


OXYGEN THERAPY IN NEONATES 

1. Executive summary
Oxygen is the most commonly used drug in NICUs all across the globe. Like any other drug, it also has potentially significant dangerous side effects. It can be considered a double-edged sword in perinatal period having both positive biological benefits and toxicity effects. Avoiding hypoxia is important, but prolonged hyperoxia leads to oxidative stress and injury.  In view of evidence suggesting adverse outcomes with use of high oxygen concentrations in both term and preterm neonates, the current guidelines appear to favour use of the lowest possible concentrations of heated humidified oxygen for the shortest time while treating ill neonates. Targeting appropriate oxygen saturation is current approach to oxygen dose. Closed loop oxygen regulation helps in achieving target saturation. We review guideline on oxygenation therapy in newborns.
The CPG was convened to guide on identification of topics of newborn care which needs to be addressed to improve quality of care and uniformity. CPG also advised on process of retrieving, interpretation of evidence, analysis and derive recommendations. Group members gathered at a meeting organized by NNF and web conferences were held to discuss the issues and identify the key questions to be addressed. These guidelines address the various issues on noninvasive oxygen therapy in preterm and term neonates. These guidelines are meant for use by all levels of health care workers, from neonatologists to nurse practitioners, involved in care of newborn both in resource limited and tertiary care centers.
2. Introduction
Oxygen is one of the most commonly administered drugs in the neonatal intensive care unit. The overall goal of oxygen therapy is to achieve adequate oxygenation using the lowest concentration of inspired oxygen without causing oxygen toxicity. The delivery of oxygen to the tissue depends on fraction of inspired oxygen concentration (FiO2), lung ventilation, cardiac output, hemoglobin (Hb) concentration and dissociation of oxygen from Hb at the tissue level. Use of pulse oximetry, a noninvasive method, to measure  oxygen saturation (SpO2) has become a standard of care and is now used in almost all NICUs.  
Oxygen, like any other drug, has potentially significant dangerous side effects. As early as 1950s, it was demonstrated that unrestricted oxygen use of oxygen in preterm neonates significantly increased their risk of severe retinopathy of prematurity (ROP).1 Use lower oxygen levels (SpO2 target ≤90%) may reduce ROP, but may be associated with impaired neurodevelopment or an increased risk of death.2,3  Because of exceedingly common use of supplemental oxygen in the neonates there is a need to develop consensus guidelines on optimal mode of its administration and appropriate levels of oxygenation for maximizing short or long-term growth and development, while minimizing harmful effects. Data from our country is limited. These guideline are developed to answers the important practical questions on non-invasive oxygen therapy in preterm and term neonates.
3.    Scope and purpose
3.1. Target audience
These guidelines are applicable to all levels of health care workers directly involved in care of newborns. 
3.2. How to use these guidelines
•	Recommendation which are strong to be adapted at all level of neonatal care
•	Conditional recommendation to be adapted as per level of NICU, neonate condition and resource available
4.  Methodology
4.1. Group composition
[bookmark: _GoBack]
4.2  Group interaction and processes
Group met during meeting arranged by NNF and also interacted with each other by video conferencing.
4.3  Declaration and management of competing interests 
Meeting and web conferencing were arranged by nonprofitable organisation, NNF. Members of group received travelling allowance to attend the meeting. Apart from this no other assistance received. During the meeting, all members provided a verbal summary of their written declarations of interest. None of the declared interest by the CPG members were considered significant as to affect the proceedings of the CPG and for any further action to be taken.
4.4  Selection of questions and outcomes of interest
The questions and outcomes pertaining to oxygen therapy in neonate were formulated by the group and shared with other members of the CPG members during meetings, web conferences and using Google forms. These were rated as critical, important or not important by the CPG members. Final approved list of question and outcomes were included in the guidelines for evidence review and making decisions and recommendations. 
Table 2 gives the list of questions finalized for addressing in the guidelines
	Table 2: List of questions finalized for addressing in the guidelines

	S No
	Question

	1.
	What should be the targeted oxygen saturation during oxygen therapy in neonates?

	2. 
	What should be the targeted oxygen saturation for preterm neonates with established chronic lung disease? 

	3.
	What is the best mode of non invasive oxygen therapy in late preterm and term neonates with mild respiratory distress?

	4.
	Is humidification important while administering oxygen using nasal cannula?

	5.
	Are pulse oximeters based on SET technology better than standard pulse oximeters for monitoring neonates on oxygen therapy?	

	6.
	What is the best way of titrating target oxygen saturation during non-invasive oxygen therapy in neonates?



4.5   Evidence review and development of clinical recommendations
Selection of studies
We searched all published randomised and quasirandomised trials and observational studies for useful information related to the priority questions. Recent review articles were also searched to ensure inclusion of specific references relevant to the question. 
4.6  Type of participants
Both preterm and term infants receiving invasive or non-invasive positive pressure respiratory support and supplemental oxygen (FiO2 > 21%) 
4.7  Search strategy, data abstraction and synthesis of the evidence
We searched Medline and Embase, Cochrane Central Register of Controlled Trials, and CINAHL databases electronically till date by using MeSH word. Outcomes were expressed as relative risks (RR) or odds ratios (OR) for categorical data and as mean differences (MD) or weighted mean differences (WMD) for continuous data wherever possible. For developing recommendations, we took pooled effects, wherever feasible. When pooled effects were available from published systematic reviews and no new studies were identified, we used the published pooled effects. When considering new studies, we updated the pooled effects using Revman 5.3. The same was done when no published pooled effects were identified. For pooling, we used the author reported adjusted effect sizes and confidence intervals as far as possible. 
All relevant reviews were summarized and the evidence was synthesized using the GRADE methodology. In case it was not possible to GRADE the evidence, a study-by-study table was developed to summarize and assess the quality of the evidence. The quality of evidence was graded as: high, moderate, low or very low. The interpretation of the above grades in these guidelines is the following:
High: One can be sure that the intervention is beneficial, has no effect or is harmful. Results, including the magnitude of the pooled effect, are unlikely to change with new studies.
Moderate: One can be reasonably sure that the intervention is beneficial, has no effect or is harmful. However, the magnitude of the pooled effect may change with new studies.
Low: Although it is likely, one cannot be sure the intervention is beneficial, has no effect or is harmful. The magnitude of the pooled effect is uncertain and is likely to change with new studies.
Very low: One cannot be certain about the effects of the intervention.
After grading the available studies for each outcome, recommendations were formulated on the basis of summary and quality of evidence, balance between benefits and harms, values and preferences of health care providers, parents and policy makers, and feasibility and resources.   In addition, costs were analyzed to see whether they could be qualitatively justifiable by the benefits.  On the basis of considerations on the balance between desirable and undesirable effects, quality of evidence, values, preferences and feasibility issues, the group provided a judgment on the strength of each recommendation, to be categorized as strong or weak. The strength of a recommendation reflects the degree of confidence to the extent that the desirable effects of adherence to a recommendation outweigh the undesirable effects.  Although the degree of confidence is a continuum, the GRADE system defines two categories: strong and weak.
•	A strong recommendation is one for which the panel is confident that the desirable effects of adherence to a recommendation outweigh the undesirable effects. This can be either in favour of or against an intervention.
•	A weak recommendation is one for which the panel concludes that the desirable effects of adherence to a recommendation probably outweigh the undesirable effects, but the panel is not confident about these conflict. Reasons for not being confident can include:  absence of high quality evidence, presence of imprecise estimates of benefits or harms, uncertainty or variation in how different individuals value the outcomes, small benefits, the benefits may not be worth the costs (including the costs of implementing the recommendation). Despite the lack of a precise threshold between a strong and a weak recommendation, the presence of important concerns about one or more of the above reasons makes a weak recommendation more likely. 
4.8  Use of indirect evidence
There are question like loop vs manual FiO2 delivery to achieve target saturation where the outcome we looked at was time spent at target saturation which is indirectly effects critical outcome like ROP, PVL, BPD mortality and neurodevelopmental outcomes. Similarly question no 4,5,6 have indirect effect on critical outcomes.
5.  Summary of questions and recommendations
Question1: What should be the targeted oxygen saturation during oxygen therapy in neonates?
 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Low saturation threshold
	high saturation threshold
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death or major disability by 18 to 24 months corrected age 

