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BACKGROUND: Bench and clinical data indicate that techniques for applying noninvasive respiratory
support may vary in terms of effectiveness, application, and tolerability. We implemented a new nasal
interface and flow-generation system for the delivery of noninvasive respiratory support (NRS) to
replace previously used systems. Our goal was to determine whether there were significant differences
in clinically relevant outcomes between our new method and conventional systems. METHODS: We
conducted a prospective observational study of preterm infants requiring noninvasive respiratory sup-
port during our initial implementation of a new nasal interface (RAM), and compared these data with
a historic control group. Demographic, baseline, and clinical outcome data were collected. Clinical
outcomes and comorbid conditions were compared by using the chi-square test for categorical infor-
mation and the Student t test or Wilcoxon rank-sum test for quantitative data, depending on normality
testing when using the Shapiro-Wilk test. Uni- and multivariate logistic regression were conducted to
determine predictive factors for the development of bronchopulmonary dysplasia. RESULTS: There
were no significant group differences in important comorbid conditions, invasive mechanical ventilation
days (P � .16), or NRS failure within the first 7 d after birth (P � .10). Although there were no
significant differences in the use of CPAP or noninvasive ventilation, settings with were significantly
higher (P < .001) in the RAM group. There were more incidences of retinopathy of prematurity (P �
.02) post RAM implementation, and the time to first reintubation was significantly shorter in the RAM
group (P � .044). However, there were significant reductions post RAM in total days on any respiratory
support (P � .009), total NRS days (P � .02), and supplemental O2 duration (P � .02). There was a trend
toward reductions in bronchopulmonary dysplasia rates (P � .053), and the incidence of device-related
tissue breakdown was significantly reduced (P < .001) post RAM. Multivariate logistic regression results
showed the type of system (odds ratio [OR] 0.19, 95% CI 0.04–0.87; P � .032) and total invasive
ventilation time (OR 0.94, 95% CI 0.89–0.99; P � .02) were predictors for the development of bron-
chopulmonary dysplasia. CONCLUSIONS: The ability to apply continuous distending pressure through
consistent application of NRS with the RAM cannula attached to a ventilator may improve clinical
outcomes, including the duration of respiratory support and pressure-ulcer rates. The influence of this
system on the development of bronchopulmonary dysplasia and the significantly increased retinopathy
of prematurity requires further study. Key words: preterm infant; extremely low birthweight (ELBW); very
low birthweight (VLBW); noninvasive respiratory support; nasal CPAP; noninvasive ventilation; high-flow
nasal cannula; bronchopulmonary dysplasia; pressure ulcer. [Respir Care 2018;63(10):1197–1206. © 2018
Daedalus Enterprises]

Introduction

Preterm low birthweight neonates are at high risk for
pulmonary complications and need respiratory support sec-

ondary to immature lung development.1 One of the main
goals in treating respiratory distress syndrome is to estab-
lish and maintain normal functional residual capacity.2
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Surfactant dysfunction makes alveoli unstable and prone
to collapse, and repeated de-recruitment from variable
pressure applications may lead to atelectrauma and venti-
lator-induced lung injury.3,4 Analysis of research results

SEE THE RELATED EDITORIAL ON PAGE 1314

indicated that providing optimal functional residual capacity
can protect against lung injury and reduce required FIO2

.3

Early noninvasive respiratory support is frequently used
in this population, to replace invasive mechanical ventila-
tion for alveolar recruitment and reduce the risk of lung
injury and infection.1 Physiologic benefits of standard non-
invasive respiratory support modes, such as, CPAP, in-
clude improved oxygenation and ventilation-perfusion
matching secondary to increased functional residual ca-
pacity.5 There are studies that indicate that systems used to
deliver noninvasive respiratory support can potentially in-
fluence these clinical outcomes.6 These systems vary in
pressure transmission, imposed work of breathing, and the
ability to recruit the lung, depending on a variety of fac-
tors, such as ventilator settings, flow characteristics, and
percent leak.7 For example, the Infant Flow Driver (Infant
Flow LP Nasal CPAP System, Vyaire, Cape Town, South
Africa) was developed to reduce expiratory resistance and
fluctuations in airway pressure, but preliminary studies
were mixed regarding benefits of this device over other
interfaces.8

