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Abstract

:

In treating acute bronchiolitis in infants, the decision to use continuous positive airway pressure (CPAP) often involves infant referral from the pediatric ward to the pediatric intensive care unit (PICU). We present our experience of CPAP use in a general pediatric ward, aiming to reduce the pressure on the PICU in recent outbreaks of bronchiolitis. Clinical data of patients less than 12 months of age and admitted for bronchiolitis from 1 October 2021 to 31 March 2023 were retrospectively collected. Of 82 infants admitted for bronchiolitis, 16 (19%) were treated with nasal CPAP (nCPAP group); of the remaining 66, 21 (26%) were treated with a low-flow nasal cannula (LFNC) only, 1 (1%) was also treated a with high-flow nasal cannula (HFNC), 12 (15%) were treated with an HFNC only, and 41 (50%) were treated without oxygen support (no-nCPAP group). Overall, coinfection with RSV and SARS-CoV-2 was observed in three patients and SARS-CoV-2 infection was observed in two patients. None of them required any type of oxygen support. Only 3/16 (19%) infants in the nCPAP group were referred to the PICU due to worsening clinical conditions despite nCPAP support. In our experience of treating epidemic bronchiolitis, nCPAP can be safely managed in a general pediatric ward, thus reducing the burden of admissions to the PICU. Training and regular updating of the pediatric staff, careful monitoring of the patient, and close cooperation with the PICU were instrumental for our team.
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1. Introduction


Respiratory syncytial virus (RSV) epidemics typically follow a seasonal pattern, peaking in December and January [1]. The COVID-19 pandemic disrupted RSV seasonality, and recent, post-pandemic epidemics of bronchiolitis have raised serious clinical and organizational problems in many regions of the world [2]. In the autumn and winter seasons of 2021–2022 and 2022–2023, an anticipation of the epidemic peaks of infection and an increased case number have been observed, probably secondary to the “immunological debt” due to public health measures aimed at controlling the spread of SARS-CoV-2 [3,4,5,6,7,8].



International recommendations have enhanced the awareness of managing increased patient loads, especially in pediatric hospitals and intensive care units [9,10,11]. Indeed, the incidence of RSV in infants was higher than in previous years, suggesting a wider viral spread.



The main concern was regarding severe bronchiolitis due to RSV or other viral agents, which could have required an increased number of hospitalizations in a small amount of time with an enhanced burden for pediatric wards and pediatric intensive care units (PICU) [7]. In Korea, among hospitalized children for RSV bronchiolitis, the rate of those requiring respiratory support was significantly increased in the 2021–2022 season (32.5%) as compared with 2019–2020 (19.4%) [12]. Admissions for RSV infection tripled in New Zealand in the 2021 season both in pediatric wards and in PICUs [13]. PICU admissions were also increased in the USA [14]. In the same period, in Italy, a significant increase (34% vs. 19%) in red and yellow code assignments in emergency departments for bronchiolitis was registered in comparison with previous years. Some authors describe a tripled need for referrals to PICUs with the same rate of admissions [5]. According to other authors, the post-COVID-19 period (2021–2022) was also characterized by an increased rate of hospitalizations [4]. Overall, the recommendation was to prepare for abnormal seasonal RSV outbreaks in terms of incidence, distribution, and severity. In bronchiolitis, the assessment and monitoring of blood oxygen saturation (SO2) levels are of paramount importance in evaluating the severity of respiratory involvement and the advisability of hospitalization as well as the need for increasing ventilatory support during the disease [15,16,17,18,19,20]. Consequently, oxygen therapy has been recognized as the basis of treatment in bronchiolitis even if the management of bronchiolitis presents a significant variation and a univocal approach is still questioned [21].



In recent years—besides conventional, low-flow oxygen therapy with a nasal cannula (LFNC) or a mask—the use of a high-flow nasal cannula (HFNC) and noninvasive ventilation therapies like continuous positive air pressure (CPAP) have emerged as possible alternatives to tracheal intubation and conventional invasive ventilation in patients with moderate-to-severe bronchiolitis [22]. If HFNC is nowadays frequently used outside PICUs, CPAP remains a prerogative of intensive areas, and the decision to use it often involves infant referral from pediatric wards to PICUs [15,23]. Recent studies suggest that about 5% to 25% of children with bronchiolitis may require hospitalization in a PICU to receive respiratory support, mainly CPAP [5,6,24,25].



Few studies have reported on the use of CPAP in pediatric wards and, paradoxically, the availability of HFNCs outside PICUs could have sometimes resulted in an increase in PICU transfers with relative organizational costs and psychological burdens for patients and their families [23,24,25,26,27,28,29,30,31]. Recent European studies confirm that the average hospitalization costs for infants treated in PICUs for bronchiolitis are one-and-a-half to fourfold higher compared to those treated in a ward [24,29].



