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Background

Respiratory distress syndrome (RDS), caused by pulmonary surfactant (PS) deficiency, is considered a major cause of early mortality and poor long-term prognosis in premature neonates. Exogenous PS administration combined with mechanical ventilation can significantly reduce the mortality rate of RDS. The classical route of PS administration involves injection into the lungs via endotracheal intubation. However, this procedure is invasive and can cause adverse effects in premature neonates.

Less invasive surfactant administration (LISA) has been widely used to treat RDS. Although it have reduced the need for mechanical ventilation, it is still essentially invasive with the potential adverse events, such as cough, arrhythmias, PS reflux, increased intracranial pressure, prolonged hypoxemia and pain. Furthermore, a multidisciplinary team is important and necessary to perform LISA in critically ill preterm infants. However, LISA is somewhat complex. In rural hospitals, the pediatric team may not be trained in the LISA procedure. When they encounter the critically ill preterm infants with RDS, the unskilled operating techniques may cause damage to the babies, even death. Is there a simplified and effective method to delivery PS for premature neonates with RDS? A noninvasive modality with a simple procedure and the same therapeutic benefits as LISA is worthy of investigation.

The vibrating mesh nebulizers (VMN) is an innovative technology for the treatment of respiratory diseases. The nebulizer component of the VMN was made of palladium alloy mesh with 1,000 uniformly distributed holes with a diameter of 5 μm. This mesh produces nebulized particles of 1-5 μm via high-frequency vibration, producing a low-velocity aerosol that reaches the end of the bronchus and the alveoli. Compared with a jet nebulizer, the VMN avoids altering the properties of the PS and does not generate excessive heat or flow that could injure the lungs. Thus, the VMN maximizes the delivery of a fine mist of PS to the deep tissues of the lung while preserving the integrity of the PS, resulting in truly noninvasive treatment with theoretically greater advantages.

However, evidence from clinical trials related to the use of VMN for the treatment of RDS in preterm infants is lacking. Therefore, we conduct this multicenter, open-label, randomized clinical trial to explorate the efficacy and safety of PS inhalation via VMN for the treatment of RDS in premature neonates.
Study Objective

To verify the efficacy and safety of VMN to delivery PS in premature infants with RDS.

Study Design

A multicenter, open-label, randomized clinical trial.
Start and End Dates

From January 2023 to December 2024.
Place of Study

The First Affiliated Hospital of Bengbu Medical University, Bengbu, Anhui Province, China.

Huaibei Maternal and Child Health Hospital, Huaibei, Anhui Province, China.

The Hospital of Suixi County, Huaibei, Anhui Province, China.

Linquan County People's Hospital, Fuyang, Anhui Province, China.

Suzhou municipal Hospital, Suzhou, Anhui Province, China.

Leshan Women and Children's Hospital, Leshan, Sichuan Province, China.

The People's hospital of Leshan, Leshan, Sichuan Province, China.
Ethics

This prospective study will follow the tenets of the Declaration of Helsinki. Only children whose legal guardians provided written informed consent are enrolled.

Inclusion Criteria

Gestational age between 25 and 32 weeks.

Weight less than 1500 g.

Gradually aggravated dyspnea after birth that meet the diagnostic criteria for neonatal RDS as assessed by chest radiography.

The need for noninvasive ventilatory support as initial treatment after birth.
Exclusion Criteria

Lack of effective spontaneous breathing. 

Indications for invasive ventilation, including fraction of inspired oxygen (FiO2)>0.4, arterial partial pressure of oxygen (PaO2)<50 mmHg, and/or arterial partial pressure of carbon dioxide (PaCO2)>65 mmHg and pH<7.25.

Major congenital anomalies or chromosomal abnormalities.

Neuromuscular diseases. 
Suspected congenital lung diseases, malformations, or pulmonary hypoplasia.

Sample Size

Since this study is an exploratory study, the goal of sample size estimation is to ensure a sufficient probability of observing a lower incidence rate of mechanical ventilation through an endotracheal tube (MVET) in the VMN group than in the LISA group rather than to achieve specific statistical power for the superiority test. We assume incidence rates of MVET of 10% for the VMN group and 20% for the LISA group. Under this assumption, a sample size of 25 neonates per group will provide an 84. 1% probability of observing a lower MVET incidence rate in the VMN group than in the LISA group.