Studies also indicated that noninvasive respiratory sup-
port interfaces, including the one used by the Infant Flow
Driver system, present a risk for the development of nasal
injury.9,10 These devices have a range of manufacturer-
recommended attachment methods and are made from ma-
terials with diverse durometers. Configuration differences
lead to variances in application time, patient tolerance, and
the use of each device with various noninvasive respira-
tory support modes. Use of only one type of interface,
mask or prongs, frequently leads to skin breakdown, there-
fore, the literature9,11 recommends scheduled interface ro-
tations as this technique has been associated with reduced
incidence of nasal injury.12 The need to rotate interfaces to
avoid pressure ulcers necessitates breaking the circuit and,
thus, losing pressure. Research has shown that sustained

distending pressure is crucial to recruiting and maintaining
functional residual capacity.6

The RAM cannula (Neotech, Valencia, California) re-
ceived FDA clearance to deliver high- or low-flow oxy-
gen, and, off label, can deliver nasal CPAP and noninva-
sive ventilation (NIV). This system may allow earlier
application, along with more stable use and pressure trans-
mission compared with conventional noninvasive respira-
tory support systems. There are few comparative studies of
noninvasive respiratory support interfaces combined with
different flow-generation systems and no published clini-
cal outcome data to date that compared these with the
RAM cannula in very low birthweight (� 1,500 g) and
extremely low birthweight (� 1,000 g) infants. Analysis
of bench data indicate that there are differences in pressure
transmission between the RAM and other cleared inter-
faces, with lower delivered pressure with the RAM.13-15

Clinically, only one observational study was found that
reviewed a single center’s experience when substituting
the RAM for a conventional noninvasive respiratory sup-
port interface using 2 ventilators with different flow-gen-
eration characteristics.16 The investigators used the RAM to
reduce the impact of tissue breakdown and agitation that
resulted from conventional noninvasive respiratory support
interfaces and found that most infants were successfully
weaned by using the RAM cannula with NIV or CPAP.16

However, this study did not report outcomes with the RAM
compared with other interfaces or between ventilators.

Our goal was to determine whether there were signifi-
cant differences in clinically relevant outcomes between
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www.rcjournal.com.
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Current knowledge

Methods used to deliver noninvasive respiratory sup-
port vary in terms of effectiveness, application, and
tolerability. The non-invasive system and interface can
impact impact delivered pressure, leak compensation,
and patient comfort. All of these factors influence the
success and complications of these modalities.

What this paper contributes to our knowledge

Use of the RAM cannula attached to a pediatric venti-
lator may improve clinical outcomes, including dura-
tion of respiratory support and skin breakdown in low
birthweight infants with respiratory distress syndrome.
Use of the cannula appeared safe as there were no
significant differences in most comorbidities. However,
the rise in retinopathy of prematurity should be inves-
tigated further. The influence of a high-flow nasal can-
nula system on the development of bronchopulmonary
dysplasia requires further study.
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conventionally used devices (the Infant Flow Driver sys-
tem and another approved high-flow nasal cannula [HFNC];
control) and the RAM cannula (used with a pediatric ven-
tilator to deliver CPAP and/or NIV and as an HFNC [RAM])
in this patient population. We hypothesized that the RAM
could improve outcomes, including rates of bronchopul-
monary dysplasia and skin breakdown compared with con-
ventional systems for the delivery of noninvasive respira-
tory support.

Methods

We conducted a prospective observational study of in-
fants � 29 weeks’ gestational age and � 1,500 g born in
our level III neonatal ICU and who required noninvasive
respiratory support from 2014 to 2015 during our initial
implementation of the RAM cannula (n � 36) and com-
pared these data with an historical control group placed on
conventional systems (n � 36) from 2012 to 2013. Exclusion
criteria included any infant who died before the initiation of
noninvasive respiratory support or was transferred before 36
weeks’ gestational age. The study was approved by Med-
Star’s institutional review board (2015–010).

All mothers who deliver infants � 34 weeks’ gesta-
tional age are given betamethasone per our standard
antenatal protocol based on American Congress of Ob-
stetricians and Gynecologists guidelines.17 Infants are re-
suscitated immediately post birth per American Academy
of Pediatrics/American Heart Association’s Neonatal Re-
suscitation Program guidelines18 by using the Neopuff (In-
fant T-Piece Resuscitator, Fisher & Paykel, Auckland, New
Zealand) with pressures of 20–25 cm H2O and PEEP of
5 cm H2O. The FIO2

was provided based on Neonatal
Resuscitation Program guidelines,18 and titrated to achieve
targeted preductal saturations for time post birth. Our neo-
natal ICU uses a hybrid of the INtubate-SURfactant-Ex-
tubation method,19 with intubation, early surfactant deliv-
ery, and limited invasive mechanical ventilation, when
possible. Preterm infants at � 29 weeks’ gestation are
immediately intubated at birth, given surfactant, then ex-
tubated to noninvasive respiratory support within 24 h
under a standardized protocol if clinical criteria are met.
This protocol and criteria for extubation (see the supple-
mentary materials at http://www.rcjournal.com) were un-
changed between the study periods. Caffeine citrate was
given immediately post extubation before and after RAM
implementation and then continued daily.

