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OBSERVATIONAL STUDY

Hemodynamic Effects of Nasal Intermittent Positive Pressure
Ventilation in Preterm Infants

Hung-Yang Chang, MD, Kun-Shan Cheng, MD, Hou-Ling Lung, MD, Sung-Tse Li, MD,
Chien-Yu Lin, MD, Hung-Chang Lee, MD, Ching-Hsiao Lee, PhD, and Hsiao-Fang Hung, PhD

Abstract: Nasal intermittent positive pressure ventilation (NIPPV)
and nasal continuous positive airway pressure (NCPAP) have proven to
be effective modes of noninvasive respiratory support in preterm
infants. Although they are increasingly used in neonatal intensive care,
their hemodynamic consequences have not been fully evaluated. The
aim of this study was to investigate the hemodynamic changes between
NIPPV and NCPAP in preterm infants.

This prospective observational study enrolled clinically stable pre-
term infants requiring respiratory support received NCPAP and non-
synchronized NIPPV at 40/minute for 30 minutes each, in random order.
Cardiac function and cerebral hemodynamics were assessed by ultra-
sonography after each study period. The patients continued the study
ventilation during measurements.

Twenty infants with a mean gestational age of 27 weeks (range, 25—
32 weeks) and birth weight of 974 g were examined at a median
postnatal age of 20 days (range, 9-28 days). There were no significant
differences between the NCPAP and NIPPV groups in right (302 vs
292 mL/kg/min, respectively) and left ventricular output (310 vs
319mL/kg/min, respectively), superior vena cava flow (103 vs
111 mL/kg/min, respectively), or anterior cerebral artery flow velocity.

NIPPV did not have a significant effect on the hemodynamics of
stable preterm infants. Future studies assessing the effect of NIPPV on
circulation should focus on less stable and very preterm infants.

(Medicine 95(6):¢2780)

Abbreviations: LVO = left ventricular output, NCPAP = nasal
continuous positive airway pressure, NIPPV = nasal intermittent
positive pressure ventilation, PDA = patent ductus arteriosus, RVO
= right ventricular output, SVC = superior vena cava, VTI =
velocity time integral.
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INTRODUCTION

Ithough mechanical ventilation through an endotracheal

tube is a standard life-supporting procedure in most preterm
infants, it is associated with an increased risk of various
complications, and this has led to the use of noninvasive
respiratory support. Nasal intermittent positive pressure venti-
lation (NIPPV) augments the benefits of nasal continuous
positive airway pressure (NCPAP) with the addition of
positive-pressure breaths. Although NIPPV is being increas-
ingly used in preterm infants,' published data on the hemody-
namic consequences are lacking. In comparison, the
mechanisms by which invasive mechanical positive pressure
ventilation affect hemodynamics have been studied in new-
borns.>* It has been suggested that intermittent positive pres-
sure or distended airway pressure can increase intrathoracic
pressure and alveolar volume. Alveolar expansion can increase
pulmonary vascular resistance, and a high intrathoracic pres-
sure, when transmitted to the heart and major blood vessels,
may impede venous return to the heart. This then decreases
cardiac contractility and output, and consequently cerebral
blood flow. However, the interaction between respiratory sup-
port and cardiac output is complex. In particular, any hemo-
dynamic effects are associated with pulmonary compliance, and
therefore additional positive airway pressure may also optimize
lung volume. Higher lung volume and better oxygenation will
improve pulmonary blood flow in lung areas that were pre-
viously collapsed or hypoxic. NIPPV provides an increase in
positive pressure compared to NCPAP, however whether or not
this affects hemodynamic findings has not been adequately
studied.

Cardiac output is a determinant of systemic blood flow and
can be measured by functional echocardiography.* The most
commonly measured flows in newborn infants are right ven-
tricular output (RVO), left ventricular output (LVO), and
superior vena cava (SVC) flow.>® Doppler ultrasound applied
to the major cerebral arteries, such as the anterior cerebral
artery, can provide a valuable estimate of cerebral blood flow.
The aim of this prospective observational study was to inves-
tigate the hemodynamic changes between NIPPV and NCPAP
in preterm infants. It was hypothesized that NIPPV may impede
venous return and cardiac output when compared to NCPAP.

