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Respiratory monitoring during less invasive surfactant administration in the delivery suite 

ABSTRACT                                                                                                Background: On the neonatal unit less invasive surfactant administration (LISA) reduces BPD and the need for mechanical ventilation

Aims: To evaluate the feasibility of LISA in the delivery suite and to undertake respiratory function physiological monitoring before and after LISA.                                                                                                  Study design: A prospective, observational cohort study was undertaken.  A LISA simulation training programme was delivered. Then, LISA was undertaken in infants with respiratory distress maintained on continuous positive airway pressure (CPAP) in the delivery suite using videolaryngoscopic guidance without sedation.                                                                                         

Subjects: Thirty-eight infants with a median (IQR) gestational age of 31+5 weeks (30+3-33+4) and birth weight of 1.61 (1.42-1.90) kg had LISA in the delivery suite.                

Outcome measures: Adverse effects of LISA and whether LISA resulted in changes in tidal and minute volumes, end tidal carbon dioxide (EtCO2) levels and the inspired oxygen concentration (FiO2).                                                Results: Respiratory function monitoring was available for 34 of the infants. LISA occurred at a median (IQR) interval of 18 (15-29) minutes after birth. The most common adverse events were desaturation (44.7%) and surfactant reflux (39.5%), both responded to either temporary suspension of LISA or slowing the speed of surfactant administration. Following LISA, there was a significant reduction in respiratory rate two minutes later (p<0.001) and in the FiO2 two hours later (p<0.001).                                                                          Conclusions: LISA is feasible in the delivery suite after appropriate training of staff. It can be undertaken without serious adverse effects and results in a reduction in respiratory distress and improvement in oxygenation. 
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Abbreviations:  BPD: bronchopulmonary dysplasia; CPAP: continuous positive airway pressure; EtCO2: end tidal carbon dioxide; FiO2: inspired oxygen concentration; IQR: interquartile range; LISA: less invasive surfactant administration; MIST: minimally invasive surfactant therapy; PEEP: positive end expiratory pressure                                               
INTRODUCTION 

Nowadays, many prematurely born infants are not routinely intubated at birth as they can breathe adequately on continuous positive pressure (CPAP). Due to increasing respiratory distress and surfactant deficiency, however, they often subsequently require intubation for surfactant administration. Systematic review of randomised trials has demonstrated that such infants are disadvantaged compared to those who received early surfactant in that they are more likely to develop bronchopulmonary dysplasia (BPD) and pneumothoraces and require mechanical ventilation [1]. As a consequence, techniques of less invasive surfactant administration (LlSA) or minimally invasive surfactant therapy (MIST) have been developed [2]. A systematic review of six trials which included a total of 895 infants demonstrated that LISA was associated with a reduction in the composite outcome of death or BPD and the need for mechanical ventilation [3]. Another systematic review showed that LISA was associated with a lower likelihood of severe intraventricular haemorrhage [4]. Nevertheless, there remains considerable uncertainty regarding the optimum MIST/LISA procedure. An online based survey was sent to 324 neonatologists in 37 European countries between December 2015 and March 2016 [5]. Eighty-six of the 165 who responded were using LlSA/MlST. There was, however, a wide variation regarding indication and which were the most appropriate gestational and

postnatal ages. Policies regarding which premedication, devices or techniques also differed. In a UK survey, side-effects were observed by 77% of neonatologists and included surfactant reflux, bradycardia and hypoxia. The perceived efficacy was high (52%) or medium (33%) [6]. The two year outcomes of a randomised controlled trial reported that there were no significant differences in weight, length or neurodevelopmental outcomes [7].

Studies of LISA/MIST have largely been undertaken on the NICU, perhaps because in such a setting more experienced staff are available. An observational study reported the feasibility of LISA in the delivery suite and fewer infants who received LISA compared to historical controls required intubation in the delivery suite or needed mechanical ventilation [8].  Our aim was to determine the feasibility of LISA in the delivery suite after intensive simulation training and, by undertaking physiological monitoring, determine the response to LISA as assessed by the changes in the inspired oxygen concentration, tidal and minute volumes and end tidal carbon dioxide (EtCO2) levels.  