	5 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	1218/2380 (51.2%) 
	1170/2374 (49.3%) 
	RR 1.04
(0.98 to 1.10) 
	20 more per 1,000
(from 10 fewer to 49 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Death to 18 to 24 months corrected age

	5 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	dose response gradient 
	484/2433 (19.9%) 
	418/2440 (17.1%) 
	RR 1.16
(1.03 to 1.31) 
	27 more per 1,000
(from 5 more to 53 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Major disability by 18 to 24 months corrected age

	5 
	Randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	734/1903 (38.6%) 
	752/1964 (38.3%) 
	RR 1.01
(0.93 to 1.09) 
	4 more per 1,000
(from 27 fewer to 34 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Death to discharge

	5 
	Randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	dose response gradient 
	460/2477 (18.6%) 
	397/2481 (16.0%) 
	RR 1.16
(1.03 to 1.31) 
	26 more per 1,000
(from 5 more to 50 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Severe retinopathy of prematurity or retinal therapy (trialist defined)

	5 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	dose response gradient 
	214/2022 (10.6%) 
	305/2067 (14.8%) 
	RR 0.72
(0.61 to 0.85) 
	41 fewer per 1,000
(from 58 fewer to 22 fewer) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Necrotising enterocolitis

	5 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	dose response gradient 
	277/2464 (11.2%) 
	223/2465 (9.0%) 
	RR 1.24
(1.05 to 1.47) 
	22 more per 1,000
(from 5 more to 43 more) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Days of supplemental oxygen

	3 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	1239 
	1268 
	- 
	MD 8.78 lower
(12.02 lower to 5.54 lower) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Supplemental oxygen requirement at 36 weeks postmenstrual age

	5 
	Randomised trials
	not serious 
	not serious 
	not serious 
	not serious 
	dose response gradient 
	788/2057 (38.3%) 
	936/2118 (44.2%) 
	RR 0.87
(0.81 to 0.94) 
	57 fewer per 1,000
(from 84 fewer to 27 fewer) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
	

	Should Low saturation threshold vs. high saturation threshold be used for preterm infants less or equal to 32 weeks requiring oxygen ?

	POPULATION:
	Preterm infants less or equal to 32 weeks requiring oxygen 

	INTERVENTION:
	Low saturation threshold

	COMPARISON:
	High saturation threshold

	MAIN OUTCOMES:
	Death or major disability by 18 to 24 months corrected age ; Death to 18 to 24 months corrected age; Major disability by 18 to 24 months corrected age; Death to discharge; Severe retinopathy of prematurity or retinal therapy (trialist defined); Necrotising enterocolitis; Days of supplemental oxygen; Supplemental oxygen requirement at 36 weeks postmenstrual age;

	SETTING:
	NICU

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	
NIL


ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Supplemental oxygen is being used in the care newborns since the 1940s. Despite these years of oxygen use there is little agreement on the oxygen saturation (SpO2 ) ranges to target to maximise short- or long-term growth and developmental outcomes, while minimising harms. There are two opposing concerns. Lower oxygen levels (targeting SpO at 90% or less) may have adverse effect because of hypoxia leading to impaired neurodevelopment or in death while higher oxygen levels are associted with severe retinopathyof prematurity or chronic lung disease in preterm neonates. Several observational studies have shown a decrease in the incidence of retinopathy of prematurity (ROP) among preterm neonates when lower oxygen saturation is targeted.In these studies, lower oxygen saturation targets have also been shown to be associated with shorter duration of respiratory support and decreased incidence of bronchopulmonary dysplasia. However, the effects of maintaining lower oxygen saturation values during acute illness and recovery on survival and neurodevelop-mental outcome had not been reported. As a result, there is significant variation in pratice and uncertainty remains as to the most appropriate range to target oxygen saturation levels in preterm and low birth weight infants. A number of international studies were planned with identical research hypothesis, eligibility criteria, intervention targets and outcomes.The main outcome measures for these trials were death or severe ROP at discharge from hospital and death or disability at 18 months of corrected age. There is no hard data on the incidence of ROP in India. Of 3.5 million premature births in India, approximately one in six (about 600,000) children are born at <32 weeks gestational age (GA). Estimating that about 40% of these receive neonatal care and 80% of them survive, about 200,000 children are at risk of developing ROP in India every year. If about 10% of them develop treatable ROP, the number of newborns needing ROP management is at least 20,000 every year. 
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

	There was no significant difference in the composite primary outcome of death or major disability in extremely preterm infants when targeting a lower (SpO 85% to 89%) versus a higher (SpO 91% to 95%) oxygen saturation range (typical RR 1.04, 95% confidence interval (CI) 0.98 to 1.10; typical RD 0.02, 95% CI -0.01 to 0.05).
Compared with a higher target range, a lower target range significantly increased the incidence of death at 18 to 24 months corrected age (typical RR 1.16, 95% CI 1.03 to 1.31; typical RD 0.03, 95% CI 0.01 to 0.05) necrotising enterocolitis (typical RR 1.24, 95% 1.05 to 1.47; typical RD 0.02, 95% CI 0.01 to 0.04). Targeting the lower range significantly decreased the incidence of retinopathy of prematurity requiring treatment (typical RR 0.72, 95% CI 0.61 to 0.85; typical RD -0.04, 95% CI -0.06 to -0.02). There were no significant differences between the two treatment groups for major disability including blindness, severe hearing loss, cerebral palsy, or other important neonatal morbidities. 
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

	There was no significant difference in the composite primary outcome of death or major disability in extremely preterm infants when targeting a lower (SpO 85% to 89%) versus a higher (SpO 91% to 95%) oxygen saturation range (typical RR 1.04, 95% confidence interval (CI) 0.98 to 1.10; typical RD 0.02, 95% CI -0.01 to 0.05)
Compared with a higher target range, a lower target range significantly increased the incidence of death at 18 to 24 months corrected age (typical RR 1.16, 95% CI 1.03 to 1.31; typical RD 0.03, 95% CI 0.01 to 0.05) necrotizing enterocolitis (typical RR 1.24, 95% 1.05 to 1.47; typical RD 0.02, 95% CI 0.01 to 0.04). Targeting the lower range significantly decreased the incidence of retinopathy of prematurity requiring treatment (typical RR 0.72, 95% CI 0.61 to 0.85; typical RD -0.04, 95% CI -0.06 to -0.02). There were no significant differences between the two treatment groups for major disability including blindness, severe hearing loss, cerebral palsy, or other important neonatal morbidities. 
	