MATERIALS AND METHODS

Patient Selection

Clinically stable preterm infants born at less than 34
weeks of gestation and weighing under 1500 g at birth who
required NCPAP or NIPPV with less than 30% oxygen were
eligible for this study. The infants with major congenital
anomalies, requiring sedation, ongoing sepsis, or a significant
shunt such as a patent ductus arteriosus (PDA), or atrial septal
defect/persistent foramen ovale were excluded. Significant
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PDA was diagnosed when there was color Doppler echocardio-
graphic evidence of left to right ductal shunt, ductal diameter
>1.5mm/kg, left atrial/aortic root ratio >1.4.” A significant
atrial septal defect/patent foramen ovale was defined as a
diameter of >3 mm measured with color flow Doppler echo-
cardiography. The study was conducted at the Hsinchu Mackay
Memorial Hospital Neonatal Intensive Care Unit, and it was
approved by MacKay Memorial Hospital’s Institutional
Review Board (IRB number: 1I0MMHIS049). All infants were
recruited and studied after written informed consent had been
obtained from their parents.

Study Protocol

The infants were studied in their incubators while they
were left undisturbed after standard nursing procedures had
been completed. The infants were in the supine position
throughout the study. During the study, each infant underwent
2 study periods of 30 minutes each with NCPAP and nonsyn-
chronized NIPPV at 40/min, in random order. A 10-minute
period was used for hemodynamics measurements while the
infants were asleep or in a quiet awake state after each study
periods. Both modes of ventilation were provided by a time
cycled, pressure limited neonatal ventilator (Babylog 8000 plus,
Driger Medizintechnik GmbH, Germany). A short bi-nasal
prong (Hudson RCI, Temecula, CA) was used as the nasal
interface. NCPAP pressure and positive end-expiratory pressure
of NIPPV were set at the same level as before the study, and
peak inspiratory pressure was set at 15 to 20 cm H,O according
to chest excursion. In addition, inspiratory time was set at
0.45 seconds, and inspired oxygen concentration was set to
maintain preductal oxygen saturation between 88% and 95%.
We ensured mouth closure by using a pacifier with tape to
prevent any fluctuation in pressure.

Hemodynamic Measurements

Hemodynamics measurements were assessed immediately
after each study period by echocardiography and head ultra-
sound using a Philips Sonos 4500 ultrasound machine (Philips
Medical Systems, Andover, MA) with a 5 to 12 MHz transducer
(S12, 21380A, Philips Medical Systems, Andover, MA). The
patients continued the study ventilation during measurements.
The scans were recorded on a hard disk, and measurements were
analyzed offline to minimize patient handling time. The inves-
tigator performing the offline analyses was blinded to the
treatment mode and not involved in the randomization or the
recording of the intervention.

Echocardiographic Data Collection

In each echocardiographic evaluation, the following vari-
ables were measured according to previously published meth-
odology: SVC flow, LVO, RVO, and diameter of and shunt
across the PDA. All flow measurements were calculated and
indexed to the infant’s weight using the following formula:
flow = [velocity time integral (VTI) X (7 X (mean diameter?/
4) x heart rate]/body weight.>® A mean of the maximum and
minimum internal diameters was used for the flow calculation.
Diameter measurements were averaged from 3 cardiac cycles.
This averaged diameter was used constantly for each flow
measurement. Each VTI was calculated from the area under
the curve of the spectral trace. To minimize respiratory cycle-
related variation, averages of 6 to 10 consecutive cardiac cycles
were recorded for analysis of the VTI. SVC flow, LVO, and
RVO were expressed in mL/kg/min.

2 | www.md-journal.com

Cranial Ultrasound Data Collection

The anterior cerebral artery was visualized using color
Doppler in the middle plane through the anterior fontanelle. The
resistance index was calculated as (S-D)/S of the mean of 5
waveforms, where S and D are the maximum and minimum
blood flow velocities, respectively, during 1 cardiac cycle.