METHODS 

Study design and subjects

A prospective, observational study was undertaken between May 2019 and February 2020. The study was approved by the East of Scotland Research ethics service, who required written parental consent only for the analysis of the data. Mothers were approached when they had been transferred to the postnatal ward. The study was also approved by the Trust’s Research and Audit Department. 

Infants eligible for inclusion in the study were those born before 34+6 weeks of gestational age and greater than 26 weeks of gestational age. Infants with antenatally diagnosed congenital lung or tracheal malformations, infants who were apnoeic, infants requiring intubation or who were unstable as judged by the clinical team were not recruited.
Resuscitation protocol

All clinicians involved in the resuscitation had provider certification in newborn life support (NLS) by the Resuscitation Council, UK. Positive pressure inflations were generated by a t-piece device (Neopuff Infant Resuscitator, Fisher & Paykel Healthcare, Auckland, New Zealand) attached to a round face mask (Marshall Infant, Bath, UK) either size 0, 0.5 or 1 depending which achieved the most appropriate seal or via nasal prongs during LISA. The Neopuff, a continuous flow, pressure-limiting device, had a built-in manometer, a positive end expiratory pressure (PEEP) valve and a gas flow with the pressure relief valve set at 30 cm H2O. The clinicians followed the UK recommendations to use a peak inflation pressure of 20–25 cm H2O with a PEEP level of 4–5 cm H2O and flow of 5l/min to maintain the first five inflation breaths for two to three seconds. All infants were initially resuscitated with an inspired fraction of oxygen (FiO2) of 0.21. The clinical team decided on the need for intubation and the criteria used were a heart rate less than 60 beats per minute, poor or absent respiratory efforts and/or lack of response to initial face mask resuscitation. 

Monitoring equipment

The respiratory function monitor used in the study was a NM3 respiratory profile monitor (Philips Respironics, Connecticut, USA). The monitor was connected to a Laptop (Dell Latitude, Dell, Bracknell, UK) with customized Spectra software (V.3.0.1.4) (Grove Medical, London, UK). The NM3 respiratory profile monitor has a pneumotachograph which monitors combined pressure, flow and EtCO2 and was placed in line with the t-piece. Oxygen saturation monitoring was also performed. The monitoring was started as soon as possible after the birth. The respiratory function monitoring results were analysed for two minutes before and two minutes after the LISA procedure had been completed. 
LISA training

Prior to starting LISA in the delivery suite, simulation training was delivered. Training sessions were conducted for the multi-professional team on a preterm manikin (SimNewB, Laerdal medical, Stavanger, Norway). In order to improve the accuracy of visualising the vocal cords, a videolaryngoscope with InfantView reusable blades, sizes 00, 0 and 1 (ACUTRONIC, Hirzel, Switzerland) was used [9]. Use of the videolaryngoscope ensured that all clinicians were able to have the same view of the vocal cords as the “intubator”. A training video on the preterm manikin was made detailing individual steps and uploaded on the Trust’s internal web site, so available for clinicians to refresh their knowledge. LISA was undertaken for preterm infants with respiratory distress syndrome on nasal continuous positive airway pressure (nCPAP) on the NICU before the delivery suite study was started. 

