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BACKGROUND: Apnea time allows the clinician to set a minimum spontaneous respiratory fre-
quency when using noninvasive neurally-adjusted ventilatory assist (NIV-NAVA). Short apnea
times may provide backup ventilation during periods of physiologic variability causing overventi-
lation and suppression of spontaneous respiratory drive. Longer apnea times may allow more
spontaneous ventilation but can result in insufficient respiratory support. The purpose of this study
was to evaluate various apnea times in neonates on NIV-NAVA. METHODS: This was a 2-center,
prospective, 1-factorial, interventional study of neonates <30 weeks gestational age on NIV-NAVA.
Clinically important events and ventilator data were recorded for apnea times of 2 s and 5 s for 2 h
each. RESULTS: 15 neonates (26 � 1.6 weeks gestational age, birthweight 893 � 202 g) were
studied. When compared to the 5-s apnea time, the 2-s apnea time showed increased switches into
backup ventilation from 0.5 switches/min to 2.5 switches/min (P < .001), and time spent in backup
ventilation increased from 2%/min to 9%/min (P < .001). However, clinically important events
decreased from 7 clinically important events per hour to 2 clinically important events per hour
(P < .001). Measured breathing frequency increased with the 2-s apnea time but spontaneous
breathing frequency, FIO2

, peak and minimum electrical activity of the diaphragm, and peak
pressure remained unchanged. CONCLUSION: Short apnea times resulted in more switches into
backup ventilation and longer time in backup ventilation but promoted clinical stability with fewer
clinically important events in neonates ventilated with NIV-NAVA. Key words: triggering; apnea;
NAVA; neurally adjusted ventilatory assist; neonatology. [Respir Care 2019;64(9):1096–1100. © 2019
Daedalus Enterprises]

Introduction

Noninvasive ventilation (NIV) of neonates is used in an
effort to decrease the duration and intensity of invasive
ventilatory support to minimize upper airway damage and

decrease the likelihood of the neonate developing chronic
lung disease or bronchopulmonary dysplasia.1 Several stud-
ies have postulated that increasing patient–ventilator syn-
chrony may improve the quality of NIV.2

Noninvasive neurally-adjusted ventilatory assist (NIV-
NAVA) ventilation (Getinge, Germany, software version
7) utilizes a neural trigger that allows patients to control
the initiation, size, and termination of each breath.3 The
patients control the amount of pressure delivered by
the ventilator using the individual electrical activity of the
diaphragm (EAdi) waveform to trigger-on and cycle-off
each assisted breath, therefore providing truly synchro-
nized and proportional assist.4 This EAdi signal is obtained
from a specialized indwelling nasogastric feeding tube with
embedded sensing electrodes called a NAVA catheter.
When properly positioned, it can accurately and reliably
trigger and cycle the ventilator breath, independent of air-
way leaks, potentially making it ideal for synchronizing
NIV.3 The specialized NAVA catheter is positioned using
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the catheter-positioning screen. Catheter positioning and
safety have been previously validated.5-7 NIV-NAVA, com-
pared to conventional NIV, has been shown to lower EAdi,
peak pressures, FIO2

, and the frequency and length of de-
saturations, and to improve synchrony (consisting of trig-
ger delays, excessive delivery of assist, wasted efforts, and
auto-triggering).8,9

During NIV-NAVA, the ventilator gives a neurally trig-
gered breath in proportion to and in synchrony with the
EAdi.4 If the neonate has a period of apnea lasting for a
predetermined time (ie, apnea time), the ventilator no lon-
ger detects an EAdi and goes into backup ventilation mode
consisting of pressure control ventilation at a preset peak
pressure and frequency. As soon as another EAdi signal is
detected, NIV-NAVA ventilation resumes. Apnea time
therefore allows the clinician to set a minimum breathing
frequency (fmin). For example, an apnea time of 5 s pro-
vides a fmin of 12 breaths/min, an apnea time of 4 s pro-
vides a fmin of 15 breaths/min, 3 s provides a fmin of
20 breaths/min, and 2 s provides a fmin of 30 breaths/min.
However, if the neonate is consistently breathing at
� 30 breaths/min, the apnea time setting becomes less
important because there will be few, if any, respiratory
pauses � 2 s. Current practice in both neonatal ICUs
participating in the study is to set the apnea time at 2 s.
This is justified with the thought that any neonate requir-
ing noninvasive ventilation should have a fmin of at least
30 breaths/min. If the neonate is stable on � 30 breaths/min,
they are transitioned to CPAP.

