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Abstract: The factors influencing weaning of preterm infants from noninvasive ventilation (NIV)
are poorly defined and the weaning decisions are often driven by subjective judgement rather than
objective measures. To standardize quantification of respiratory effort, the Silverman-Andersen
Score (SAS) was included in our nursing routine. We investigated the factors that steer the weaning
process and whether the inclusion of the SAS would lead to more stringent weaning. Following SAS
implementation, we prospectively evaluated 33 neonates born < 32 + 0 weeks gestational age. Age-,
weight- and sex-matched infants born before routine SAS evaluation served as historic control. In
173 of 575 patient days, NIV was not weaned despite little respiratory distress (SAS < 2), mainly due
to bradycardias (60% of days without weaning), occurring alone (40%) or in combination with other
factors such as apnea/desaturations. In addition, “soft factors” that are harder to grasp impact on
weaning decisions, whereas the SAS overall played a minor role. Consequently, ventilation times
did not differ between the groups. In conclusion, NIV weaning is influenced by various factors that
override the absence of respiratory distress limiting the predictive value of the SAS. An awareness of
the factors that influence weaning decisions is important as prolonged use of NIV has been associated
with adverse outcome. Guidelines are necessary to standardize NIV weaning practice.
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1. Introduction

The majority of preterm neonates born < 32 weeks of gestation requires respiratory
support [1]. Large randomized controlled trials have proven the benefit of early nasal
continuous positive airway pressure (CPAP) over routine intubation with respect to the
combined outcome of bronchopulmonary dysplasia and death [2,3]. Accordingly, cur-
rent guidelines on the management of respiratory distress syndrome (RDS) recommend
CPAP or other modes of non-invasive ventilation for primary respiratory support [4,5].
Noteworthy, the increased use of NIV observed over the last decades has led to a longer
overall duration of positive pressure respiratory support for days to even weeks [6,7].
Despite the advantages of NIV, there are certain risks, including an increased rate of air leak
syndromes, gastric distension, nasal trauma and secondary intubation due to respiratory
exhaustion [3,8]. Moreover, prolonged use of NIV might have adverse effects on long-term
pulmonary function [7]. The comparison of extreme preterm infants born at three different
periods (2005, 1997 and 1991-1992) demonstrated a significantly longer use of CPAP and
oxygen dependence in the 2005 cohort combined with higher rates of airway obstruction
in lung function testing at the age of eight compared to the prior eras [7]. Therefore, NIV
should be used no longer than necessary. With respect to NIV practice, considerable hetero-
geneity exists not only between different neonatal intensive care units but also between
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different health care providers [9]. The decision of if, when, and how to reduce NIV is
often based on the subjective judgement of nurses and clinicians as standardized weaning
guidelines are lacking.

The Silverman-Andersen Score (SAS) is an easy and inexpensive method to judge
the degree of respiratory distress and the need for respiratory support in neonates [10-12].
The SAS has been shown to correlate with pCO2 levels and predicted the necessity to
increase ventilatory assist [13]. We introduced the SAS to our nursing routine for all infants
with NIV to standardize quantification of respiratory distress symptoms with the aim of
providing a more objective estimate of the actual work of breathing and to serve as decision
aid for the healthcare team during NIV weaning.

In the present study, we prospectively investigated which factors influence weaning
decisions of health care professionals on the neonatal intensive care unit. We hypothesized
that including the SAS into the weaning process would lead to more stringent weaning
and thereby could possibly reduce NIV duration. Furthermore, we tested the interrater
reliability of the SAS.

2. Materials and Methods
2.1. Patient Recruitment and Data Collection

Neonates < 32 + 0 weeks gestational age (WGA) at birth were prospectively included
in the study over a period of 16 months at the neonatal intensive care unit (NICU), Perinatal
Center Innenstadt, Ludwig-Maximilians University, Munich, Germany after obtaining
written informed consent. The study was approved by the local ethics committee. To ac-
count for the higher respiratory morbidity in more premature infants, especially during the
immediate postnatal phase, data collection was not started until infants reached a corrected
gestational age of >30 + 0 weeks in those infants born < 30 + 0 WGA. To be eligible, infants
had to be on NIV for at least 48 h irrespective of the prior mode of ventilation. Exclu-
sion criteria were asphyxia, congenital malformations, suspected or proven syndromes,
bodyweight < 1000 g at 30 + 0 weeks, and retinopathy of prematurity (ROP) > Grade 3.
A historic (retrospective) collective of patients in our NICU before introducing the SAS
served as a control group. To match controls for age, birthweight, and gender, patient
records were screened from 2017 on backward before SAS implementation and the first
matching record was included.

