Prophylactic cyclo-oxygenase inhibitor drugs for the prevention of morbidity and mortality in extremely preterm infants: A clinical practice guideline incorporating family values and preferences
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Abstract
Importance: Prophylactic cyclooxygenase inhibitors (COX-Is) such as indomethacin, ibuprofen and acetaminophen may prevent morbidity and mortality in extremely preterm infants (born ≤28 weeks’ gestation). However, there is controversy around which COX-I, if any, is the most effective and safest, which has resulted in considerable variability in clinical practice. 
Objective: To develop rigorous and transparent clinical practice guideline recommendations for the prophylactic use of COX-I drugs for the prevention of mortality and morbidity in extremely preterm infants.
Methods: The GRADE (Grading of Recommendations Assessment, Development and Evaluation) Evidence-to-Decision framework for multiple comparisons was used to develop the guideline recommendations. A 12-member panel, including five experienced neonatal care providers, two methods experts, one pharmacist, two parents of former extremely preterm infants and two adults born extremely preterm, was convened. A rating of the most important clinical outcomes was established a priori. Evidence from a Cochrane network meta-analysis, and a cross-sectional mixed-methods study exploring family values and preferences were used as the primary sources of evidence. 
Recommendations: The panel recommended that prophylaxis with intravenous indomethacin may be considered in extremely preterm infants [conditional recommendation, moderate certainty in estimate of effects]. Shared decision making with parents was encouraged to evaluate their values and preferences prior to therapy. The panel recommended against routine use of ibuprofen prophylaxis in this gestational age group [conditional recommendation, low certainty in the estimate of effects]. The panel strongly recommended against use of prophylactic acetaminophen [strong recommendation, very low certainty in estimate of effects] until further research evidence is available.
Introduction
Infants born extremely preterm are at high risk of neonatal complications such as severe intraventricular hemorrhage(IVH), necrotizing enterocolitis(NEC), chronic lung disease(CLD), neurodevelopmental impairment, and death1. A patent ductus arteriosus (PDA) has been postulated to contribute to these complications2. Currently, pharmacotherapeutic options to prevent a PDA and its potential complications include cyclo-oxygenase inhibitors(COX-Is) such as indomethacin, ibuprofen, and acetaminophen. COX-Is, however, are associated with adverse effects such as NEC and gastrointestinal perforation3,4. Therefore, successful prevention of a symptomatic PDA may reduce the risk of severe IVH and CLD, but at the same time increase the risk of such adverse effects. As a result, for some neonatal practitioners, the desirable effects of COX-I prophylaxis may not outweigh its adverse effects. Not surprisingly, there is wide variation in prophylactic COX-I usage in clinical practice4,5. Some centers routinely incorporate COX-I prophylaxis with indomethacin as a part of their IVH prevention quality improvement(QI) bundle, as demonstrated from two recent QI projects from the United States6,7. While several centers in the United Kingdom, in their QI bundle to reduce mortality and brain injury(the PERIPrem project), do not include the use of COX-I agents8. Historically, this decision to use COX-I pharmacoprophylaxis has likely been determined by the treating physician with little or no input from individual families regarding their outcome-related values and preferences. 
To our knowledge, there are no clinical practice guidelines that provide explicit recommendations on the use of all three available COX-Is(indomethacin, ibuprofen, and acetaminophen). Nor have we found any related clinical practice guidelines where explicit values and preferences of families have been addressed and incorporated. This suggests that there is a need for a transparent, high-quality clinical practice guideline on the prophylactic use of COX-Is in extremely preterm infants. 
[bookmark: _Hlk134024217]Purpose of the guideline
[bookmark: _Hlk134023077][bookmark: _Hlk134091423]The purpose of this guideline was to provide rigorous practice recommendations for neonatal practitioners for the prophylactic use of COX-Is for the prevention of PDA-related clinical complications including severe IVH, death, NEC and CLD in extremely preterm infants(born≤28 weeks of gestation) incorporating family values and preferences(Table 1). Prophylaxis was defined as intravenous administration of the medication within 24 hours of birth without knowledge of the presence of a PDA. The GRADE(Grading of Recommendations Assessment, Development and Evaluation) Evidence to decision(EtD) framework was used to formulate the guideline recommendations9,10. 
Methods
Stakeholder involvement
a) Guideline Committee 
i) Panel members:The 12-member committee included (i)five neonatal practitioners(four neonatologists and one neonatal nurse practitioner, each with more than five years of experience working in a tertiary care NICU);(ii) two methodologists with expertise in advanced evidence synthesis methods;(iii) a pharmacist;(iv) two parents of infants born extremely preterm; and(v) two adults born extremely preterm. 
ii) Declaration and management of conflict of interest:All panel members were required to declare any financial or intellectual conflicts in accordance with the American College of Physicians Clinical Guidelines Committee methods for the disclosure and management of conflict of interest11.
b) Incorporation of values and preferences of the target population:Given the lack of evidence on family values and preferences, a cross-sectional study including 40 participants(9 adults born extremely preterm;31 parents of preterm infants) was conducted by members of the authoring team. The results of this study were considered by the panel while formulating the recommendations12.