Infants who did not meet extubation criteria or who
were re-intubated were maintained on invasive mechanical
ventilation until clinically stable for noninvasive respira-
tory support. Pressure control was the initial and mainte-
nance mode of invasive ventilation (Babylog 8000, Dräger,
Lubeck, Germany), with high-frequency oscillatory venti-
lation (Vyaire) used as rescue in patients for whom this

mode failed. Normocapnia or permissive hypercapnia (PCO2

45–65 mm Hg) was targeted for invasive ventilation, de-
pending on the time frame post birth. Oxygenation goals
for all respiratory support modes were guided by protocol
based on the 2012 American Academy of Pediatrics’ guide-
lines for perinatal care.20 Incubator humidity and the use
of developmental positioning was unchanged between the
study periods, as was the overall clinical management of
our preterm infants.

Noninvasive Respiratory Support Systems and Modes

We implemented the RAM system (Fig. 1) in 2014 as a
new nasal interface for the delivery of noninvasive respi-
ratory support in our neonatal ICU, excluding low-flow
supplemental O2. This device replaced previous interfaces
used for the delivery of CPAP, NIV, and HFNC. The
RAM cannula was sized, according to the manufacturer’s
recommendations, as micropreemie or preemie to approx-
imate naris occlusion of 80%, with an outer diameter of
3 mm for both sizes (septal distance varied). We attached
the RAM cannula using the EZ-hold Tubing and Cannula
Holder or DuoDERM (ConvaTec, Oklahoma City, Okla-
homa), and white cloth tape bilaterally to the cheek areas.
The Babylog 8000, a constant-flow, time-cycled ventila-
tor, was used as the flow-generation system for CPAP and
NIV, while HFNC was provided via an external flow me-
ter attached to 50 psi oxygen.

The Infant Flow LP Nasal CPAP System for CPAP
and NIV (Vyaire) (Fig. 2), including short bi-nasal prongs

Fig. 1. The RAM cannula (Neotech, Valencia, California) is FDA
cleared for high- and low-flow oxygen therapy. Off label, the in-
terface can also be used to deliver noninvasive ventilation and
CPAP.
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and mask, were fitted according to the prong and mask
sizing guide and attached by using equipment included
in the packaging. DuoDERM nasal, upper-lip, and fore-
head cutouts were used as a preventive dressing for
pressure-point areas to minimize soft-tissue damage.
These interfaces were rotated every 4 – 8 h, depending
on skin inspection, with support provided to the circuit
to minimize weight and torque placed on vulnerable
areas, such as the nose and forehead. These interfaces
are proprietary to the Infant Flow SiPAP (Vyaire), a
variable, fluidic-flow opposition device, which was used
to deliver both CPAP and NIV in this group. The con-
ventional interface for HFNC (Westmed Comfort Soft
Plus Cannula High Flow, Tucson, Arizona) was pro-
vided in the “premature” (�3-mm outer diameter) size
because there were no sizing guidelines. This interface
was attached to the bilateral cheek areas with Duo-
DERM and white-cloth tape. Flow was provided by
using an external flow meter attached to 50 psi oxygen.
A chin strap was not used to close the mouth with any
interface studied.

The primary mode of noninvasive respiratory support
typically used for both groups was CPAP, starting at 5 cm
H2O. Bi-level NIV, starting at an inspiratory positive air-
way pressure of 10 cm H2O and an expiratory positive
airway pressure of 5 cm H2O, was typically instituted
secondarily before re-intubation in infants for whom CPAP
failed and less frequently as the initial noninvasive respi-
ratory support mode. HFNC (Infant Respiratory Care Sys-
tem, Fisher & Paykel) was used as transitional therapy (see
the supplementary materials at http://www.rcjournal.com)
until a flow of �2 L/min was indicated, then the subjects
were weaned to supplemental O2 via a standard nasal can-
nula (AirLife Instant Cushion Nasal Cannula, CareFusion,
Yorba Linda, California).