2.2. Noninvasive Ventilation

As we included the SAS in our existing clinical routine, NIV mode, interfaces, and
respirators were not defined by the study but chosen by the attending neonatologist and
applied according to our internal NICU standards (Supplemental Methods). There has
been no relevant change in the NIV modes, interfaces, and respirators used between the
prospective and the retrospective study period.

Briefly, the following NIV modes are applied on our ward: synchronized noninvasive
positive pressure ventilation (sNIPPV), neutrally adjusted ventilatory assist (NAVA), contin-
uous airway pressure (CPAP) and heated humidified high flow nasal cannula (HHHFNC).
For synchronization of NIV with the child’s spontaneous breaths, an abdominal respiratory
sensor was used (Fa. Fritz Stephan GmbH, Gackenbach, Germany) or a specialized oe-
sophageal probe for NAVA (Getinge Deutschland GmbH, Rastatt, Germany). For sNIPPV,
CPAP, and NAVA, the positive end-expiratory pressure (PEEP) level was directly set at the
respirator, while for HHHFNC, the end-expiratory pressure was estimated according to
the following formula [14]:

pressure (cmH,0) = 0.7 x 1.1 F (F = flow per kg in L min~! kg~ 1).

Supplemental oxygen was titrated by the nurses according to a SpO; target range of
88-95%.
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2.3. Silverman-Andersen Score

The Silverman-Andersen Score has been implemented for routine evaluation of infants
with NIV on our NICU, starting in mid-2017. For this purpose, nurses and physicians
were instructed on the use of the SAS, and the scoring scheme was included in the charts
available at every bed place. The SAS includes five clinical categories, i.e., sternal and
intercostal retractions, nasal flaring, expiratory grunting, and upper chest movements, with
0-2 points for each category [13]. Zero points indicate normal respiration and ten points
severe respiratory distress. The nurse in charge of the infant assigned and documented
the SAS at least once per shift (=3 x/d) at the beginning of care rounds and irrespective
of study participation. With respect to the SAS, the following categories were defined as
an indicator of the child’s need of respiratory support. SAS = 0-2 points: no/mild respi-
ratory distress; SAS = 3 points: moderate respiratory distress; SAS > 4 points: significant
respiratory distress.

2.4. Weaning Process

In our NICU, preterm neonates < 32 + 0 WGA are mostly started on NIPPV or
NIV-NAVA and then weaned via CPAP and HHHFNC until NIV can be discontinued
or switched to a low flow nasal cannula. Accordingly, the weaning process as analyzed in
the present study comprises the whole period from initiation of NIV until its termination.
No specific weaning protocol existed for the historical controls, and the weaning decision
was at the attending physician’s discretion after team discussion. For the prospective
cohort, the healthcare team decided during morning rounds whether the NIV could be
reduced or not pursuing the following approach with respect to the SAS: (1) 0-2 points:
reduce NIV, 3 points: maintain NIV, >4 points: increase NIV. Still, the team was allowed
to deviate from this recommendation if they deemed other factors (e.g., increased rate of
apneas, higher oxygen demand) to be more relevant. Our study did not include specific
instructions on how NIV should be weaned.

2.5. Outcome Parameters

For every patient, NIV mode and parameters were noted daily as well as the reasons
for a decision against weaning. The following definitions were used: bradycardia = heart
rate < 80 bpm, hypoxemia = oxygen saturation < 80%, apnea = pause of spontaneous respi-
ratory efforts for 20 s duration or 10 s with concomitant bradycardia and/or hypoxemia,
tachypnea = respiratory rate > 80/min, increased FIO; = demand of oxygen supply > 20%
from baseline; discomfort = N-Pass score > +3. Clinical data (including anthropometric
measurements at birth and at discharge from the clinic, the reason for preterm birth, birth
mode, APGAR values, vital parameters, medications and occurrence of complications) as
well as laboratory data (blood gases, blood counts and infectious parameters) were taken
from the records.

We evaluated total NIV duration, NIV duration beyond 30 + 0 weeks corrected gesta-
tional age as well as the duration of different NIV modes and the gestational age at the end
of NIV. Secondary outcome parameters were the length of supplemental oxygen need and
hospital stay.

2.6. Interrater Reliability Testing

To compare the SAS between different raters, 45 video sequences (30-60 s) of 10 study
patients were recorded by the nurses during care rounds in parallel to SAS scoring and
assessed by a research assistant (M.L.), and a neonatologist (C.N.) blinded to the medical
condition of the patient. The videos were stored under the patient’s pseudonym and
the date of recording to be able to match scores of the two independent raters with the
nurse’s score.



