.7 2.5 ± 1.0 4.4 ± 1.1 4.1 ± 1.0 6.5 ± 1.5 6.6 ± 2.1
DPesass cmH2O -0.0 ± 0.4 -0.0 ± 0.3 -0.3 ± 0.5 -0.4 ± 0.6 -1.0 ± 0.8 -1.0 ± 0.9
DPesno-ass cmH2O -0.4 ± 0.4 -0.4 ± 0.5 -1.2 ± 0.6 -1.3 ± 0.6 -2.3 ± 1.0 -2.4 ± 1.0

ALI acute lung injury, R1 high resistance, R2 very high resistance,
NAVA neurally adjusted ventilator assist, DPaw mean inspiratory
deflection in airway pressure, Vtinsp Inspiratory tidal volume,
DEAdiass mean deflection in diaphragm electrical activity during
the assisted breath, DEAdino-ass mean deflection in diaphragm

electrical activity during the non-assisted breath, DPesass mean
deflection in esophageal pressure during the assisted breath,
DPesno-ass mean deflection in esophageal pressure during the non-
assisted breath, PEEPi intrinsic PEEP, Slow slow increase of
NAVA level, Fast fast increase of NAVA level
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of asynchrony, discomfort, or required a bolus of sedatives
at higher NAVA levels. Respiratory rate, inspiratory and
expiratory time are presented in Table E1 (ESM).

The rate of increase of the NAVA level did not affect
any of the measured parameters. The mean duration of the
increases in NAVA level for different conditions were
5.6–8.0 (fast increase) and 9.6–14.6 (slow increase) min.

Figure 1 exemplifies a ramp increase of NAVA level
during R1 load. The initial increase of NAVA level
increased DPaw (top panels) and reduced DEAdi (middle
panels) and DPes (bottom panels). At higher NAVA levels
DEAdi and DPes continued to decrease, whereas the
increase in DPaw became less pronounced. The right panel
of Fig. 1 (sections B and C) shows that although the
DEAdi and DPes waveforms did not change much between
assisted and non-assisted (arrow) breaths, Vtinsp was
decreased during the non-assisted breath. Time tracings of
EAdi and pressures are presented in Fig. E1 (ESM).

A strong and near-linear relationship (R2 = 0.96)
between DEAdi (in lV) and DPes (in cmH2O) was
observed for all breaths during all conditions and levels of
unloading (Fig. 2). During end-expiratory occlusions, the

determination coefficients (R2) between Paw and Pes
deflections were 0.97 ± 0.03, 0.97 ± 0.01, and
0.98 ± 0.02 for R1, R2, and ALI, respectively.

With increasing NAVA levels, Vtinsp and DPL,dyn

showed a close relationship for both assisted and non-
assisted breaths, where DPL,dyn shifted towards higher
values for a given Vtinsp as conditions were changing
from ALI to R1 to R2 (Fig. E2 in ESM).

Figure 3 shows the mean values for variables building
up to the PVBC index for breaths with and without assist
for each quintile of unloading. As unloading progresses,
Vtinsp/Ti, Vtinsp, and Vtexp increased during assisted
breaths (solid symbols) but decreased during the non-
assisted breaths (open symbols). During non-assisted
breaths, unloading caused an increasing discrepancy
between Vtinsp and Vtexp and this difference was smallest
during ALI and largest during R2. The DEAdi decreased
in both assisted and non-assisted breaths with higher
levels of unloading. DEAdi consistently demonstrated
slightly but significantly higher values during the non-
assisted breaths (see also Fig. E1 in ESM). During
assisted breaths Vtinsp/DEAdi increased progressively

Fig. 1 Response to progressive increase in neurally adjusted
ventilatory assist (NAVA) level and demonstration of non-assisted
breaths in one animal. Left panel From top to bottom the y-axes
indicate mean inspiratory deflection in airway pressure (DPaw) in
cmH2O, and mean inspiratory deflection in electrical activity of the
diaphragm (DEAdi), and mean inspiratory deflection in esophageal
pressure (DPes). DEAdi and DPes are expressed as % of respective
values at zero NAVA level (% DEAdi@NAVA0) and %