	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
● High
○ No included studies

	Compared with a higher target range (91-95%), a lower target range (85-89%) is associated with significant increase in the incidence of death (at 18 to 24 months corrected age) and NEC, and decreased the risk of ROP. There were no significant differences between the two treatment groups for major disability including blindness, severe hearing loss, cerebral palsy, or other important neonatal morbidities. 
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
● No important uncertainty or variability
	All outcomes are clinically important by all the stakeholders
	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	Decreased risk of mortality and NEC in higher saturation group. 
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
● Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	No additional resources are needed since the use of pulse oximers is the standard of care in all NICUs.
	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
● High
○ No included studies
	No additional resources needed
	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The cost involved is the same for both groups
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	Pulse oximety monitoring is routine for all newborns admitted to NICU. Increased risk of ROP in with adoption of higher saturation group incrase the financial burden for ROP treatment on poor patients. 
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	Pulse oximetry is part of routine care of all newborns on oxygen therapy. 
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	

	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	○ 
	● 



	Recommendation

	In preterm neonates oxygen therapy should be targeted to maintain pulse oximetry saturations in 91% to 95% range and should be accompanied by stringent surveillance for the prevention and early treatment of ROP. 

	



	Justification

	Higher saturation targets in the range of 91-95% are associted withn improved survival without increase in neurodevelopmental disability. Increased risk of ROP can be managed by stringent ROP screening protocols and early treatment. 



	Subgroup considerations

	
There is lack of evidence on oxygen saturation to be targeted for neonates with gestation age more than 32 weeks POG. 



	Implementation considerations

	No special considerations. The health care staff working in NOICU needs to be sensitised on the adverse effects of oxygen and importance of close monitoring to keep saturations in target range as well as ROP screening. 




	Research priorities

	What is best oxygen saturation targets for neonates with gestational age between 32-37 weeks?


Question 2: What should be the targeted oxygen saturation for preterm neonates with established chronic lung disease?
Question: Low saturation threshold (85-90%) compared to high saturation threshold (91-95%0 for Preterm infants with established BPD 
	 Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Low saturation threshold
	high saturation threshold
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Neurodevelopmental outcome at 1 years (follow up: mean 1 years; assessed with: major development disability was defined by cerebral palsy, blindness and Griffith score less than 2SD below mean )

	1 
	Randomised trials 
	not serious 
	not serious 
	serious a
	not serious 
	all plausible residual confounding would reduce the demonstrated effect 
	40/166 (24.1%) 
	39/168 (23.2%) 
	RR 0.96
(0.66 to 1.42) 
	9 fewer per 1,000
(from 79 fewer to 97 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Progress from prethreshold to threshold ROP (follow up: mean 03 months; assessed with: OPHTHALMOLOGIST)

	1 
	Randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	145/299 (48.5%) 
	122/298 (40.9%) 
	not estimable 
	
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Postmenstrual age at cessation of oxygen therapy (weeks)

	1 
	Randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	strong association 
	35.4 
	37.9 
	- 
	see comment 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Home oxygen therapy

	1 
	Randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	strong association 
	30/178 (16.9%) 
	54/180 (30.0%) 
	OR 1.78
(1.20 to 2.64) 
	133 more per 1,000
(from 40 more to 231 more) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Requirement of ablative retinal surgery

	1 
	randomised trials 
	very serious b
	not serious 
	not serious 
	not serious 
	none 
	20/178 (11.2%) 
	11/180 (6.1%) 
	RR 0.54
(0.27 to 1.10) 
	28 fewer per 1,000
(from 45 fewer to 6 more) 
	⨁⨁◯◯
LOW 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference; OR: Odds ratio
Explanations
a. Follow up was only 1yr only .it is too short to assess long term minor neurodevelopment outcome 
b. Secondary outcome 

	

	Should Low saturation threshold vs. high saturation threshold be used for Preterm infants with established BPD?

	POPULATION:
	Preterm infants with established BPD

	INTERVENTION:
	Low saturation threshold

	COMPARISON:
	high saturation threshold

	MAIN OUTCOMES:
	Neurodevelopmental outcome at 1 years; Progress from prethreshold to threshold ROP; Postmenstrual age at cessation of oxygen therapy (weeks); Home oxygen therapy; Requirement of ablative retinal surgery;

	SETTING:
	NICE/HOME

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Bronchopulmonary dysplasia (BPD) affects nearly half of surviving extremely preterm (<28 weeks gestational age) infants, and these infants have greater than doubled odds of death after 36 weeks postmenstrual age or disability up to 5 years. The risks and benefits of targeting different oxygen saturation (SpO2) levels and thereby reducing intermittent hypoxemia (IH)) have been evaluated extensively in preterm infants during the initial hospitalization, but have not been studied in infants with established lung disease .There are only two RCTs, one of which has looked into developmental outcome and anthropometric parametric and other RCT i.e. STOP ROP has looked into progress of ROP in preterm infant with prethreshold ROP as they approach term corrected age or after they have been discharged home.
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know

	In BOOST trial higher target SpO2 levels (95%–98%) increased the median length of oxygen therapy (72 v 56 days; P < 0.0001), the rate of diagnosis of CNLD (64% v 46%; P=0.0006), and the frequency of home oxygen therapy (30% v 17%; P=0.004). Higher oxygenation did not afford any benefits in terms of growth or neurodevelopmental measures up to a corrected age of 12 months. The only advantage for the infants who received higher target levels of oxygenation was in those with significant ROP, who required less ablative retinal surgery. STOP ROP trial has shown some benefit of higher SpO2 for infants without plus disease (tortuous and dilated vessels in at least two quadrants of the posterior pole), with a 30% lower rate of progression. ROP trial has shown that the respiratory morbidity (rates of pneumonia or exacerbations of CNLD) of the infants in the higher target SpO2range was 50% higher (13.2% v 8.5%). In addition, infants in the higher target SpO2 range at 50 weeks’ postmenstrual age (approximately 8 months corrected age) were more likely to remain hospitalised (12.7% v 6.8%), on supplemental oxygen (46.8% v 37.0%) and on diuretics (35.8% v 24.4%).
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

	In BOOST trial higher target SpO2 levels (95%–98%) increased the median length of oxygen therapy (72 v 56 days; P < 0.0001), the rate of diagnosis of CNLD (64% v 46%; P=0.0006), and the frequency of home oxygen therapy (30% v 17%; P=0.004). Higher oxygenation did not afford any benefits in terms of growth or neurodevelopmental measures up to a corrected age of 12 months. The only advantage for the infants who received higher target levels of oxygenation was in those with significant ROP, who required less ablative retinal surgery. STOP ROP trial has shown some benefit of higher SpO2 for infants without plus disease (tortuous and dilated vessels in at least two quadrants of the posterior pole), with a 30% lower rate of progression. ROP trial has shown that the respiratory morbidity (rates of pneumonia or exacerbations of CNLD) of the infants in the higher target SpO2range was 50% higher (13.2% v 8.5%). In addition, infants in the higher target SpO2 range at 50 weeks’ postmenstrual age (approximately 8 months corrected age) were more likely to remain hospitalised (12.7% v 6.8%), on supplemental oxygen (46.8% v 37.0%) and on diuretics (35.8% v 24.4%).
	