Children 2022, 9, 1292

40f 10

2.7. Statistics

GraphPad Prism 8.2 (GraphPad Software Inc., San Diego, CA, USA) was used for
statistical analyses. After normality testing by the D’Agostino Pearson test, a t-test or
a Mann-Whitney test were used to compare numerical data, as appropriate. A comparison
of categorical data was made by Fisher’s exact test (2 variables) or by the Chi-Square test
(3 variables). Interrater reliability was assessed by Fleiss” kappa and by Bland-Altman
Diagram. For numerical clinical data with normally distribution the mean + standard
deviation is reported. In the case of non-normally distributed data, the median and range
is reported.

3. Results
3.1. Patients

During the study period, 53 neonates < 32 + 0 gestational weeks were admitted to
our NICU. Of these, 17 were excluded (Figure 1), and of the remaining 36 neonates, we
obtained parental consent in 33 and prospectively observed them over a total of 575 patient
days (SAS group). Controls were identified retrospectively from 2017 backward until 2015
(control). Baseline characteristics and use of different NIV modes were comparable between
both groups (Table 1). The two groups did not show significant differences in important
determinants of respiratory outcome including antenatal steroids, use of surfactant and
caffeine and primary intubation rate.

Assessed for eligibility (n =53)
<32+0 weeks gestational age

Excluded (n=17)

+ <1000g at 30+0 weeks corrected
gestational age (n =7)

* Long term invasive ventilation (n = 3)

- + <48 hours NIV (n=2)

* Asphyxia (n=2)

+ ROP°3(n=1)

+ Died prior to inclusion (n=1)

+ Language barriers (n=1)

v

Neonates intended for inclusion
(n=36)

- s Excluded (n=23)
+ Missing parental consent (n = 3)

Analyzed prospectively (n=33)

Figure 1. Consort flow diagram of prospective patient recruitment.
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Table 1. Baseline characteristics and different NIV modes in the study groups.

SAS Group (n =33) Control Group (n = 33) p-Value

Gestational age (weeks) 29.0 (2.2) 29.1 (2.2) 0.90
Birth weight (g) 1267 (314) 1282 (280) 0.84
Female gender (n) 11 (33%) 11 (33%) >0.99
Cesarean section (n) 28 (85%) 24 (73%) 0.37
Antenatal corticosteroids (n)
Complete cycle # 21 (64%) 23 (70%) 0.80
Incomplete cycle 6 (18%) 8 (24%) :
None 6 (18%) 2 (6%)
APGAR
5 min 8.2(1.9) 8.3(2.1) 0.90
10 min 9.3(0.9) 9.2(1.3) 0.74
Surfactant * (n) 26 (79%) 22 (67%) 0.41
Intubation * (n) 5 (15%) 3 (9%) 0.71
Caffeine treatment * (n) 30 (91%) 29 (88%) >0.99
Mode of ventilatory support
(n)
sNIPPV 30 (91%) 27 (82%) 0.47
CPAP 25 (76%) 24 (73%) >0.99
HHHFNC 23 (70%) 26 (79%) 0.57
HHHFNC with PEEP < 3 o o
cmH,0 15 (45%) 20 (61%) 0.32
NAVA 6 (18%) 6 (18%) n.a.

# two doses of betamethasone 12 mg i.m. 24 h apart; * within 48 h of life; Numerical data are presented as mean
(SD) and a t-test was used for statistical analysis; Categorical data are presented as n-number (percentage), and
a Fisher’s exact test or a Chi-Square test was used, as appropriate.

3.2. Analysis of the Weaning Process

NIV was weaned in 367 (64%) of 575 patient days observed. In the remaining 208 days,
NIV parameters were kept the same (28%) or increased (8%). A total of 1664 SAS were
available, with 89% being in the range of 0-2 points; only in 3% of all SAS, a score > 4 points
was assigned (Figure 2a). Looking at the days without weaning, a SAS > 2 was documented
only in 17%. Thus, the healthcare team decided against weaning in 173 patient days (30%
of total days) despite no or minor symptoms of respiratory distress. As shown in Figure 2b,
we identified various factors that influenced weaning decisions. The most common reason
for maintaining or enhancing NIV parameters was an increased incidence of bradycardias
found in 59% of all days without weaning. In 40% of the time, bradycardias occurred alone;
in the remaining 60%, there was a combination with other factors, mostly apnea (24%)
and desaturations (25%). Other reasons for not weaning included tachypnea, increased
oxygen demand, and discomfort of the child (Figure 2b). Interestingly, weaning differed
between weekends and workdays. While infants were weaned on 72% of Mondays, NIV
was only reduced in 61% of Saturdays/Sundays (Figure 2c). Furthermore, we evaluated for
every individual child the percentage of days with weaning (actual value) compared to
the percentage of days with SAS < 2 (setpoint value). As shown in Figure 2d, extreme pre-
mature neonates were less likely to be weaned despite low SAS and comparable corrected
gestational age at the beginning of the evaluation process than more mature neonates. With
respect to the mode of weaning, we mostly observed pressure weaning (i.e., a reduction
in the supporting peak pressure and/or the PEEP level), however towards the end of the
weaning process on low level CPAP or HHHFNC, intermittent breaks from the respiratory
support were introduced in some children in both cohorts.
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Figure 2. (a) SAS distribution in the prospective cohort. (b) Reasons for a decision against weaning.
GI = gastrointestinal, Edi = electrical activity of the diaphragm. (c) Weaning on days of the weekend
versus Mondays. (d) Actual and setpoint weaning per individual child.