Currently, there are no data on the optimal apnea time
setting during NIV-NAVA ventilation for neonates. Idio-
pathic apnea of prematurity is a frequent problem in neo-
natal ICUs. Numerous interventions from manual stimu-
lation to mechanical ventilation are required to avoid
potential morbidity. Understanding apnea of prematurity
compared to periodic breathing is important because over-
treatment exposes neonates to the therapeutic interven-
tions whereas prolonged periods of apnea followed by
desaturation and bradycardia can lead to prolonged cere-
bral hypoxemia and a risk for adverse long-term neurode-
velopmental outcomes.10 Choosing an optimal apnea time
during NIV-NAVA ventilation is significant to minimize
backup ventilation (ie, excessively short apnea time) dur-
ing periods of normal physiologic respiratory variability
and to prevent long periods of time without any sponta-
neous or backup ventilation (ie, excessively long apnea
time).

In some neonates, when the ventilator delivers a backup
breath, the diaphragm occasionally is stretched and gen-
erates an EAdi signal. This is known as Head’s paradoxical
reflex.11,12 This reflex occurs when a ventilator-produced
inflation leads to excitation of the inspiratory activity, which
is sensed by the NAVA catheter as an EAdi signal. This
EAdi is then detected by the NAVA catheter, which is

falsely interpreted by the ventilator as a spontaneous breath.
This causes the apnea time to be reset, resulting in the
neonate going an unintentionally long period without ven-
tilation. For example, an apneic neonate may have a backup
breathing frequency set at 40 breaths/min. If the apnea
time is 5 s and the backup breath stretches the diaphragm
and generates an EAdi signal, the apnea timer will reset
and the neonate will receive no respiratory support for
another 5 s until getting another backup breath, potentially
generating another EAdi signal and resetting the apnea
timer. Therefore, despite the neonate being apneic, instead
of being ventilated at 40 backup breaths/min, the neonate,
due to Head’s paradoxical reflex, can receive as few as
12 breaths/min (Fig. 1). This can result in insufficient
respiratory support and clinical deterioration, including bra-
dycardia and desaturations. It may therefore be important
to keep the apnea time short to prevent these occasional
periods of insufficient ventilatory support.

The goal of this study was to evaluate the effect of
different apnea time settings. The null hypothesis was that
a shorter apnea time would result in less clinically impor-
tant events (ie, bradycardias and desaturations as defined
in the methods section) without causing overtreatment of
periodic breathing with mandatory backup ventilation.
These results will assist the clinician in selecting an ap-
propriate apnea time during NIV-NAVA in premature ne-
onates to maximize normal respiratory variability and min-
imize potentially harmful prolonged respiratory pauses.

Methods

We performed a 2-center, prospective, 1-factorial, in-
terventional study of neonates � 30-weeks gestational age

QUICK LOOK

Current knowledge

In neonates on noninvasive neurally adjusted ventilator
assist (NIV-NAVA), apnea time provides a minimum
breathing frequency during periods of spontaneous and
backup ventilation. Setting the appropriate apnea time
should result in fewer clinically important events with-
out causing overtreatment of periodic breathing with
mandatory backup ventilation.

What this paper contributes to our knowledge

This study reports that neonates on NIV-NAVA with a
short apnea time switched into backup ventilation more
often and spent more time in backup ventilation, but
were clinically more stable compared to those on NIV-
NAVA with a longer apnea time.
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and � 1,500 g on NIV-NAVA using the Servo-i ventila-
tor. We used the RAM cannula (Neotech, California) as
the interface throughout the study. Institutional review
board approval and informed consent were obtained. Sub-
jects were randomized into a starting apnea time of either
2 s or 5 s for 2 h, and then they were switched to the
opposite setting for 2 h. The NIV-NAVA and backup set-
tings remained at the settings predetermined by the treat-
ing clinician prior to the study and were unchanged during
the trial. Clinically important events, defined by heart rate
� 90 beats/min or oxygen saturation � 90% lasting � 10 s,
were collected by the clinician at the bedside. The FIO2

,
measured and spontaneous breathing frequency, peak and
minimum EAdi, peak inspiratory pressure, switches/min to
backup, and percentage/min in backup were downloaded
from the ventilator. Statistical analysis of the effects of the
2 settings was performed using paired t tests.