	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Very low
○ Low
○ Moderate
○ High
○ No included studies

	In BOOST trial, higher target SpO2 levels (95%–98%) increased the median length of oxygen therapy (72 v 56 days; P < 0.0001), the rate of diagnosis of CNLD (64% v 46%; P=0.0006), and the frequency of home oxygen therapy (30% v 17%; P=0.004). Higher oxygenation did not afford any benefits in terms of growth or neurodevelopmental measures up to a corrected age of 12 months. The only advantage for the infants who received higher target levels of oxygenation in the BOOST trial was in those with significant ROP, who required less ablative retinal surgery. STOP ROP trial has shown some benefit of higher SpO2 for infants without plus disease (tortuous and dilated vessels in at least two quadrants of the posterior pole), with a 30% lower rate of progression. However, it was noted that the respiratory morbidity (rates of pneumonia or exacerbations of CNLD) of the infants in the higher target SpO2range was 50% higher (13.2% v 8.5%). In addition, infants in the higher target SpO2 range at 50 weeks’ postmenstrual age (approximately 8 months corrected age) were more likely to remain hospitalised (12.7% v 6.8%), on supplemental oxygen (46.8% v 37.0%) and on diuretics (35.8% v 24.4%).
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability

	

	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
● Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	The BOOST trial randomly allocated infants born at less than 30 weeks’ gestation with CNLD to target SpO2 levels from 32 weeks’ postmenstrual age — either 91%–94% or 95%– 98%.Higher target SpO2 levels (95%–98%) increased the median length of oxygen therapy (72 v 56 days; P < 0.0001), the rate of diagnosis of CNLD (64% v 46%; P=0.0006), and the frequency of home oxygen therapy (30% v 17%; P=0.004). Higher oxygenation did not afford any benefits in terms of growth or neurodevelopmental measures up to a corrected age of 12 months. The only advantage for the infants who received higher target levels of oxygenation in the BOOST trial was in those with significant ROP, who required less ablative retinal surgery. This may have occurred because the higher target oxygen zone minimised the frequency and extent of swings in oxygenation, which has been shown in an animal model to contribute to ROP. This finding that a higher SpO2 was protective was consistent with the other trial of supplemental oxygen for premature infants, the Supplemental Therapeutic Oxygen for Prethreshold Retinopathy of Prematurity (STOP-ROP) trial. In this study, the effect of an SpO2 range of 89%–94% was compared with a range of 96%–99% in preterm infants with prethreshold ROP for a minimum of 2 weeks to see whether this influenced the progress of retinopathy. It did not, with the exception of a post-hoc analysis that suggested some benefit of higher SpO2 for infants without plus disease (tortuous and dilated vessels in at least two quadrants of the posterior pole), with a 30% lower rate of progression. However, it was noted that the respiratory morbidity (rates of pneumonia or exacerbations of CNLD) of the infants in the higher target SpO2range was 50% higher (13.2% v 8.5%). In addition, infants in the higher target SpO2 range at 50 weeks’ postmenstrual age (approximately 8 months corrected age) were more likely to remain hospitalised (12.7% v 6.8%), on supplemental oxygen (46.8% v 37.0%) and on diuretics (35.8% v 24.4%).Infants in the STOP- ROP trial who were in the higher SpO2 range had a greater incidence of chest infections, raising the possibility that even low-flow nasally delivered oxygen may be toxic to respiratory epithelium.
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	To accept higher oxygen saturation, requires oxygen, saturation monitoring and prolonged hospitalization without much benefit, infect may cause harm.
	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies
	

	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
● Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	Cost effectiveness do not favor intervention with the available evidence
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
● Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	Higher target saturation has no much benefit as compare to low oxygen saturation (90-94%)
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
● Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	More randomised trials are required. RCT BPD STAR is ongoing may give answer to targeting oxygen saturation in preterm with BPD
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	Intervention is feasible but will require the resource and more evidences. Therefore need to balance cost effectiveness
	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	● 
	○ 
	○ 



	Recommendation

	Based on this information, our recommendation is to target a minimum mean SpO2 level of 93%–95% in infants with CNLD. Despite this minimum target SpO2, some infants may have persistent tachypnoea, increased work of breathing, frequent oxygen desaturations during sleep, pulmonary hypertension and poor growth, which may require a higher target SpO2 level 

	



	Justification

	Overall justification
The results of this randomized trial contradict observational reports suggesting that there are benefits of the routine targeting of higher oxygen-saturation levels in preterm infants with a long-term dependence on supplemental oxygen. We found no evidence of beneficial effects of higher oxygen- saturation levels on growth or neurodevelopmental outcomes in these infants, but we did find an in- creased burden on health services
Detailed justification
Desirable Effects
No difference in neurodevelopment outcome at 1 yr of age
Undesirable Effects
increased hospital stay, prolong oxygen requirement and increased respiratory morbidity
Certainty of evidence
no evidence to compare long term neurodevelopment outcome



	Subgroup considerations

	Infants with persistent tachypnoea, increased work of breathing, frequent oxygen desaturations during sleep, pulmonary hypertension and poor growth, which may require a higher target SpO2 level



	Implementation considerations

	With available evidences lower target i.e. 91-95% is better option in preterm infant with CLD




	Research priorities

	Randomised control trial to compare the effect of lower oxygen target(91-95%) and higher oxygen target (96-99%) in preterm with estabilshed chronic lung disease on long term neurodevelopment outcome and mortality.


Question 3: What is the best mode of noninvasive oxygen therapy in late preterm and term neonates with mild respiratory distress?
Question: Nasal cannula compared to Hood box Oxygen for term or late preterm neonates with respiratory distress 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Nasal cannula
	Hood box Oxygen
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Need for increase in respiratory support (CPAP or Intubation)

	1 
	Randomised trials 
	not serious 
	not serious 
	serious a
	very serious b
	publication bias strongly suspected 
	0/11 (0.0%) 
	0/8 (0.0%) 
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	

	Duration of oxygen therapy

	1 
	Randomised trials 
	not serious 
	not serious 
	serious c
	very serious 
	publication bias strongly suspected 
	
	
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	

	Air leaks

	1 
	Randomised trials 
	not serious 
	not serious 
	serious a,b
	very serious b
	publication bias strongly suspected 
	
	
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	


CI: Confidence interval
Explanations
a. The study was done in infants with bronchiolitis (median age 3.0 months, range 0.3–11.3 months). The age and clinical condition is different from what we seen in neonatal age group. 
b. The study is a pilot study with only 19 infants (11 HHNFC a group and 08 Head box group). Figures for outcome not given. 
c. As above 

	

	Should Nasal cannula vs. Hood box Oxygen be used for term or late preterm neonates with respiratory distress?