Comparison of the SAS between three different raters (nurse, student, neonatolo-
gist) yielded only slight agreement with a Fleiss’ Kappa of 0.18 (p = 0.002). The poorest
agreement was found between research assistant and neonatologist (Fleiss” kappa 0.08).
However, there was no systematic bias towards higher or lower scores in one particular
rater (Supplemental Figure S1).

3.3. Effect of Routine SAS Assessment on NIV Outcome Parameters

NIV duration did not differ significantly between study groups, nor did any other out-
come measure (Table 2). In the SAS group, median NIV duration beyond 30 + 0 gestational
weeks was three days shorter than in the control group (17 vs. 20 days). Looking at different
NIV modes, it became evident that this difference was only attributable to the time on HH-
HFNC, particularly with a PEEP < 3 cmH,0. The mean gestational age at NIV termination
was 33 + 1 (wks + d) in the SAS group vs. 33 + 3 in the controls. Caffeine treatment was
usually continued until NIV was terminated and we did not observe significant differences
in maximum (maintenance) dose (7.9 + 3.2 mg/kg vs. 8.6 £ 3.4 mg/kg) or treatment
duration (33 £ 22 d vs. 35 & 26 d) between patients and controls.

The incidence of complications was comparable in both groups (Table 3). Neither the
higher occurrence of a persistent ductus arteriosus (PDA) in the SAS group nor the slightly
more common grade 3 intraventricular hemorrhages (IVH) in the control group reached
statistical significance.
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Table 2. NIV outcome parameters.

Number of Days SAS Group Control Group p-Value
Total NIV 25 (3-55) 27 (2-69) 0.73
NIV > 30 + 0 weeks CGA 17 (3-45) 20 (2-60) 0.72
(s)NIPPV 5.5 (1-39) 5(1-47) 0.63
CPAP 4 (1-16) 4 (1-15) 0.80
HHHFNC 12 (3-26) 15.5 (2-35) 0.31
PEEP > 3 cmH,0 10 (3-21) 10.5 (2-22) 0.98
PEEP < 3 emH,0 2(1-13) 5(1-17) 0.10
Supplemental oxygen 2 (1-62) 3(1-91) 0.64
Length of hospital stay 48 (24-101) 47 (18-106) 0.74

CGA = corrected gestational age; Data are presented as median (range); A Mann-Whitney test was used for
statistical analysis.

Table 3. Complications.

SAS Group Control Group p-Value

Pneumothorax 5 (15.2%) 3 (9.1%) 0.71
BPD 5 (15.2%) 5 (15.2%) >0.99
PHT 2(6.1%) 0 0.49

IVH > 3° 1 (3%) 5 (15.2%) 0.19
Hydrocephalus 0 5 (15.2%) 0.053
PVL 1 (3%) 0 >0.99
PDA 12 (36.4%) 6 (18.2%) 0.17
Sepsis 11 (33.3%) 12 (36.4%) >0.99
NEC 1 (3%) 0 >0.99
ROP * 3 (9.1%) 7 (21.2%) 0.30

*low grade only due to the exclusion of children with high-grade ROP from trial; BPD: bronchopulmonary dyspla-
sia, PHT: pulmonary hypertension, IVH: intraventricular hemorrhage, PVL: periventricular leukomalacia, NEC:
necrotizing enterocolitis, ROP: retinopathy of prematurity; A Fisher’s exact test was used for statistica analysis.

4. Discussion

Noninvasive ventilation is used worldwide to support preterm infants with respiratory
distress. While a large consensus exists about the clinical criteria that trigger initiation of
NIV, the criteria indicating that an infant can be weaned are not well defined. Therefore, the
weaning process is often based on individual judgement and the impression that the “baby
is ready” rather than objective measures [15]. In an effort to standardize the evaluation of
respiratory distress symptoms in neonates with NIV, we included the SAS in our clinical
routine to help assess the infant’s actual work of breathing and ongoing need of respiratory
support. We hypothesized that this might lead to more consistency in the weaning process
and shorten times on ventilatory support. However, this was not confirmed by our data.
We only observed a small difference of 2-3 days in the median duration of total NIV and
> 30 + 0 gestational weeks compared to a matched control group cared for on our NICU
before the introduction of the SAS. In line with previous studies, the average age at the end
of NIV was around 33 weeks corrected gestational age [16-18].

