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Abstract

Rationale: Noninvasive ventilation (NIV) is the first-line therapy in infants with bronchiolitis-related acute respiratory failure.

However, there is a lack of data regarding weaning from NIV in this setting. Working hypothesis: This study aims to evaluate

a nurse-driven weaning protocol in this homogenous population. Study design: A retrospective single-center study with pre-

versus-post comparative design in a tertiary center. Methodology: Data from all infants aged [?] 6 months admitted to the

PICU during 2 seasons with a clinical diagnosis of bronchiolitis and requiring any type of noninvasive ventilatory support on

admission, were analyzed. Main results: In total, 187 infants (95 with standard and 92 with nurse-driven protocols) were

included; the median age was 47 (IQR 24-75) and 31 days (19-58) in patients at baseline and after the protocol implementation,

respectively. There was no difference in terms of weaning failure between the two periods (11 (12%) versus 14 (15%), p=0.46).

At baseline, the ventilatory support duration was 70 hours (IQR 54-104) versus 56 hours (IQR 29-83) during the nurse-driven

protocol period (p=0.29). The PICU and hospital lengths of stay did not differ between the two periods. No complication

related to NIV occurred in the two periods. Conclusions: In patients with bronchiolitis supported by NIV, the nurse-driven

weaning management - as opposed to physician-driven - was not associated with a significantly higher proportion of weaning

failure cases.
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Abstract:

Rationale: Noninvasive ventilation (NIV) is the first-line therapy in infants with bronchiolitis-related acute
respiratory failure. However, there is a lack of data regarding weaning from NIV in this setting.

Working hypothesis: This study aims to evaluate a nurse-driven weaning protocol in this homogenous popu-
lation.

Study design: A retrospective single-center study with pre-versus-post comparative design in a tertiary center.

Methodology: Data from all infants aged [?] 6 months admitted to the PICU during 2 seasons with a clinical
diagnosis of bronchiolitis and requiring any type of noninvasive ventilatory support on admission, were
analyzed.

Main results: In total, 187 infants (95 with standard and 92 with nurse-driven protocols) were included;
the median age was 47 (IQR 24-75) and 31 days (19-58) in patients at baseline and after the protocol
implementation, respectively. There was no difference in terms of weaning failure between the two periods
(11 (12%) versus 14 (15%), p=0.46). At baseline, the ventilatory support duration was 70 hours (IQR 54-
104) versus 56 hours (IQR 29-83) during the nurse-driven protocol period (p=0.29). The PICU and hospital
lengths of stay did not differ between the two periods. No complication related to NIV occurred in the two
periods.

Conclusions: In patients with bronchiolitis supported by NIV, the nurse-driven weaning management - as op-
posed to physician-driven - was not associated with a significantly higher proportion of weaning failure cases.

Introduction
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Acute bronchiolitis is a severe infection involving young children and a leading cause of hospitalization
worldwide 1,2. Since management of severe bronchiolitis is mainly based on mechanical ventilation, most
of patients with bronchiolitis-related acute respiratory failure require admission in a Pediatric Intensive
Care Unit (PICU) 3. Noninvasive Ventilation (NIV), including both Continuous Positive Airway Pressure
(CPAP) and Bilevel Positive Airway Pressure (BiPAP), is commonly used in infants with severe bronchiolitis
3,4. Alternatively, High-Flow Nasal Cannula (HFNC) is increasingly used in infants with more moderate
respiratory failure 5,6.

Despite the large use of NIV in infants with bronchiolitis, there is a paucity of data regarding weaning
procedures and weaning initiation criteria in this population 7. However, these aspects of ventilatory support
are of crucial importance since maintaining a non-necessary ventilatory support may be associated with
prolonged hospitalization in PICU and greater health care costs. Nevertheless, premature weaning may
increase the morbidity and the duration of ventilation 8. Thus, there need to be a balance between ensuring
that NIV is not unnecessarily prolonged and protecting infants from weaning failure.

It has been shown that protocolized weaning from invasive mechanical ventilation may be associated with
a reduction in duration of mechanical ventilation 9. However, no study has been performed in children
supported by any type of NIV. PICU nurses spend more time at the bedside of patients as compared to
doctors, especially during night-shifts when physicians are responsible for more patients. In facts, effective
weaning requires a close collaboration between nurse and physician to screen the patient, chose the appro-
priate moment and perform en adequate monitoring of the patient after weaning. Despite a large variability
between European countries, Tume et al.reported that nurses have a key role and an influence on ventilation
and weaning decisions in critically ill children10.

We hypothesized that input of PICU nurses might be valuable for the initiation and follow-up of NIV weaning
in infants with acute viral bronchiolitis supported by any type of noninvasive ventilatory support. In this
context, the primary objective of the study was to implement a nurse-driven NIV weaning protocol and to
evaluate its feasibility as compared to a standard doctor-driven protocol.