Data Collection and Analysis

Demographic, baseline, and clinical outcome data were
obtained using standardized collection formats and were
entered into a secure database. Data for the historical con-
trol were extracted from our electronic medical record
system into Excel (Microsoft, Redmond, Washington); pro-
spectively collected information for the RAM group was
observed and recorded on neonatal ICU flow sheets, with
additional data obtained when necessary from medical re-
cords during the study period. Demographic and baseline
data included gestational age, weight, sex, race, CRIB II
(Clinical Risk Index for Babies) scores, 5-min Apgar score,
the presence of chorioamnionitis or premature rupture of
membranes, the number of caesarean sections, and use of
postnatal steroids. Clinical outcomes during hospitaliza-
tion, such as invasive mechanical ventilation, noninvasive
respiratory support settings and use, re-intubations (see the
supplementary materials at http://www.rcjournal.com),
supplemental O2 use, comorbid conditions (pneumotho-
rax, necrotizing enterocolitis, patent ductus arteriosus, feed-
ing difficulties, pulmonary hemorrhage, intraventricular
hemorrhage, retinopathy of prematurity [ROP]), broncho-
pulmonary dysplasia (defined as the need for supplemental
O2 at 36 weeks’ gestation), and skin integrity (erythema,
indentations, breaks to the skin) were also collected.

All continuous data are presented as either mean � SD
or median (range), depending on skew, and categorical
values are presented as number (%). Comparisons between
the RAM and control groups were made by using the
chi-square test for categorical information and the Student
t test or Wilcoxon rank-sum test for quantitative data,
depending on normality testing using the Shapiro-Wilk
test. Univariate logistic regression was also performed,
and all variables with a P � .10 were examined in a
stepwise multivariate logistic regression model. Data were

A B

Fig. 2. Conventional interfaces for the delivery of noninvasive respiratory support in neonates. Nasal mask (A) and nasal prongs (B).
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imported into SAS 9.4 (SAS Institute, Cary, North Caro-
lina) and analyzed with a P � .05 delineated as statisti-
cally significant.

Results

A total of 105 patients were eligible for study inclusion
(n � 60 [control group], n � 45 [RAM group]), with
33 patients excluded (Fig. 3). Twenty-four patients from
the control group were excluded, including 9 infants who
died before noninvasive respiratory support and 15 who
were transferred. Nine infants were excluded from the
RAM group, including one infant who died before nonin-
vasive respiratory support and 8 who were transferred.
Excluded patients were sicker (median [range]) (CRIB II
score: control group, 14 [8–19]; RAM group, 12 [9–17];
P � .001), younger (gestational age: control group, 24�5
weeks [22�0–28�0 weeks]; RAM group, 25�2 weeks
[23�0–28�5 weeks]; P � .001); and smaller (weight:
control group, 670 g [470–1023 g]; RAM group, 698 g
[475–1380 g]; P � .001) than the subjects included in the
study. Only one infant received noninvasive respiratory
support at any time before transfer in the treatment (RAM)
group, whereas, in the control group, 6 infants received
noninvasive respiratory support before transfer. There were
more patients excluded in the control group versus the
treatment group and more infants who received noninva-
sive respiratory support before transfer in the control group.
Statistical analysis showed that these infants also had higher
CRIB II scores, lower gestational age, and weighed less
than infants excluded in the RAM group (all P � .001).
There also were variations in our admission rates between
study periods, when a District of Columbia Medicaid plan
was no longer able to pay claims, starting in 2014.

Baseline Status and Comorbid Conditions of
Included Subjects

Thus, there were 36 subjects included in the control
group and 36 in the treatment group (HFNC RAM or

NIV/RAM group). There were no significant between-
group differences in the number of extremely low birth-
weight (�1,000 g) infants, or those � 750 g. There also
were no significant differences between the control and
RAM groups for gestational age, weight, sex, race, CRIB
II scores, 5-min Apgar, chorioamnionitis, premature rup-
ture of membranes, or birth by caesarean section. How-
ever, there were significantly fewer steroids used post birth
in the RAM group. Details of the demographic and base-
line clinical information are presented in Table 1.

In addition, there were no significant between-group
differences in comorbidities, such as necrotizing entero-
colitis, patent ductus arteriosus, pulmonary hemorrhage,
feeding difficulties, or the occurrence or grade of intra-
ventricular hemorrhage. There were no cases of pneumo-
thorax development in either group. However, there were
more incidences of any grade ROP after RAM Cannula
implementation. Although there were no significant dif-
ferences in ROP severity (P � .059), with the majority
stage 1 (control group, 7/12 [58%]; RAM group, 18/22
[82%]), the grade trended higher in the control group.
Information on comorbidities is provided in Table 2. No
infants in either study group died before discharge.