Health Outcomes
[bookmark: _Hlk134020634][bookmark: _Hlk134020744][bookmark: _Hlk134020647][bookmark: _Hlk134021103]The following health outcomes were initially considered for the development of the guideline recommendations:severe IVH, mortality, NEC, gastrointestinal perforation, CLD, PDA ligation, and neurodevelopmental impairment. Given that the evidence on neurodevelopmental impairment was available for only one drug, neurodevelopmental impairment was replaced by cerebral palsy when synthesizing the evidence for benefits and harms13. The total number of outcomes considered was limited to seven to avoid overwhelming the panel and to facilitate effective decision-making14. Furthermore, out of these seven outcomes, four(mortality, severe IVH, CLD and NEC) were chosen to be the most important for decision-making by families in our cross-sectional study conducted to inform the guideline panel12. Thresholds for benefit or harm for each outcome were defined a priori using a partially contextualized approach13.
Review of evidence
[bookmark: _Hlk134025088]Medline, Cochrane Database of Systematic Reviews, Database of Abstracts of Reviews of Effectiveness, and the National Institute of Health Clinical Practice Guidelines databases were searched for reviews on prophylactic use of COX-Is in preterm infants. Three previous Cochrane reviews were identified that had separately compared placebo/no treatment against prophylactic indomethacin, ibuprofen, or acetaminophen15–17. None of the reviews provided direct comparisons between the three drugs. Therefore, for the purpose of the guideline development, a Cochrane network meta-analysis(NMA) was conducted de novo using standard Cochrane methods to compare the three COXIs13. Certainty of evidence was assessed using the GRADE guidance for NMA18.
Guideline panel meeting process
The EtD framework for multiple comparisons, developed by the GRADE working group, was used to guide the panel meetings10. One week prior to the first meeting the panelists were provided with a draft EtD framework with provisional judgements and recommendations, the relevant scientific evidence, and a brief orientation video. The panel met virtually on a secure ZoomTM platform three times for a total of 4 hours. The following process was followed to structure the panel meetings9:
(a) Judgements in relation to the EtD criteria:One member of the panel(SM) presented the research evidence and the tentative judgement along with his rationale for discussion. 
(b) Voting process and criteria for reaching consensus:Following discussion on each criterion, the panel was asked to vote using the ZoomTM Polling option. Recommendations that reached 80% agreement from the panel were accepted as ‘consensus’. The 80% threshold was based on the work by Lynn et al. who suggested that at least 80% of experts must agree on an item in order to achieve content validity when there are at least 10 experts participating in consensus development19. Criteria that failed to reach 80% agreement were further discussed followed by a repeat e-vote until a reasonable consensus(75-79%) or consensus(80%) was reached. 
(c) Conclusions:For the final recommendations, consensus was strictly defined as at least 80% agreement. Once 80% agreement was reached on all the recommendations following one or multiple rounds of discussion and voting as required, the final conclusions were drafted by SM, edited by BCJ, and circulated to the panel for approval.
Results
The panel recommended that prophylaxis with intravenous indomethacin may be considered in extremely preterm infants[conditional recommendation, moderate certainty in estimate of effects]. The panel recommended against routine use of ibuprofen prophylaxis in this gestational age group[conditional recommendation, low certainty in estimate of effects]. The panel strongly recommended against use of prophylactic acetaminophen[strong recommendation, very low certainty in estimate of effects](Table 2).
Summary of the evidence for benefits and harms of COX-Is
Twenty-eight randomized controlled trials(RCTs) with 3999 infants were included13. Nineteen RCTs(2877 infants) compared indomethacin vs. placebo, 7 RCTs(914 infants) compared ibuprofen vs. placebo and 2 RCTs(208 infants) compared acetaminophen vs. placebo. A standard course of prophylactic indomethacin constituted a cumulative dosage of up to 0.6 mg/kg, prophylactic ibuprofen constituted a cumulative dosage of up to 20 mg/kg, while prophylactic acetaminophen constituted a cumulative dosage of up to 420 mg/kg. The detailed summary of findings(table 3) has been adapted from the study team’s 2022 Cochrane NMA13.
Summary of the evidence for family values and preferences 
The evidence on patient values and preferences was obtained from a recently concluded cross-sectional study involving adults born very preterm(<32 weeks of gestation) or families of very preterm infants currently in the NICU, or having graduated from the NICU in the last five years12. The study showed that for parents and patients, mortality(median score 100,interquartile range[IQR]100-100) and severe IVH(median score 90,IQR80-100) were the two most serious outcomes in relation to prophylactic COX-I use12. Most of the participants were willing to consider prophylactic indomethacin(90%) or ibuprofen(85%), but not acetaminophen(10%) when offered as the only option12. There was some variability in the preference when all three COX-I options were available, with indomethacin(47.5%) being the most preferred option followed by ibuprofen(40%), while the remaining 12.5% opted for no prophylaxis12.
Evidence to decision framework: Rationale for recommendations
Prophylactic indomethacin
