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Neurally Adjusted Ventilatory Assist:
Insufficient Evidence of Broad
Clinical Outcomes—Reply

In reply:
Responding to my editorial1 that ac-

companied the research by Delisle et al,2

Sinderby raises 3 main questions. First,
Sinderby asks why I summarize the out-
come of the study with: “What is the clin-
ical importance of this study; the ‘So what?’
if you will.” A well designed physiological
study such as that by Delisle et al2 pro-
vides essential evidence of a treatment’s
functional effects. Table 1 identifies other
primary research that has identified statis-
tically significant changes relevant to the
implementation of neurally adjusted venti-
latory assist (NAVA) and to the care of crit-
ically ill patients.

As the body of the physiological evidence
relating to NAVA has grown, authors and
researchers have hypothesized expected
clinical outcomes, such as a decreased num-
ber of ventilator days16 and decreased ICU
stay and hospital stay.23 A smaller number
of studies have investigated any association
between patient-ventilator synchrony and
clinical outcomes. Two projects have iden-
tified an association between patient-venti-
lator trigger asynchrony and longer dura-
tion of mechanical ventilation.24,25 De Wit
et al demonstrated an association between
ineffective triggering and longer duration of
mechanical ventilation, longer ICU and hos-
pital stay, and a reduced likelihood of dis-
charge to home.26 De Wit et al have also
identified a statistically significant relation-
ship between ineffective triggering index
and deeper sedation level: a finding that may
result in false conclusions of weaning intol-
erance and longer duration of mechanical
ventilation.27 A recent study including adult

trauma subjects identified no association be-
tween patient-ventilator synchrony and ven-
tilator days, ICU and hospital stay, propor-
tion of subjects who were discharged to
home, or mortality.28

I certainly acknowledge that consistently
demonstrated outcomes of NAVA (such as
enhanced patient-ventilator synchrony) also
happen to be those factors identified with
desired clinical outcomes (such as a reduced
number of ventilator days), though I have
identified no studies to date that have in-
vestigated a direct link between the two.
Though preliminary research outcomes re-
lated to NAVA are promising, well designed
studies are needed to directly measure clin-
ical outcomes.3,6,7,10,12,13,17-20,22,25,29-31

Referring to the failure of conventional
ventilators to provide ventilation synchro-
nous with patient efforts, Sinderby asks, “is
it not in the best interest of respiratory ther-
apists to reduce this problem?” I would re-
spond with a resounding Yes! Respiratory

Table 1. Variables Demonstrating a Statistically Significant Difference in Primary Research
Comparing NAVA to an Alternative Ventilation Strategy

First Author Year Outcome Variables With Statistically Significant Differences

Alander3 2012 Asynchrony time, peak inspiratory pressure, breathing frequency
Beck4 2009 Neural expiratory time, breathing frequency
Bengtsson5 2010 Peak airway pressure, breathing frequency, trigger synchrony,

cycle synchrony
Bertrand6 2013 EAdi, trigger delay, asynchrony index
Bordessoule7 2012 Trigger delay, cycle asynchrony, asynchrony index, coefficient of

variation
Brander8 2009 Mean airway pressure, tidal volume, breathing frequency
Breatnach9 2010 Trigger synchrony, cycle synchrony, peak airway pressure
Cammarota10 2011 Mechanical expiratory time, inspiratory time, duty cycle, time

synchrony, asynchrony index
Clement11 2011 Trigger delay, ventilator response time, pressure-time product
Coisel12 2010 PaO2

/FIO2
; tidal volume; variability of airway pressure, tidal

volume, and minute ventilation; EAdi
Colombo13 2008 Tidal volume, breathing frequency, asynchrony index
Lee14 2012 Peak inspiratory pressure, work of breathing
Moerer15 2008 Patient-ventilator synchrony, trigger effort, breathing comfort
de la Oliva16 2012 Asynchrony index, EAdi, tidal volume, COMFORT score
Piquilloud17 2012 Trigger delay, asynchrony index
Piquilloud18 2011 Trigger delay, inspiratory time in excess, total asynchrony events,

number of patients with asynchrony index � 10%, ineffective
trigger effort events, late cycling events, premature cycling
events, double triggering

Schmidt19 2012 Trigger delay, inspiratory time in excess, asynchrony index,
asynchrony index influenced by leaks

Schmidt20 2010 Variability of flow, variability of breathing pattern
Spahija21 2010 Trigger delay, cycle delay
Terzi22 2010 Tidal volume, asynchrony index

EAdi � electrical activity of the diaphragm
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therapists are on the front lines, witnessing
trigger, cycle, and flow asynchrony at the
bedside every day. We have also, however,
been party to the premature application of
intermittent positive pressure ventilation: a
technology that seemed to make sense but
that eventually was rejected for lack of
evidence of improved clinical outcomes.

