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Executive summary 
Background
Neonatal hyperbilirubinemia affects approximately 60% of term and 80% preterm neonates in the first week of life. In neonates, unconjugated hyperbilirubinemia above a threshold level, crosses the blood brain barrier and predisposed the neonate to acute or chronic bilirubin encephalopathy. Clinical recognition and assessment of jaundice can be difficult in neonates, especially in those with darker skin tone. Once jaundice is recognised there is uncertainty about when to treat, how to monitor and there is widespread variation in practices across the world regarding the use of phototherapy, monitoring under phototherapy and exchange transfusion. There is a need for more uniform evidence based and consensus based practice, where evidence is lacking. This guideline attempts to provide evidence based recommendation on screening and management of neonatal jaundice. 
The guideline has been developed using standard operating procedures in accordance with the process described in the WHO handbook for guideline development. Briefly, these included (i) identification of priority questions and critical outcomes, (ii) retrieval of the evidence, (iii) assessment and synthesis of evidence, (iv) formulation of recommendations, and (v) planning for the dissemination, implementation, and impact evaluation and updating of the guideline. The scientific evidence underpinning the recommendations was synthesized using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. Up-to-date systematic reviews were used to prepare evidence profiles for the priority questions.
The recommendations for screening and management of neonatal hyperbilirubinemia are summarised in the table below: 


Summary of recommendations for screening and management of neonatal hyperbilirubinemia 
	S.No
	Question 
	Recommendation 
	Strength of recommendation and quality of evidence 

	1.
	Should pre discharge bilirubin assessment with transcutaneous or total serum bilirubin or a combined approach (risk factors plus pre discharge bilirubin) vs. no pre discharge risk assessment be used for identifying neonates at risk of significant hyperbilirubinemia? 
	
	

	2.
	Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in term neonates less than 28 days of life? 
	
	

	3.
	Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in preterm neonates less than 28 days of life? 
	
	

	4.
	Should discontinuation of breastfeeding vs. no discontinuation be used for treatment of breast milk jaundice?
	
	

	5.
	Should high irradiance vs. standard irradiance be used for treatment neonatal hyperbilirubinemia requiring phototherapy? 
	
	

	6.
	Should prophylactic phototherapy versus no prophylactic phototherapy be used for management of Rh immunized neonates? 
	
	

	7.
	Should phototherapy be used mother’s side versus in the neonatal unit for management of significant hyperbilirubinemia in neonates? 
	
	

	8.
	Should single unit vs. multiple phototherapy be used for the management of neonatal hyperbilirubinemia? 
	
	

	9.
	Should pre-decided bilirubin level cut off vs. nomogram based bilirubin levels be used for stoppage of phototherapy in neonates with hyperbilirubinemia? 
	
	

	10.
	Should fluid supplementation vs. no fluid supplementation used to treat hyperbilirubinemia in neonates requiring phototherapy? 
	
	

	11.
	Should supine vs. turning position under phototherapy be used in term and late preterm infants with hyperbilirubinemia? 
	
	

	12.
	Should intermittent vs. continuous phototherapy be used for treatment of hyperbilirubinemia in neonates requiring phototherapy? 
	
	

	13.
	Should less frequently (> 12 hrly) versus conventional monitoring (6 to 8 hourly) be used for the monitoring of phototherapy in neonates with pathological hyperbilirubinemia? 
	
	

	14.
	Should albumin versus no albumin be used prior to exchange transfusion for treatment of hyperbilirubinemia in neonates?
	
	

	15.
	Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in term and late preterm neonates during and after receiving phototherapy? 
	
	

	16.
	Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in preterm neonates during and after receiving phototherapy? 
	
	

	17.
	Should intravenous immunoglobulin versus no intravenous immunoglobulin be used for the management of Rh isoimmunised neonates?  
	
	







Introduction
Physiological hyperbilirubinemia is a common problem in neonates with an incidence of 70-80%.1 A significant proportion of these neonates develop pathological hyperbilirubinemia (PHB, defined as hyperbilirubinemia needing treatment) during the first week of life. Although the outcome for the majority is benign, infants with untreated, severe hyperbilirubinemia (defined as serum total bilirubin level >20 mg/dL) can develop signs of acute bilirubin encephalopathy (ABE). If not treated immediately, they might go on to develop kernicterus, a chronic, neurologically devastating condition resulting from bilirubin toxicity. Management of hyperbilirubinemia includes detection of at-risk neonates, investigating cause of PHB, deciding thresholds for starting and stopping treatment and follow-up of neonates with severe hyperbilirubinemia. 




Scope
Target audience

Aim
The primary aim of this guideline is to improve the quality of care and outcomes for preterm and term infants by providing recommendations on the screening, prevention and management of hyperbilirubinemia
Target audience
The primary audience for this guideline includes health-care professionals (paediatricians, nurses and other practitioners) who are responsible for delivering care for neonates in different levels of heath care as well health programme managers and policy-makers in all settings. The information in this guideline will be useful for developing job aids and tools for training of health professionals to enhance their delivery of neonatal care

Population of interest 
The guidelines focus on screening, prevention and management of hyperbilirubinemia in neonates admitted to healthcare settings. 

How to use these guidelines
This systematic review on screening, prevention and management of hyperbilirubinemia led to the development of 17 recommendations. Each recommendation was graded as strong when there was confidence that the benefits clearly outweigh the harms, or weak when the benefits probably outweigh the harms, but there was uncertainty about the trade-offs. A strong or weak recommendation was further classified as situational if the benefits outweigh the harms in some situations but not in others. For example, some recommendations were considered relevant only to settings in low- and middle-income countries where resources are very limited while others were considered relevant only to settings where certain types of facilities were available. To ensure that each recommendation is correctly understood and applied in practice, the context of all context-specific recommendations is clearly stated within each recommendation, and the contributing experts provided additional remarks where needed. Users of the guideline should refer to these remarks, which are presented along with the evidence summaries within the guideline. 