We used, for the first time, nasal CPAP in a pediatric ward during the 2021–2022 RSV outbreak. We decided to replicate this during the 2022–2023 epidemics to reduce the PICU requirement in an epidemiological situation that predicted an overload of patients for PICUs.



We retrospectively collected our case series discussing the main clinical and organizational issues.




2. Materials and Methods


Clinical data of all patients less than 12 months old and hospitalized for bronchiolitis from 1 October 2021 to 31 March 2023 were collected. No hospitalized patients for bronchiolitis were excluded. The diagnosis of bronchiolitis was made on a clinical basis in children admitted to the emergency room (ER) with compatible respiratory symptoms, namely rhinitis, wheezing, respiratory distress, and auscultatory findings of crackles and wheezing in multiple lung fields.



The hospitalization criteria were as follows: moderate-to-severe bronchiolitis, an oxygen peripheral saturation persistently below 92%, moderate-to-severe respiratory distress, episodes of apnea, a reduction in oral feeding, relevant social issues (domicile far from the hospital and reliability of the caregiver), and the presence of clinical risk factors (chronic pulmonary disease, hemodynamically significant heart disease, age less than 3 months, prematurity, neuromuscular disorder, immunodeficiency, and other significant comorbidities). The assessment of the severity of bronchiolitis was made according to international guidelines [15,16,17,18,19,20].



Patients were divided into two groups, the nCPAP group and no-nCPAP group, according to the use of nCPAP during their stay in hospital.



Low-flow O2 was administered with humidified O2 via a nasal cannula (LFNC) in patients with persistently <92% SO2 levels. SO2 was monitored throughout the entire duration of O2 supplementation. Treatment failure was considered if an FiO2 level greater than 50% was needed to maintain a SO2 level ≥ 92% or there was lack of improvement or a worsening of respiratory distress and vital signs were registered.



HFNC was started in patients who had moderate respiratory distress and/or respiratory acidosis (pH < 7.35, pCO2 > 45 mmHg) upon arterialized capillary blood gas analysis. AirvO2 equipment (Fisher and Paykel Healthcare, Inc., Auckland, New Zealand) was used with continuous cardio-oximetric monitoring. The initial flow was set at 2 L/kg/min with an FiO2 level of 30% and with subsequent FiO2 titration to maintain SatO2 levels between 92% and 97%. The criteria for considering treatment upgrading were a failure to improve the respiratory rate or heart rate, respiratory distress within the first 12 h of HFNC initiation, and clinical signs of a risk of respiratory exhaustion.



The nCPAP starting criteria were a failure of LFNC or HFNC oxygen support, clinical signs of a risk for respiratory exhaustion, and severe respiratory distress with or without respiratory acidosis. The devices used were a Fabian Therapy evolution SW 4.0 nasal CPAP device with a nasal interface and an Infant Flow SiPAP device (both from Vyaire Medical Inc., Mettawa, IL, USA). The starting pressure of nCPAP was 5 mBar, which was increased to up to 6.5–7 mBar with an initial FiO2 level at 30% titrated for SatO2 between 92% and 97% [23]. Patients who did not show any clinical improvement (reduction in heartrate and respiratory rate and/or better respiratory dynamics), who required an increase in FiO2 of up to 60% with a pressure of 7.5–8 mBar, and who showed episodes of apnea were considered for PICU admission. Once nCPAP was started, breastfeeding was encouraged for non-nutritive comfort purposes; direct contact with the caregiver (generally the mother holding the baby in her arms) was also allowed to improve adaptation.



Two-tailed Student’s t-test and Fisher’s exact test were used to compare the nCPAP and no-nCPAP group data with the significance level set to 0.05.




3. Results


Clinical data of 82 patients hospitalized for bronchiolitis were collected. Of the 82 infants admitted for bronchiolitis, 16 (19%) were treated with nCPAP (nCPAP group); of the remaining 66, 21 (26%) were treated with a low-flow nasal cannula (LFNC) only, 1 (1%) was also treated with a high-flow nasal cannula (HFNC), 12 (15%) were treated with an HFNC only, and 41 (50%) were treated without oxygen support (no-nCPAP group).



The main clinical data of the two groups are summarized in Table 1.



The groups were comparable in terms of age, the presence of comorbidities, and the prevalence of RSV and SARS-CoV-2 infection. The nCPAP group had a significantly lower mean weight (p = 0.043) and underwent chest radiography more frequently (p < 0.001).



Upon admission to hospital (T0), the infants in the nCPAP group were more frequently dyspneic (p < 0.001) and tachycardic (p = 0.0024), and they had worse hemogasanalysis results (i.e., respiratory acidosis, hypoxemia, and hypercapnia). The progression of O2 and respiratory support in both groups is summarized in Table 2.