LISA Procedure 

Infants were deemed eligible for LISA if the attending clinician diagnosed respiratory distress as indicated by an increased work of breathing indicated by intercostal recessions, subcostal recessions, nasal flaring, grunting and/or an increasing supplementary oxygen requirement greater than 30%. Prophylactic surfactant was given to infants between 26 and 30 weeks of gestation irrespective of the signs of respiratory distress. Preterm infants in the delivery suite, identified to be eligible for LISA were wrapped and kept warm under the radiant heater, extremely prematurely born infants were placed in plastic bags. A nasogastric tube was inserted to allow the stomach to be aspirated after initial resuscitation, during and after the LISA procedure. A LISAcath (Chiesi Farmaceutici SpA, Parma, Italy), a catheter specifically designed for the administration of surfactant which had a diameter equivalent to a 5 Fr catheter and length of 130mm, was used. Immediately before introduction of the LISAcath, the face mask was switched to nasal prongs for the delivery of CPAP to minimise loss of pressure during surfactant delivery. The LISAcath was introduced and inserted between one and two centimetres below the vocal cords using videolaryngoscopy, the depth of insertion at the lips was noted and the catheter held securely. The infant had continuous monitoring of heart and respiratory rate and oxygen saturation (SpO2). The procedure was halted if there was an apnoea and ventilation breaths were given. The procedure was restarted if the infant resumed adequate respiratory efforts, otherwise the infant was intubated and the surfactant given via the endotracheal tube. Curosurf was administered at 200mg/kg slowly over three to five minutes as a continuous infusion, paused temporarily if there was bradycardia less than 100 beats per minute, an SpO2 below 85% or an apnoea. The nasogastric tube was continuously aspirated and if the aspirates increased, the catheter position was reassessed by videolaryngoscope and repositioned as necessary. No sedation was used during the procedure. Once the surfactant administration was completed, the catheter was removed. Infants after LISA were subsequently maintained on face mask CPAP [10] and the subsequent two minute respiratory function monitor recordings were collected. 

Infants were transferred to the neonatal unit on nCPAP with titration of the FiO2 to maintain the infant’s oxygen saturation levels being between 92 and 96%. If infants needed a second dose of surfactant on the neonatal unit due to an increasing supplementary requirement, that is an FiO2 above 0.4, a sustained respiratory acidosis (pH< 7.2) over two hours, a second LISA was considered, unless there was a significantly increased work of breathing or the infant became apnoeic necessitating intubation and mechanical ventilation. 

Data collection 

The tidal volume (TV), minute volume (MV), EtCO2, respiratory rate and the SpO2 were recorded two minutes before and two minutes after LISA. The gestational age, birthweight, antenatal corticosteroid exposure, maximum FiO2 in the delivery suite, the postnatal age after birth at which LISA occurred and the duration over which LISA occurred were recorded. The adverse events commonly associated with LISA that is bradycardia less than 100 beats per minute, oxygen saturations less than 85%, apnoea and surfactant reflux were noted [6]. The amount of surfactant which trickled into the stomach was recorded by aspiration of the nasogastric tube. The respiratory course of the infants including the FiO2 at two hours of age, need for intubation and mechanical ventilation in the first 72 hours, days of mechanical ventilation, a second dose of surfactant, pneumothorax and development of BPD [11] were recorded. Development of other complications of prematurity such as patent ductus arteriosus (PDA) needing treatment, intraventricular haemorrhages grade III and IV, necrotising enterocolitis (NEC) Bell stage II or III and retinopathy of prematurity (ROP) stage 2 or greater were also noted. Infants who had a PDA confirmed on echocardiography, were initially treated medically if they failed extubation or had high ventilatory requirements; if they failed to respond to two courses of treatment they were referred for surgical ligation. The severity of respiratory distress syndrome was diagnosed using the results of the first chest radiograph as mild, moderate or severe [12]. 

Statistical analysis 

The Kolmogorov- Smirnov test was used to assess the data for normality which were found not to be normally distributed. The Wilcoxon signed ranks sum test or the chi-square test as appropriate were used to determine if differences were statistically significant.  Statistical analysis was performed with SPSS version 25.0 (SPSS Inc, Chicago, Illinois).

RESULTS 

During the nine month period there were 128 eligible infants. Forty-four infants had apnoeas and poor respiratory effort and were intubated in the delivery suite. Twenty-seven infants all greater than 30 weeks of gestational age had no respiratory distress. Nineteen infants had respiratory distress deemed clinically too mild in the delivery suite to require surfactant, but six subsequently had LISA on the neonatal unit. Thirty-eight infants with a median (IQR) gestational age of 31+5 weeks (30+3-33+4) and birth weight of 1.61 (1.42-1.90) kg had LISA on the delivery suite. Respiratory function monitoring was available for 34 of the infants. LISA occurred at a median (IQR) interval of 18 (15-29) minutes after birth with the earliest administration being at 11 minutes after birth. 