The panel determined that overall, there was moderate-certainty of evidence from RCTs suggesting prophylactic indomethacin probably reduces severe IVH and death without increasing NEC or gastrointestinal perforation. However, the panel noted that there was variability in the preference for indomethacin among parents of preterm infants and adults born preterm, although prophylactic indomethacin was still the most preferred option(47.5%). In addition, the panel did critically appraise the evidence from observational studies that have suggested an increased risk of gastrointestinal perforation and felt that the association was questionable given the methodological quality of the studies4,20. However, the panel acknowledged the evidence from RCTs that demonstrated significantly increased odds of gastrointestinal perforation(odds ratio 2.50;95% confidence interval[CI],1.33 to 4.69) with co-administration of indomethacin and hydrocortisone21. Therefore, the panel conditionally recommended the use of prophylactic indomethacin, especially in centers with high rates of severe IVH and death in extremely preterm infants. The panel encouraged shared decision-making with the parents/guardians to evaluate their values and preferences with respect to the best estimates of benefits and harms. The panel also unanimously recommended against using prophylactic indomethacin and hydrocortisone concomitantly in extremely preterm infants.
Prophylactic ibuprofen
The panel determined that there was overall low certainty of evidence suggesting prophylactic ibuprofen may reduce death and severe IVH. The panel did note that most parents of preterm infants and adults born preterm would still opt for prophylactic ibuprofen when presented as the only choice; when asked to choose between all three COX-Is, ibuprofen was the second choice after indomethacin.
The majority of the panel members felt that it was inappropriate to recommend a prophylactic therapy given the overall low certainty of evidence for the most important clinical outcomes(death and severe IVH). The panel, therefore, conditionally recommended against using prophylactic ibuprofen.  However, the panel acknowledged that if indomethacin was unavailable, prophylactic ibuprofen may be an acceptable alternative in centers with high rates of severe IVH and death.
Prophylactic acetaminophen
Since there was insufficient evidence on the long-term consequences, and almost all parents of preterm infants(87%) and all adults born preterm opted against acetaminophen use, the panel strongly recommended against the use of acetaminophen prophylaxis in extremely preterm infants. 
In addition to the balance of benefits and harms and family values as discussed above, the panel also considered the domains of acceptability, feasibility and equity when making their final recommendations, while the domains of resources and cost-effectiveness were not considered. The detailed evidence-to-decision framework is presented in Appendix A.
Discussion
Using the GRADE EtD framework, the guideline panel provided a conditional recommendation in favor of indomethacin prophylaxis, a conditional recommendation against ibuprofen prophylaxis, and a strong recommendation against acetaminophen prophylaxis in extremely preterm infants. Prior to prescribing prophylactic indomethacin, shared decision-making with parents was strongly encouraged to evaluate their values and preferences. Although prophylactic ibuprofen therapy was not recommended, shared decision-making with parents was encouraged in centers that lack access to indomethacin and have high rates of severe IVH and death. 
Our recommendations for prophylactic indomethacin align with the recent consensus-based position statements from the Canadian Paediatric Society and the American Academy of Pediatrics, both of which have suggested using indomethacin prophylaxis in higher risk extremely preterm infants22–24. However, our panel further emphasized that – since the benefits of routine indomethacin use in this population does not clearly outweigh the possible harms –– a discussion with the parents should be offered prior to using indomethacin. Therefore, the current approach of routinely including(or excluding) indomethacin in QI bundles to prevent mortality and morbidity in extremely preterm infants without providing parents the opportunity to discuss benefits and harms, may not be the most evidence-based strategy. Our guideline is also the first to provide evidence-based recommendations on use of prophylactic ibuprofen or acetaminophen in extremely preterm infants, recommending against their routine use in this population.
To our knowledge, this is the first clinical practice guideline on the controversial topic of COX-I prophylaxis in extremely preterm infants that was developed using GRADE methodology and explicitly incorporated the values and preferences of families. The recently developed GRADE guidance on assessing the certainty of  evidence from a NMA was used in our systematic review of evidence18. Thresholds for benefit or harm for each outcome were explicitly defined prior to assessing certainty of evidence using the GRADE methodology25. In addition, this guideline document was developed in accordance with the Guideline International Network -McMaster Guideline Development Checklist and the Appraisal of Guidelines for Research and Evaluation(AGREE) II instrument26,27. We believe that incorporation of family values and active promotion of shared decision-making in the guideline recommendations will encourage engagement of families in decision-making for their critically ill children.
[bookmark: _Hlk134018792][bookmark: _Hlk134022746][bookmark: _Hlk134018877]Certain limitations of the guideline development process need to be considered while applying these recommendations in practice. First, the panel’s judgement for or against an intervention may be directly influenced by the evidence presented on the outcomes deemed to be most important by stakeholders. We acknowledge that the outcomes chosen by families in our study exploring their values and preferences that informed this guideline development exercise may not be representative of those with differences based on race and ethnicity, educational attainment, geographic region, or health care system12. 
