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Abstract:

Background: Improved patient-ventilator synchrony with Neu-
rally Adjusted Ventilatory Assist (NAVA) may not only benefit the
respiratory system but may also impact the cardiovascular sys-
tem. This study evaluated cardiac function in neonates on NAVA
ventilation compared to SIMV.

Methods: Randomized, single-center, blinded, crossover pilot
trial in premature neonatal subjects (23-36 weeks gestation) on in-
vasive NAVA vs. SIMV. A quantitative assessment of left ventricu-
lar (LV) function was performed using echocardiographic imaging
during each ventilatory mode.

Results: 14 subjects were randomized. During NAVA ventilation
improvement was noted for LV output (194.1 + 59.5 vs. 172.6 +
45.4 mi/kg/min, p = 0.04), LV volume (69 + 7.6 vs. 65.4 £ 5.2 %),
p = 0.05) and cardiac index (1.9 £ 0.7 vs. 1.7 £ 0.6 L/min/m?,
p=0.04) compared to SIMV.

Conclusion: This pilot study demonstrates that neonates have
improved cardiac function on NAVA ventilation compared to SIMV.
Higher cardiac output during NAVA ventilation may result from
better cardio-respiratory synchronization.

Keywords: Neurally Adjusted Ventilatory Assist (NAVA), SIMV,
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“This pilot study demonstrates that
neonates have improved cardiac function
on NAVA ventilation compared to SIMV.
Higher cardiac output during NAVA
ventilation may result from better cardio-
respiratory synchronization.”

Introduction

Neurally Adjusted Ventilatory Assist (NAVA) uses the diaphragm’s
electrical activity (Edi) to allow the ventilated neonate to trigger
on and off cycles of ventilatory assistance. Through the Edi sig-
nal, the neonate determines the peak inspiratory pressure, tidal
volume, and duration of the respiratory support delivered by the
ventilator. This signal is detected by embedded sensors within a
specialized nasogastric tube (NAVA catheter) positioned at the
crural diaphragm level, giving breath-to-breath feedback to the
Servo ventilator (Getinge, Germany (1). Edi is not influenced by
changes in muscle length, chest wall configuration, and/or lung
volume (2-4) and correlates with phrenic nerve activity (5).

Multiple studies in the pediatric and neonatal population show
improved oxygenation, work of breathing, and patient-ventilator
synchronization on NAVA ventilation compared to synchronized
intermittent mandatory ventilation (SIMV) or pressure support

ventilation (2-4,6-8). Additionally, these studies demonstrate less
trigger delay and a lower asynchrony index in non-invasive NAVA
compared with non-invasive ventilation in Pressure Support mode
(6) or when comparing invasive NAVA to SIMV in term and pre-
term patients (7,8).

“Cardiac output values in neonates
increase linearly with advancing birth
weight and gestational age (9). However,
there is less information about the effect
of positive pressure ventilation (PPV) on
neonatal cardiac function.”

Cardiac output values in neonates increase linearly with advanc-
ing birth weight and gestational age (9). However, there is less
information about the effect of positive pressure ventilation (PPV)
on neonatal cardiac function. PPV results in variations in pulse
pressure and increases intrathoracic pressure, decreasing car-
diac preload (10,11). Liet et al. compared conventional ventila-
tion with NAVA in infants (7.8 +4.1 months) who had undergone
cardiac surgery and showed that on NAVA, there were lower peak
inspiratory pressures, higher systolic arterial pressures, and in-
creased cardiac index (12). The effects of NAVA effect on the car-
diovascular system and hemodynamics in premature neonates
have been poorly studied.

Point-of-care echocardiography has been used to study cardiac
function in neonates (13). The most common technique for ven-
tricular systolic function assessment in neonates is based on ven-
tricular dimension and sizes, as recommended by international
guidelines on Point-of-Care Ultrasound (14). Two-dimension im-
ages or M-mode have been used to calculate the ventricular vol-
umes (end-systolic or -diastolic) (15).

This study aimed to evaluate cardiac function in neonates on
NAVA ventilation compared to SIMV.

Methods

Trial Design: This was a randomized, single-center, blinded (to
the cardiologist reading the echo), interventional, crossover pilot
study.

Participants and Data Collection: This trial was performed in
the neonatal intensive care unit (NICU) at ProMedica Russell J.
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Ebeid Children’s Hospital, Toledo, Ohio, USA. The study proto-
col was approved by the local Institutional Review Board (IRB18-
035). Prior to enrollment, written consent was obtained from par-
ents. Subject enrolment was performed by the study investigators.
Echocardiographic data were obtained by either of two certified
pediatric Echo technicians. A board-certified cardiologist read this
data. Collected data were de-identified and recorded in a dedi-
cated database.