The results of our study illustrate that weaning decisions are influenced by many
factors, some of which are easy to retrace, e.g., increased oxygen need, while others are
more difficult to grasp (so-called “soft factors”). The most common reason to maintain or
enhance NIV was an increased incidence of bradycardias occurring alone or in combination
with apneas and desaturations. As CPAP helps to stabilize the upper airway and reduces
the rate of apneas [19], it seems reasonable that the physicians are reluctant to reduce
NIV in this situation. However, while intermittent hypoxia has been shown to negatively
affect the neurological outcome and therefore should be avoided [20], the effect of isolated
self-limited bradycardias without desaturation on patient outcome is questionable. Fur-
thermore, isolated bradycardias are not necessarily associated with apnea but can also
be an expression of vagal stimulation, e.g., due to gastroesophageal reflux or a sign of
infection. As suggested by Doyle and colleagues, we might be “overusing” CPAP due to
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continuous monitoring of infants and the impulse to react to monitor events even if their
significance is unclear [7]. This problem might be approached by using a score that grades
the severity of apneas and associated bradycardias [21].

With respect to the SAS, elevated scores (>3) were 100% predictive for a decision
against weaning, however, they accounted only for 17% of days without weaning. Inter-
estingly, our results do not support the reverse conclusion, i.e., that a low SAS will lead
to weaning, as NIV was not reduced in 1/3 of patient days despite a SAS < 2. Thus, the
perception of respiratory distress has a high impact on weaning decisions, whereas the
absence of respiratory distress is often overruled by other factors. Given the fact that the
large majority of SAS were in the range 0-2, it must be questioned if the SAS is generally
rated too low. Judging nasal flaring while infants are on binasal prongs or nose mask is
difficult. Thus, actual dyspnea might be underestimated by the assigned SAS. Furthermore,
in the clinical routine, the SAS’s interrater reliability was found to be low. This is in contrast
with a recent report on the use of the SAS in the delivery room in preterm infants showing
good interrater agreement (ICC 0.88), however in this study, the SAS was assigned solely
by selected patient care technicians that were trained for the study [22]. In our study, the
NICU staff was instructed in the SAS use before its routine implementation, but not di-
rectly before or throughout the study. Regular team training using video recordings might
help to improve the interrater agreement of the SAS. Currently, there is an observational
study investigating the reliability of the SAS in preterm infants (ClinicalTrial Identifier:
NCT03199898), and we are eagerly awaiting the results.

Furthermore, weaning decisions are also influenced by so-called soft factors, such as
parental attitudes and organization of the NICU team. These factors are often difficult to
identify and measure. We analyzed weaning with respect to the weekday and found that
infants were more likely to be weaned on Mondays compared to days of the weekend.
We assume that this finding relates to the fact that on our ward, weekends are usually
covered by an attending neonatologist who may not have been responsible during the
week and therefore is more reluctant to change ventilator settings. Furthermore, extreme
premature neonates were less likely to be weaned compared to infants born more maturely,
despite similar SAS and corrected gestational age at the beginning of the evaluation period.
Possibly, healthcare professionals ascribe more importance to the occurrence of other
influencing factors and are generally more reluctant to wean in this most vulnerable patient
group. These observations call for future studies evaluating the effect of concise weaning
protocols that reduce the impact of individual (subjective) judgement by applying objective
criteria and restricting “protocol violations” in order to unify the weaning process even in
the setting of changing health care professionals especially on the weekends.

Looking at different NIV modes, the only trend towards reducing the length of ven-
tilatory support after implementation of the SAS in routine care was seen for HHHFNC
with low PEEP towards the end of NIV. As the infants are usually older when going on
HHHENC, it is conceivable that the before mentioned factors such as apneas and bradycar-
dias occur less frequently, and therefore a low SAS receives more attention in the weaning
decision. HHHFNC is tolerated very well by most infants, is easy to handle, and causes
less nasal trauma than other devices [23]; therefore, there is little urge to wean. However,
despite being considered as more “gentle,” high flow therapy may have adverse effects,
including prolonged time on respiratory support and oxygen, more time to full oral feeds,
and longer hospitalization [24-26]. Therefore, awareness of the factors that (maybe unnec-
essarily) prolong ventilatory support, and protocols to govern weaning from HHHENC,
are required.