Second, the decision thresholds for benefit or harm for each outcome, which directly impacted the certainty of estimating treatment effects, and eventually the strength of recommendations, were defined based on the consensus of the guideline panel. These decision thresholds, and therefore the assigned certainties of evidence, may not hold true at an individual level. Therefore, it is important that clinicians not only present the certainty of evidence, but the actual effect estimates and their confidence intervals to families when engaging in shared decision-making.
Third, is the issue of information overload in an already stressful NICU environment and whether the parents can fully understand the short- and long-term impacts of their child’s clinical condition. A conditional recommendation promoting shared decision-making, therefore, should not automatically imply that stressed parents are burdened with more complex information and are forced to engage in a decision-making process. Rather, a conditional recommendation should encourage clinicians to routinely offer a discussion on the benefits and harms of therapies, and only engage in a detailed discussion if the parents are open to it. 
Implementation Considerations
[bookmark: _Hlk134022022]A conditional recommendation in favor of indomethacin allows for some degree of center-specific individualization of care. Centers may use their local or provincial datasets to identify which infants (below a certain gestational age and/or birth weight threshold) are at the highest risk for severe IVH, death, and gastrointestinal perforation, in order to engage those families in shared decision-making. For example, a recent large retrospective cohort study from Canada demonstrated that prophylactic indomethacin was associated with reduced odds of early death or severe neurological injury, and early death or gastrointestinal perforation, in infants born at 23-24 weeks’ gestation, but conversely resulted in increased odds of early death or gastrointestinal perforation for infants born at 26-28 weeks’ gestation28. Similarly, a predictive model for severe IVH risk in preterm infants was developed from the Vermont Oxford Network database that incorporates several perinatal factors such as gestational age, birth weight, sex, 5-min Apgar score, antenatal steroid use, location and mode of delivery29. A severe IVH risk-calculator based on this predictive model is currently being used in several NICUs across the United States. This and similar models may be locally used to identify families for shared decision-making through targeted QI projects. Therefore, instead of routinely implementing the use of prophylactic COX-Is such as indomethacin as a part of their QI bundle, QI teams may consider ‘offering a shared decision-making opportunity’ as a process measure instead, the latter being the more evidence-based approach. 
Centers who use prophylactic hydrocortisone should put our recommendations in the context of the totality of evidence on postnatal systemic corticosteroids. While later initiation of indomethacin, following diagnosis of a symptomatic PDA, has not been shown to improve clinically important outcomes such as severe IVH or death30, systemic corticosteroids initiated at or after 7 days of age have been shown to reduce mortality(relative risk[RR]0.81,95%CI 0.66 to 0.99;21 RCTs,1428 infants;high‐certainty evidence) and CLD(RR 0.89,95%CI 0.80 to 0.99;14 RCTs,988 infants;moderate‐certainty evidence)31. Care providers engaged in shared decision-making with families should ensure that all treatment approaches are discussed in detail so that families do not feel giving indomethacin prophylaxis to their infant will automatically deprive them of the option of providing corticosteroid therapy, which can reduce the risk of CLD and death. There still remains an option of later use of systemic corticosteroids with moderate-high certainty of benefit.
With respect to ibuprofen prophylaxis, although the panel put forward a conditional recommendation against its use, the decision was made under the assumption that all three COX-Is are available to choose from. However, the panel acknowledged that indomethacin is not available in all countries. In such situations, especially in centers with high rates of morbidity and mortality in extremely preterm infants, it may be worthwhile for caregivers to engage in shared decision-making with the parents with regards to use of ibuprofen prophylaxis. Decision aids for this purpose have been created using the MagicApp software(https://app.magicapp.org/#/guidelines)(Appendix B). 
External peer review and updating process
This guideline was externally reviewed by 3 peer-reviewers. The literature search will be updated every 3 years. Upon identification of potentially relevant new evidence, recommendations will be reconsidered and, if necessary, revised.
Conclusion
The methodology used in this guideline development process has potential practice implications within and beyond the field of neonatal medicine. There are several clinical management conundrums specifically within the field of neonatal intensive care where the balance of benefits and harms of interventions do not clearly outweigh one another, which leads to substantial variation in clinical practice. These include, but are not limited to, use of systemic corticosteroids in chronically ventilated preterm infants, medical treatment of symptomatic PDA and use of inhaled nitric oxide in preterm infants15–17. These and similar management dilemmas may benefit from rigorous clinical practice guidelines that have carefully considered the magnitude and certainty of benefits and harms of the respective interventions with regards to clinical outcomes that are deemed critical by patients and their families. The GRADE Evidence-to-Decision framework will provide clinicians and researchers with such an approach to objectively combine the three pillars of evidence-based medicine, i.e., relevant scientific evidence, clinical judgement, and patients’ values and preferences, which can help enhance evidence-based family centered decision-making in a critical care setting. 
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Table 1. Guideline Question and Health Outcomes
	Guideline Question