Intervention: After a stabilization period of one hour, the first
echocardiographic measurements were obtained. The subject
was then switched to the other mode of ventilation, and after a
stabilization period of one hour, the second echocardiographic
measurements were obtained. The subject was then returned to
the initial ventilatory mode (Fig 1). PEEP was kept consistent be-
tween the two modes.
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Figure 1: Study flow chart

Ventilator data were downloaded from the Servo-I (Getinge, Ger-
many) ventilators. Echocardiographic studies were performed
using the Philips EPIQ 7 machine with a neonatal phased-array
microprobe (12 MHz). Standard 2-D views were taken from api-
cal 5-chamber, apical 4-chamber, apical 2-chamber, parasternal
long and short axis. Simpson’s volume measurements were made
from an apical two-chamber view. Tissue Doppler was measured
from a standard four-chamber view. Velocity Time Integral (VTI)
was taken from a standard 5-chamber view. Left ventricular ejec-
tion fraction (E.F.) was calculated based on fractional shortening
from M-mode in the parasternal short axis. Cross-sectional area
(CSA) was calculated at the level of the aortic valve annulus at
end-systole in the parasternal long-axis view. Velocity time inte-
gral (VTI) was measured from the aortic valve velocity, and heart
rate (H.R.) was measured during the study. Stroke volume was
calculated by VTl x CSA. CSA measurements obtained from the
ECHO machine were matched to the results of manual calcula-
tion by using the formula: CSA = 1 x Aortic Diameter? / 4 (16).
E.F., based on Simpsons 4-chamber and 2-chamber views, were
obtained by appropriate software on the ultrasound machine. Left
ventricular (LV) output was calculated as follows: LV output (ml/
kg/min) = [VTI x CSA (at AV annulus) x heart rate (HR, bpm)] /
body weight (in kg) (16,17). Cardiac index (Cl) was calculated
from LV output and body surface area.

Outcomes: The primary outcome was to evaluate LV output, Cl,
and E.F. Secondary outcomes evaluated were LV dimensions,
SpO,/FiO, ratio, and H.R.

Sample Size and Inclusion Criteria: No previous studies existed
to determine sample size, so this was a pilot study with a con-
venience sample size. Inclusion criteria were preterm neonates
23 -36 weeks of gestation on invasive mechanical ventilation for
Respiratory Distress Syndrome. Exclusion criteria were severe
cardio-vascular instability, congenital heart defects, and sepsis.

Randomization and Implementation: A coin toss determined
the initial ventilation mode (NAVA vs. SIMV). The investigators
were responsible for allowing at least one hour of stabilization
time between echocardiograms as well as the proper data collec-

tion and storage.

Blinding: This pilot study was designed as an assessor-blinded
with the cardiologist reading the echocardiography blinded to the
ventilation modes and parameters. Both echo-technicians were
instructed to avoid discussions with the reading cardiologist, re-
spiratory therapists, or nurses regarding the enrolled subjects or
ventilator settings. Attending physicians were unblinded but were
restricted in discussions with the reading cardiologist regarding
the study subjects.

Statistical Methods: Paired t-test (Excel, Microsoft, 2019) was
used to compare the variables on NAVA vs. SIMV. P<0.05 was
considered significant.

Results

Recruitment: Nineteen subjects met eligibility criteria. Four sub-
jects were excluded after consent was obtained (two were extu-
bated before randomization; two were excluded at the parents’
request due to clinical deterioration prior to the study). Fifteen
subjects were randomized for this study. One subject in the SIMV
group was excluded from statistical analysis, secondary to subse-
quently being diagnosed with sepsis. Two subjects expired weeks
after the enroliment, unrelated to the study. Figure 2 depicts ran-
domization and subject distribution.

Baseline Data: Baseline study population details are shown in
table 1.

“All subjects were on NAVA before the
study enrollment. Of the 14 subjects

in the study, eight were randomized to
start on NAVA ventilation and switched
to SIMV, and six started on SIMV and
switched to NAVA.”

| Enrollment I | Assessed for dligibility (n=19) |

Excluded (n=4)
Not meeting inclusion criteria (n= 2)
Declined to participate (n=2)
Other reasons (n=0)

| Randomized (n= 15) |

| Allocation ISIM\UIU—N»\\"A

Allocated to intervention (n=7)
Received allocated intervention (n= 7)
Did not receive allocated intervention (n= 0}

NAVA —to- SIMV
Allocated to intervention (n=8)
Received allocated intervention (n= 8)
Did not receive allocated intervention (n=0)

| Follow-Up I

Lost to follow-up (n=0)
Discontinued intervention (n= 0}

Lost to follow-up (n=0)
Discontinued intervention (n=0)

| Analysis I

Analyzed (n= 8)
Excluded from analysis (n= 0}

Analyzed (n= 6)
Excluded from analysis (n= 1)
Subject septic: exclusion criteria met

Figure 2: CONSORT participant flow diagram
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Outcomes and Estimations: All subjects were on NAVA before
the study enroliment. Of the 14 subjects in the study, eight were
randomized to start on NAVA ventilation and switched to SIMV,
and six started on SIMV and switched to NAVA. Ventilator settings
and vital signs at the start of each study on NAVA and SIMV are
listed in Table 2. Table 3 depicts the primary and secondary out-
comes. Left Ventricular Output, Cl, and LV volume were increased
in the NAVA group. Cardiac output fell within previously described
ranges using pulsed doppler (9).