Clinical data were collected from medical records, and
included demographic data, details of the birth, and clinical
course. The following physiological variables were obtained
from the Agilent monitor (Agilent M1205A, Philips Medical
Systems, Andover, MA) throughout each mode of respiratory
support: heart rate, respiratory rate, and transcutaneous oxygen
saturation (SpO,). Blood pressure (systolic, diastolic, and
mean) was measured with an appropriate cuff every 10 minutes.
Respiratory support variables of oxygen requirement, peak
pressure, positive end-expiratory pressure, rate, and mean air-
way pressure were obtained from the ventilator (Babylog 8000
plus, Driager Medizintechnik GmbH).

Statistical Analysis

As there are no preliminary data on the primary outcome
measurements of cardiac output (SVC flow, RVO, and LVO)
between NIPPV and NCPAP, we estimate a sample size of 20
patients to perform this pilot study. The collected data are
presented as means = SD. Comparisons between paired vari-
ables in the NIPPV and NCPAP groups were performed using
the Wilcoxon signed-rank test. Each included infant was used as
his or her own control. Significance was defined as a 2-sided P
value of <0.05. Data were statistically analyzed using SAS
software version 9.2 (SAS Institute Inc., Cary, NC).

RESULTS

A total of 20 preterm infants (11 males and 9 females) were
studied (Table 1). The mean gestational age at birth was
27.1£2.1 weeks, and the mean birth weight was
974 +204 g. Antenatal steroids were administered to 85%
(n=17) of the mothers, and all infants were inborn. Nine
(45%) infants received ventilation and received early rescue

TABLE 1. Characteristics of the Study Population

Characteristics n=20
GA, wk (mean + SD) 27.1+2.1
BW, g (mean + SD) 974 £204
Antenatal steroids (n, %) 17, 85%
Male (n, %) 11, 55%
Cesarean section (n, %) 8, 40%
Apgar score at 1 minutes (median, range) 8,4-9
Apgar score at 5 minutes (median, range) 9, 7-10
RDS requiring surfactant (n, %) 9, 45%
Significant PDA requiring treatment (n, %) 5, 25%
At entry to the study
Postnatal age, days (median, range) 20 (9-28)
Postmenstrual weeks (mean + SD) 302+ 1.6
Weight, g (mean + SD) 1018 £201 g
On NCPAP (n, %) 11, 55%
FiO,, % (median, range) 23 (21-28)

BW = birth weight, GA = gestational age, NCPAP = nasal continuous
positive airway pressure, PDA =patent ductus arteriosus, RDS=
respiratory distress syndrome, SD = standard deviation.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.



Medicine ¢ Volume 95, Number 6, February 2016

Hemodynamic Effects of NIPPV

TABLE 2. Changes in Hemodynamic Parameters for NCPAP
and NIPPV (N =20)

NCPAP NIPPV P

RVO, mL/kg/min 302 +69 292 +73 0.19
Diameter, mm 43405 4.44+0.6 0.17
VTI, cm 13.9+3.5 13.2+2.9 0.38
LVO, mL/min/kg 31087 319+60 0.23
Diameter, mm 53+0.5 57+0.6 0.36
VTI, cm 9.0+1.6 9.1+1.8 0.79
SVC flow, mL/kg/min 103 +23 110+29 0.32
Diameter, mm 24403 25404 0.26
VTI, cm 143+3.9 15.0+4.0 0.50
Maximal ACA blood flow  26.8+5.7 27.1+6.2 0.67

velocity, cm/s
Minimal ACA blood flow 6.9+2.6 72+28 0.26

velocity, cm/s
Resistance index 0.73+£0.09 0.714+0.10  0.15

Values expressed as mean 4+ SD. ACA =anterior cerebral artery,
LVO = left ventricular output, NCPAP = nasal continuous positive air-
way pressure, NIPPV = nasal intermittent positive pressure ventilation,
RVO=right ventricular output, SD=standard deviation, SVC=
superior vena cava, VTI = velocity time integral.