	Should prophylactic cyclo-oxygenase inhibitors (COX-Is; indomethacin, ibuprofen or acetaminophen) be used to prevent morbidity and mortality in extremely preterm infants (born at or less than 28 weeks of gestational age)?

	Population of interest
	Infants born extremely preterm (≤28 weeks of gestational age)

	Intervention(s)
	Prophylactic* indomethacin
Prophylactic* ibuprofen
Prophylactic* acetaminophen

	Comparison
	No pharmacoprophylaxis

	Outcomes (with definitions)

	
	Outcome definition and/or assessment time point
	Importance in decision-making

	Mortality
	All-cause mortality at discharge or at last reported follow-up, whichever is later
	CRITICAL

	Severe intraventricular hemorrhage
	Grades 3 or 4 
	CRITICAL

	Necrotizing enterocolitis
	Stage 2 or greater 
	IMPORTANT BUT NOT CRITICAL

	Gastrointestinal perforation
	Defined clinically by the presence
of pneumoperitoneum in the absence of pneumatosis intestinalis and portal venous air on abdominal radiograph, and postoperatively by presence of isolated bowel perforation in the setting of an otherwise normal bowel, which is confirmed by histopathologic examination
	IMPORTANT BUT NOT CRITICAL

	Chronic lung disease
	Defined as use of oxygen or respiratory support at 36 weeks’ postmenstrual age
	IMPORTANT BUT NOT CRITICAL

	Surgical closure of the patent ductus arteriosus
	At any time-point recorded
	IMPORTANT BUT NOT CRITICAL