Our study has several limitations. NIV mode and the weaning method were not
strictly defined by the study but chosen by the physician in charge, and the SAS was
assigned through direct observation of the patient by changing nurses. This pragmatic
nature of assessment may be considered a limitation. However, we aimed at evaluating
the weaning decisions and the role of the SAS as it is performed in clinical practice instead
of creating an “artificial” study setting. Although the rates of different NIV modes were
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similar, the weaning practice may have changed over time, e.g., more pressure weaning
or more time cycling. If one was superior to the other in terms of weaning progress, this
might have skewed the results. However, studies comparing different methods so far have
not been able to identify the one best weaning approach [27,28].

As a single center, we were only able to include a small number of patients, thus the
study was underpowered in detecting small differences in NIV duration. However, the
clinical relevance of a slight reduction in NIV days is arguable. Furthermore, we used
a historical control group. The groups did not differ for important baseline determinants
of respiratory outcomes such as antenatal steroids and postnatal surfactant and caffeine
therapy. There were some differences in the incidence of complications that might influence
weaning decisions, such as a higher rate of IVH in the control group, whereas PDA occurred
twice as often in the prospective cohort. Rastogi and colleagues investigated factors that
affect weaning in neonates < 32 weeks of gestation. Neither PDA nor high-grade IVH
was independently associated with age at successful weaning in a multivariate analysis
stratified by intubation status [29].

5. Conclusions

In conclusion, NIV weaning practice is influenced by many factors, and therefore
difficult to standardize. A better perception of these factors is important to understand what
drives clinical decision making and optimize patient care. Bradycardias were found to play
a major role in delaying weaning, however, in view of the possible negative consequences
of prolonged NIV, the impact of isolated self-limited bradycardias on patient outcome
needs to be considered critically and deserves further investigation. Clinical scores that
evaluate the quantity and quality of bradycardias and/or apneas might help to make
weaning decisions more objective. The SAS as a measure of respiratory effort is considered
important when assessing the need to initiate or continue NIV but is of low predictive
value concerning the decision to wean NIV parameters. When using the SAS in routine
care, the team should be regularly trained on its use to improve interrater reliability.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/children9091292 /s1, Supplemental Methods and Figure S1: Bland-
Altman Diagram of SAS evaluated by three independent raters.

Author Contributions: Conceptualization, C.N. and O.G.-B.; methodology and data acquisition, M.L.
and V.B.N.W,; data analysis, M.L.; V.B.N.W. and A EP--S.; writing—original draft preparation, C.N.;
writing—review and editing, A.EP.-S., B.S. and O.G.-B.; supervision, C.N. All authors have read and
agreed to the published version of the manuscript.

Funding: C.N. was funded by the Mentoring Program MOMENTE of the Medical Faculty of the
Ludwig-Maximilians University Munich.

Institutional Review Board Statement: The study was approved by the review board of the local
ethics committee (18-031).

Informed Consent Statement: Written informed consent was obtained from the parents prior to
inclusion of infants into the study.

Data Availability Statement: Data can be obtained upon request from the corresponding author.

Acknowledgments: We would like to thank all staff members of the neonatal intensive care unit for
their contribution to the management of these patients. The study is part of the doctoral thesis of M.L.

Conflicts of Interest: The authors declare no conflict of interest.

1. Behnke, J.; Lemyre, B.; Czernik, C.; Zimmer, K.P; Ehrhardt, H.; Waitz, M. Non-Invasive Ventilation in Neonatology.
Dtsch. Arztebl. Int. 2019, 116, 177-183. [CrossRef] [PubMed]

2. Finer, N.N.; Carlo, W.A; Walsh, M.C; Rich, W.; Gantz, M.G.; Laptook, A.R.; Yoder, B.A.; Faix, R.G.; Das, A.; Poole, WK_; et al.
Early CPAP versus surfactant in extremely preterm infants. N. Engl. J. Med. 2010, 362, 1970-1979. [CrossRef] [PubMed]


https://www.mdpi.com/article/10.3390/children9091292/s1
https://www.mdpi.com/article/10.3390/children9091292/s1
http://doi.org/10.3238/arztebl.2019.0177
http://www.ncbi.nlm.nih.gov/pubmed/31014448
http://doi.org/10.1056/NEJMoa0911783
http://www.ncbi.nlm.nih.gov/pubmed/20472939

Children 2022, 9, 1292 10 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Morley, CJ.; Davis, P.G.; Doyle, L.W.; Brion, L.P.; Hascoet, ].M.; Carlin, J.B. Nasal CPAP or intubation at birth for very preterm
infants. N. Engl. . Med. 2008, 358, 700-708. [CrossRef] [PubMed]

Papile, L.A.; Baley, ].E.; Benitz, W.; Cummings, J.; Eichenwald, E.; Kumar, P; Tan, R.C.; Wang, K.S.; Committee on Fetus and
Newborn. Respiratory support in preterm infants at birth. Pediatrics 2014, 133, 171-174. [CrossRef]