Invasive Ventilation, Extubation, and Re-intubations

There were no statistical differences in the total number
of invasive ventilation courses or total duration of invasive

Eligible
patients

105

Excluded
33

Subjects enrolled
72

36 Control 36 RAM

Died: 10
Transferred: 23

Fig. 3. Flow chart.

Table 1. Demographic and Baseline Clinical Data of the Study
Subjects

Variable
Control
Group

(n � 36)

RAM
Group

(n � 36)
P

GA, mean � SD, wk�d 26.4 � 1.6 26.9 � 1.3 .13*
Weight, mean � SD, g 866.6 � 185.3 879 � 192.9 .77*
Infants �1000 g, n (%) 27 (75) 30 (80) .72†
Infants �750 g, n (%) 8 (22) 8 (22) .95†
Boys, n (%) 17 (47) 21 (58) .34†
Race, AA, n (%) 32 (88) 31 (86) .47†
CRIB II, median (range) 9 (7–15) 9 (7–15) .97‡
5-min Apgar, median (range) 7 (4–9) 7 (1–9) .23‡
Chorioamnionitis, n (%) 5 (14) 7 (19) .53†
PROM, n (%) 7 (22) 5 (14) .53†
Caesarean section, n (%) 23 (64) 24 (67) .80†
Use of postnatal steroids, n (%)§ 14 (39) 3 (8) .002†

N � 72.
* Student t test.
† Chi-square test.
‡ Wilcoxon rank-sum test.
§ Postnatal steroids consisted of either budesonide, dexamethasone or both.
GA � gestational age
AA � African American
CRIB � Clinical Risk Index for Babies
PROM � prolonged rupture of membranes
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mechanical ventilation between the groups. However, the
initial duration of invasive mechanical ventilation was sig-
nificantly shorter after RAM implementation (Table 3).
Consistent with the latter result, 14 subjects (39%) in the
control group were initially extubated within 24 h post
birth to noninvasive respiratory support, whereas 23 (64%)
were extubated within this time frame after RAM imple-
mentation. Although there were no significant differences
in the total number of infants who required at least one
re-intubation or the total number of re-intubations, the
time to re-intubation after initial extubation was signifi-
cantly shorter in the RAM group compared with the con-
trol group.

All 9 infants in whom the RAM system was used were
re-intubated for worsening respiratory distress (apnea, bra-
dycardia, desaturations, and/or retractions), whereas those
in the control group were re-intubated for worsening re-
spiratory distress (2/3) and pulmonary hemorrhage (1/3).
The subjects in the control group were all �27 weeks’
gestation, with a weight of �950 g. However, more than
half of the infants (5/9) initially re-intubated with the RAM
were at �25 weeks’ gestation, and the majority (8/9) were
�750 g at birth. The number of infants re-intubated within
72 h of initial extubation with the RAM trended higher but
was not statistically significantly, nor was the number of
infants for whom noninvasive respiratory support failed within
the first 7 d post birth. There were no between-group differ-
ences in the use of high-frequency oscillatory ventilation as
rescue (P � .16).

Noninvasive Respiratory Support Modes, Settings,
and Use

Noninvasive respiratory support was broken down into
CPAP, NIV, and HFNC settings and use. There were no

significant between-group differences in CPAP as the ini-
tial mode (P � .84), number of infants placed on CPAP
(P � .15), frequency of use (P � .08), or total days on
CPAP (P � .08). However, there was a significant differ-
ence (P � .001) in CPAP settings, with higher settings
used after RAM implementation (before and after RAM:
5 cm H2O; control 4–7 cm H2O, RAM 5–6 cm H2O). For
NIV, there were no significant between-group differences
in the number of infants placed on this mode (P � .33),
frequency of use (P � .15), or total days on NIV (P � .82).
But, again, there were significantly higher set NIV pres-
sures after RAM implementation for both inspiratory pos-
itive airway pressure (P � .001) (control group, 10 [10-
10] cm H2O; RAM group, 10 [10-20] cm H2O), and
expiratory positive airway pressure (P � .001) (control
group, 5 [5-6] cm H2O]; RAM group, 5 [5-10] cm H2O).
For HFNC, there were no significant between-group dif-
ferences in settings (2–4 L/min, P � .20), the number of
infants placed on HFNC (P � .64), frequency of use
(P � .82), or total days of use (P � .09).