	Cerebral palsy
	Of any level/grade defined using any classification system at 18-24 months of age
	IMPORTANT BUT NOT CRITICAL


* ‘Prophylactic’ defined as intravenous administration of the medication within 24 hours of birth without knowledge of the presence of a patent ductus arteriosus

Table 2. RecommendationsProphylactic Indomethacin1
Clinicians may consider prophylaxis with intravenous indomethacin in extremely preterm infants [conditional recommendation, moderate certainty in estimate of effects].
The panel encourages shared decision-making with the parents/guardians to evaluate their values and preferences with respect to desirable vs undesirable outcomes. The panel also recommends against using prophylactic indomethacin and prophylactic hydrocortisone concomitantly in extremely preterm infants.

Prophylactic Ibuprofen2
Prophylaxis with intravenous ibuprofen in extremely preterm infants is not recommended [conditional recommendation, low certainty in the estimate of effects].
The panel encourages shared decision-making with the parents/guardians to evaluate their values and preferences with respect to desirable vs undesirable outcomes in centers that lack intravenous indomethacin and have high rates of severe intraventricular hemorrhage and death in extremely preterm infants.

Prophylactic Acetaminophen3
Clinicians should not use prophylactic acetaminophen in extremely preterm infants [Strong recommendation, very low certainty in estimate of effects].

What do the recommendations mean?

For clinicians: 
· It is suggested that intravenous indomethacin be used as pharmacoprophylaxis in extremely preterm infants. However, clinicians should encourage shared decision-making with parents as the strength of the recommendation is conditional, and the certainty of the evidence is moderate.
· It is suggested that intravenous ibuprofen be not routinely offered as pharmacoprophylaxis in extremely preterm infants. However, clinicians should encourage shared decision-making with parents in centers that lack indomethacin and have high rates of severe intraventricular hemorrhage and death in extremely preterm infants.
· Acetaminophen should not be used as prophylactic therapy in extremely preterm infants.
For members of the public:
· Most neonatal care providers would choose intravenous indomethacin for prophylaxis in extremely preterm infants, but a substantial number would not as the probable small reduction in severe brain bleeding and moderate reduction in death may not justify its routine use in all extremely preterm infants.
· Most neonatal care providers would not choose intravenous ibuprofen for prophylaxis in extremely preterm infants, but a substantial number would, especially in absence of intravenous indomethacin given the probable small reduction in severe brain bleeding and possible moderate reduction in death with intravenous ibuprofen.
· Neonatal care providers would not use acetaminophen as a prophylactic therapy in extremely preterm infants given the current lack of evidence on benefits and harms.

Footnotes:
1. A standard course of prophylactic indomethacin constitutes a cumulative dosage of up to 0.6 mg/kg
2. A standard course of prophylactic ibuprofen constitutes a cumulative dosage of up to 20 mg/kg
3. A standard course of prophylactic acetaminophen constitutes a cumulative dosage of up to 420 mg/kg



Table 3. Summary of evidence
	Outcome
	Effects and confidence in the effect estimates

	
	Indomethacin1
	Ibuprofen2
	Acetaminophen3

	
	Network RR
	Network absolute risk difference
	Network RR
	Network absolute risk difference
	Network RR
	Network absolute risk difference

	Severe Intraventricular Hemorrhage

	Placebo comparator
127 per 1000 (12.7%)
	0.66 (0.49, 0.87)
	43 fewer per 1000 (from 65 fewer to 16 fewer)
	0.69 (0.41, 1.14)
	39 fewer per 1000 (from 75 fewer to 18 more)
	1.17 (0.04, 55.2)
	22 more per 1000 (from 122 fewer to 1000 more)

	
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision
	Very Low ⨁◯◯◯
Confidence in estimate due to imprecision

	
	Based on 2629 infants (16 RCTs)
	Based on 863 infants (6 RCTs)
	Based on 48 infants (1 RCT)

	Mortality

	Placebo comparator
161 per 1000 (16.1%)
	0.85 (0.64 to 1.1)
	24 fewer per 1000 (from 58 fewer to 16 more)
	0.83 (0.57 to 1.2)
	27 fewer per 1000 (from 69 fewer to 32 more)
	0.49 (0.16 to 1.4)
	82 fewer per 1000 (from 135 fewer to 64 more)