	POPULATION:
	term or late preterm neonates with respiratory distress

	INTERVENTION:
	Nasal cannula

	COMPARISON:
	Hood box Oxygen

	MAIN OUTCOMES:
	Need for increase in respiratory support (CPAP or Intubation); Duration of oxygen therapy; Air leaks;

	SETTING:
	

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

	Oxygen delivery devices for noninvasive oxygen administeration include a hood, facemask, nasal cannula and nasal continuous positive airway pressure (nCPAP). An oxyhood is a plastic enclosure that surrounds the head of the neonate to which a continuous flow of humidified oxygen is supplied by means of an air entrainment device or an air-oxygen blender. Fixed oxygen concentrations from 22 to 80% can be maintained with a minimum of 2–10 L/min oxygen flow into the hood. Low flow nasal canula can be used for oxygen administeration with flow rates up 2 L/min. High flow nasal canula uses flow rates of more than 2 L/min and up to 10 L/min in neonates. With nasal canula the inspired oxygen concentration is a mixture of room air and oxygen delivered through the nasal cannula. Limited humidification by the standard nasal cannula therapy results in drying of the upper airway mucosa, which can contribute to nasal mucosal injury and increased risk of infections.
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know

	Pilot study by Hilliard et al randomised 19 infants with bronchiolitis (median age 3.0 months, range 0.3–11.3 months), to receive oxygen therapy by vapotherm (n=11) or by head-box (n=08). Initial vapotherm flow was 4 l/min with 100% oxygen and was increased up to 8 l/min if tolerated. Oxygen concentration was adjusted in both groups to achieve target pulse oximeter oxygen saturation (SpO2) of 92–96%. None of the infant needed further respiratory. There was no difference in the total time in oxygen, time to feed, time to discharge and total length of stay. Median SpO2 was higher in the vapotherm group at 8h (100% vs 96%,p=0.04) and 12 h (99% vs 96%, p=0.04), but similar at 24 h.
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know

	Pilot study by Hilliard et al randomised 19 infants with bronchiolitis (median age 3.0 months, range 0.3–11.3 months), to receive oxygen therapy by vapotherm (n=11) or by head-box (n=08). Initial vapotherm flow was 4 l/min with 100% oxygen and was increased up to 8 l/min if tolerated. Oxygen concentration was adjusted in both groups to achieve target pulse oximeter oxygen saturation (SpO2) of 92–96%. None of the infant needed further respiratory. There was no difference in the total time in oxygen, time to feed, time to discharge and total length of stay. Median SpO2 was higher in the vapotherm group at 8h (100% vs 96%,p=0.04) and 12 h (99% vs 96%, p=0.04), but similar at 24 h.
	


	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Very low
○ Low
○ Moderate
○ High
○ No included studies
	It was a pilot study with a small sample size and subjects were mainly infants with bronchiolitis. The intervention was not blinded. Respiratory pathology requiring oxygen therapy i,e bronchiolitis in study subjects is very different form the disease pathology in newborns. 
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Important uncertainty or variability
○ Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability

	It was a pilot study with a small sample size involving older infants. Indication of oxygen therapy was also different from the indications in newborns.
	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
● Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	No clinically significant difference was found between the groups 
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	For oxygen therapy using nasal cannula use of temperature servo controlled humidifier is required.
	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
● High
○ No included studies
	Humidifier is required for administering oxygen using nasal cannula. Average cost of good humidifier Rs 75,000/-
	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
● Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies

	Favors the use of head box for oxygen therapy in larger infants. There is lack of evidence of its effectiveness in newborn infants where pathophysiology of respiratory distress is entirely different.
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	Good humidifiers for oxygen therapy with nasal cannula may not be available at all levels of newborn care. Thus newborns in resource poor setting may be not get benefit of warm humidified air. 
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Yes, nasal cannula is easier to fix, provides warm humidified oxygen and desired FiO2 can be titrated to maintain saturation in a targeted range.
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	It is easy to implement but requires additional resources for using the nasal cannula.
	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	● 
	○ 
	○ 



	Recommendation

	In infants who have a persistent need for oxygen after resuscitation, oxygen should be warmed, humidified, and delivered using a system in which the concentration can be regulated. Hood box oxygen or nasal cannula oxygen may be used in term newborns who are hypoxemic without significant retractions. However the delivered oxygen should be continuously monitored and saturations should be maintained within the target range. 

	







	Research priorities

	Larger studies involving newborns are needed to draw evidence based conclusion applicable to newborn population. 


Question 4: Is humidification important while administering oxygen using nasal cannula?
Question: Humidification compared to No humidification for Preterm or term neonates with RD 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Humidification
	No humidification
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Extubation faulure

	1 
	randomised trials 
	very serious a,b
	not serious 
	not serious 
	serious 1,c
	
	0/30 (0.0%) 
	7/30 (23.3%) 
	not estimable 
	
	- 
	IMPORTANT 

	Increase in respiratory distress score

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious 1,c
	
	0/15 (0.0%) 
	6/15 (40.0%) 
	not estimable 
	
	- 
	


CI: Confidence interval; RR: Risk ratio
Explanations
a. No 
b. No predefined criteria for reintubation 
c. the study was a randomised crossover pilot trial. Participants were 30 infants admitted to neonatal intensive care unit, intubated, planned to extubate to HFNC. with and without humidification. Flow rates differed significantly between interventions. CI is very wide due to small sample size 

	

	Should Humidification vs. No humidification be used for Preterm or term neonates with RD?

	POPULATION:
	Preterm or term neonates with RD

	INTERVENTION:
	Humidification

	COMPARISON:
	No humidification

	MAIN OUTCOMES:
	Extubation failure; Increase in respiratory distress score;

	SETTING:
	

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE


	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	The high-flow nasal cannula system has been reported to be less invasive than nasal CPAP. High-flow nasal cannula in the NICU is used to reduce the need for reintubation following extubation from mechanical ventilation and provide prolonged oxygen therapy to neonates with BPD. However, the high-flow cannula can dry the nasal mucosa, particularly when gas flows exceed 1 or 2 l/min. Mucosal dryness and thick nasal secretions may predispose to nosocomial infections. Use of dry gases in ventilated newborns is associated with tracheal mucosal damage, prolonged ventilation and increased risk of nosocomial infections. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know

	Only one cross over trail was found comparing humidified versus non humidified oxygen administration via nasal cannula in neonates post extubation. Thirty neonates were randomised to humidified versus non humidified oxygen therapy via nasal cannula immediately following endotracheal extubation. Each intervention was applied for 24 hours before crossing over. During the first 48 hours of this cross-over study there was higher rates of extubation failure among neonates administered non-humidified high flow oxygen via nasal canula (HFNC) as compared to those treated with humidified HFNC (Vapotherm) (7/30 versus 0/30) . Administration of high flow oxygen with humidification performed better than a non-humidified high-flow nasal cannula in maintaining normal appearing nasal mucosa and a lower respiratory effort with no recognized complications. 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Large
○ Moderate
○ Small
● Trivial
○ Varies
○ Don't know
	Only one cross over trail was found comparing humidified versus non humidified oxygen administration via nasal cannula in neonates post extubation. Thirty neonates were randomised to humidified versus non humidified oxygen therapy via nasal cannula immediately following endotracheal extubation. Each intervention was applied for 24 hours before crossing over. During the first 48 hours of this cross-over study there was higher rates of extubation failure among neonates administered non-humidified high flow oxygen via nasal canula (HFNC) as compared to those treated with humidified HFNC (Vapotherm) (7/30 versus 0/30) . Administration of high flow oxygen with humidification performed better than a non-humidified high-flow nasal cannula in maintaining normal appearing nasal mucosa and a lower respiratory effort with no recognized complications.