Randomization

Eligible premature neonates will be randomized (1:1) to either the VMN group or the LISA group. The randomization code is generated via a web-based computer-generated randomization tool (https://www.randomizer.org).
An independent statistician will prepare the randomization schedule in permuted blocks of 2, 4 or 6. The group assignments will be placed in sequentially numbered, sealed, opaque envelopes that are opened only after consent is obtained from the parents.

Intervention

General Nursing Care

All the premature infants will receive warmth, airway clearance and nutritional support. Cardiac monitoring will be also carried out.

VMN Arm

The VMN is supplied by Aerogen Co., Ltd. (Ireland). We purchased VMN from Aerogen Co., Ltd. (Ireland). We did not receive any financial support from Aerogen Co., Ltd. The company had no role in the analysis of the data or the decision to submit the results for publication.

Premature neonates are placed in the supine position to keep the airway open. While the infant is breathing via NCPAP ventilation, the VMN is connected to the inhalation tube of the ventilator via a T-tube. The VMN controller is connected to a nebulizing device. PS is injected into the container of the nebulizing device. Then, the controller is turned on, and nebulized aerosols are produced. If the drug becomes viscous or stagnant during nebulization, it will be diluted with an appropriate amount of sterilized water for injection to complete nebulization (Figure 1).
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Figure 1. The VMN illustration

LISA Arm

Neonatologists and nurses at each hospital will receive training to ensure the homogeneity and safety of the LISA technique. While the infant is on nasal continuous positive airway pressure (NCPAP) ventilation, a 6 Fr feeding tube is placed in the trachea via direct laryngoscopy with Magill forceps (Figure 2). The distance (cm) from the end of the feeding tube to the infant's mouth is calculated as follows: weight (kg)+6. Once the correct position is confirmed, the tube is fixed to the upper jaw of the infant, and slow and continuous PS delivery is initiated. The tube will be removed after PS delivery. If the infant is restless, the sedation/analgesia is applied.
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Figure 2. Instruments required for the LISA procedure. (Laryngoscopy, 6Fr feeding tube, and Magill forceps)

NCPAP Management

NCPAP will be provided in both arms. The initial NCPAP is set as follows: positive end expiratory pressure (PEEP) of 6 cmH2O and FiO2 of 0.3-0.5. The target peripheral oxygen saturation (SpO2) is 90-95%. When SpO2 is consistently > 90% with FiO2 less than 0.25 and PEEP less than 5 cmH2O, the neonate will be weaned off NCPAP.

PS doesage
In both groups, the dosage of PS (Chiesi Pharmaceutical Co., Ltd, Italy) was 200 mg/kg. Arterial blood gas levels were measured before and 30 minutes after PS delivery, and the changes in these levels were calculated.

Criteria of re-intubation
The re-intubation criteria were as follows: (1) recurrent apnoea >3 times per hour and heart rate <100 rpm; (2) there was only 1 apnoea in 24 hours that was not relieved by caffeine treatment; (3) FiO2>0.4 and PaO2 <50mmHg; (4) PaCO2 >60mmHg and pH <7.20; (5) contraindications to non-invasive ventilation such as pulmonary haemorrhage, severe arrhythmia, shock, frequent convulsions, neonatal necrotizing enterocolitis, intestinal obstruction, etc.

Assessment

Arterial Gas Analysis

Arterial blood gas levels, including pH, PaCO2, and PaO2/FiO2, will measure before and 30 minutes after PS delivery.

Primary Outcomes

The need for MVET within 72 hours after the initiation of NCPAP treatment.

The occurrence of bronchopulmonary dysplasia (BPD). BPD is a chronic condition that affects newborns who are born early and have underdeveloped lungs. The condition occurs when their lungs and airways (bronchi) are damaged (dysplasia) after long-term oxygen use or mechanical ventilation to help them breathe.

Death in the hospital.