Clinical Outcomes

There were no significant between-group differences in
the hospital length of stay (P � .67). However, there were
statistically significant reductions in total days on any re-
spiratory support, total noninvasive respiratory support
days, and supplemental O2 duration after RAM implemen-
tation (Table 3). Bronchopulmonary dysplasia rates trended
lower, whereas the incidence of device-related skin or mu-
cosal breakdown was significantly reduced in subjects
placed on the RAM system. Before RAM implementation,
we recorded 19 subjects (42%) with skin or mucosal in-
juries to the nasal septum (n � 12), cheeks (n � 3), bridge
of the nose (n � 5), lips (n � 1), and forehead (n � 3).
After RAM implementation, we found 3 subjects (8%)
with lesions to the upper lip (n � 1) and nasal septum
(n � 3).

Multivariate logistic regression to predict the outcome
of bronchopulmonary dysplasia included all variables with
P � .10 in the univariate analysis. The type of noninvasive
respiratory support system used (Infant Flow Driver or
RAM system), gestational age, total NIV time, total inva-
sive ventilation time, CRIB II score, patent ductus arteri-
osus, postnatal steroid use, weight, and weight of �1,000
or �750 g were all entered into the model. Our analysis
found that the type of system (odds ratio [OR] 0.19, 95% CI
0.04–0.87; P � .032) and total invasive ventilation time
(OR 0.94, 95% CI 0.89–0.99; P � .02) were predictors
for the development of bronchopulmonary dysplasia. The
receiver operating characteristic analysis showed an area
under the curve of 0.64 (OR 0.30, 95% CI 0.11–0.82;
P � .01) for type of noninvasive respiratory support sys-
tem, and area under the curve of 0.75 (OR 1.08, 95% CI

Table 2. Comorbid Conditions During Hospitalization in the Control
and RAM Groups

Condition
Control Group

(n � 36)
RAM Group

(n � 36)
P

IVH* 8 (20) 12 (33) .29
NEC 0 2 (6) .15
PDA 6 (17) 2 (6) .13
Feeding difficulties 16 (44) 12 (33) .33
Pulmonary hemorrhage 0 1 .30
ROP 12 (33) 22 (61) .02

N � 72.
All data shown are n (%) and analyzed by using the chi-square test.
* Represents a diagnosis of any grade IVH.
IVH � intraventricular hemorrhage
NEC � necrotizing enterocolitis
PDA � patent ductus arteriosus
ROP � retinopathy of prematurity
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1.03–1.13; P � .001) for total invasive ventilation time
(Fig. 4).

Discussion

To our knowledge, this was the first study to compare
clinical outcomes for noninvasive respiratory support be-
tween conventional systems and the RAM system used
with 2 noninvasive respiratory support delivery methods.
We found reduced days of noninvasive respiratory support
and pressure-ulcer rates when using the RAM system and
demonstrated these improvements among infants with sim-
ilar acuity, comorbidities, and clinical management. Our
regression model showed that the RAM system corre-
sponded to lower odds of developing bronchopulmonary
dysplasia, although receiver operating characteristic anal-
ysis found that this model had relatively weak predictive
ability. Not surprisingly, the total time on invasive venti-
lation was a better, albeit fair, predictive model. The lit-
erature indicates that reducing this variable can improve
rates of chronic lung disease, however, there were no dif-
ferences in invasive ventilation time between the study
groups.

Nevertheless, these results are encouraging because our
rates of chronic lung disease in infants at 22–29 weeks’
gestation were historically higher than those reported in
benchmark data.22 Before the use of the RAM Cannula,

our neonatal ICU used alternating proprietary interfaces
attached to a variable-flow system for the delivery of NIV
and/or CPAP to avoid the development of serious tissue
injury. Neither the Infant Flow Driver prongs nor mask
could be safely continued for long periods in the extremely
premature and extremely low birthweight population that
we primarily treated. These frequent breaks to the circuit
to change interfaces caused loss of pressure. The published
research concerning de-recruitment centers on circuit
breaks in subjects on mechanical ventilation.23-26 Most of
this literature reviews the loss of PEEP after ventilator
disconnection with evidence that recruited lung volume is
lost and collapse occurs rapidly.27 The repetitive opening
and closing of alveoli and terminal airways has been im-
plicated in the development of significant lung injury and
bronchopulmonary dysplasia.28-30 Noninvasive ventilation
does not provide a complete seal within the circuit sec-
ondary to interface or mouth leaks, but, ideally, it should
provide consistent pressure to maintain functional residual
capacity. We speculated that maintaining distending pres-
sure by using the RAM attached to a ventilator may have
been the main factor that led to the improvements we
found.