	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Very low
○ Low
● Moderate
○ High
○ No included studies
	The study sample size was small. However none of the subjects in the humidification group developed any adverse outcome.

	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or variability
○ No important uncertainty or variability
	Outcome is valuable to stake holders. Effective management of respiratory distress and avoiding intubation is important aim of noninvasive oxygen therapy. 

	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	Use of humidified oxygen is associated with improvement in respiratory distress, decreased risk of failure of noninvasive oxygen therapy and better condition of nasal mucosa. 

	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	Humidification requires a good quality humidifier which costs around Rs 75,000/-


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Very low
● Low
○ Moderate
○ High
○ No included studies
	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	No studies available assessing the cost effectiveness 


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ Reduced
● Probably reduced
○ Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	Resource poor setting may not have good humidifiers for noninvasive oxygen therapy.


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	


SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	○ 
	● 



	Recommendation

	Warm humidified oxygen should be used whenever newborns are administered oxygen using nasal cannula. 

	



	Justification

	Use of warm humidified oxygen is associated with lesser mucosal damage and also improves the respiratory function as compared to non-humidified oxygen via nasal cannula 







Question 5: Are pulse oximeters based on SET technology better than standard pulse oximeters for monitoring neonates on oxygen therapy?	
Question: SET technology pulse oximetry compared to standard pulse oximetry for preterm and term infants needing oxygen therapy 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	SET technology pulseoximetry
	standard pulse oximetry
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Time taken to display the data

	2 
	observational studies 
	not serious 
	serious a
	not serious 
	serious b
	none 
	190 
	190 
	- 
	MD 0.65 lower
(1.91 lower to 0.61 higher) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	True alarms

	2 
	observational studies 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	142/231 (61.5%) 
	132/214 (61.7%) 
	OR 0.99
(0.68 to 1.45) 
	2 fewer per 1,000
(from 94 fewer to 83 more) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	False alarms

	3 
	observational studies 
	not serious 
	serious c
	not serious 
	not serious 
	strong association 
	71/231 (30.7%) 
	68/214 (31.8%) 
	OR 0.95
(0.64 to 1.42) 
	11 fewer per 1,000
(from 88 fewer to 80 more) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Dropouts alarm

	2 
	observational studies 
	not serious 
	not serious 
	not serious 
	not serious 
	very strong association 
	49/513 (9.6%) 
	464/513 (90.4%) 
	OR 0.01
(0.01 to 0.02) 
	818 fewer per 1,000
(from 818 fewer to 745 fewer) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 


CI: Confidence interval; MD: Mean difference; OR: Odds ratio
Explanations
a. Jeyapal et al show that The SET pulse oximeter picked up first saturation values faster than the RCAL technology pulse oximeters. Pinnamaneni et al do not demonstrate any difference in total time for display between Masimo group and Nellcor group 
b. There is significant heterogeneity between the trials (Higgins I 95%) 
c. The study by Workie et al did not show any difference between the incidence of false alarms between the masimo and Phillips group. However, in the study by Hay et al there was a significant difference in the incidence of false alarms between masimo and Nellcor group. 

	

	SET technology pulse oximetry vs. standard pulse oximetry for preterm and term infants needing oxygen therapy?

	POPULATION:
	preterm and term infants needing oxygen therapy

	INTERVENTION:
	SET technology pulseoximetry

	COMPARISON:
	standard pulse oximetry

	MAIN OUTCOMES:
	Time taken to display the data; True alarms; False alarms; Dropouts alarm;

	SETTING:
	NICU

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know

	Issue 1. In 2010, Neonatal Resuscitation Programme (NRP) recommended the use of pulse oximeters in the delivery room, to accurately assess the oxygen saturation levels during neonatal transition. In India, conventional pulse oximeters using Resistor Calibration (RCAL) technology are widely available and are used in delivery rooms and neonatal intensive care units. But oxygen saturation targets recommended by NRP are based on studies using pulse oximeters with advanced technology like Signal Extraction Technology (SET). Expecting all delivery rooms to replace the RCAL technology pulse oximeters with the new Signal Extraction Technology may not be practical, especially in resource poor settings.
Issue 2. Continuous monitoring by pulse oximetry is the standard of care among preterm and critically ill newborns in the neonatal intensive care unit (NICU). Since its inception, a major problem that has plagued conventional pulse oximetry has been the inordinate number of false alarms, primarily due to motion artifact. This has resulted in the desensitization of hospital staff and delays in the recognition of and response to true alarms. It has also placed a significant noise burden into the intensive care units. The introduction of new generation motion-tolerant pulse oximeters in the 1990s has offered a substantial reduction in the frequency of false alarms.
Additional data on the use of newer generation SET technology pulse oximeter in delivery room and NICU has become available recently 
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
○ Moderate
● Large
○ Varies
○ Don't know

	False alarms : Three observational studies
Workie et al: 13/103 (12.6%) alarms were false alarms in Masimo group and 11/86 (12.7%) alarms were false alarms in Phillips group. (p= 0.869). Hay et al: 156 hours of monitoring, Masimo SET had false alarms for 0.3% duration of operation while Nellcor N 200 had false alarms for 4.2% of operations. Nizami et al: 56/128 alarms were false alarms in Masimo group and 57/128 in Nellcor group.  Pooled OR was 0.99 (95% CI 0.64-1.42) for two studies (Workie et al and Nizami et al)
Dropouts alarm: Two observational studies (Workie et al and Hay et al). Dropout rate was 9.6% (49/513 ) in Masimo group and 90.4% (464/513) in the phillips and Nellcor group. Pooled OR 0.01 (95% CI 0.01 to 0.02) Absolute reduction 818 fewer per 1,000 (from 818 fewer to 745 fewer).

True alarms: Two studies (workie et al). No difference in the incidence of true alarm rate. 
Masimo group: 90/103 (87.4%) and Phillips group 75/86 (87.2%). Nizami et al: 53/128 alarms were true alarms in Masimo group and 57/128 alarms were false alarms in nellcor group. Pooled OR 0.99 (95% CI 0.68-1.45)
Time taken to display the data: (Jeyapal et al and Pinnamaneni et al). No difference in the time taken to display data.  MD 0.65 lower (1.91 lower to 0.61 higher) 
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
● Trivial
○ Varies
○ Don't know

	False alarms : Three observational studies
Workie et al: 13/103 (12.6%) alarms were false alarms in Masimo group and 11/86 (12.7%) alarms were false alarms in Phillips group. (p= 0.869). Hay et al: 156 hours of monitoring, Masimo SET had false alarms for 0.3% duration of operation while Nellcor N 200 had false alarms for 4.2% of operations. Nizami et al: 56/128 alarms were false alarms in Masimo group and 57/128 in Nellcor group. Pooled OR was 0.99 (95% CI 0.64-1.42) for two studies (Workie et al and Nizami et al)
Dropouts alarm: Two observational studies (Workie et al and Hay et al). Dropout rate was 9.6% (49/513 ) in Masimo group and 90.4% (464/513) in the Phillips and Nellcor group. Pooled OR 0.01 (95% CI 0.01 to 0.02) Absolute reduction 818 fewer per 1,000 (from 818 fewer to 745 fewer). 
True alarms: Two studies (Workie et al). No difference in the incidence of true alarm rate. Masimo group: 90/103 (87.4%) and Phillips group 75/86 (87.2%). Nizami et al: 53/128 alarms were true alarms in Masimo group and 57/128 alarms were false alarms in Nellcor group. Pooled OR 0.99 (95% CI 0.68-1.45)
Time taken to display the data: (Jeyapal et al and Pinnamaneni et al). No difference in the time taken to display data.  MD 0.65 lower (1.91 lower to 0.61 higher) 
	