Secondary Outcomes

Apnoea of prematurity (AoP). It is defined as a pause in breathing for 20 seconds or longer, or for less than 20 seconds when accompanied by bradycardia and hypoxaemia, in a preterm infant.
Arrhythmia. We defined arrhythmia as a heart rate >160rpm or <100rpm.
Oxygen saturation <85%. During the VMN or LISA procedure, oxygen saturation is detected. A temporary drop in oxygen saturation below 85% is recorded.

Pneumothorax. A pneumothorax is when air gets inside your chest cavity and creates pressure against your lung, causing it to collapse partially or fully. Underlying medical conditions, injuries or medical procedures can cause it. Go to the nearest emergency department if you have symptoms of a pneumothorax, including difficulty breathing, chest pain or blue skin, nails or lips.

Periventricular leukomalacia (PVL). PVL is damage to the inner part of your brain (white matter). Children who’re born prematurely are at higher risk of PVL. PVL may occur due to lack of blood or oxygen to your child’s brain. PVL leads to problems with motor movements and can increase the risk of cerebral palsy. PVL has no cure, but therapy can help improve your child’s day-to-day life.

Retinopathy of prematurity (ROP). ROP is when abnormal blood vessels form in a baby’s retina. Babies born before 31 weeks or who weigh less than 1500g are most at risk. Screenings detect ROP soon after birth. Most cases of ROP go away on their own without treatment. But some babies need a laser procedure or other treatments to prevent vision loss.

Necrotizing enterocolitis (NEC). Premature babies are at risk for NEC. The condition causes intestinal tissue to die. It can also cause a hole in the intestine. Bacteria can leak through this hole, causing serious abdominal infections. Some infants need surgery to remove the damaged intestine. 

Periventricular or intraventricular hemorrhage (PVH-IVH). PVH-IVH is a disease process that primarily affects the premature newborn infant born at less than 33 weeks of gestation. Hemorrhage occurs when vessels of the germinal matrix in the periventricular area rupture and extend into the intraventricular space. When bleeding extends into the intraparenchymal space adjacent to the ventricle, it is termed periventricular hemorrhage. In severe cases, bleeding occupies a significant portion of the ventricle, in which case it is described as intraventricular hemorrhage.
The reapplication of PS. If the symptom of RDS is not alleviated, the application of PS will be used again.
Data collection, Management, and Monitoring

All researchers will receive training in clinical protocol and data management before the study implementation. According to the study protocol and medical records, the case report form (CRF) is designed by researchers. Measurement results and symptoms are collected and recorded on the CRF. The integrity of trial data will be monitored by regularly scrutinising data files for omissions and errors. The medical records of participants are securely stored, to which only investigators and monitors have access. Participant confidentiality will be maintained during and post-trial. Data and information of participants are not used to support other studies without the consent of subjects and their guardians. In the process of data analysis, the identity information of participants is hidden to protect their privacy.

Participants are allowed to withdraw from the study at any time and for any reason. Researchers could also withdraw participants from the study to protect their safety. To ensure the quality of this clinical study and avoid subjective effects on the randomization process, the staff responsible for recruitment and grouping are not involved in each other’s work. At each study site, ethics committees could monitor the progress and safety of the study at any time. The committees are also independent from the sponsor and have no competing interests.

Protocol Amendments

If important protocol modifications need to be made, these will be reported to all partners, trial sites, trial registries, and journals.

Consent Assent

Preterm infants whose legal guardians will be provided an information letter detailing the research, their participation, advising them they can withdraw at any time, the provision of a phone number to decline participation in the study and the research team contact details. Patients will be contacted 12 hours following provision of the information statement to confirm their eligibility, ask for verbal consent to participate in the study and book a face to face consult with a physician.

Confidentiality

Paper copies of consent forms and questionnaires will be kept in secure storage. CRF and raw data from the project will be stored indefinitely in the First Affiliated Hospital of Bengbu Medical University.
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Introduction 

Respiratory distress syndrome (RDS), caused by pulmonary surfactant (PS) deficiency, is considered a major cause of early mortality and poor long-term prognosis in premature neonates. Exogenous PS administration combined with mechanical ventilation can significantly reduce the mortality rate of RDS.

Innovative strategies such as nasal continuous positive airway pressure (NCPAP) combined with PS delivery techniques, such as intubation-surfactant-extubation (INSURE) and less invasive surfactant administration (LISA), have been widely used to treat RDS. However, the role of vibrating mesh nebulizer (VMN) in the treatment of RDS is unknown.