The primary interest of respiratory ther-
apists is patient safety. NAVA has been
granted regulatory approval by the United
States Food and Drug Administration, and
evidence suggests NAVA can be employed
safely with neonatal, infant, pediatric, and
adult populations. Since primary safety con-
siderations have been addressed, economic
considerations are relative to Sinderby’s
question. NAVA is currently licensed to a
single ventilator manufacturer: Maquet
MedicalSystems.Table2 indicatesexpenses
related to the purchase of one NAVA-ready
Servo-i ventilator and 12 NAVA-ready Ser-
vo-i ventilators: the mean number of venti-
lators owned by acute care hospitals in the
United States.32 Table 3 indicates costs re-
lating to the purchase of NAVA software
and accessory hardware for facilities that
already own Servo-i ventilators. Additional
departmental expenses would include time
for staff training and equipment mainte-
nance.11 Considering that the United States
gross domestic product used by critical care
medicine recently increased by 13.7%,33

considering the unique challenges associ-
ated with cost containment in critical care,34

and considering that federal funding from
the Centers for Medicare and Medicaid Ser-
vices in the United States is increasingly
dependent upon demonstrated effectiveness
of therapeutic interventions, using technol-
ogy without demonstrated improvement of
patient outcomes imposes fiscal risk related
to uncertain future reimbursement.

The best interests of respiratory thera-
pists also consider the sleep quality of our
patients. In addition to addressing the prob-
lem of patient-ventilator asynchrony, the re-
search by Delisle et al2 addresses a deficit
in our understanding of sleep disturbances
in the ICU.35 Pressure support ventilation
(PSV) in particular has been examined as
an alternative approach to reducing apnea
and improving sleep quality of mechanically
ventilated patients. Roche-Campo et al stud-
ied tracheostomized subjects and concluded
that PSV was associated with a higher total
sleep time than spontaneous ventilation,
though they identified no significant differ-
ences in measures of sleep quality.36 Ca-
bello et al examined clinician-adjusted PSV,
automatically adjusted PSV, and continu-
ous mandatory ventilation, and identified no
statistically significant differences among
the interventions with regard to rapid-eye-
movement (REM) sleep duration, fragmen-
tation index, number of ineffective breath
efforts, or central apneas.37 When PSV was
used as a common comparison, improve-
ments related to sleep have been demon-
strated with other mechanical ventilation

strategies, including:proportional assistven-
tilation (decreased patient-ventilator asyn-
chrony events,38,39 decreased sleep fragmen-
tation,39 increased REM sleep time,39

increased slow wave sleep time39), NAVA
(increased REM sleep time, decreased sleep
fragmentation index, decreased ineffective
breath efforts, decreased frequency of cen-
tral apnea),40 titration of PSV to inspiratory
muscle effort at night (improved gas ex-
change, increasedsleepefficiency, increased
REM sleep, decreased ineffective breath ef-
forts),41 and continuous mandatory ventila-
tion (decreased arousals and awakenings,
decreased central apneas).42 All studies were
insufficiently powered (sample size range
9–16) to yield statistically significant, gen-
eralizable findings. None included consid-
eration of broad clinical outcomes.

Sinderby states, “To suggest that only out-
come data from randomized controlled trials
are required before new modes can be used
simply perpetuates a myth and blinds us to
other approaches to rationally selecting the
best treatment options.” In point of fact, the
2 primary suggestions of my editorial were:
there is insufficient evidence of improved
outcomes with NAVA, and until improved
outcomes are demonstrated, clinical manag-
ers are unlikely to invest in NAVA.

Sinderby’s final comments and questions
relate to the methodological challenges of
randomized controlled trials (RCTs), and
echo concerns specific to RCTs in the crit-
ical care environment, which have been ar-
ticulated by Vincent.43 Because well de-
signed RCTs permit cause-and-effect
conclusions, they are likely to remain the
gold standard of experimental research
methods in healthcare research, despite the
fact that they are fraught with challenges.
Three of the challenges enumerated by Vin-
cent are particularly relevant to the applica-
tion of NAVA in the critical care environ-
ment. First, adequately powered research
will likely require multiple research centers
and a lengthy enrollment period. Second,
statistically significant differences are more
likely to be identified if the study subjects
are at greater risk of patient-ventilator asyn-
chrony, and the literature suggests this dis-
tinction would include pediatric patients3,7

and patients with COPD.11,17,21,24,44 Third,
end points should be chosen carefully, and
we might give special consideration to the
current healthcare reimbursement context.
Despite these challenges, I would join with
the authors of multiple smaller physiologic
studies3,6,7,10,13,17-20,22,23,26-28 to call for ap-

Table 2. Purchase Price of NAVA-Ready Servo-i Ventilator and EAdi Catheter

Unit Price 12 Units

NAVA-ready Servo-i Universal Extended Edition Ventilator,
including freight charges

$68,628 $823,546

EAdi catheter: 12 French, 125 cm, 5 per package $1,188 $14,256
Total $69,816 $837,802

NAVA � neurally adjusted ventilatory assist
EAdi � electrical activity of the diaphragm

Table 3. Purchase Price of NAVA Software and Accessory Hardware Upgrade

Unit Price 12 Units

NAVA Software, NIV NAVA Software, Edi module 60 Hz,
including freight charges

$14,999 $179,988

EAdi catheter: 12 French, 125 cm, 5 per package $1,188 $14,256
Total $16,187 $194,244

NAVA � neurally adjusted ventilatory assist
EAdi � electrical activity of the diaphragm
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propriately powered, prospective RCTs
comparing the effects of conventional ven-
tilation and NAVA on important patient out-
comes, especially given the promising re-
search on NAVA in the past decade.