Methods

Study design

This single-center retrospective observational study with pre-versus-post comparative design was conducted
over two bronchiolitis seasons, from November 2018 to April 2020, in a 16-beds PICU of a tertiary pediatric
center. The nurse to children ratio was 1:2 or 1:3, 24/7, during this period.

The study compared two bronchiolitis seasons: a first season (2018-2019) during which the infants were
weaned according to the routine (doctor-driven) practice of the unit, and a second season (2019-2020)
during which the infants were weaned according to the nurse-driven protocol.

The study was approved by the regional research committee (Comite d’Ethique du Centre d’Investigation
Clinique de Clermont-Ferrand, France, IRB 5891) and follows the STROBE guidelines.

Study population

The medical charts of all infants aged [?] 6 months admitted to the PICU during the 2 seasons with a clinical
diagnosis of bronchiolitis and requiring any type of ventilatory support, including CPAP, BiPAP or HFNC
(with an air flow rate > 1 L/kg/min), on admission, were analyzed. The admission criteria in PICU were
left at the discretion of the attending physician without any local protocol. Patients were excluded if they
were on long-term CPAP or BiPAP ventilation, if they presented a cardiac or neuromuscular disorder, or a
pneumothorax on the chest radiography performed at admission.

In practice, a step-up ventilator strategy was used according to the increase in patient severity, led by
physicians: 1/ HFNC, 2/ CPAP, 3/ BiPAP and 4/ invasive ventilation. The local protocol for ventilatory
management is detailed in Supplementary Material. CPAP and BiPAP were performed using an ICU ven-
tilator (Evita XL, Drager(r), Germany or Servo I and U, Maquet(r), Solna, Sweden) with a facial or nasal
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interface. HFNC was started at a flow rate of 2 L/kg/min with an ICU ventilator (Evita XL, Draeger(r),
Germany), or with a specific device (Airvo 2, Fisher and Paykel(r), Auckland, New Zealand). In our center,
HFNC is not used in pediatric wards. Patients did not receive any sedative drug and continuous nasogastric
tube feeding was started at least 6 hours after admission. The parents are allowed and encouraged to stay
with their child 24/7 in order to reassure their infant.

Demographic (age, sex and comorbidities) and clinical data during the PICU stay were collected. Respiratory
comorbidity was defined as any clinically significant neonatal lung disease, such as pulmonary bronchodys-
plasia. Clinical data at admission were the Pediatric RISk of Mortality score (PRISM), the Wang 11 and the
m-WCAS (modified Wood’s Clinical Asthma Score) bronchiolitis clinical severity scores 12, hemodynamic
and respiratory parameters, ventilatory mode and settings and medical treatment. Biological data on admis-
sion, including venous pH, venous carbon dioxide (PvCO2) and ventilatory settings at admission were also
gathered. All infants were screened for respiratory syncytial virus (RSV) at admission. The rate of weaning
failure, the rate of intubation, the duration of ventilator support, the duration of the weaning process, a
suspicion of bacterial co-infection, defined as the presence of new or changing infiltrates, fever associated
with a significant increase in biological inflammatory markers, and the PICU and hospital lengths of stay
were analyzed.

Doctor-driven protocol (first year)

During the first season (November 2018 to April 2019), the weaning from ventilatory support followed
the usual doctor-driven protocol and was based on a step-down strategy from BiPAP to CPAP, with the
possibility to use HFNC as an intermediate mode of support. The decision to start weaning was based on the
infant’s clinical status. Weaning was initiated in a fully awake infant, thus after an adequate sleep period,
and preferentially during the day. During the weaning period, the infant was evaluated by the doctor at
least every 6 hours, and by the nurse at least every 4 hours. Nurses could suggest to the attending physician
a change in the type and settings of ventilatory support but they were only allowed to modify the FiO2 on
their own initiative.

Nurse-driven protocol (second year)

The nurse-driven protocol was implemented during the second season (November 2019 to April 2020). The
protocol has been set up by a team comprising a senior pediatric intensivist (GM), a PICU nurse (AF) and
a physiotherapist (AA) and was inspired from a recently published survey7. The final protocol was approved
by all PICU nurses, residents, fellow and senior physicians before its implementation.