	
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision
	Low ⨁⨁◯◯
Confidence in estimate due to imprecision
	Very Low ⨁◯◯◯
Confidence in estimate due to risk of bias and imprecision

	
	Based on 2877 infants (19 RCTs)
	Based on 914 infants (7 RCTs)
	Based on 208 infants (2 RCTs)

	Surgical PDA closure

	Placebo comparator

87 per 1000 (8.7%)
	0.40 (0.14 to 0.66)
	52 fewer per 1000 (from 75 fewer to 30 fewer)
	0.24 (0.06 to 0.64)
	66 fewer per 1000 (from 82 fewer to 31 fewer)
	_______
	_______

	
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision 
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision
	_______

	
	Based on 1800 infants (11 RCTs)
	Based on 873 infants (6 RCTs)
	_______

	Cerebral Palsy

	Placebo comparator

110 per 1000 (11%)
	0.97 (0.44 to 2.1)
	3 fewer per 1000 (from 62 fewer to 121 more)
	_______
	_______
	0.36 (0.01 to 6.3)
	70 fewer per 1000 (from 109 fewer to 583 more)

	
	Low ⨁⨁◯◯
Confidence in estimate due to imprecision
	_______
	Very Low ⨁◯◯◯
Confidence in estimate due to imprecision

	
	Based on 1367 infants (4 RCTs)
	_______
	Based on 35 infants (1 RCT)

	Necrotizing Enterocolitis

	Placebo comparator

65 per 1000 (6.5%)
	0.76 (0.35 to 1.2)
	16 fewer per 1000 (from 42 fewer to 13 more)
	0.73 (0.31 to 1.4)
	18 fewer per 1000 (from 45 fewer to 26 more)
	_______
	_______

	
	High ⨁⨁⨁⨁
Confidence in estimate 
	High ⨁⨁⨁⨁
Confidence in estimate 
	_______

	
	Based on 2543 infants (14 RCTs)
	Based on 905 infants (7 RCTs)
	_______

	Gastrointestinal perforation

	Placebo comparator

47 per 1000 (4.7%)
	0.92 (0.11 to 3.9)
	4 fewer per 1000 (from 42 fewer to 137 more)
	2.6 (0.42 to 20.0)
	76 more per 1000 (from 27 fewer to 897 more)
	_______
	_______

	
	Moderate ⨁⨁⨁◯
Confidence in estimate due to imprecision
	Very Low ⨁◯◯◯
Confidence in estimate due to imprecision
	_______

	
	Based on 1221 infants (2 RCTs)
	Based on 177 infants (2 RCTs)
	_______

	Chronic Lung Disease

	Placebo comparator

359 per 1000 (35.9%)
	1.10 (0.93 to 1.3)
	36 more per 1000 (from 25 fewer to 108 more)
	1.00 (0.83 to 1.3)
	0 fewer per 1000 (from 61 fewer to 108 more)
	_______
	_______

	
	Low ⨁⨁◯◯
Confidence in estimate due to imprecision
	Low ⨁⨁◯◯
Confidence in estimate due to imprecision
	_______

	
	Based on 2106 infants (10 RCTs)
	Based on 904 infants (7 RCTs)
	_______



1. A standard course of prophylactic indomethacin constituted a cumulative dosage of up to 0.6 mg/kg
2. A standard course of prophylactic ibuprofen constituted a cumulative dosage of up to 20 mg/kg
3. A standard course of prophylactic acetaminophen constituted a cumulative dosage of up to 420 mg/kg

Abbreviations: GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, relative risk; RCT, randomized controlled trial; PDA, patent ductus arteriosus
GRADE Working Group grades of evidence
High certainty ⨁⨁⨁⨁: We are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty ⨁⨁⨁◯: We are moderately confident in the effect estimate; the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially different.
Low certainty ⨁⨁◯◯: Our confidence in the effect estimate is limited; the true effect may be substantially different from the estimate of the effect.
Very low certainty ⨁◯◯◯: We have very little confidence in the effect estimate; the true effect is likely to be substantially different from the estimate of effect.
[Adapted from: Mitra S, Gardner CE, MacLellan A, Disher T, Styranko DM, Campbell-Yeo M, et al. Prophylactic cyclo-oxygenase inhibitor drugs for the prevention of morbidity and mortality in preterm infants: a network meta-analysis. Cochrane Database Syst Rev. 2022 Apr 1;4:CD013846]
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