DPes@NAVA0). The x-axes show the progressive increase in
NAVA level. Three periods (zero, intermediate, and highest NAVA
level) of the titration are indicated by shaded vertical bars (A–C).
Note that values pertain only to assisted breaths. Right panel Raw
tracings of DPaw, DEAdi, volume, and DPes from the correspond-
ing sections (A–C). The arrows indicate non-assisted breaths
(NAVA zero)
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with unloading. With regard to non-assisted breaths,
Vtinsp/DEAdi increased slightly during ALI, whereas no
changes occurred during R1 and R2. During both assisted
and non-assisted breaths, Vtinsp/DEAdi was higher during
ALI than during both resistive loading runs. The PVBC
index decreased during all conditions as the unloading
progressed with increasing NAVA levels, the least
reduction observed after ALI and the highest reduction
during the highest (R2) resistive load.

The PVBC index was closely related to DPes/DPL,dyn

as depicted for all conditions and unloading levels in
Fig. 4. The left panel shows that the relationship between
PVBC and DPes/DPL,dyn is curvilinear with a non-zero
intercept (y = -1x2 ? 1.64x ? 0.21, R2 = 0.95).
Squaring the PVBC values (PVBC2, right panel) resulted
in a near-linear relationship between PVBC2 and DPes/
DPL,dyn (y = 1.02x ? 0.05; R2 = 0.97). Additional vali-
dation of the PVBC index is presented in the ESM.

Discussion

This study shows that the ratio of Vtinsp/DEAdi of a non-
assisted breath to that of an assisted breath, when

evaluated against several indices using airway and
esophageal pressures, can provide information about the
relative contribution of the patient and the ventilator to
the volume generated during NAVA.

The DPes/DPL,dyn index was chosen as the most valid
control measure of the relative contribution of inspiratory
muscles and ventilator to breathing since it allows the
dissociation of the relative contribution of lung distending
pressures (PL,dyn = DPaw - DPes) generated by the
inspiratory muscles (DPes) and the ventilator (DPaw).
Most importantly the DPes/DPL,dyn index could be cal-
culated during assisted breaths. DPL,dyn reflects the
pressure generated by all inspiratory muscles distending
the lung under dynamic conditions including static (nee-
ded to overcome lung elastance) and dynamic (needed to
overcome resistance) pressure components. DPL,dyn does
not take into account the pressure needed to expand the
chest wall, whereas the EAdi may. Since chest wall
compliance in the rabbit is about five times higher than
lung compliance [8], this amount of pressure could be
considered negligible.

Accuracy of using ratios of Vtinsp and DEAdi in the
PVBC index depends on the relative activation of the
diaphragm and other inspiratory and expiratory muscles.
Studies in rats [9], rabbits [10], dogs [11], and patients
with impaired respiratory function [12] and mechanically
ventilated patients [13] show that the diaphragm acts as a
single unit in response to increased respiratory demand.
Recruitment of extradiaphragmatic inspiratory and expi-
ratory muscles increases with increased respiratory
demand [14] and can increase the efficiency of the dia-
phragm [15, 16]. Although respiratory drive increases
proportionally to all muscle groups as exercise workload
increases [15], the relative contribution of the inspiratory
rib cage muscles may increase during diaphragmatic
fatigue, preserving the ventilatory response to CO2

despite impaired diaphragmatic contractility [17]. In
general, the intercostals and the diaphragm work syner-
gistically in canines [18], rabbits [10], and in healthy
subjects [15].

On the basis of the above, our finding that PVBC was
closely but not linearly related to DPes/DPL,dyn (Fig. 4,
left panel) could have been due to fatigue or rerecruit-
ment. As depicted in Fig. 2, the relationship between
DEAdi and DPes was very strong and near linear. This is
in agreement with Beck et al. [19, 20], who showed in
healthy volunteers that the EAdi, calculated as RMS (root
mean square), remains close to linear in relation to
transdiaphragmatic pressure up to about 75 % of its
maximum. The near-linear relationships between [(Vtinsp/
DPes)no-assist/(Vtinsp/DPes)assist] and PVBC (Fig. E3 in
ESM) as well as [(DPL,dyn/DEAdi)no-assist/(DPL,dyn/
DEAdi)assist] and DPes/DPL,dyn (Fig. E4 in ESM) contra-
dict that systematic neuromechanical uncoupling would
have caused a non-linear relationship. (see ESM for fur-
ther details).