Methodology
Research questions
The guideline development group identified 17 research questions to be of the highest priority for development of recommendations. Most of the questions are relevant to all (term and preterm infants). 
The following questions have been addressed in this set of recommendations: 
1. Should pre discharge bilirubin assessment with transcutaneous or total serum bilirubin or a combined approach (risk factors plus pre discharge bilirubin) vs. no pre discharge risk assessment be used for identifying neonates at risk of significant hyperbilirubinemia? 
2. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in term neonates less than 28 days of life? 
3. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in preterm neonates less than 28 days of life? 
4. Should discontinuation of breastfeeding vs. no discontinuation be used for treatment of breast milk jaundice? 
5. Should high irradiance vs. standard irradiance be used for treatment neonatal hyperbilirubinemia requiring phototherapy? 
6. Should prophylactic phototherapy versus no prophylactic phototherapy be used for the management of Rh immunized neonates? 
7. Should phototherapy be used mother’s side versus in the neonatal unit for the management of significant hyperbilirubinemia in neonates? 
8. Should single unit vs. multiple phototherapy be used for the management of neonatal hyperbilirubinemia? 
9. Should pre-decided bilirubin level cut off vs. nomogram based bilirubin levels be used for stoppage of phototherapy in neonates with hyperbilirubinemia? 
10. Should fluid supplementation vs. no fluid supplementation be used to treat hyperbilirubinemia in neonates requiring phototherapy? 
11. Should supine vs. turning position under phototherapy be used in term and late preterm infants with hyperbilirubinemia? 
12. Should intermittent vs. continuous phototherapy be used for treatment of hyperbilirubinemia in neonates requiring phototherapy? 
13. Should less frequently (> 12 hrly) versus conventional monitoring (6 to 8 hourly) be used for the monitoring of phototherapy in neonates with pathological hyperbilirubinemia? 
14. Should albumin versus no albumin be used prior to exchange transfusion for treatment of hyperbilirubinemia in neonates?
15. Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in term and late preterm neonates during and after  receiving phototherapy? 
16. Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in preterm neonates during and after receiving phototherapy? 
17. Should intravenous immunoglobulin versus no intravenous immunoglobulin be used for the management of Rh isoimmunised neonates?  
Outcomes assessed
For each question, the following five outcomes were considered to be critical: 
(i) Mortality
(ii) Bilirubin induced neurological damage (BIND)
(iii) Abnormal neurodevelopmental outcome
(iv) Abnormal neuro-imaging, hearing impairment
(v) Need for phototherapy or exchange transfusion.
The following outcomes were considered to be important: 
(i) Duration of phototherapy
(ii) Duration of hospitalization and 
(iii) Readmission for jaundice. 
(iv) Mean difference and correlation between bilirubin levels 
(v) Need for blood sampling 
Benefits and harms in critical outcomes formed the basis of the recommendations for each question. 
A systematic review of literature was done and a standardized form was used to extract relevant information from studies. Systematically extracted data included: study identifiers, setting, design, participants, sample size, intervention or exposure, control or comparison group, outcome measures and results. The following quality characteristics were recorded for all studies: allocation concealment or risk of selection bias (observational studies), blinding of intervention or observers or risk of measurement bias, loss to follow up, intention to treat analysis or adjustment for confounding factors, and analysis adjusted for cluster randomization (the latter only for cluster-randomized controlled trials, RCTs). 

Interpretation of strong and conditional recommendations
We used GRADE approach for assessing the quality of evidence and the recommendations (for details, see Methodology section). The quality of the set of included studies reporting results for an outcome was graded as: high, moderate, low or very low. The strength of a recommendation reflects the degree of confidence that the desirable effects of adherence to a recommendation outweigh the undesirable effects. The decisions were made on the basis of evidence of benefits and harms; quality of evidence; values and preferences of policy-makers, health-care providers and parents; and whether costs are qualitatively justifiable relative to benefits in low- and middle- income countries. Each recommendation was graded as strong when there was confidence that the benefits clearly outweigh the harms, or weak when the benefits probably outweigh the harms, but there was uncertainty about the trade-offs. A strong or weak recommendation was further classified as situational if the benefits outweigh the harms in some situations but not in others. 