	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
● High
○ No included studies 
	There is high certainty of the evidence for important outcomes such as true alarm rate, false alarm rate, and dropout alarm rate. 
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
○ Possibly important uncertainty or variability
● Probably no important uncertainty or variability
○ No important uncertainty or variability

	Accuracy of data is important for all care givers. 
	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know

	Dropouts alarm: Two observational studies (Workie et al and Hay et al). Dropout rate was 9.6% (49/513 ) in Masimo group and 90.4% (464/513) in the Phillips and Nellcor group. OR 0.01 (0.01 to 0.02) Absolute reduction 818 fewer per 1,000 (from 818 fewer to 745 fewer).  
False alarms : Three observational studies
Workie et al: 13/103 (12.6%) alarms were false alarms in Masimo group and 11/86 (12.7%) alarms were false alarms in Phillips group. (p= 0.869). Nizami et al: 56/128 alarms were false alarms in Masimo group and 57/128 in Nellcor group. Pooled OR was 0.99 (95% CI 0.64-1.42) for the two studies (Workie et al and Nizami et al). Hay et al: 156 hours of monitoring, Masimo SET had false alarms for 0.3% duration of operation while Nellcor N 200 had false alarms for 4.2% of operations 
Dropouts alarm rate was lower in SET group in both the studies, while false alarm rate was lower in SET group in one of the 3 studies. No difference in true alarm rate and time taken to display the data.
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
● Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
○ Don't know
	Pulse oximeters using SET technology are expensive as compared to standard pulse oximeter technology.
Massimo technology pulse oximeter cost is approximately Rs 65000 while standard pulse oximeters are available for half that price.
	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
● High
○ No included studies
	Cost of SET pulse oximeter : Rs 65000-70000/-
Cost of standard pulse oximeter Rs 25000-300000/-
	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The SET pulse oximeter is costly as compared to standard pulse oximeter group. However, using this modality may give us more accurate information about clinical condition and avoid unnecessary interventions
	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
● Probably no impact
○ Probably increased
○ Increased
○ Varies
○ Don't know
	We need more studies with larger population to assess impact on different subgroups
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	Care givers will get more accurate information
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
○ Yes
● Varies
○ Don't know
	Implementation might be a challenge in resource limited settings due to higher capital cost involved.
	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 



CONCLUSIONS
	Recommendation

	Currently available studies comparing SET technology vs standard pulse oximetry are few in number (total 5 observational studies) with small number of newborns in each group. Available evidence favours SET pulseo ximeters but there is wide variation in type of standard pulse oximeters used (Nellcor, Phillips, etc). Also the studied population is varied (Jeyapal et al included Term newborns in delivery room; Workie et al included newborns in NICU between 24-42 weeks; Pinnamaneni et al studied 40 stable infants with gestational between30–40 weeks and birth weight between 1465–3263 g; Hay et al included 26 neonates weighing 900 to 2710 g in the NICU., Nizami et al included 11 preterm infants with corrected gestational age between 27-42 weeks and weight between 677-3410 g). There is significant heterogeneity in the studies involved. However, all the studies are well designed high quality prospective studies. There is a significant reduction in dropout alarm rate with use of SET pulse oximeter and one out of 3 studies also shows a reduction in false alarm rate.

	



	Justification

	Overall justification
Majority of studies demonstrated a lower dropout alarm rate and false alarm rate with use of SET pulse oximeters 
Detailed justification
Desirable Effects
Dropouts alarm: Two observational studies (Workie et al and Hay et al). Dropout rate was 9.6% (49/513 ) in masimo group and 90.4% (464/513) in the Phillips and Nellcor group. OR 0.01 (0.01 to 0.02) Absolute reduction 818 fewer per 1,000 (from 818 fewer to 745 fewer). False alarms : Three observational studies Workie et al: 13/103 (12.6%) alarms were false alarms in Masimo group and 11/86 (12.7%) alarms were false alarms in Phillips group. (p= 0.869). Nizami et al: 56/128 alarms were false alarms in Masimo group and 57/128 in Nellcor group. Pooled OR was 0.99 (95% CI 0.64-1.42) for the two studies (Workie et al and Nizami et al). Hay et al: 156 hours of monitoring, Masimo SET had false alarms for 0.3% duration of operation while Nellcor N 200 had false alarms for 4.2% of operations Dropouts alarm rate was lower in SET group in both the studies, while false alarm rate was lower in SET group in one of the 3 studies. No difference in true alarm rate and time taken to display the data 



	Subgroup considerations

	The small numbers preclude any subgroup analysis



	Implementation considerations

	SET pulseoximeters may be considered where adequate financial resources are available and after rest of the infrastructure requirements have been fulfilled. 




	Question 6: What is the best way of titrating target oxygen saturation during non-invasive oxygen therapy in neonates?
Question: Automated/Closed loop compared to manual adjustment of fio2 for achieving target saturation in preterm infant 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	automated/Closed loop
	manual adjustment of fio2 
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Time spent within the targeted saturation range (assessed with: pulse oxymetry)

	12 
	randomised trials a
	serious b
	very serious c
	serious d
	not serious 
	strong association 
	276 
	276 
	- 
	MD 15.26 % higher
(13.26 higher to 17.12 higher) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	time spent above the targeted saturation (hyperoxia) (assessed with: pulseoximetry)

	10 
	randomised trials a
	serious b
	very serious c
	serious d
	not serious 
	strong association 
	253 
	253 
	- 
	MD 6.52 % lower
(7.93 lower to 5.11 lower) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Time spent below the target saturation (hypoxia) (assessed with: pulse oxymeter)

	9 
	randomised trials a
	serious b
	very serious c
	serious d
	not serious 
	strong association 
	216 
	216 
	- 
	MD 0.77 % lower
(1.05 lower to 0.48 lower) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 


CI: Confidence interval; MD: Mean difference
Explanations
a. includes both randomized and quasi randomized study( cross over studies) 
b. sequence generation and /or allocation concealment not mentioned in most studies .Studies were not blinded 
c. increased statistical heterogeneity observed across the studies 
d. outcome studied are surrogate of BPD , mortality and neurodevelopment outcome 

	

	Should automated/Closed loop vs. manual adjustment of fio2 be used for achieving target saturation in preterm infant ?