When admitted, all the patients in the nCPAP group received some kind of respiratory support (LFNC, HFNC, or nCPAP), while only 27/66 (41%) infants in the no-nCPAP group were supported with an LFNC or HFNC.



An HFNC was the first respiratory support in eight (50%) of the children in the nCPAP group and in twelve (18%) of those in the no-nCPAP group (p = 0.019). One infant in the nCPAP group received nCPAP as the first respiratory support, seven (44%) were treated with an LFNC as the first support, and eight (50%) received a first HFNC. As the second respiratory support, nine patients received nCPAP and six patients received an HFNC. nCPAP was the third respiratory support in six patients. The total length of support was slightly longer in the nCPAP group than in the no-nCPAP group (p = 0.07), while the total stay in the pediatric ward was significantly longer in the nCPAP group (p < 0.001). Due to worsening clinical conditions despite support with nCPAP, 3/16 (18.7%) infants were referred to the PICU after 1, 2, and 4 days of stay in the pediatric ward, respectively.



In the nCPAP group, two patients were late preterm and one was affected by an atrioventricular canal defect in chromosomopathy.



About three children who required to be referred to PICU, the first patient was a 29 days-old, born late preterm at 36 + 2; who received first HFNC than nCPAP support, arrived in PICU he continued CPAP support. The second patient was a 20 days-old neonate with-out risk factor: the patient received first HFNC than nCPAP.When he arrived in the PICU, he received CPAP support. The third patient was 7 months old with an atrioventricular canal defect in chromosomopathy who first received an LFNC and then nCPAP. After being transferred to the PICU, the patient required invasive support and later required extra-corporeal membrane oxygenation. The first and second patients were discharged after being in good clinical condition for some days, and the third patient died two months later.



Of the eighty-two patients considered, thirty-two (39%) received glucocorticoids, forty-eight (58%) received inhaled therapy (salbutamol, adrenalin), and twenty-two (27%) received at least one dose of antibiotic therapy. None of them received antiviral therapy. In the nCPAP group, three (19%) patients received antibiotic therapy, four (25%) received glucocorticoids, and three (19%) received inhaled therapy.



Overall, coinfection with RSV and SARS-CoV-2 was observed in the patients, and SARS-CoV-2 infection was observed in two patients. None of them required any type of oxygen or ventilatory support.




4. Discussion


The bronchiolitis epidemics after SARS-CoV-2 pandemic were characterized by an anticipation of the usual autumn–winter spread and by increased numbers of ED admissions and a high burden of hospitalization in pediatric departments [25]. In the autumn and winter seasons of 2021–2022 and 2022–2023, an anticipation of the epidemic peaks of infection and an increased case number were observed, probably secondary to the “immunological debt” due to the public health measures aimed to control the spread of SARS-CoV-2 [3,4,5,6,7,8,32,33,34]. The perspective, reiterated by media and scientific societies, of an uncontrolled increase in admissions for bronchiolitis in PICUs led us to implement, when needed, respiratory support with nCPAP in the general pediatric ward [9,10,11].



The approach to respiratory support during hospitalization was flexible and guided by the evolution of the disease. In the nCPAP group, the administration of an LFNC or HFNC was the first form of support in 94% of the patients. Oxygen administration is recognized as the mainstay of treatment for bronchiolitis with a high level of quality and a high strength of available evidence [15,16,17,18,19,20]. O2 administration with nasal cannulas or a mask is the most widespread and used support both in EDs and in pediatric wards. In the last decades, the use of HFNCs has gained space in the therapeutic practice of many hospital wards. In moderate–severe bronchiolitis, heated and humidified O2 at higher flows determines a modest positive pressure that could help to improve the patency of the upper airways, increase CO2 washout, and may reduce respiratory distress, even if the exact physiological mechanisms of HFNCs are not completely clear [35].



The use of different supports in bronchiolitis is still debated; HFNCs present the advantages of better tolerance and minor incidences of skin lesions and abdominal distensions compared to CPAP. On the other hand, CPAP seems to be more effective than HFNCs in moderate–severe bronchiolitis in treating hypoxemia and respiratory effort, even if this is not widely shared in the literature [35,36]. The absence of standard starting and weaning protocols when using HFNC support makes it difficult to demonstrate the real effects of this device and to compare its efficacy with CPAP.



In our experience, an HFNC was the first respiratory support—after initial stabilization with an LFNC in the ED—used in 44% of the patients in the nCPAP group and was the second measure during hospitalization in the other eight (50%) children. In both situations, the switch to using an HFNC was decided upon after an unsatisfactory correction of hypoxemia with conventional O2 administration and a progressive worsening of respiratory distress were observed. Despite their increasing use in treating bronchiolitis, the definitive role of HFNCs is still debated with regard to their efficacy in reducing the duration of O2 administration and the length of hospitalization and in preventing clinical worsening and the need for more intensive care [37,38,39,40,41,42,43,44,45]. Currently, HFNCs should be reserved for cases of failure of conventional O2 therapy [23,46].