Sweet, D.G,; Carnielli, V.; Greisen, G.; Hallman, M.; Ozek, E.; Te Pas, A.; Plavka, R.; Roehr, C.C.; Saugstad, O.D.; Simeoni, U.; et al.
European Consensus Guidelines on the Management of Respiratory Distress Syndrome—2019 Update. Neonatology 2019, 115,
432-450. [CrossRef]

Hatch, L.D,, 3rd; Clark, R.H.; Carlo, W.A ; Stark, A.R.; Ely, EW.,; Patrick, S.W. Changes in Use of Respiratory Support for Preterm
Infants in the US, 2008-2018. JAMA Pediatr. 2021, 175, 1017-1024. [CrossRef]

Doyle, L.W.,; Carse, E.; Adams, A.M.; Ranganathan, S.; Opie, G.; Cheong, ].L.Y. Ventilation in Extremely Preterm Infants and
Respiratory Function at 8 Years. N. Engl. |. Med. 2017, 377, 329-337. [CrossRef]

Yong, S.C.; Chen, S.J.; Boo, N.Y. Incidence of nasal trauma associated with nasal prong versus nasal mask during continuous
positive airway pressure treatment in very low birthweight infants: A randomised control study. Arch. Dis. Childhood. Fetal
Neonatal Ed. 2005, 90, F480-F483. [CrossRef]

Jardine, L.; Davies, M.W. Withdrawal of neonatal continuous positive airway pressure: Current practice in Australia. Pediatr. Int.
2008, 50, 572-575. [CrossRef]

Silverman, W.A.; Andersen, D.H. A controlled clinical trial of effects of water mist on obstructive respiratory signs, death rate
and necropsy findings among premature infants. Pediatrics 1956, 17, 1-10.

Kribs, A.; Roll, C.; Gopel, W.; Wieg, C.; Groneck, P,; Laux, R.; Teig, N.; Hoehn, T.; Bohm, W.; Welzing, L.; et al. Nonintubated
Surfactant Application vs. Conventional Therapy in Extremely Preterm Infants: A Randomized Clinical Trial. JAMA Pediatr. 2015,
169, 723-730. [CrossRef]

Rego, M. A ; Martinez, FE. Comparison of two nasal prongs for application of continuous positive airway pressure in neonates.
Pediatr. Crit. Care Med. 2002, 3, 239-243. [CrossRef] [PubMed]

Hedstrom, A.B.; Gove, N.E.; Mayock, D.E.; Batra, M. Performance of the Silverman Andersen Respiratory Severity Score in
predicting PCO(2) and respiratory support in newborns: A prospective cohort study. J. Perinatol. Off. ]. Calif. Perinat. Assoc. 2018,
38,505-511. [CrossRef]

Wilkinson, D.J.; Andersen, C.C.; Smith, K.; Holberton, J. Pharyngeal pressure with high-flow nasal cannulae in premature infants.
J. Perinatol. Off. ]. Calif. Perinat. Assoc. 2008, 28, 42-47. [CrossRef] [PubMed]

Amatya, S.; Rastogi, D.; Bhutada, A.; Rastogi, S. Weaning of nasal CPAP in preterm infants: Who, when and how? a systematic
review of the literature. World |. Pediatr. 2015, 11, 7-13. [CrossRef] [PubMed]

Tang, J.; Reid, S.; Lutz, T.; Malcolm, G.; Oliver, S.; Osborn, D.A. Randomised controlled trial of weaning strategies for preterm
infants on nasal continuous positive airway pressure. BMC Pediatr. 2015, 15, 147. [CrossRef]

Rastogi, S.; Wong, W.; Gupta, A.; Bhutada, A.; Maimonides Neonatal, G. Gradual versus sudden weaning from nasal CPAP in
preterm infants: A pilot randomized controlled trial. Respir. Care 2013, 58, 511-516. [CrossRef]

Todd, D.A.; Wright, A.; Broom, M.; Chauhan, M.; Meskell, S.; Cameron, C.; Perdomi, A.M.; Rochefort, M.; Jardine, L.;
Stewart, A.; et al. Methods of weaning preterm babies. Arch. Dis. Childhood. Fetal Neonatal Ed. 2012, 97, F236-F240. [CrossRef]
Miller, M.].; Carlo, W.A.; Martin, R.J. Continuous positive airway pressure selectively reduces obstructive apnea in preterm
infants. J. Pediatr. 1985, 106, 91-94. [CrossRef]

Poets, C.E; Roberts, R.S.; Schmidt, B.; Whyte, RK.; Asztalos, E.V,; Bader, D.; Bairam, A.; Moddemann, D.; Peliowski, A.;
Rabi, Y,; et al. Association Between Intermittent Hypoxemia or Bradycardia and Late Death or Disability in Extremely Preterm
Infants. JAMA 2015, 314, 595-603. [CrossRef]