	POPULATION:
	achieving target saturation in preterm infant 

	INTERVENTION:
	automated/Closed loop

	COMPARISON:
	manual adjustment of fio2 

	MAIN OUTCOMES:
	Time spent within the targeted saturation range; time spent above the targeted saturation (hyperoxia); Time spent below the target saturation (hypoxia);

	SETTING:
	NICU

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	



ASSESSMENT
	Problem
Is the problem a priority?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know

	Immature and surfactant deficient lung of preterm infants at birth need supplemental oxygen for prolonged periods of time. Due to their lung pathology, their blood oxygen saturation (SpO2) fluctuates widely necessitating frequent adjustments to the provided fraction of inspired oxygen (FiO2) by the nursing staff. This may still be associated with variable periods of time spent outside the intended SpO2 target range. Both hypoxia and hyperoxia may effect long term outcome. There are number small RCT to show advantages of closed loop system to achieve target saturation but there are no studies which has compared its impact on long term outcome.
	Needs.to study advantages of closed loop over manual control of FiO2 on long term neurodevelopmental outcome 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	The proportion of time infants spent outside the target range while on supplemental oxygen ranged from 8.2 to 27.4% <85% and 8.1 to 22.4% >95% .These results point to the fact that substantial work still needs to be done to consistently achieve desired SpO2 targets. Hence it is imperative for NICUs to implement new strategies that would significantly improve time spent within the targeted SpO2 range and minimize hyperoxic and hypoxic periods 
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
● Don't know
	The proportion of time infants spent outside the target range while on supplemental oxygen ranged from 8.2 to 27.4% <85% and 8.1 to 22.4% >95% .These results point to the fact that substantial work still needs to be done to consistently achieve desired SpO2 targets. Hence it is imperative for NICUs to implement new strategies that would significantly improve time spent within the targeted SpO2 range and minimize hyperoxic and hypoxic periods.
	


	Certainty of evidence
What is the overall certainty of the evidence of effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
● Moderate
○ High
○ No included studies
	Available RCTs have shown benefit of closed loop or automated fio2 regulation on achieving targeted oxygen saturation.
	


	Values
Is there important uncertainty about or variability in how much people value the main outcomes?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Important uncertainty or variability
● Possibly important uncertainty or variability
○ Probably no important uncertainty or variability
○ No important uncertainty or variability
	Available evidence has shown advantage of closed/automated over manual fio2 regulation on time spent in desired target saturation but no studies has compared hard outcome like mortality and long term neurodevelopmental outcome
	


	Balance of effects
Does the balance between desirable and undesirable effects favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ Don't know
	Automated FiO2 control significantly improves SpO2 targeting and reduces periods of hyperoxia, severe hypoxia, and hypoxic events in preterm infants receiving positive pressure respiratory support.
	


	Resources required
How large are the resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
○ Negligible costs and savings
○ Moderate savings
○ Large savings
○ Varies
● Don't know
	

	


	Certainty of evidence of required resources
What is the certainty of the evidence of resource requirements (costs)?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Very low
○ Low
○ Moderate
○ High
● No included studies
	

	


	Cost effectiveness
Does the cost-effectiveness of the intervention favor the intervention or the comparison?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	

	


	Equity
What would be the impact on health equity?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Reduced
○ Probably reduced
○ Probably no impact
● Probably increased
○ Increased
○ Varies
○ Don't know
	As evidences have shown that time spent at targeted saturation was better with closed loop, it is likely it will have impact on incidence of ROP, NEC, BPD, PVL and hence on long term mortality and morbidity.
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	Intervention is simple; require technology and cost of resource to implement. There is no adverse effect of intervention
	


	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	It is feasible but requires resources and also its effect on long term outcome not known.
	



SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

	PROBLEM
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	VALUES
	Important uncertainty or variability
	Possibly important uncertainty or variability
	Probably no important uncertainty or variability
	No important uncertainty or variability
	
	
	

	BALANCE OF EFFECTS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	Don't know

	RESOURCES REQUIRED
	Large costs
	Moderate costs
	Negligible costs and savings
	Moderate savings
	Large savings
	Varies
	Don't know

	CERTAINTY OF EVIDENCE OF REQUIRED RESOURCES
	Very low
	Low
	Moderate
	High
	
	
	No included studies

	COST EFFECTIVENESS
	Favors the comparison
	Probably favors the comparison
	Does not favor either the intervention or the comparison
	Probably favors the intervention
	Favors the intervention
	Varies
	No included studies

	EQUITY
	Reduced
	Probably reduced
	Probably no impact
	Probably increased
	Increased
	Varies
	Don't know

	ACCEPTABILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know

	FEASIBILITY
	No
	Probably no
	Probably yes
	Yes
	
	Varies
	Don't know



TYPE OF RECOMMENDATION
	Strong recommendation against the intervention
	Conditional recommendation against the intervention
	Conditional recommendation for either the intervention or the comparison
	Conditional recommendation for the intervention
	Strong recommendation for the intervention

	○ 
	○ 
	○ 
	● 
	○ 



CONCLUSIONS
	Recommendation

	Automated FiO2 control may have the potential to decrease morbidity in high-risk premature infants, but long-term effects and safety of this closed loop system of FiO2 control need to be evaluated in large randomised controlled trials in VLBWI. We conditionally recommend clinician might adapt closed loop adjustment of fio2 if resources are available.

	



	Justification

	Overall justification
Automated FiO2 control significantly improves SpO2 targeting and reduces periods of hyperoxia, severe hypoxia, and hypoxic events in preterm infants receiving positive pressure respiratory support. Whether an 15.26% (95% CI 13.39- 17.12 ) reduction in time spent in the hyperoxic range translates into improvement in clinical outcomes such as ROP and CLD remains to be seen. 
Detailed justification
Problem
Manual fio2 adjustment fails to achieve desired targeted saturation approximately 8-22% of duration of oxygen therapy and is also labor intensive 




	Implementation considerations

	It is not a priority in our country but if resources are available it may have advantage in achieving target spo2 as compare to manual adjustment of fio2 which is labour intensive.




	Research priorities

	Even if saturation targeting is a reliable surrogate marker, we have limited knowledge of specific “thresholds” for clinical effects. While refinements in the controlling algorithm would be beneficial, further studies should look at clinical relationships including ROP, CLD, neurodevelopment and death, which were not reported by any of the current studies.





6.    Table summarizing recommendations
	S No
	Recommendation
	 Strength
	Quality of evidence

	1. 
	In preterm and term neonates oxygen therapy should be targeted to maintain pulse oximetry saturations in 91% to 95% range and should be accompanied by stringent surveillance for the prevention and early treatment of ROP.
	Strong
	High

	2.
	In preterm with chronic lung disease, our recommendation is to target a minimum mean SpO2 level of 93%–95%.  In these preterm infants targeting lower saturation may lead to persistent tachypnoea, increased work of breathing, frequent oxygen desaturations during sleep, pulmonary hypertension and poor growth.
	Strong
	Low

	3.
	Hood box oxygen or nasal cannula oxygen may be used in term newborns who are hypoxemic without significant retractions. However the delivered oxygen should be continuously monitored and saturations should be maintained within the target range.
	Weak
	Very low

	4
	Oxygen should be warmed and humidified whenever newborns are administered oxygen using nasal cannula.
	Strong
	Vey low

	5
	For monitoring oxygen saturation pulse oximeters with SET technology are preferred to standard pulse oximeters in terms of less signal drop out and alarm nuisance.
	Weak 
	Moderate 

	6
	Automated FiO2 control have the potential to decrease morbidity in high-risk premature infants.  We conditionally recommend clinician might adapt closed loop adjustment of FiO2 if resources are available.
	Weak & conditional
	Moderate 
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