Before starting to use nCPAP in the pediatric department, all the patients who did not clinically improve with an HFNC were transferred to the pediatric intensive care unit. In our experience, the use of nCPAP in the pediatric ward allowed us to avoid about 80% of PICU transfers for bronchiolitis; only 3/16 (20%) of the patients in the nCPAP group were transferred to the PICU. Our medical and nursing staff received specific training and participated in periodic refresher sessions that focused on the use of the equipment and patient monitoring. It was also envisaged that the nurse–patient ratio, usually one nurse for every six patients, could be increased to one nurse for every four patients, according to the variable needs for assistance in the presence of children receiving CPAP support. Communication with the reference PICU—located at about 20 km distance—was kept constant in consideration of possible worsening of the patients’ clinical conditions.



CPAP is increasingly being used to support patients with moderate-to-severe bronchiolitis after failure of conventional oxygen therapy and HFNC [1]. The pressure generated by CPAP reduces respiratory airway resistance and prevents the development of pulmonary atelectasis, representing, in fact, an increase in non-invasive respiratory support when compared to the use of HFNCs. However, the clinical advantages of CPAP vs. HFNCs are still under evaluation, pending more definitive evidence [16,22,23,24,47]. The decision to undertake non-invasive support with CPAP coincides, in most organizational situations, with the transfer of the child to the PICU. Nonetheless, increasing experience of pediatric personnel with CPAP equipment and the progressive evolution of technologies has led to the first reports of CPAP use in pediatric wards outside intensive care units [23,24,25,26,27,30]. In 2017, a survey of 97 hospitals in England and Wales reported the common use (56.9%) of CPAP in the pediatric wards of general hospitals, while in tertiary structures, CPAP was still used preferentially in PICUs [23]. A Spanish study reports about the use of CPAP in a trained pediatric unit with a nurse–patient ratio of 1:6 [26]. In 56% of patients, CPAP treatment was started and completed in the pediatric ward, while in the remaining 44%, a transfer to the PICU was needed.



Reduced admissions to PICUs of children with bronchiolitis may have evident organizational advantages, provided that there is appropriate training of the pediatric staff and the quick availability of the PICU to take charge of therapeutic failures. On the other hand, the increasingly widespread use of HFNCs and CPAP in treating bronchiolitis would risk exacerbating the pressure on PICUs should they remain the only organizational solution devoted to the administration of this kind of respiratory support [26,29]. Furthermore, the hospitalization costs for bronchiolitis were estimated to be 60% higher in PICUs than in pediatric wards [24].




5. Conclusions


This observational study, albeit retrospective and on a limited case series, suggests that respiratory support for bronchiolitis—including the use of CPAP—can be safely managed in a general pediatric ward, thus substantially reducing the burden of admissions to PICUs for non-invasive respiratory support and sparing the child and their family the experience of hospitalization in an intensive care environment. This solution could be especially suitable in a general hospital that must rely on a distant PICU and on medically assisted and safe transport. Training and regular updating of pediatric staff, careful monitoring of the patient, and close cooperation with the PICU remain fundamental issues.
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Table 1. Clinical features of nCPAP and no-nCPAP groups.
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nCPAP Group (n = 16)

	
No-nCPAP Group (n = 66)

	
p




	

	
Patient

Number (%)

	
Mean (SD)

	
Range

	

	
Patient

Number

(%)

	
Mean (SD)

	
Range






	
Age (months)

	

	
2.93 (3.0)

	
0–8

	
Age (months)

	

	
3.93 (3.15)

	
0–11

	
0.25




	
Weight (Kg)

	

	
5.37 (1.8)

	
3–8.7

	
Weight (Kg)

	

	
6.58 (2.15)

	
2.75–14

	
0.043




	
Comorbidity

	
5 (31)

	

	

	
Comorbidity

	
11 (17)

	

	

	
0.18




	
RSV

	
13 (81)

	

	

	
RSV

	
60 (91)

	

	

	
0.36




	
SARS-CoV-2

	
0 (0)

	

	

	
SARS-CoV-2

	
5 (7.6)

	

	

	
0.57




	
Chest X-ray

	
9 (56)

	

	

	
Chest x-ray

	
9 (14)

	

	

	
<0.001











 





Table 2. nCPAP and no-nCPAP groups at presentation (T0) and respiratory support during stay in the pediatric ward.
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nCPAP Group (n = 16)

	
No-nCPAP Group (n = 66)