Next, although noninvasive respiratory support failure
rates within the first week post birth were not significantly
different between groups, the time to first re-intubation
was significantly shorter in the RAM group. There were

Table 3. Clinical Outcomes in the Subjects Treated With Conventional Interfaces or RAM Cannula

Variable Control Group (n � 36) RAM Group (n � 36) P

Total invasive ventilation courses, median (range) 1 (1–3) 1.5 (1–3) .12
Total invasive ventilation, median (range), d 5.83 (0.04–74.9) 3.0 (0.04–56.9) .16*
Initial invasive ventilation, median (range), d 1.46 (0.04–62.1) 0.73 (0.04–47.6) .01*
Extubated �24 h, n (%) 14 (36) 23 (64) .03†
Time until initial re-intubation, median (range), d 11.8 (0.7–31.8) 2 (0.10–26) .044
Total re-intubations, n (%) 18 (50) 24 (53) .36†
NRS failure � 7 d, n (%)‡ 3/29 (10) 9/31 (29) .10†
Total CPAP, mean � SD, d 21.9 � 12 18.1 � 9.7 .08§
Total NIV, median (range), d 8.1 (2.2–34.0) 11.0 (0.04–29.7) .82*
Total HFNC, median (range), d 15.9 (2.5–50.7) 9.8 (4–31.9) .09*
Total NC use, median (range), d 15.2 (1.1–54.0) 4.5 (0.71–32.2) .02*
Total NRS, mean � SD, d 46.6 � 18.4 37.9 � 12 .02§
Total respiratory support, mean � SD, d 73.6 � 32.1 57.1 � 25.7 .009§
BPD, n (%) 17 (50) 11 (31) .053†
Skin and/or mucosal breakdown, n (%) 19 (53) 3 (8) �.001†

N � 72.
* Wilcoxon rank-sum test.
† chi-square test.
‡ n � 29 in control group; n � 31 in the RAM group; denominator (n) represents the infants who were extubated within 7 d post birth.
§ Student t test.
NRS � noninvasive respiratory support
NIV � noninvasive ventilation
HFNC � high-flow nasal cannula
NC � nasal cannula
BPD � bronchopulmonary dysplasia
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several possible explanations for this result. First, fewer
infants in the control group were extubated within 24 h
post birth compared with the RAM group. Although there
was no change in extubation criteria between the study
periods (see the supplementary materials at http://www.
rcjournal.com, Table 1), this may have represented a prac-
tice change secondary to easier RAM attachment methods,
with a more aggressive weaning approach and recommen-
dations by respiratory therapists. The Infant Flow Driver
system required significant time to apply, used a separate
flow-generation system, and could not be used with the
manual resuscitator. There also were differences in the char-
acteristics of infants who required initial re-intubation (for
re-intubation criteria, see Table 2 in the supplementary ma-
terials at http://www.rcjournal.com), with younger and smaller
infants in the RAM group compared with the control group.
Our initial CPAP failure rates in infants �25 weeks’ gesta-
tion were not unexpected, although, research has shown that
CPAP delivery is “progressively less successful” in smaller,
more preterm infants.31 Several studies indicate that NIV im-
proves extubation and reduces apnea of prematurity and the
need for invasive mechanical ventilation in this patient pop-
ulation.32-35

It is also possible that set and transmitted pressures with
the RAM system and constant-flow ventilator were insuf-
ficient to maintain adequate functional residual capacity.
Studies are mixed regarding the Infant Flow Driver sys-

tem, with several indicating reduced work of breathing and
pressure fluctuations with diversion of expiratory flow at
the interface.7,36,37 However, other research found no dif-
ference between the Infant Flow Driver system and CPAP
with prongs attached to a time-cycled, pressure-limited
ventilator.38 There is limited clinical research on the RAM
system, but analysis of the data showed that the sizes we
used did not meet International Standard Organization re-
quirements for flow resistance.39 These results were con-
sistent with bench data, which found significant dampen-
ing of pressure transmitted to the circuit and test lung
when comparing the RAM system with other cleared in-
terfaces.13-15 This research indicated that pressure trans-
mission to the lung with the RAM system during NIV
and/or CPAP may be lower than those by approved inter-
faces,13-15 less than displayed circuit pressure, and highly
dependent on percent naris occlusion, percent leak, and
ventilator settings. We aimed to provide the high end of
manufacturer’s recommended naris occlusion (�80%) in
infants placed on the RAM system. However, our flows
during CPAP and NIV surpassed acceptable mechanical
flow resistance, although our settings were significantly
higher after RAM implementation than those used in the
control subjects. These changes may have compensated
for the potentially lower transmitted pressures provided by
the RAM system compared with the conventional inter-
face.