 Group interaction and processes
The guideline was developed using standard operating procedures in accordance with the process described in the WHO handbook for guideline development. Briefly, these included (i) identification of priority questions and critical outcomes, (ii) retrieval of the evidence, (iii) assessment and synthesis of evidence, (iv)formulation of recommendations, and (v) planning for the dissemination, implementation, and impact evaluation and updating of the guideline. The scientific evidence underpinning the recommendations was synthesized using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. Up-to-date systematic reviews were used to prepare evidence profiles for the priority questions. The NNF convened a Technical Consultation in........... where a group of experts – the Guideline Development Group (GDG) – formulated and approved the recommendations based on the evidence profiles. 
Declaration and management of competing interests 
All the contributors completed a declaration of interests form. All the declarations were evaluated by the members of the Steering Group for any financial conflict of interest that might warrant exclusion from membership of the Guidelines Development or Peer Review Group or from discussions during the preparation of the guidelines. The completed forms were reviewed at the beginning of the meeting of the Guidelines Development Group, at which time members could update their declarations. For this review, the reviewers declared no conflict of interests. 
Selection of questions and outcomes of interest
The guideline group members prepared the scoping document for the guidelines, which identified key questions in PICO (population, intervention, comparator, outcomes) format, the systematic reviews required as a basis for the recommendations and the process for preparing the guidelines. The following key questions were identified:
1. Should pre discharge bilirubin assessment with transcutaneous or total serum bilirubin or a combined approach (risk factors plus pre discharge bilirubin) vs. no pre discharge risk assessment be used for identifying neonates at risk of significant hyperbilirubinemia? 
2. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in term neonates less than 28 days of life? 
3. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in preterm neonates less than 28 days of life? 
4. Should discontinuation of breastfeeding vs. no discontinuation be used for treatment of breast milk jaundice? 
5. Should high irradiance vs. standard irradiance be used for treatment neonatal hyperbilirubinemia requiring phototherapy? 
6. Should prophylactic phototherapy versus no prophylactic phototherapy be used for the management of Rh immunized neonates? 
7. Should phototherapy be used mother’s side versus in the neonatal unit for the management of significant hyperbilirubinemia in neonates? 
8. Should single unit vs. multiple phototherapy be used for the management of neonatal hyperbilirubinemia? 
9. Should pre-decided bilirubin level cut off vs. nomogram based bilirubin levels be used for stoppage of phototherapy in neonates with hyperbilirubinemia? 
10. Should fluid supplementation vs. no fluid supplementation be used to treat hyperbilirubinemia in neonates requiring phototherapy? 
11. Should supine vs. turning position under phototherapy be used in term and late preterm infants with hyperbilirubinemia? 
12. Should intermittent vs. continuous phototherapy be used for treatment of hyperbilirubinemia in neonates requiring phototherapy? 
13. Should less frequently (> 12 hrly) versus conventional monitoring (6 to 8 hourly) be used for the monitoring of phototherapy in neonates with pathological hyperbilirubinemia? 
14. Should albumin versus no albumin be used prior to exchange transfusion for treatment of hyperbilirubinemia in neonates?
15. Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in term and late preterm neonates during and after receiving phototherapy? 
16. Should total serum bilirubin versus transcutaneous bilirubin measurement be used for monitoring bilirubin in preterm neonates during and after receiving phototherapy? 
17. Should intravenous immunoglobulin versus no intravenous immunoglobulin be used for the management of Rh isoimmunised neonates?  
A list of potential outcomes of interest for each question was circulated to all members of the GDG, who scored the importance of each outcome on a scale of 1 to 9: 1–3: not important; 4–6: important; and 7–9: critical. The average of the scores for each outcome was used to prioritize the outcome and to select the most important outcomes for each PICO question. The outcomes selected for each question and the scores for their importance are presented in Annexes 1 and 2. 



Evidence review and development of clinical recommendations
Methodology
Using the assembled list of priority questions and critical outcomes from the scoping exercise, the guideline development group, along with reviewers identified systematic reviews that were either relevant or potentially relevant and assessed whether they needed to be updated. A systematic review was considered to be out of date if the last search date was two years or more prior to the date of assessment. If any relevant review was found to be out of date, it was updated. 
Search strategy 
Cochrane systematic reviews were the primary source of evidence for the recommendations included in this guideline. In addition, key databases searched included the Cochrane database of systematic reviews of RCTs, the Cochrane controlled trials register and MEDLINE (1966 to August 2019). The reference lists of relevant articles and a number of key journals were hand searched. Details of search strategy is provided in appendix. 
Data abstraction and summary tables of individual studies 
A standardized form was used to extract information from relevant studies. Systematically extracted data included: study identifiers, setting, design, participants, sample size, intervention or exposure, control or comparison group, outcome measures and results. The following quality characteristics were recorded for RCTs: allocation concealment, blinding of intervention or observers, loss to follow up, intention to treat analysis, analysis adjusted for cluster randomization (the latter only for cluster RCTs). The quality characteristics recorded for observational studies were likelihood of reverse causality, selection bias and measurement bias, loss to follow-up and analysis adjusted for confounding. The studies were stratified according to the type of intervention or exposure, study design, birth weight and gestational age, where possible. Effects 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 where possible. All studies reporting on a critical outcome were summarized in a table of individual studies (see Annexes). 