surfactant therapy. None of them had severe intraventricular
hemorrhage. Five infants had clinically significant PDA and
received treatment (2 intravenous ibuprofen, 3 surgical ligation)
before entry to this study. At entry to the study, the median
postnatal age was 20 (range 9-28) days, with a mean post-
menstrual age of 30.2+1.6 weeks, and birth weight of
1018 +201 g. All infants were stable on noninvasive respiratory
support due to respiratory distress syndrome. The median FiO,
before the study was 23% (range 21%—28%). Eleven (55%)
infants were receiving NCPAP with an NCPAP level of 5cm
H,0. Before the study, of the 9 infants receiving NIPPV, the
mean peak inspiratory pressure was 18.2 cm H,O. None of the
enrolled infants received inotropic support during the study
period, however 5 infants received methylxanthines.

The hemodynamic and respiratory measurements are
shown in Tables 2 and 3. A hemodynamically insignificantly
small PDA (diameter <1 mm) was found in 3 patients during the

TABLE 3. Changes in Clinical Variables for NCPAP and NIPPV
(N=20)

NCPAP NIPPV P

Heart rate, beats/min 155+14 157+15 0.30
Respiratory rate, /min 3945 41+6 0.31
Mean blood pressure, mmHg 507 51+6 0.99
SpO,, % 97+3 98+1 0.81
Fractional inspired oxygen, % 23+3 23+3 0.78
Mean airway pressure, cm H,O 5.0+0 82+0.3 <0.0001

Values expressed as mean + SD. NCPAP = nasal continuous positive
airway pressure, NIPPV =nasal intermittent positive pressure venti-
lation, SD = standard deviation.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

study. The mean airway pressure was significantly higher in the
NIPPV group compared with the NCPAP group (8.2cm H,O
versus Scm H,O, P <0.0001). There were no significant
differences in the hemodynamic parameters including RVO,
LVO, SVC flow, anterior cerebral artery flow velocity between
the NIPPV and NCPAP groups (Table 2). There were also no
significant differences in systolic, diastolic, and mean arterial
blood pressure between the 2 groups (Table 3).

DISCUSSION

To the best of our knowledge, this is the first study to
compare the circulatory impact of NCPAP and NIPPV in stable
preterm infants. The results showed that there were no signifi-
cant changes in central blood flow in any measured parameter
between NCPAP and NIPPV. Impairment of cardiac output by
nasal positive pressure ventilation had been reported in several
adults studies.®~'° In theory, these hemodynamic effects should
be significant in stable preterm infants when lung compliance
has improved and most of the airway pressure can be trans-
mitted to the heart and major blood vessels. However, in
contrast to the findings in adults, our results showed that there
were no overall differences in the hemodynamic measurements
with NIPPV. There are several possible explanations for this.
First, an increase of 5 to 8 cm H,O in mean airway pressure may
not have been large enough to cause a negative effect on blood
flow. Second, the mechanism of action of NIPPV is not fully
understood, and it is still unclear whether the advantage pro-
vided by NIPPV in clinical studies is due to pressure changes,
reduced work of breathing, or simply the provision of a higher
mean airway pressure than with NCPAP.!! Previous studies
have shown that NIPPV has little or no effect on tidal
volume,'*!? and therefore the application of NIPPV may not
result in significant hemodynamic changes. Third, the lack of an
effect of NIPPV on hemodynamics may be due to the fact that
these infants were stable on noninvasive respiratory support
prior to the study, and that the lung volumes were already
optimal. Studies of smaller, more preterm, or more symptomatic
infants may produce different results.