Results

A total of 15 neonates on NIV-NAVA with gestational
age of 26 � 1.6 weeks (range 23–28 weeks) and birth-
weight of 893 � 202 g (range 560–1,218 g) were studied
at 15 � 16 d of life (range 4–68 d) and weight of 921 � 208 g
(range 485–1,275 g). Diagnoses were respiratory distress
syndrome and apnea of prematurity; 73% received prena-
tal steroids, median Apgars were 5 (1 min) and 7 (5 min),

80% received surfactant (47% were intubated briefly for
INSURE (Intubate, surfactant, extubate), 33% were intu-
bated for mechanical ventilation prior to NIV-NAVA),
and all neonates were on caffeine. The practice in our
neonatal ICUs is to start with CPAP in neonates � 25 weeks
old and then escalate to NIV-NAVA if there are ventila-
tion concerns (pH � 7.2) or to INSURE if there are oxy-
genation concerns (FIO2

� 35–40%). If these approaches
fail, the neonate is intubated and mechanically ventilated.
Neonates � 25 weeks old (or others with respiratory fail-
ure in the delivery room) are intubated, given surfactant,
and then weaned to extubation as rapidly as possible.
Noninvasive ventilator settings at the time of the study
included NAVA levels 1.1 � 0.8 cm H2O/�V (range
0.5–2.8 cm H2O/�V), PEEP 7.9 � 1 cm H2O (range
6–10 cm H2O, nasal interface RAM cannula), pressure
limit 36 � 2 cm H2O (range 35–40 cm H2O), backup
pressure 21 � 4 cm H2O (range 15–30 cm H2O); backup
breathing frequency was 40 � 8 breaths/min (range 30–
55 breaths/min), and baseline apnea times were 2 � 0.25 s
(range 2–3 s). There were no catheter placement or mi-
gration issues during the study. All settings other than
apnea time did not change throughout the study.

At 5-s versus 2-s apnea time, switches into back up
increased from 0.5 switches/min to 2.5 switches/min
(P � .001), and time spent in backup increased from
2%/min to 9%/min (P � .001). However, there was a

Fig. 1. Screenshot. Apnea time is set for 5 s. After 5 s (1) the ventilator gives a backup breath (2). The backup breath stretches the diaphragm
and causes an electrical activity of the diaphragm (EAdi) signal (3) that occurs after the backup breath. This is Head’s paradoxical reflex.
The apnea timer is restarted and, despite ongoing apnea, it takes another 5 s (4) before the ventilator gives another backup breath (5).
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decrease from 7 clinically important events per hour to
2 clinically important events per hour (P � .001) during
the 2-s apnea time (Fig. 2). Other measured variables were
unchanged, except for the measured respiratory frequency,
which increased on the 2-s apnea time (Table 1).

Discussion

This study demonstrates that neonates on NIV-NAVA
with an apnea time of 2 s switched into backup ventilation
more often and spent more time in backup ventilation, but
were more clinically stable with fewer clinically important
events compared to similar neonates with an apnea time of
5 s. These results suggest premature neonates would ben-
efit from apnea times set at 2 s compared to 5 s when
receiving NIV-NAVA support.