Pooled effects 
Pooled effects for developing recommendations were considered, wherever feasible. If results of three or more RCTs were available for an outcome, and the overall quality of evidence using the GRADE approach was at least "low", observational studies were not considered. Pooled effects from published systematic reviews were used if the meta-analysis was appropriately done, and the reviews were up to date. However, if any relevant published study not included in the systematic review or a methodological problem with the meta-analysis was identified, the results were pooled in RevMan. For pooling, the author-reported adjusted effect sizes and confidence intervals (CIs) were used as far as possible. Random effects models for meta-analysis were used if there was important inconsistency in effects, and the random effects model was not unduly affected by small studies. Where pooling of results was not possible, the range of effect sizes observed in the individual studies was used in the development of recommendations. 
Quality assessment
Quality assessment of the body of evidence for each outcome was performed using the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. The GRADE approach was used for all the critical outcomes identified in the PICOs, and a GRADE profile was prepared for each quantitative outcome within each PICO. Accordingly, the quality of evidence for each outcome was rated as “high”, “moderate”, “low”, or “very low” based on a set of criteria. As a baseline, 
RCTs provided “high-quality” evidence, while non-randomized trials and observational studies provided “low-quality” evidence. This baseline quality rating was then downgraded based on consideration of risk of bias, inconsistency, imprecision, indirectness and publication bias. For observational studies, other considerations, such as magnitude of effect, could lead to upgrading of the rating if there were no limitations that indicated a need for downgrading. 
Risk of bias
Inconsistency of the results: The similarity in the results for a given outcome was assessed by exploring the magnitude of differences in the direction and size of effects observed from different studies. The quality of evidence was not downgraded when the directions of the findings were similar and confidence limits overlapped, whereas quality was downgraded when the results were in different directions and confidence limits showed minimal overlap. 
Indirectness: Rating of the quality of evidence were downgraded where there were serious or very serious concerns regarding the directness of the evidence, i.e. where there were important differences between the research reported and the context for which the recommendations are being prepared. Such differences were related, for instance, to populations, interventions, comparisons or outcomes. 
Imprecision: The degree of uncertainty around the estimate of effect was assessed. As this was often a function of sample size and number of events, studies with relatively few participants or events (and thus wide confidence intervals around effect estimates) were downgraded for imprecision. 
Publication bias: Quality rating could also be affected by perceived or statistical evidence of bias that may have led to underestimation or overestimation of the effect of an intervention as a result of selective publication based on study results. Where publication bias was strongly suspected, evidence was downgraded by one level. 
GRADE profiler software was used to construct “Summary of Findings” tables for each priority question; these tables include the assessments and judgements relating to the elements described above and the illustrative comparative risks for each outcome. Relevant information and data were extracted in a consistent manner from the systematic reviews relating to each priority question by applying the following procedures. First, up-todate review documents and/or data (e.g. RevMan file) were obtained from the Cochrane Library. Secondly, analyses relevant to the critical outcomes were identified and selected. The data were then imported from the RevMan file (for Cochrane reviews) or manually entered into the GRADE profilers (for non-Cochrane reviews). For each outcome, GRADE assessment criteria (as described above) were applied to evaluate the quality of the evidence. In the final step of the assessment process, GRADE evidence profiles were generated for each priority question. 


Use of indirect evidence
Document review
The GDG personally met on two occasions and prepared a draft of the full guideline document with revisions to accurately reflect the deliberations and decisions of the GDG participants. This draft guideline was then sent electronically to the GDG participants for further comments. The inputs of the peer reviewers were included in the guideline document and further revisions were made to the guideline draft as needed. After the GDG meetings and peer review process, the revised final version.


Background question (Descriptive)
RESEARCH QUESTION
What is the bilirubin level for starting phototherapy among term and preterm neonates with hyperbilirubinemia?
OBJECTIVES
To find out the evidence for bilirubin threshold levels for starting phototherapy for neonatal hyperbilirubinemia among term and preterm neonates
SUMMARY OF PREVIOUS GUIDELINES
	Association/ 
Professional body
	Recommendation
	Remarks

	Canadian Pediatric Society 1999(1)
	Bilirubin levels based on postnatal age for healthy term infants with presence or absence of risk factors.
Risk factors –
Gestation < 37 weeks & birth weight < 2500 g, hemolysis due to maternal isoimmunization, G6PD deficiency, spherocytosis, or other causes, jaundice at less than 24 hours of age, sepsis and need for resuscitation at birth
	Not updated since 1999.


	AAP Guidelines 2004(2)
	In neonates ≥ 35 weeks -
Postnatal age, gestation and risk factor-based guidelines. Three risk groups include Higher risk (35-376/7 wk + risk factors), Medium risk (≥ 38 wk + risk factors or 35-376/7 wk and well) and Lower risk ((≥ 38 wk and well)
Risk factors -
Isoimmune hemolytic disease, G6PD deficiency, asphyxia, significant lethargy, temperature instability, sepsis, acidosis or albumin < 3.0 g/dl
	[bookmark: _heading=h.gjdgxs]Consensus guidelines based on limited evidence. Use total bilirubin. Use “Intensive phototherapy” (irradiance in the blue-green spectrum of at least 30 μW/cm2/nm).

	European Society of Pediatric Research – AAP 2008(3)
	In neonates ≥ 35 weeks -
Endorsed the AAP Guidelines
	Consensus guidelines based on expert opinion

	UK-NICE Guideline CG98 
2010 (updated in 2016) (4)
	Treatment threshold table/graph based on gestational age
Use total bilirubin
Do not use bilirubin/albumin ratio for making decisions on starting phototherapy
	Consensus guidelines based on expert opinion. Thresholds chosen with a wide margin of safety, with the threshold for phototherapy well below that for exchange transfusion

	NNF Guidelines 2011
	In neonates ≥ 35 weeks - 
AAP Guidelines based on postnatal age, gestation and risk factors with modifications for Indian neonates (higher incidence of G6PD deficiency, SGA neonates and non-availability of intensive phototherapy in many neonatal units)

In neonates < 35 weeks -
Start phototherapy when TSB is 0.5% and 0.75% of the body weight in healthy and sick infants respectively
	Consensus guidelines based on limited evidence. Limited evidence on incidence/prevalence of BIND among Indian neonates.
Lower albumin concentration and albumin-binding capacity in sick preterm neonates. No role of aggressive phototherapy in ELBW.

	Norwegian Guidelines 2011(5)
	Treatment based on birth weight, postnatal age and TSB levels.
Treatment recommendations for low,
very low and extremely low birth weight infants
	Based on expert opinion and pragmatism with a limited evidence base.