The protocol followed also a step-down strategy with an obligatory switch from BiPAP to CPAP or HFNC
according to the physician in charge based on the infant’s clinical status, for at least 12 hours, and before
being included in the nurse-driven protocol. A support-free trial was only allowed once the patient was on
CPAP or HFNC. The protocol could be carried out at least 12 hours after PICU admission and included a
five-step algorithm (Figure 1):

1/the PICU nurse assessed whether the child fulfilled or not the eligibility criteria to start the weaning
protocol

2/ she/he asked for the doctor’s agreement

3/ she/he assessed the presence of all weaning criteria (SpO2 [?] 94% with FiO2 [?] 35%, respiratory rate
at rest [?] 60/min, Wang score at rest [?] 7, no apnea or bradycardia or discomfort, awake and alert and
normal hemodynamic status, as defined as a normal heart rate, blood pressure and capillary refill time)

4/ weaning of the support ventilatory support was carried out and

5/ the nurse assessed hourly the presence of one of the following criteria associated with NIV failure: apneas,
bradycardia, sweating, increase in blood pressure, oxygen > 1 L/min for a SpO2 > 94%, an increase of Wang
score of more than 2 points, an increase of respiratory rate of more than 20 breath/min).

4
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In case of weaning failure, the nurse restored the previous ventilatory support and informed the attending
physician. Eligibility for weaning was then reassessed 6 hours later. In case of weaning success, the infant
was left without any ventilatory support; low-flow oxygen could be used to maintain a SpO2 > 94%. Weaning
could be initiated during the day or night, and preferentially after an adequate sleep period.

Study Outcomes

The primary outcome was the rate of weaning failure at the first attempt. In the physician-driven group,

the rate of weaning failure within 48 hours after the weaning initiation was defined by the need to switch
back to the previous ventilatory support whatever it was (CPAP or HFNC) or need to intubate the patient.
The secondary outcomes were:

1/the duration of NIV (recorded to the hour) defined as the time elapsed between the onset of any type
of ventilatory support (CPAP or BiPAP or HFNC) and the complete weaning from any type of ventilator
support (i.e. switch in room air or with low-flow oxygen)

2/the duration of the weaning process (recorded to the hour) defined as the time elapsed between the onset
of the first decrease in ventilatory mode or parameters to the complete weaning from any type of ventilator
support

3/the PICU and hospital lengths of stay (recorded to the hour for PICU length of stay and to the day for
hospital length of stay)

4/the suspicion of bacterial co-infection.

Statistical analysis

The data of the two cohorts, doctor-driven and nurse-driven, were compared. Descriptive data were presented
as number/percentages for categorical data and median values (with interquartile range, IQR) for continuous
data. Differences in categorical variables were tested using the Chi-square or Fisher’s exact test. Differences
in continuous variables were assessed by Student’s t test, Mann–Whitney test or analysis of variance test after
verification of the eligibility conditions. Difference in proportions with confidence interval was calculated
using https://www.statology.org/confidence-interval-difference-in-proportions-calculator/. P values of less
than .05 were considered significant. All statistical analyses were performed using SPSS 26.0 (SPSS, Inc,
Chicago, IL).

Results

Characteristics of the patients

The data of 95 and 92 infants weaned with the doctor-driven protocol and the nurse-driven protocol, re-
spectively, were analyzed (Table 1). No patient was excluded. During the second period, the nurse-driven
protocol was followed in all the patients. The characteristics of the patients were comparable between the
two groups, except for the age, weight and mode of respiratory support at admission. Indeed, the infants
of the nurse-driven protocol were significantly younger (31 (19-58) versus 47 (24-75) days, p=0.04), with a
lower weight (4.1 (3.5-4.8) versus 4.3 (3.7-5.2, p=0.02), and less use of BiPAP (n=28 (30%) versus n= 46
(48%), p=0.04) as compared to the infants of the doctor-driven protocol. Ventilatory settings at ventilatory
support initiation were not significantly different (Table 1).

Primary and secondary outcomes

As shown in Table 2, we found that 11/95 (12%) of cases managed by physicians failed weaning versus 14/92
(15%) of cases managed by nurses. The nurse-driven weaning management - as opposed to physician-driven
- was not associated with a significantly higher proportion of weaning failure cases since the difference was
3% (95% confidence interval -0.07/0.13, p=0.46). As well, the duration of the weaning process and the total
duration of any type of ventilator support, as well as the PICU and hospital length of stay, were comparable
between the two groups (Table 2). No patient was intubated and no complication related to NIV occurred

5
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in any patient. The only difference was a lower rate of suspected bacterial co-infection in the infants of the
nurse-driven protocol, with a p at the limit of significance (n=24 (27%) versus n=37 (39%), p=0.05), as
compared to the infants of the doctor-driven protocol.

Discussion

Weaning from NIV is of major importance in the management of infants with acute respiratory failure
related to bronchiolitis3. The present study with pre-versus-post design shows that the implementation of
a nurse-driven weaning protocol for infants with bronchiolitis was not associated with a significantly higher
proportion of weaning failure cases as compared to standard practice, i.e. a doctor-driven protocol.