The most common adverse event in the cohort of infants was desaturation (44.7%), followed by surfactant reflux (39.5%) (Table 1). In the majority of infants, the surfactant reflux was minimal and no more than seen when surfactant is administered via an endotracheal tube.  Surfactant reflux was quantified by aspiration of the nasogastric tube and the maximum was 1.5 mls with 6 mls being delivered in that particular infant. The desaturations and reflux responded to either a temporary suspension of LISA or reducing the speed of surfactant administration.  No infant was given additional surfactant in the delivery suite. Eight infants (21.1%) needed intubation and mechanical ventilation in the first 72 hours due to increasing oxygen requirements or apnoeas. One infant developed a pneumothorax on the neonatal unit needing chest drain insertion.  Five infants developed BPD and one infant had a PDA requiring treatment (Table 2). None of the infants developed NEC or ROP or died. 

There was a reduction in respiratory rate two minutes after LISA <0.001). 

There was a significant reduction in the fraction of inspired oxygen (FiO2) 

(p<0.001) (Figure 1) and an increase in the SpO2/FiO2 ratio p<0.01) two 
Hours after LISA (Table 2).

DISCUSSION

We have demonstrated that surfactant administration by LISA in the delivery suite is feasible as there were only adverse events which responded to slowing of surfactant administration or temporary suspension of LISA. Prior to this study starting, there was extensive training of the clinical team including simulation sessions, mirroring what has been shown to increase the success rate of LISA in terms of avoiding mechanical ventilation [13]. LISA in the delivery suite has been previously reported and was associated with fewer “tracheal” ventilation days and a lower incidence of supplementary oxygen requirement at 28 days [14]. When, however, there was controlling for the propensity to be exposed or not to LISA, the procedure was not associated with a lower risk of death or BPD at 36 weeks PMA [15].  

LISA was associated with a significant reduction in respiratory rate suggesting the infants’ respiratory distress had improved. In premature lambs, surfactant administration in the first few minutes after birth resulted in significant improvements in dynamic compliance and tidal volume [15]. We saw no significant changes in tidal volumes following LISA and as they received the same CPAP level before and after LISA it is unlikely their compliance had improved. Early studies have demonstrated that surfactant administration does not improve dynamic compliance [16], but does improve functional residual capacity (FRC) and hence gas exchange. The improved oxygenation of our infants two hours post LISA likely reflects an increased FRC. Indeed, our findings are similar to those seen in an earlier study where improvements in oxygenation were demonstrated as changes in the FiO2 and SpO2/FiO2 ratio and the changes correlated with the change in end-expiratory lung volume [17]. We used a surfactant dose of 200mg/kg. The European consensus guidelines on the management of RDS recommend such a dose as it has been shown to result in more pronounced and persistent improvement in oxygenation [18] and less need for re-dosing [12, 19]. 

In a matched cohort study, administration of surfactant via LISA was introduced as a regular clinical practice for preterm infants less than 30 weeks of gestation. Once the practice was introduced, it took approximately eight months for 50% of infants to receive surfactant without ventilation in the delivery room and 70% received surfactant without ventilation in delivery room by one year [15]. In our study, thirty percent of infants received LISA, but our population consisted of infants with higher gestational ages some of whom did not have any respiratory distress and some of the more immature infants required early intubation and mechanical ventilation. 

Eight of the 38 infants (21 %) subsequently needed intubation and mechanical ventilation for apnoea or increasing supplementary oxygen requirements in the first 72 hours. This is a lower proportion than previously reported which may reflect that our cohort were relatively mature (median gestational age 31weeks), in a previous series the proportion was 26.7% in infants with a median gestational age 28+4 weeks and in another series 30% of infants with a mean gestational age 28+2 weeks) [15, 20 respectively]. In a randomised study of 58 preterm infants, whose primary respiratory support was non-invasive positive pressure ventilation (NIPPV), there was no significant difference between MIST and InSurE regarding the need for IMV in the first 72 hours amongst infants born between 28 and 34 weeks of gestation [20].