	Academy of Breastfeeding Medicine protocol 2017(6)
	Recommend using treatment thresholds for phototherapy as per existing US, Canadian, UK and other national guidelines.
Emphasize the continuation of breastfeeding or supplementation with expressed breast milk or infant formula during phototherapy
	Expert opinion

	Maisels 2012(7)
	In neonates < 35 weeks
Based on operational thresholds or therapeutic normal bilirubin levels (a level beyond which specific therapy will likely do more good than harm).
Risk factors –
Lower gestational age
Serum albumin levels <2.5 g dl
Rapidly rising TSB levels, suggesting hemolytic disease and 
Neonates who are clinically unstable
	Consensus based guidelines
Not based on good evidence and are lower than those suggested in the UK-NICE and Norwegian guidelines





DRAFT RECOMMENDATIONSAll the available guidelines emphasize the rare occurrence of BIND/ Kernicterus and its uncertain incidence/prevalence.  In light of the limited evidence available for treatment thresholds for hyperbilirubinemia, the following is the consensus-based guideline for Indian neonates, based on expert opinion - 
1. In neonates ≥ 35 wk, use either the AAP guideline based on postnatal age, gestation and presence or absence of risk factors or the UK-NICE guideline. Use total bilirubin for decision making and begin intensive phototherapy (irradiance in the blue-green spectrum of at least 30 μW/cm2/nm).
2. The risk factors for bilirubin neurotoxicity include isoimmune hemolytic disease, G6PD deficiency, asphyxia, significant lethargy, temperature instability, and sepsis, acidosis or albumin < 3.0 g/dl. 
3. The additional factors to be considered among Indian neonates include a higher incidence of G6PD deficiency, SGA neonates, increasing adoption of delayed cord clamping among non-asphyxiated neonates and variable use of phototherapy (type of lights – tube lights/CFL/LED, irradiance not checked routinely and ineffective phototherapy).
4. Among neonates < 35 wk, it is an option to use the Maisels operational thresholds for bilirubin level or the UK-NICE guidelines. Beneficial practices include early enteral feeding, identification of vulnerable infants with haemolysis, sepsis, or hypoalbuminemia and judicious use of phototherapy in ELBW infants who may be more vulnerable to side effects of photo-oxidant injury, yet more at risk for developing bilirubin-related neurotoxicity if left untreated and aggressive phototherapy if there is onset of any neurologic signs. 
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Recommendations

RECOMMENDATION 1. 
1. Should pre discharge bilirubin assessment with transcutaneous or total serum bilirubin or a combined approach (risk factors plus pre discharge bilirubin) vs. no pre discharge risk assessment be used for identifying neonates at risk of significant hyperbilirubinemia? (Dr MB) Due


RECOMMENDATION 2 AND 3
2. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in term neonates less than 28 days of life? 
3. Should transcutaneous bilirubin vs. serum bilirubin be used to diagnose hyperbilirubinemia in preterm neonates less than 28 days of life? 
Research questions 
1. Among term and late preterm neonates (≥35 weeks’ GA), should transcutaneous bilirubin be used to diagnose significant hyperbilirubinemia?
2. Among preterm neonates (<35 weeks’ GA), should transcutaneous bilirubin be used to diagnose significant hyperbilirubinemia?
Objective
To compare the accuracy of transcutaneous bilirubin to identify neonates with significant hyperbilirubinemia requiring phototherapy  
We included studies assessing transcutaneous bilirubin (TcB) assessed by either of the commonly available devices – 
a) Air-Shields Jaundice Meter-103 (Dräger Konica Minolta, Lubeck, Germany)
b) Phillips BiliCheck (SpectRx Inc, Norcross, GA, USA)
c) any other device
The studies were eligible irrespective of the site of measurement – forehead, sternum , abdomen or any other.  
 We did not include studies 
1. Enrolling neonates under phototherapy or after administering phototherapy. 
2. Comparing TcB with other devices  such as Ingram icterometer, smart phone bilirubin assessment tools etc
Participants
Term and preterm neonates up to 28 days of age with clinically significant jaundice,
Intervention: Transcutaneous bilirubin 
Control: Total serum bilirubin 
Outcomes and their definitions
The following table provides the list of important outcomes 
	Outcomes
	Definition

	Need for blood sampling
	Proportion of neonates requiring blood sampling for total serum bilirubin (TSB)

	Mean number of blood samples

	Number of times sampling needed to be done per neonate for assessing for total serum bilirubin (TSB)

	Severe hyperbilirubinemia
	Serum bilirubin levels >342 µM/L ( or 20 mg/dL)

	Peak bilirubin level
	Maximum serum bilirubin levels during hospital stay 

	Need for exchange transfusion
	Proportion of neonates requiring double volume exchange transfusion based on TSB greater than age / gestational age appropriate thresholds of exchange transfusion or the presence of bilirubin encephalopathy

	Need for phototherapy
	Proportion of neonates requiring phototherapy based on TSB greater than age / gestational age appropriate thresholds

	Duration of phototherapy
	Duration of phototherapy in hours

	BIND
	Bilirubin induced neurological dysfunction 

	Duration of hospitalisation
	Duration of hospitalisation in days 


Search strategy
We searched PubMed with the search terms (jaundice OR hyperbilirubinemia OR icterus OR yellowness) AND (neonate or infant) applying the filter of duration August 2009 till July 2019. This was done as the NICE guidelines had updated search on this question until August 2009.
Results 
A total of 2979 citations were identified from PubMed with the search terms (jaundice OR hyperbilirubinemia OR icterus OR yellowness) AND (neonate or infant).  A total of 131 citations were found eligible on screening titles, of which 41 studies were found to be eligible for inclusion


Figure 1:  Flow chart depicting the search strategy
Records identified through database searching from Aug 2009 to July 2019 (n=2979)


Records screened using titles (n=2979)


Records excluded (n=2848)