There are many studies that detail nasal injury with
noninvasive respiratory support in preterm infants.9,10,40-42

Several studies,9,10,40 including two that reviewed the In-
fant Flow Driver system,9,10 found the development of
nasal trauma, even with the use of device rotation.9 How-
ever, two recent randomized controlled trials found a re-
duced incidence of skin breakdown when HFNC was used
versus CPAP and/or NIV with prongs or masks.41,42 Our
significant between-group results for any-grade pressure
ulcer, therefore, were not surprising, although we attached
the Infant Flow Driver system per manufacturer’s instruc-
tions, then supported the circuit to decrease torque to the
nose and tubing weight on the forehead. There usually was
no need to provide pressure relief with the RAM system,
however, we used it for extended periods of time in our
extremely low birthweight population, which explains the
occurrence of any lesion with this interface. When con-
trasting our results with the Nzegwu et al16 study, which
found no new lesions with the use of the RAM system for
� 10 d in low birthweight (1.29 � 0.8 g) infants, our
subjects on the RAM system were treated for an average
of 37.9 � 12 d, and weighed less (884 [range 497–1365] g).

The significantly higher ROP incidence in the RAM
group was unexpected because we did not change our
ranges for SpO2

after implementation of the RAM system.
Between-group ROP-severity results, however, were re-
versed and trended with higher grades in the Control group
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Fig. 4. Receiver operating characteristic analysis for type of non-
invasive respiratory support (NRS) system used (RAM vs Infant
Flow Driver) and total time spent on invasive mechanical ventila-
tion. Area under the curve of 0.64 (odds ratio [OR] 0.30, 95% CI
0.11–0.82; P � .01) for type of NRS system and area under the
curve of 0.75 (OR 1.08, 95% CI 1.03–1.13; P � .001) for total
invasive ventilation duration.
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(P � .059). Our target saturation ranges during both study
periods were unchanged. Unfortunately, however, we do
not have data on actual SpO2

values or delivered FIO2
for

either study period, nor did we record data on the affected
zones. In practice, it can be difficult to maintain appropri-
ate saturations, with one study43 in preterm infants (N � 45)
on CPAP finding SpO2

values within prescribed ranges
only 31–39% of the total recording time (4,034 h). Anec-
dotally, we noticed higher nursing staff turnover after RAM
implementation, and these newer associates tended to in-
crease FIO2

when clinical status declined in infants on me-
chanical ventilation, with a failure to reduce the setting
after resolution of the event.

Limitations

There were several limitations to our research. First, this
was a single-center, observational study with a historical
control group. Therefore, results may not be generalized
and the potential for error in data extraction exists, which
would bias our results. The infants were not randomized,
and our total sample size was small. Therefore, random-
ized research with more subjects would be useful to fur-
ther explore differences between the RAM system used
with a pediatric ventilator and other systems. In addition,
we did not account for multiparity or intra-uterine growth
restriction, nor did we collect clinical information that
might have been useful in interpreting some of our find-
ings, such as additional ventilator settings, blood gases, or
SpO2

values. However, resuscitation approaches and proto-
cols related to mechanical ventilation did not differ between
the study periods. Also, we did not have information on the
frequency of nasal suctioning in this cohort, nor did we use
any validated scoring system to grade the degree of skin
breakdown. Therefore, our assessments did not include a se-
verity grade but were based on choices available through our
electronic medical record. Our staff was trained in pressure-
ulcer identification, and these results were consistent with
other findings in infants provided with noninvasive respira-
tory support. More research with skin-assessment scores to
evaluate outcomes after noninvasive respiratory support in
this population would be useful.

Conclusions

The ability to apply continuous distending pressure
through the consistent application of noninvasive respira-
tory support with the RAM cannula attached to a ventilator
may improve outcomes, including the duration of respira-
tory support and tissue breakdown, in low birthweight
infants with respiratory distress syndrome. Although we
found that the use of the RAM system corresponded with
lower odds of developing bronchopulmonary dysplasia,
the discriminate ability of the model was poor. The sub-

stitution of conventional noninvasive respiratory support
systems with the RAM attached to a ventilator seemed to
be relatively safe, but the rise in ROP rates we found
should be further investigated.
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