Poets, C.F. Interventions for apnoea of prematurity: A personal view. Acta Paediatr. 2010, 99, 172-177. [CrossRef] [PubMed]
Hedstrom, A.B.; Faino, A.V.; Batra, M. The Silverman Andersen respiratory severity score in the delivery room predicts subsequent
intubation in very preterm neonates. Acta Paediatr. 2020, 110, 1450-1451. [CrossRef] [PubMed]

Shetty, S.; Sundaresan, A.; Hunt, K.; Desai, P.; Greenough, A. Changes in the use of humidified high flow nasal cannula oxygen.
Arch. Dis. Childhood. Fetal Neonatal Ed. 2016, 101, F371-F372. [CrossRef] [PubMed]

Heath Jeffery, R.C.; Broom, M.; Shadbolt, B.; Todd, D.A. Increased use of heated humidified high flow nasal cannula is associated
with longer oxygen requirements. J. Paediatr. Child Health 2017, 53, 1215-1219. [CrossRef]

Hoffman, S.B.; Terrell, N.; Driscoll, C.H.; Davis, N.L. Impact of High-Flow Nasal Cannula Use on Neonatal Respiratory Support
Patterns and Length of Stay. Respir. Care 2016, 61, 1299-1304. [CrossRef]

Taha, D.K.; Kornhauser, M.; Greenspan, ].S.; Dysart, K.C.; Aghai, Z.H. High Flow Nasal Cannula Use Is Associated with Increased
Morbidity and Length of Hospitalization in Extremely Low Birth Weight Infants. J. Pediatr. 2016, 173, 50-55. [CrossRef]

Bamat, N.; Jensen, E.A.; Kirpalani, H. Duration of continuous positive airway pressure in premature infants. Semin. Fetal
Neonatal Med. 2016, 21, 189-195. [CrossRef]

Gizzi, C.; Massenzi, L.; Pattumelli, M.G.; Moretti, C.; Agostino, R. Weaning of infants from non invasive ventilation. Acta Bio-Med.
Atenei Parm. 2014, 85, 15-19.

Rastogi, S.; Rajasekhar, H.; Gupta, A.; Bhutada, A.; Rastogi, D.; Wung, ].T. Factors Affecting the Weaning from Nasal CPAP in
Preterm Neonates. Int. J. Pediatr. 2012, 2012, 416073. [CrossRef]


http://doi.org/10.1056/NEJMoa072788
http://www.ncbi.nlm.nih.gov/pubmed/18272893
http://doi.org/10.1542/peds.2013-3442
http://doi.org/10.1159/000499361
http://doi.org/10.1001/jamapediatrics.2021.1921
http://doi.org/10.1056/NEJMoa1700827
http://doi.org/10.1136/adc.2004.069351
http://doi.org/10.1111/j.1442-200X.2008.02617.x
http://doi.org/10.1001/jamapediatrics.2015.0504
http://doi.org/10.1097/00130478-200207000-00007
http://www.ncbi.nlm.nih.gov/pubmed/12780963
http://doi.org/10.1038/s41372-018-0049-3
http://doi.org/10.1038/sj.jp.7211879
http://www.ncbi.nlm.nih.gov/pubmed/17989697
http://doi.org/10.1007/s12519-014-0535-4
http://www.ncbi.nlm.nih.gov/pubmed/25557597
http://doi.org/10.1186/s12887-015-0462-0
http://doi.org/10.4187/respcare.01999
http://doi.org/10.1136/adc.2011-300133
http://doi.org/10.1016/S0022-3476(85)80475-3
http://doi.org/10.1001/jama.2015.8841
http://doi.org/10.1111/j.1651-2227.2009.01604.x
http://www.ncbi.nlm.nih.gov/pubmed/19958303
http://doi.org/10.1111/apa.15671
http://www.ncbi.nlm.nih.gov/pubmed/33210325
http://doi.org/10.1136/archdischild-2016-310497
http://www.ncbi.nlm.nih.gov/pubmed/27173417
http://doi.org/10.1111/jpc.13605
http://doi.org/10.4187/respcare.04668
http://doi.org/10.1016/j.jpeds.2016.02.051
http://doi.org/10.1016/j.siny.2016.02.005
http://doi.org/10.1155/2012/416073

	Introduction 
	Materials and Methods 
	Patient Recruitment and Data Collection 
	Noninvasive Ventilation 
	Silverman-Andersen Score 
	Weaning Process 
	Outcome Parameters 
	Interrater Reliability Testing 
	Statistics 

	Results 
	Patients 
	Analysis of the Weaning Process 
	Effect of Routine SAS Assessment on NIV Outcome Parameters 

	Discussion 
	Conclusions 
	References