Abstracts assessed for eligibility (n=131)


Records excluded (n=90)

Studies included in review (n=41)
Systematic reviews (n=2)
Randomised controlled trials (n=2)
Observational studies (n=37)





Existing systematic reviews
Preterm neonates (< 35 weeks’ GA)
A recent systematic review (Hassan Shabuj 2019) included 28 observational studies performed in preterm neonates evaluating the role of TcB in identifying significant hyperbilirubinemia. The review included studies that enrolled preterm (<37 weeks gestation) infants comparing TcB with TSB estimation during the neonatal period before starting phototherapy, sites for measurement of TcB were at forehead and at sternum , and using one of the two devices of TCB measurements- JM 103 or Bilichek (1).
All studies reported results as correlation coefficients. The authors did not report the agreement between TcB and TSB using Bland Altman plot.
Combining both sternal and forehead site measurement, the pooled estimates of correlation r = 0.82 (95% CI 0.78 to 0.85) in random effect and r=0.80 (95% CI 0.78 to 0.81) in fixed effect model. For separate sites of measurement of TcB, pooled correlation for forehead [r=0.83 (95% CI 0.78-0.85)] and sternum [r=0.83 (95%CI 0.76 to 0.87)] were comparable, and pooled correlation coefficient (r) for the 2 devices JM 103 [0.83 ((0.79 to 0.88)] and Bilicheck [0.83 (0.78 -0.88)] were also comparable (Pooled r=0.83).
The study concluded that TcB measurement is well correlated with TSB values and can represent a reliable method for evaluating preterm infants with possible hyperbilirubinemia. 
In the systematic review of 22 observational studies in preterm neonates (Nagar 2013), the 2 commonly used TcB devices showed comparable bias (difference between TcB and TSB in micmol/L)- 3.14 with JM-103 and 1.10 with Bilicheck. The devices showed comparable precision noted across both sites (pooled estimate of SD at forehead: 29.46 micmol/L; pooled estimate of SD at sternum: 26.06 micmol/L). In terms of devices used, the JM-103 was noted to be more precise compared with the BiliCheck (pooled estimate of SD: 24.3 and 31.98 micmol/L, respectively) (2). There were no identifiable RCTs in preterm neonates evaluating the role of TcB in identification of significant hyperbilirubinemia.

Term and late preterm neonates (≥35 weeks’ GA)
Randomized controlled trials 
Among the eligible studies, we identified 2 RCTs (van den Esker-Jonker 2016 and Mishra 2009) which compared TcB versus not doing TcB in identifying significant jaundice. The studies are summarised in table 1. One trial included neonates ≥32 weeks’ gestational age (Esker-Jonker 2016) though the exact number of the subset of neonates born between 32 and 35 weeks’ gestational age were unknown. 
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Table 1: Randomized controlled trials evaluating the usefulness of TcB in identifying neonatal hyperbilirubinemia
	
	Study author, year, country
	Study design


	Study
population/
Mean (SD) gestation/BW
	Intervention
(TcB arm)


	Control
	Outcome parameters
of interest
	Results
	Comments


	1
	van den Esker-Jonker 20163; 
Netherlands 
	RCT
	Hospitalized neonates with jaundice,  ≥32
weeks’ gestational age (n=430)

Stratified randomisation based on 3 strata:
≥32 and <34 weeks,
 ≥34 and <38 weeks,
 ≥38 weeks of gestational
Age
	TcB measured over the sternum with Air-Shields Jaundice Meter-
103; (Dräger Konica Minolta,
Lubeck, Germany)
(n=213)
	Decision to obtain a blood sample for TSB was based on visual and clinical assessment
(n=217)

When TcB was
<50 μmol/L below the threshold for phototherapy, TSB was obtained.
	Need for blood sampling, mean number of samples, maximum bilirubin, need for exchange transfusion
	In the TcB group, 104 (48.4%) needed blood sampling for TSB, versus 172 (79.3%) in the control group (difference 30.5%,
95% CI: 21.5–38.7, P < 0.001). The number of blood draws was significantly
reduced by 38.5% (0.9 ± 1.1 vs 1.3 ± 1.0, difference –0.5, 95% CI: –0.7
to –0.3, P < .001)
	Stratified randomisation by a computerized
program, ensuring concealment
of allocation. Intervention not blinded.
Completed follow-up.
Outcome assessment blinding: not possible 

	2.
	Mishra 20094; India

	RCT
	Hospitalized neonates with visisble jaundice,  ≥35
weeks’ gestational age (n=617)

	TcB assessed using BiliCheck (SpectRx Inc, Norcross,
GA, USA)
	Visual assessment (VaB) of extent (5 zones) and intensity - Colour of the skin was assigned as pale, lemon yellow
(mild yellow) or orange yellow (deep yellow). 
Need for blood sampling was defined to be present if the
bilirubin assessed by the allocated method exceeded 80% of
hour-specific phototherapy level
	Need for blood sampling, mean number of samples, maximum bilirubin, need for exchange transfusion
	There was a significant reduction of 34% in the need for blood sampling to assay STB in TcB group compared with VaB group (55 ⁄ 314, 17.5% vs 80 ⁄ 303, 26.4%; relative risk 0.66, 95% CI: 0.49 to 0.90; 
p = 0.008).
	Randomisation by a computerized
program, ensuring concealment
of allocation. Intervention not blinded.
Completed follow-up.
Outcome assessment blinding: not possible