Airflow limitation during LISA may cause temporary retention of carbon dioxide [21]. We believe we are the first to report data on end-tidal carbon dioxide levels in infants receiving LISA in the delivery suite. We saw no significant changes on EtCO2 levels pre and post LISA.

Our study has strengths and some limitations. We believe this is the first study to assess the feasibility of LISA in the delivery suite using the results of detailed respiratory physiological monitoring as an outcome. Those results do not suggest worsening of the infants’ respiratory status, but rather a reduction in respiratory rate likely reflecting a reduction in respiratory distress. We do not report the results of a randomised trial, but all infants who had LISA and respiratory function monitoring. The improvement in oxygenation is similar to that reported after administration of surfactant by other methods [22].

In conclusion, our study demonstrated that LISA in the delivery suite can be performed without serious adverse events. Furthermore, LISA in the delivery suite was associated with a reduction in respiratory rate and the subsequent supplementary oxygen requirement.   
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HIGHLIGHTS

· Less invasive surfactant administration (LISA) on the NICU reduces BPD 

· LISA was undertaken in the delivery suite in infants with respiratory distress 

· There were no serious adverse events

· Desaturations and surfactant reflux responded to slowing the administration speed

· LISA was associated with improvements in oxygenation and less respiratory distress   

Table 1: Demographic and clinical outcomes of infants receiving LISA                      The data are displayed as median (IQR) or n (%)

	Gestational age (weeks)
	31.8 (30.4- 33.5)

	Weight (kg)
	1.61 (1.42-1.90)

	Males
	24 (63.2%)

	Chorioamnionitis
	5 (13.2%)

	Antenatal steroids
	

	      Complete
	36 (94.7%)

	      Incomplete
	2 (5.3%) 

	Caesarean section
	27 (71%) 

	1 minute Apgar
	8 (6-9)

	5 minute Apgar
	9 (9-10)

	RDS
	38 (100%)

	RDS severity on CXR
	

	        Mild
	30 (78.9%)

	      Moderate
	7 (18.4%)

	      Severe
	1 (2.6%)

	Age surfactant administered (minutes)
	18.5 (15- 29)

	Duration of surfactant delivery (seconds)
	180 (180-187.5)

	Adverse events 
	

	      Desaturations
	17 (44.7%) 

	      Surfactant reflux 
	15 (39.5%) 

	      Apnoea
	9 (23.7%) 

	      Bradycardia
	8 (21.1%)

	PaCO2 on first gas (kPa) – all venous
	7.9 (7-8.5)

	Mechanical ventilation (within 72 hours)
	8 (21.1%)

	Mechanical ventilation (days)
	2 (1.25 – 5.25)

	Pneumothorax
	1 (2.6%)

	Supplemental O2 at 28 days
	5 (13.2%)

	BPD at 36 weeks
	5 (13.2%)

	Grade 3 or 4 intraventricular haemorrhage
	1 (2.6%)


Table 2: Respiratory function monitoring data pre and post LISA

Data are displayed as median (IQR)

	
	Pre
	Post (2 minutes)
	p value

	Tidal volume (mls)
	6.42 (5-15)
	8 (5.5-30)
	0.40

	Tidal volume (mls/kg)
	4.8 (2.6-8.8)
	4.2 (3.3-16.2)
	0.44

	Respiratory rate (per minute)
	63 (51-72)
	52 (41-65)
	<0.01

	Minute volume (mls)
	253 (180-708)
	265 (165-817)
	0.76

	EtCO2 (mm Hg)
	35.5 (29-46)
	37.8 (21.7-47.5)
	0.69

	
	Pre
	Post (2 hours)
	p value

	SpO2 (%)
	95 (93-98.5)
	97 (94.5-98)
	0.14

	FiO2
	0.6 (0.48-0.80)
	0.25 (0.21-0.30)
	<0.01

	SpO2/FiO2 ratio
	148 (108-195)
	386 (303-445)
	<0.01


FIGURE LEGENDS

Figure 1: Box and whisker plot of the fraction of inspired oxygen (FiO2) change after surfactant administration.
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