Analysis Objectives

To verify the efficacy and safety of VMN to delivery PS in premature infants withRDS.

Data Collection

The dataset will be collected in the VMN and LISA group. It will contain 3 parts.

Baseline characteristics

Gestation age, birth weight, sex, Apgar scores at 1 min and 5 min  after birth, maternal age, whether to apply prenatal corticosteroid prophylaxis.
Arterial blood gas levels before and 30 minutes after PS delivery

pH, PaCO2, and PaO2/FiO2
Primary and secondary outcomes

The need for mechanical ventilation via an endotracheal tube (MVET) within 72 hours, the occurrence of BPD, death in the hospital, apnoea of prematurity (AoP), arrhythmia, oxygen saturation <85%, periventricular leukomalacia (PVL), retinopathy of prematurity (ROP), necrotizing enterocolitis (NEC), periventricular or intraventricular hemorrhage (PVH-IVH), and the reapplication of PS. If the adverse events occur, it will be recorded as “ 1” in case report form (CRF). Do not occur, recorded as “0” .

 Start and End of Data Recording 

Start: Consent of the child's legal guardian to participate in the clinical trial and to be allocated to the VMN or LISA group. End: Discharge from the hospital, death in hospital, adverse events, or withdrawal from the study. 

Handling of missing values 

If the missing values affect the statistics and research objectives, the participant is considered to have withdrawn from the study. The new participants are enrolled. 

Statistical procedures 

Statistical analysis will be performed using IBM SPSS Statistics (version 26.0; IBM Corp., Armonk, NY, USA). Data will be analysed by a statistician who is blind to group status.For the data from baseline characteristics, if it is a continuous variable, we first use the Shapiro-Wilks test to assess the normal distribution of the results. These continuous variables will be summarized by their mean (standard deviation). For skewed distributions, they are presented as the median (25%, 75%interquartile). For dichotomous variables, the percentage in each group will be recorded. Student’s t-test and Mann–Whitney U test will be used for normal and abnormal distribution, respectively, to compare continuous variables.

For the data of arterial blood gas levels before and 30 minutes after PS delivery, the value of pH, PaCO2, and PaO2/FiO2 will be presented as the median (25%, 75% interquartile). Considering that blood gas results prior to the use of PS may affect the values applied by PS, we will use an analysis of covariance (ANCOVA) model to analyze the differences in blood gas levels between the two groups. The difference (VMN group - LISA group) will be calculated.

For primary and secondary outcomes, the χ2 test or Fisher test will be performed. Since this study is designed as an exploratory study, the  sample size is small. A 2-sided P < 0.05 will be considered to indicate statistical significance. However, if the P value is more than 0.05, It does not indicate that this study is not valuable. We also calculate the odds ratio and 95% confidence intervals to evaluate the effectiveness of VMN for delivering PS in the treatment of preterm infants with RDS.

	
	Case 1
	Case 2
	Case3
	...

	Gestation age
	
	
	
	

	Birth weight
	
	
	
	

	Gender
	
	
	
	

	Apgar 1 min
	
	
	
	

	Apgar 5 min
	
	
	
	

	Maternal age
	
	
	
	

	Prenatal corticosteroid prophylaxis
	
	
	
	

	pH before PS application
	
	
	
	

	PaCO2 before PS application
	
	
	
	

	PaO2/FiO2 before PS application
	
	
	
	

	pH after PS application
	
	
	
	

	PaCO2 after PS application
	
	
	
	

	PaO2/FiO2 after PS application
	
	
	
	

	MVET
	
	
	
	

	BPD
	
	
	
	

	Death
	
	
	
	

	AoP
	
	
	
	

	Arrhythmia
	
	
	
	

	Oxygen saturation <85%,
	
	
	
	

	Pneumothorax
	
	
	
	

	PVL
	
	
	
	

	ROP
	
	
	
	

	NEC
	
	
	
	

	PV-IVH
	
	
	
	

	Application of PS again
	
	
	
	


CRF

* Neonatologists and nurses at each hospital must record the clinical data seriously.