Functional echocardiography has been recommended to
obtain information on cardiac function and systemic and pul-
monary blood flow in critically ill preterm infants.>*® The most
common measurements of central blood flow are LVO, RVO,
and SVC flow. Central blood flow velocity is influenced by
various factors such as changes in pulmonary vascular resist-
ance, heart rate, and the intrinsic properties of the left and right
ventricles. Vessel diameter, VTI, heart rate, and body weight are
also determinants of blood flow.'* In addition, LVO is often
influenced by shunting via the ductus arteriosus, and RVO is
influenced by shunting via the patent foramen ovale. Due to the
unreliability of LVO and RVO, SVC flow, of which approxi-
mately 80% is estimated to be venous return from the brain, can
be used as a surrogate marker of systemic blood flow.® Refer-
ence values for flow in preterm infants of this postnatal age are
limited."> Low SVC flow, defined as less than 40mL/kg/
minute, is associated with an increased risk for intraventricular
hemorrhage and adverse neurodevelopmental outcomes.'®~'®
Previous studies have shown that a higher mean airwa%/ pressure
is associated with a low SVC flow in preterm infants.'® Whether
this is a direct effect of positive pressure ventilation on reducing
systemic venous return, or a reflection of severity of lung
disease is unknown.? Although our study showed no difference
in hemodynamics with NIPPV, long-term neurodevelopmental
follow-up in preterm infants use NIPPV is warranted.
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Studies evaluating hemodynamic changes with NCPAP in
neonates are also conflicting. No significant hemodynamic
changes with NCPAP have been observed in some studies,'*°
whereas others demonstrated that NCPAP at a pressure of 5 cm
H,O significantly decreased RVO and SVC flow.?" Another
study related the use of NCPAP pressure up to 10 cm H,O with
compromised cardiac output in neonates,”> and another study
showed that invasive intermittent positive pressure can reduce
cerebral blood volume compared to endotracheal continuous
positive airway pressure.>> Our findings are consistent with
another report in which noninvasive respiratory support had no
effect on cerebral circulation.*

There are several possible limitations to our study such as
the small sample size, which may have limited our ability to
detect intergroup differences. A study to compare the hemo-
dynamic changes between NIPPV, NCPAP, and off nasal
respiratory support would have been preferable. However,
because these infants still required noninvasive respiratory
support, the ethics committee of our hospital did not allow
us to remove them from noninvasive respiratory support for
research purposes. In addition, this study only recorded short-
term hemodynamics effects, and whether the impact increases
with time could not be excluded. The wide range of postnatal
age (9—-28 days) in our subjects could also have theoretically
affected our findings, because cardiac vascular flow and resist-
ance may change over the early postnatal period.'>2° The
delivered peak inspiratory pressure in NIPPV has been reported
to be variable and frequently lower than the set peak inspiratory
pressure,”® and NIPPV pressure peaks or NCPAP pressure may
not effectively reach the lungs due to variable gas leaks around
the prongs or mouths. We used a sealed method to prevent
pressure drops in this study; however, we did not use esophageal
pressure to estimate changes in intrathoracic pressure. In
addition, we used nonsynchronized NIPPV in the present study
because synchronized NIPPV is not available in our institution.
Synchronized ventilation could in theory enhance transmission
of the positive pressure, and the hemodynamic effect of syn-
chronized NIPPV requires further investigation. Furthermore,
there are also limitations in our echocardiography analysis.
Central blood flow assessments should also be interpreted with
caution, as marked intra- and interobserver variability has been
demonstrated.>” The main cause of variability is the measure-
ment of vessel diameter, because it varies through the cardiac
cycle and is difficult to measure accurately.’’ Repeated
measurements of the minimum and maximum diameter from
several consecutive cardiac cycles may minimize this problem.
In addition, the same observer should preferably perform
sequential measurements and analysis to prevent interobserver
variability.?” Because ultrasound evaluation cannot be available
all the time, real-time and continuous hemodynamic measure-
ments during different respiratory strategies may be more
practical for clinician in the future. This may help clinicians
to determine the most suitable ventilatory support, especially
during the golden minutes after birth.

CONCLUSIONS

This study advances the understanding of the hemody-
namic effect of NIPPV. We conclude that NIPPV does not
affect central blood flow and can be used safely in stable
preterm infants. However, our results should be interpreted
with caution as they may not apply to infants with cardiovas-
cular compromise. Future studies assessing the effect of NIPPV
on circulation should focus on less stable and very preterm
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infants. In addition, more and larger studies are needed to
confirm whether similar or more exaggerated hemodynamic
changes occur with the use of NIPPV over a longer period
of time.
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