CI- Confidence intervals, RCT- Randomized controlled trial, TcB- Transcutaneous bilirubin, TSB – Total serum bilirubin,
Both studies did not report mortality, incidence of bilirubin encephalopathy or long term neurodevelopmental disability. Table 2 summarises the Grade profile summary for transcutaneous bilirubin assessment for identifying significant hyperbilirubinemia


Table 2: Grade profile summary for transcutaneous bilirubin assessment for identifying significant hyperbilirubinemia
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

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

	Need for blood sampling (for total serum bilirubin)

	2 
	randomised trials 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	159/527 (30.2%) 
	252/520 (48.5%) 
	RR 0.63
(0.55 to 0.73) 
	179 fewer per 1,000
(from 218 fewer to 131 fewer) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	Number of blood samples drawn (for assessing serum bilirubin)

	2 
	randomised trials 
	serious a
	serious b
	not serious 
	not serious 
	none 
	213 
	217 
	- 
	MD 0.4 samples lower
(0.6 lower to 0.2 lower) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Severe hyperbilirubinemia (assessed with: (serum bilirubin > 342 micM/L))

	1 
	randomised trials 
	not serious c
	serious b
	not serious 
	serious f
	none 
	2/213 (0.9%) 
	7/217 (3.2%) 
	RR 0.29
(0.06 to 1.39) 
	23 fewer per 1,000
(from 30 fewer to 13 more)
	⨁⨁◯◯
LOW
	CRITICAL

	Peak bilirubin level (follow up: 7 days; assessed with: Maximum serum serum bilirubin)

	1 
	randomised trials 
	not serious c
	serious b
	not serious 
	not serious 
	none 
	213 
	217 
	- 
	MD 6.6 micM/L lower
(21.4 lower to 8.3 higher) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Need for Exchange transfusion

	2 
	randomised trials 
	not serious c
	not serious 
	not serious 
	serious d
	none 
	0/527 (0.0%) 
	0/520 (0.0%) 
	not estimable 
	
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	
	
	
	
	
	
	
	
	0.5% 
	
	
	
	

	Need for phototherapy

	2 
	randomised trials 
	not serious c
	serious e
	not serious 
	serious f
	none 
	67/527 (12.7%) 
	66/520 (12.7%) 
	RR 1.02
(0.74 to 1.39) 
	3 more per 1,000
(from 33 fewer to 49 more) 
	⨁⨁◯◯
LOW 
	CRITICAL 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
Explanations
a. Both studies not blinded, outcome not objective 
b. Single study 
c. Not blinded, but objective outcome 
d. As there were no events, relative risks and 95% Confidence intervals were unassessable 
e. I2=69% with point estimates on either side of line of equivalence 
f. 95% confidence intervals cross a) line of equivalence b) clinical thresholds for favouring or rejecting the intervention 




Summary of evidence on transcutaneous bilirubin to diagnose significant hyperbilirubinemia:
1. Need for blood sampling (for total serum bilirubin)): Moderate quality evidence showed 37% reduction in the need for blood sampling for serum bilirubin (Relative Risk [RR] 0.63; 95% confidence intervals [CI]: 0.55 to 0.73) with the use of transcutaneous bilirubin as against using visual assessment along with total serum bilirubin wherever appropriate. The use of TcB was associated with 179 fewer blood samples required per 1,000 TcB assessments done (from 218 fewer to 131 fewer). 
2. Number of blood samples drawn (for assessing serum bilirubin): There was low quality of evidence to show that the use of TcB was associated with a significant reduction in mean number of blood samples required (Mean difference [MD] 0.4 samples lower; 95% CI: 0.6 lower to 0.2 lower)
3. Severe hyperbilirubinemia (assessed with: (serum bilirubin > 342 micM/L)): The quality of evidence was graded as low. Pooled analysis showed no significant difference in the incidence of severe hyperbilirubinemia between the two groups. 
4. Peak bilirubin level (follow up: 7 days; assessed with: Maximum serum serum bilirubin): The quality of evidence was graded as moderate. Pooled analysis showed no significant difference in the peak bilirubin levels between the two groups. 
5. Need for Exchange transfusion:  The quality of evidence was graded as moderate. Pooled analysis showed no significant difference in the need for exchange transfusion between the two groups. 
6. Need for phototherapy:  The quality of evidence was graded as low. Pooled analysis showed no significant difference in the need for phototherapy between the two groups.     
1. None of the studies reported the critical outcome of incidence of bilirubin encephalopathy.
2. A community based pre–post study (n=14796) involving the implementation of a community based routine transcutaneous bilirubin based screening technique versus the routine visual examination followed by serum bilirubin when indicated, showed a 55% reduction in the incidence of severe (>20 mg/dL) hyperbilirubinemia from 0.85% (91/10694 newborns) to 0.39% (43/11162 newborns) (5).


SummaryTerm and late preterm neonates (≥35 weeks’ GA)
There is low to moderate quality evidence to show that the use of transcutaneous bilirubin measurements in neonates may be associated with a significantly lower need for blood samples and a reduction in the mean number of blood samples drawn, when compared to the standard approach of visual examination followed by blood sampling when deemed necessary. However, use of TcB is not associated with a difference in more critical outcomes such as the incidence of bilirubin encephalopathy or the need for exchange transfusion, need for phototherapy etc. One observational pre-post study does show significant decline in significant hyperbilirubinemia with routine TcB based identification of jaundice. There is no data to evaluate the role of TcB versus total serum bilirubin estimation on the incidence of bilirubin encephalopathy.
Preterm neonates < 35 weeks’ GA
At present, there are no RCTs validating the diagnostic efficacy of transcutaneous bilirubin in significant hyperbilirubinemia. Pooled data from observational studies supports good correlation between TcB and TSB values as well as an precision (SD) of TCB- serum bilirubin difference being 24.3 and 31.98 micM/L for JM-103 and Bilicheck.