Fig. 2 Relationship between mean inspiratory deflections in elec-
trical activity of the diaphragm (DEAdi, y-axis) and esophageal
pressure (DPes, x-axis). There was a strong, near-linear relationship
(R2 = 0.96) between DEAdi (in lV) and DPes (in cmH2O). Values
are depicted for all conditions and levels of unloading during acute
lung injury (ALI, circles), high (R1, squares), and very high (R2,
triangles) resistive loads. Blue and red symbols indicate slow and
fast ramp increases of the NAVA level. Non-assisted and assisted
breaths are indicated by open and filled symbols, respectively
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In patients with weak inspiratory muscles and/or
increased respiratory system load, the maximal inspira-
tory volume is limited in proportion to the impairment
[21, 22]. As well, the DEAdi is increased in patients with
impaired respiratory function [12, 23]. Thus, it remains
unlikely that acute respiratory failure patients with
increased respiratory load and severely reduced inspira-
tory force reserve have too many degrees of freedom to
alter their relative contribution between the diaphragm
and other muscles.

As depicted in Fig. 3, increasing unloading caused
Vtinsp and inspiratory flow to increase during the assisted
breath, whereas they decreased during the non-assisted

breath. Figure E2 (ESM) demonstrates that the transfor-
mation of DPL,dyn into Vtinsp followed different
trajectories for non-assisted and assisted breaths. Hence, it
is likely that the curvilinear relationship between PVBC
index and the DPes/DPL,dyn ratio was due to an increasing
discrepancy in respiratory system mechanics between
non-assisted and assisted breaths.

It should also be noted that the DEAdi at 100 %
unloading (DPes ‘‘approaches’’ zero ca. 0) intercepts
DEAdi at a level of about 2 lV (Fig. 2). This agrees with
previous studies in healthy subjects [1] and in critically ill
patients [24] showing that NAVA can completely unload
without abolishing neural respiratory drive. Also, when

Fig. 3 Responses to increasing
neurally adjusted ventilatory
assist (NAVA) levels during
each condition for the patient
ventilator breath contribution
(PVBC) index as well as the
variables that the PVBC index
depends on. From top to bottom,
mean inspiratory flow (Vtinsp/
Ti), inspiratory volume (Vtinsp)
and expiratory volume (Vtexp),
mean inspiratory deflection in
electrical activity of the
diaphragm (DEAdi),
neuroventilatory efficiency
(NVE = Vtinsp/DEAdi), and
PVBC are plotted on the y-axes,
as a function of each quintile of
unloading expressed as DPes in
% of DPes at zero NAVA level
(%DPes@NAVA0), for acute
lung injury (ALI), high (R1),
and very high (R2) resistive
load as well as fast and slow
increases of the NAVA level.
Inspiratory and expiratory data
are denoted by circles and
squares, respectively. Assisted
and non-assisted breaths are
plotted as filled and empty
symbols. Asterisk denotes non-
significant differences assisted
and non-assisted breaths
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DPes/DPL,dyn tended towards zero, the intercepts for both
[(DPL,dyn/DEAdi)no-assist/(DPL,dyn/DEAdi)assist] (Fig. E4
in ESM) and PVBC indices (Fig. 4, left panel) were
above zero. The reason for this is that the EAdi contri-
bution to pressure is nil during the assisted breath (i.e., no
mechanical load = no pressure), whereas during the non-
assisted breath mechanical load is present such that
pressure and volume are generated. Consequently, the
PVBC index underestimates the effect of unloading.

The slight differences for the intercepts between ALI
and resistive loading observed in Figs. 4 and E4 (ESM)
could suggest that hyperinflation may have induced a
reduction in neuromechanical as well as neuroventilatory
efficiency at increasing levels of unloading. The conse-
quence would be that hyperinflation reduced the Vt/EAdi
more during resistive loading than ALI (see ESM for
further discussion).