Since infants with bronchiolitis represent a relatively homogeneous population with a generally favorable
outcome 3, we hypothesized that PICU nurses could play a key-role in the respiratory management. They
spent more time at the infant’s bedside; they see how the infant behave during care, with and without
the ventilator support. Since the nurse-to-patient ratio is usually similar during daytime and nighttime in
most PICU, as compared to physicians who are fewer during nighttime, we were interested to evaluate a
greater involvement of nurses in the weaning process of these infants. Using a nurse-driven protocol as a
task delegation, nurses have the possibility to decide the weaning initiation of a patient when they consider
that the patient fulfills the weaning criteria, at any moment of the day and night. This procedure has several
advantages. It increases the involvement and responsibility of the nurse within a strict frame (i.e. , the
written protocol), its saves time for physicians, especially during periods with increased activity (night), and
it may contribute to discharge the patients earlier to the ward after a successful weaning because the weaning
process may be started at night. Indeed, a rapid and safe weaning from NIV is crucial. As reported by Baudin
et al. , NIV and HFNC may be associated with complications, including pneumothorax, skin lesions and
gastric distension 13. Then, through a reduction in the duration of the weaning process, reducing the duration
of ventilator support contributes to discharge patients from PICU earlier. It is therefore important to wean
the infant from any type of ventilatory support as soon as possible. In the present study, the implementation
of a nurse-driven protocol did not allow to reduce the absolute duration of ventilation. However, we did not
analyze the moment of PICU discharge. Indeed, a successful weaning during the night may allow a discharge
early in the morning which may free a bed for another patient.

To our knowledge, very few studies have analyzed NIV weaning in children. Most of them have been
conducted in specific populations such as neonates or patients with long-term NIV 14,15. However, patients
with bronchiolitis are very different in terms of age, lung development and respiratory disease. Recently,
our team conducted a survey in PICU physicians that revealed the extreme heterogeneity of NIV weaning
practices in infants with bronchiolitis 7. As standard practice, we use in our unit a step-down strategy
using in some patients HFNC as an intermediate mode of support, which represents a high-cost strategy.
In the nurse-driven protocol, weaning from CPAP was more rapid without the use of HFNC which was not
associated with a higher rate of weaning failure.

In the present study, we chose weaning failure as the primary outcome since it seemed to be clinically
relevant. Indeed, weaning failure may largely increase the duration of ventilation and ICU lenght of stay
since the second weaning attempt is usually performed at least 6-12 hours later. In addition, the use of ICU
length of stay as secondary outcome may be controversial since discharge from ICU does not only depends
on patient’s status, but also on beds availability in wards.

This study presents some limitations that should be highlighted. First, it is a single center study that
compared two cohorts on two consecutive years, and not a controlled trial. As a retrospective study, we
could not assess nor the safety neither the non-inferiority of the protocol. Indeed, we found that management
of weaning by nurses - as opposed to physicians - was not associated with a significantly higher proportion of
weaning failure cases but the failure to identify such a difference may be related to sample size, confounding
factors and lack of adequate matching. As a retrospective study, there was no assurance that the respiratory
support protocol was in facts prescriptive or followed in every patient.

Moreover, we cannot guarantee that physicians were not continuing to give input in the nurse-led epoch.

6
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As well, in the physician-led epoch, we cannot guarantee that nurses were active participants and could
suggest to the attending physician in charge a change in the type and settings of ventilatory support. As a
single-center study, the larger use of a nurse-driven weaning protocol warrants a validation in other PICU,
including non-university hospitals. In addition, the infants of the nurse-driven protocol were younger and
less often treated with BiPAP. A young age is associated with an increased severity and may explain the
greater number of infants treated with BiPAP in the nurse-driven protocol. Despite this bias, which could
disadvantage the nurse-driven group, the patients’ respiratory outcome was comparable between the two
groups. The moment of PICU discharge (morning, afternoon or evening) was not analyzed and neither the
satisfaction of the nurses and the doctors. These two elements may however be important for the organization
and teamwork in a PICU. Finally, we did not objectively measure the additional workload performed by the
nurses during the nurse-driven protocol as compared to the physician-driven protocol.

In conclusion, in patients with bronchiolitis supported by NIV, the nurse-driven weaning management - as
opposed to physician-driven - was not associated with a significantly higher proportion of weaning failure cases
and higher NIV duration. This change in respiratory management seems worth to be evaluated in other
types of respiratory failure in children.

Figure legends

Figure 1: Nurse-driven weaning protocol used in our unit. CPAP: Continuous positive airway ventilation;
HFNC: High-Flow Nasal Cannula; PICU: Pediatric intensive care unit
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