Shorter apnea times raise a theoretical concern for over-
supporting the neonate during times of normal physiologic

respiratory variability. Supportive ventilation could con-
tribute to hyperventilation, which would result in decreased
respiratory drive. Preterm neonates have impaired venti-
latory responses to CO2. They have a CO2 level below
which apnea is triggered.13,14 Therefore, during periods of
hyperventilation, more apnea can ensue. This was not seen
in our study, in which EAdi peak signals were assessed as
a surrogate for respiratory drive. A decreased EAdi peak
and increased periods of apnea would correlate with de-
creased respiratory drive. This study showed comparable
EAdi levels suggesting no difference in respiratory drive.
Even though neonates switched into backup more fre-
quently and for longer periods, thus resulting in a higher
measured respiratory frequency, both groups had sponta-
neous ventilation � 90% of the time. It is feasible that
clinicians might overtreat apnea slightly to reduce the num-
ber of clinically important events in an attempt to improve
clinical stability. This may be an acceptable tradeoff under
the assumption of presumed harm without intervention
from increased clinically important events.10

Longer apnea times raise a theoretical concern about
undersupporting neonates, and this was borne out by the
neonates having a lower measured respiratory frequency
and more clinically important events with the 5-s apnea
time. This suggests that the neonatal diaphragm is suscep-
tible to Head’s paradoxical reflex, which results in false
neural triggering and a lower measured respiratory fre-
quency. This enforces the need for short apnea times and
higher fmin.

One of the shortcomings of NIV-NAVA technology is
the inability to correctly identify spontaneous versus ven-
tilator-derived inspiration from Head’s paradoxical reflex.
This signal may be misinterpreted by the ventilator soft-
ware algorithm as spontaneous breathing and thus may
reset the apnea timer. This can lead to prolonged periods
of inadequate ventilation, further reinforcing the need for
shorter apnea times.

Weaknesses of this study include only studying 2 apnea
times. We chose 2 s because it is the shortest apnea time
currently available in the ventilator software. We com-
pared 5 s to 2 s because it is commonly used in the clinical
setting. Apnea times � 5 s (fmin � 12 breaths/min) were
felt to put the subjects at unacceptable risk from prolonged
hypoventilation. This study’s sample size is too small to
determine whether the choice of apnea time should be
adjusted due to gestational age, weight, or disease state.
Neonates were studied in two 2-h periods, so it is unclear
whether there is any long-term difference in outcomes
when shorter or longer apnea times are used during NIV-
NAVA.

Neonates breathe in the physiologic range of 40 –
60 breaths/min,15 and it is possible that, in certain patients,
such as extremely preterm neonates, the shortest apnea
time of 2 s may not be sufficient. An apnea time of 2 s
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Fig. 2. Switches to backup and time spent in backup were higher
with the 2-s apnea time compared to the 5-s apnea time. How-
ever, there were fewer clinically important events with the 2-s
apnea time. Brady/desats � bradycardia/desaturations. * P � .001.

Table 1. Ventilator Data With 5-s vs 2-s Apnea Time

5-s
Apnea Time

2-s
Apnea Time

P

FIO2
0.25 � 0.07 0.2 � 0.08 .22

Frequency measured,
breaths/min

56 � 9.6 60 � 8.7 � .001

Frequency spontaneous,
breaths/min

55 � 10 55 � 11 .67

EAdi peak, �V 8.9 � 2.8 8.6 � 2.4 .27
EAdi minimum, �V 2.1 � 0.6 2.2 � 0.6 .26
Peak airway pressure,

cm H2O
15.5 � 4.7 15.6 � 4.3 .39

Breathing frequency was significantly higher in the 2-s apnea time compared to the 5-s apnea
time (P � .001). All other variables were unchanged.
EAdi � electrical activity of the diaphragm
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translates to a fmin of only 30 breaths/min, whereas an
apnea time of 1 s would allow a fmin of 60 breaths/min,
which is more consistent with neonatal physiology. Future
software updates that allow the user to reduce the apnea
time in small increments from 2 s to 1 s may allow less
mature and less stable babies to benefit from NIV-NAVA
ventilation by providing a higher fmin and more respiratory
support when needed.

Conclusions

The results of this study suggest that short apnea times
should be utilized for neonatal patients ventilated with
NIV-NAVA to promote clinical stability and decrease the
occurrence of clinically important events. Occasional false
neural triggering due to Head’s paradoxical reflex is a
known limitation of NIV-NAVA that may lead to more
pronounced periods of suboptimal ventilation if the apnea
time is set at 5 s compared to 2 s.
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