In order to reduce the complexity of interpreting a
non-linear relationship with different intercepts, applying
a square of PVBC (PVBC2) resulted in a near-perfect
linear 1:1 relationship to DPes/DPL,dyn (see Figs. 4 and E5
in ESM), which if applicable in critically ill patients
would provide a scale between 0 and 1 for determination
of ‘‘effort sharing’’ between patient and ventilator.

The speed of titration had no significant effect on our
results and all animals had reached a stable respiratory
drive at each NAVA level (Fig. E1 in ESM) which sup-
ports that respiratory drive adapts rapidly in rabbits [25].
We chose to only withdraw assist during one breath and

compare it to the immediately preceding breath to avoid
changes in respiratory drive as only one non-assisted
breath increased DEAdi (Figs. 3 and E1 in ESM). The
relatively small variability in DEAdi between assisted and
non-assisted breaths suggests that we mainly corrected
Vtinsp within a limited range of changes in neural respi-
ratory drive and that DEAdi corrects for larger interbreath
differences in neural drive. Hence, it has yet to be
determined whether the EAdi should be used to either
correct or limit for changes in neural efforts between
assisted and non-assisted breaths. In critically ill patients
with increased variability in Vt and DEAdi [26] there may
be a need for several breaths to ensure representative
measures of Vt and DEAdi. In humans, Viale et al.
showed that several breaths are required for the respira-
tory drive to adjust after changing assist level [27].

It is important to keep in mind the close sensory-motor
control of NAVA. As demonstrated in the present and
other studies, increasing the NAVA level normally
reduces the EAdi while Vtinsp is increasing or remains at a
plateau [24, 25, 28]: thus for the non-assisted breath both
Vtinsp and EAdi decrease and the Vtinsp/EAdi ratio
remains relatively constant, whereas for the assisted
breath, increased or maintained Vtinsp, decreased EAdi
and improved Vtinsp/EAdi ratio (see Figs. 1, 3). Accord-
ingly, the PVBC will decrease with increasing assist
(Fig. 3). On the other hand, if the NAVA level is constant
and the patient’s Vtinsp for a given EAdi improves, the
patient’s breath contribution improves while that of the

Fig. 4 Relationship between the reference index [(DPes/
DPL,dyn)assist] and the PVBC index [(Vtinsp/EAdi)no-assist/(Vtinsp/
EAdi)assist]. Left panel demonstrates DPes/DPL,dyn (x-axis) and its
relationship to PVBC (y-axis) during progressive increases of the
NAVA level. Right panel shows the relationship of DPes/DPL,dyn to
PVBC squared (PVBC2). Values are depicted for all conditions and
levels of unloading during acute lung injury (ALI, circles), high

(R1, squares), and very high (R2, triangles) resistive load. Blue and
red symbols indicate slow and fast ramp increases of the NAVA
level, respectively. DPes mean inspiratory deflection in esophageal
pressure, DPL,dyn mean inspiratory deflection in transpulmonary
pressure, DEAdi mean inspiratory deflection in electrical activity of
the diaphragm, NAVA neurally adjusted ventilatory assist, and
PVBC patient ventilator breath contribution
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ventilator does not. Hence the PVBC index improves as a
consequence of improved respiratory function. This new
ability to study the sharing of respiratory efforts between
patient and ventilator following both adjustments of the
NAVA level and changes in the respiratory status opens
new possibilities for studies of adjusting assist levels to
optimize weaning.

Conclusions

This study shows, in an animal model of ALI and severe
airflow obstruction, that measurements of inspiratory

volume and diaphragm electrical activity during a simple
maneuver—removing the assist for one breath and com-
paring it to the previous assisted breath—allows
quantification of the relative contribution of the inspira-
tory muscles versus the ventilator to the tidal volume. If
clinically applicable, this index could serve to help
quantify and standardize the adjustment of the level of
assist. Further studies are required to evaluate if this
method is clinically applicable.
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