Primary outcomes NAVA SIMV p
LV Output (ml/kg/min), 194.1 (59.5) | 172.6 (45.4) | 0.04
Cl (L/m?/min) 1.9 (0.7) 1.7 (0.6) 0.04
EF (%) 73.9(7.2) |[72.05(6.95)| 0.23
Secondary outcomes

LVEDV (cm) 1.1 (0.28) 1.13 (0.27) | 0.11
LVESV (cm) 0.66 (0.16) 0.7 (0.17) | 0.06
LV volume (Simpson 2c) 69.1 (7.6) 65.5(5.3) | 0.05
HR (bpm) 160.1 (15.4) | 154.6 (15.3) | 0.18

Subjects N=14
Gestational age (weeks) 25(3.2)
Birth weight (grams) 923 (566)
Male (n (%)) 9 (64)
Prenatal steroids (n) 12 (85.7)
C-section (n) 11 (78.5)
Apgar score -1 min (median) 5(2,7)
Apgar score -5 min (median) 7 (6,8)
CRIB-Il score 7.1(3.5)
Postnatal age at the enrolment (days) 8.6 (5.9)
Weight at study (grams) 776 (411)

Table 1: Demographics of the study population. Data are shown
as mean (standard deviation), median (interquartile range), or
number (%).

NAVA SIMV  |p
NAVA Level (cmH,O/mcV) [ 1.25 (0.7) n/a n/a
Apnea time (sec) 1.96 (0.15) |n/a n/a
PEEP (cmH,0) 5.9 (1.1) 59(1.1) |1
PIP (cmH,0) n/a 14 (1.5) n/a
Vent Rate (breaths/min) n/a 40 (7.1) n/a
FiO, (%) 29.2(6.8) |29.6(7.3) [0.49
HR (beats/min) 158.9 (12.9) | 155.7 (11) [ 0.39
RR (breaths/min) 46.5(7.1) |47.8(7.1) [0.69
SpO, (%) 93.3(3.3) [93.6(4.7) |0.84
SpO,/FiO, ratio 335 (80) 331 (75) |0.64

Table 2: Ventilatory parameters during each ventilation mode. PIP
— peak inspiratory pressure, HR — heart rate, RR respiratory rate.
Data are shown as mean (standard deviation). There were no dif-
ferences between the groups at the start of each study. Statistics
were paired t-tests.

“Enhanced ventilator synchrony is achieved
when there are shorter trigger delays,
avoidance of premature cycle-off, and
absence of failures to trigger a breath (4).”

Table 3: Hemodynamic variables during NAVA and SIMV modes.
LV Output — left ventricle output (ml/kg/min) and CI- cardiac index
(L/m?/min), were calculated. EF- Ejection Fraction (%), LVEDV —
left ventricular end-diastolic volume (cm), and LVESV — left ven-
tricular end-systolic volume (cm) were measured by m-mode. LV
volume — left ventricular volume (EF%) was measured by 2-D.
Data are shown as mean (standard deviation) and were normally
distributed. Statistics were paired t-test.

Harm: All recruited subjects tolerated the study well. No imme-
diate or late complications were related to the ventilation mode
changes or echocardiograms. Thirteen of fifteen enrolled subjects
were discharged from the NICU. Two subjects died later from rea-
sons unrelated to the study.

“This is the first study to demonstrate/
evaluate the improved cardiac function of
premature neonates being ventilated with
NAVA versus SIMV.”

Discussion

This is the first study to demonstrate/evaluate the improved car-
diac function of premature neonates being ventilated with NAVA
versus SIMV.