Kathy S Myers Moss MEd RRT-ACCS
Department of Cardiopulmonary and

Diagnostic Sciences
University of Missouri

Columbia, Missouri

The author has disclosed no conflicts of inter-
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The Whisper Game

To the Editor:
There is an interesting game called “tele-

phone” or “whispers,” in which a message

is passed on, in a whisper, down a line of
people, and then the last person speaks the
message out loud. The final version of the
message is usually radically changed from
the original. Reference to this game is some-
times used to call attention to distorted in-
formation in research papers.

In the July issue of RESPIRATORY CARE,
Mark Siobal and colleagues presented an
elaborate and well conducted study com-
paring ventilatory volumetric capnography
to other methods.1 While I am reluctant to
criticize such a good paper, some minor
mathematical errors crept in that reminded
me of the whisper game.

In the Discussion section, on page 1149,
the important equation relating the partial
pressure of CO2 in arterial blood, CO2 pro-
duction, and minute alveolar ventilation is
presented as:

PaCO2
� V̇CO2

/V̇A

A simple dimensional analysis shows that
this equation is wrong (a whisper error?)
The left hand side of the equation has units
of pressure, but the right hand side of the
equation is dimensionless (ie, units of flow
in the numerator cancel units of flow in the
denominator). The correct version of this
equation is:

PaCO2
�V̇CO2

/V̇A

where the symbol, � means “is proportional
to.” In Siobal’s paper1 the equation also ap-
pears in Figure 7 (same page), and they
reference a paper by Tusman et al,2 who
give a simplified version of the equation:

PaCO2
� �K � VCO2

�/V̇A

where K is called “a constant” without fur-
ther explanation. (Note that the above equa-
tion from the paper has a typo: it is missing
the dot over the V in the numerator. The dot
is a mathematical symbol denoting the de-
rivative, in this case meaning the change in
volume with respect to time: ie, flow).

The traditional and more useful form of
the equation is:

PaCO2
� �0.863 � V̇CO2

�/V̇A

where PaCO2
� arterial carbon dioxide ten-

sion (mm Hg), V̇CO2
� carbon dioxide pro-

duction (mL/min), and V̇A � alveolar ven-
tilation (L/min).

The factor 0.863 converts concentration
to partial pressure and also corrects for the
fact that CO2 production is usually expressed
at standard temperature and pressure dry
(STPD), whereas alveolar ventilation is ex-
pressed at body temperature and pressure
saturated (BTPS).3 I contend that this form
is more useful because it allows actual cal-
culations using real or simulated data.

Another whisper error: Siobal et al pres-
ent the graphic shown in Figure 1 (their
Fig. 8). In this figure, the quantity VD-alv is
represented as the “shaded areas” between
the volume curve and the CO2 axis. Al-
though the vertical axis is labeled simply
CO2, therearehorizontal lines labeledPaCO2

,
PACO2

, et cetera, implying that the unit of
measurement for the vertical axis is mm Hg.
The reference is again the paper by Tusman
et al.2 Out of curiosity, I looked up that
paper and found a very similar graphic
(Fig. 2). Note that in Figure 2 the volume
axis is labeled in units of mL, and the CO2

axis is labeled in units of mm Hg. This is ok
for graph B, because all the points on the
graph are either volumes or pressures. But it
is not ok for graph A. As with the first equa-
tion I mentioned, labeling the CO2 axis in
units of pressure is incorrect, based on a
simple dimensional analysis. The areas in-
dicated are supposed to be volumes, but the
units of those areas would be mL � mm Hg.
The problem is that this figure got corrupted
when it was “whispered” from its original
source.

In that source, Fowler4 showed the ver-
tical axis as CO2 concentration expressed as
a fraction. Fletcher et al,5 who were refer-
enced by Tusman et al,2 seem to have writ-
ten the original article describing volumet-
ric CO2 monitoring. They showed several
graphs of volume versus fraction of CO2.
Area in units of a fraction times volume
yields the units of volume, as required. Tus-
man et al even state explicitly “The advan-
tage of using fractions of carbon dioxide
compared with partial pressure is that each
area represents a volume of carbon dioxide,
real or theoretical.”2

You may think the above issues are triv-
ial matters, not worth mentioning. If you
are a clinician whose main interest is basic
concepts, perhaps you would be right. But
if you were a researcher trying to analyze
raw data, an educator trying to make a sim-
ulation with a spreadsheet, or an engineer
trying to design software for a monitor, these
errors could be quite confusing if you were
new to the subject.
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