Improved cardio-respiratory synchrony may occur due to the reg-
ulation of the heart’s primary pacemaker (atrioventricular node),
which is modulated by the same autonomic system that regulates
respiratory rhythm. However, this only partially explains cardio-
respiratory synchronization. For instance, when the innervation
of the heart is interrupted in a patient post-heart transplantation,
there are still respiratory modulations, mechanical coupling, and
synchronization between cardiovascular and respiratory systems
(18). This may be due to chest movement generating intratho-
racic pressure variances. This increased preload stretches the
sino-atrial node and alters the electrical properties of the myocyte
membrane, ultimately influencing the heart rhythm. In addition,
the synchrony between these two systems is regulated by the ef-
ferent nerves from the cardiorespiratory center of the brainstem,
whose afferent nerves collect information about blood pressure,
blood gas status, and heart rate via arterial baroreceptors and
chemoreceptors (19). As a neonate matures, the coordination
between the cardiovascular and respiratory systems increases,
causing variability in the heart rate to respiratory synchronization
ratio. In the first few weeks, neonates have synchronization ratios
of approximately 5:2 (heart rate: respiratory rate). After 20 days of
life, it lengthens to 4:1 (varying from 7:2 - 9:2) (20).
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Enhanced ventilator synchrony is achieved when there are short-
er trigger delays, avoidance of premature cycle-off, and absence
of failures to trigger a breath (4). When the synchronization index
is higher, intrathoracic pressure is decreased. Lower intrathoracic
pressure increases the cardiac preload of both ventricles (Frank-
Starling Law), which raises the left ventricle stroke volume. Lower
intrathoracic pressure from improved synchrony also increases
diastolic dilation of the LV and prolongs diastolic filling time. With
the preserved systolic function of the myocardium, the larger vol-
ume yields a higher LV output. This hypothesis is supported by the
fact that systolic blood pressure is higher during NAVA compared
to conventional ventilation modes (12).

“Improved synchronization promotes
oxygenation, which relaxes pulmonary
vasculature. Lower right ventricular
(R.V.) afterload can increase R.V. systolic
function and increase LV preload, thus
increasing C.O. Better synchronization
prevents unnecessary hyperinflation
avoiding compressing pulmonary
vasculature mechanically, resulting in
decreased LV preload and C.0O.”

Improved synchronization promotes oxygenation, which relaxes
pulmonary vasculature. Lower right ventricular (R.V.) afterload
can increase R.V. systolic function and increase LV preload, thus
increasing C.O. Better synchronization prevents unnecessary
hyperinflation avoiding compressing pulmonary vasculature me-
chanically, resulting in decreased LV preload and C.O.

During SIMV, variable pulse and intrathoracic pressure results in
inconsistent stroke volume (S.V.), as well as R.V. and LV diastolic
volumes that are not necessarily in synchrony with the needs of
the neonate. Compared to SIMV, NAVA allows for variable inspi-
ratory pressures, flow, and duration in synchrony with the neo-
nate respiratory drive. As a result, intrathoracic pressure adapts in
response to the patient’s physiological needs. It may be hypoth-
esized that variable intrathoracic pressure provides variable RV/
LV systolic and diastolic functions and results in higher C.O. In
addition, variable intrathoracic pressure may produce more intra-
ventricular septal compliance and contractility (ventricular inter-
dependence), which can increase LV end-diastolic volume and
subsequently, CO. Lastly, variable intrathoracic pressure results
in non-uniform compression of the lateral ventricular wall, which
may also improve LV diastolic function and S.V.

Less than 5% of total body oxygen is consumed for metabolic
needs of breathing (21). Patient-ventilator asynchrony during
SIMV ventilation may increase consumption, leading to unneces-
sary total body oxygen consumption and oxygen demand. The
initial compensatory mechanism is tachycardia with tachypnea.
Both responses decrease LV refilling and S.V. via a combination
of previously described mechanisms.

Limitations: LV cardiac output was challenging to measure using
transthoracic echocardiography. Volumes lower than 1 ml were
rounded up by the software program. The decision was therefore
made to use VTI for LV output calculation, considering the very
small sizes of the study subjects. LV cross-sectional area (CSA)
is a stable parameter, easily measurable on echocardiography.

Average H.R. was used for calculation of LVOT, as each echocar-
diography session lasted approximately 10-15 min and the H.R.
changed dynamically during this period. Despite these limitations,
our measurements were comparable to those reported by Boet et
al. (22) and fell within the expected range for preterm neonates.

“This pilot study demonstrates that
neonates have improved left ventricular
function while ventilated with NAVA
compared to SIMV.”

Conclusion:

This pilot study demonstrates that neonates have improved left
ventricular function while ventilated with NAVA compared to SIMV.
Future studies are needed to investigate if these differences ex-
tend to other cardiac function parameters and evaluate the role of
improved ventilatory synchrony in cardiorespiratory function.

Quick Look:
Current Knowledge

Neurally Adjusted Ventilatory Assist (NAVA) ventilation is known
to improve patient-ventilator synchrony. NAVA is being used with
increasing frequency in premature neonates. Evidence is lacking
on the effect of NAVA ventilation on cardiac function.

What This Paper Contributes To Our Knowledge

In a study comparing cardiac function on NAVA ventilation and
SIMV in premature neonates, subjects had improved left ventricu-
lar function, increased left ventricular output, cardiac index, and
left ventricular volume. NAVA ventilation may provide cardiac ben-
efits when used in premature neonates.
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