Evidence to recommendation (Draft considerations)
Benefits versus harms
There is low to moderate quality of evidence to state that the use of transcutaneous bilirubin measurements in term and late preterm neonates may be associated with a significantly lower need for blood samples and a reduction in the mean number of blood samples drawn for serum bilirubin estimation. There is no evidence to conclude that use of TcB is associated with any difference in critical outcomes such as the incidence of severe hyperbilirubinemia, need for exchange transfusion and incidence of bilirubin encephalopathy. 
Transcutaneous bilirubinometer measure the bilirubin in extravascular tissue and not in the blood, hence TcB measurement may not be a substitute for TSB, but it does tell us (1) when to worry about a neonate with jaundice and (2) when we need to obtain a TSB. In addition, because it measures bilirubin in tissue, TcB might be a better predictor of kernicterus than the TSB. Yet, one elegant study by Taylor, et al showed that that 2.2% of TcB measurements underestimated the clinical laboratory measurement of total serum bilirubin (TSB) by ≥3.0 mg/dL, and the tendency for TcB to underestimate TSB increased with advancing newborn age (6). 
Values and preferences
Based on the evidence available, one may conclude the following
1. A TcB reading which is more than 50 mmol/L (2.9 mg/dL) below the age appropriate phototherapy threshold (American academy of Pediatrics 2004) for an infant may be considered safe for not initiating phototherapy in an otherwise well preterm, late preterm or term neonate without the need for TSB estimation. 
2. A TcB reading above the phototherapy threshold may be sufficient grounds to initiate phototherapy in most situations. However, this may be context specific – a sick neonate requiring blood sampling for any other reason may be benefitted by confirmation of serum bilirubin levels.
3. A TcB reading falling within 50 mmol/L (2.9 mg/dL) below the age appropriate phototherapy threshold (American academy of Pediatrics 2004) should be confirmed with a serum bilirubin estimation.
4. TcB estimation of bilirubin is not recommended in neonates with haemolytic jaundice, earlier treatment with phototherapy, neonates with sternal deformity or NICU admission for > 24 hours.
Cost and effectiveness
In a cost effectiveness assessment study comparing TcB versus TSB in urban as well as rural settings, the estimated cost per TcB screen in hospital and community (urban and rural) settings was $3.54 and $3.76, respectively, whereas the cost per TSB screen was $15.82 in hospital, and $50.21 and $65.03 in urban and rural community settings, respectively (7).
In hospital based settings, the greatest savings were a reduction in cost due to a reduction in laboratory expenses (74.7% of the cost reduction), followed by a decrease in nurses’ time to screen (25.3%). In the community based screening, the largest savings were related to a reduction in travel time (75.3%), followed by a reduction in laboratory expenses (16.2%) and a decrease in mileage (8.5%). It is therefore reasonable to conclude that the use of TcB may be associated with lower cost per screen when compared to serum bilirubin assessment.


DRAFT RECOMMENDATIONTranscutaneous bilirubin measurement can be used in preterm as well as term neonates with non haemolytic jaundice to diagnose hyperbilirubinemia, though serum bilirubin is mandated when values are within 50 mmol/L (2.9 mg/dL) below the age appropriate phototherapy threshold.
(Weak recommendation, based on moderate to low quality evidence for no significant difference in critical outcomes and cost and availability considerations in low- and middle-income countries)
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RECOMMENDATION 4. 
Should discontinuation of breastfeeding vs. no discontinuation be used for treatment of breast milk jaundice? 
RESEARCH QUESTION
[bookmark: _heading=h.1fob9te]Should discontinuation of breastfeeding versus no discontinuation be used for treatment of breast milk jaundice?
OBJECTIVES
To find out the evidence for discontinuation of breastfeeding versus no discontinuation be used for treatment of breast milk jaundice
OVERVIEW
Around 20% to 30% of predominantly breastfed newborns may have jaundice till 3 to 4 weeks and 30% to 40% of these may have bilirubin levels ≥ 5 mg/dL. (1) Breast milk jaundice, with a reported incidence of around 30% to 40% is a diagnosis of exclusion in healthy, exclusively breastfed term neonates (normal urine and stool output with adequate weight gain) with unconjugated hyperbilirubinemia in the 2nd or 3rd week of life.(2) The proposed mechanisms include increased enterohepatic recirculation, breast milk cytokines (IL-1β, IL-6, IL-10, TNF), variations in UGT1A1 gene, breast milk epidermal growth factor, breast milk pregnanediol, low Bifidobacterium in human milk etc. (3) The jaundice, which usually does not exceed 12 mg/dl, may last till 3 months and resolves spontaneously with time.
Extensive literature search using the search terms {breast milk jaundice} AND {stopping breastfeeding} revealed only one observational study by Xiao L L et al in Dec 2013 from China (4). The objective was to investigate the changes in epidermal growth factor (EGF) concentrations in infants' serum and breast milk in neonates with late-onset breast milk jaundice after stopping breast feeding. 30 term infants with late-onset breast milk jaundice were included in the study. Infants' serum and breast milk were collected before and 72 hours after stopping breast feeding, and the total bilirubin and EGF concentrations in infants' serum and EGF concentration in breast milk were measured respectively. At 72 hours after stopping breast feeding, the total bilirubin and EGF concentrations in infants' serum were significantly decreased (p < 0.05), but the EGF concentration in breast milk did not show significant change (p > 0.05). The authors concluded that after stopping breast feeding, the neonates with late-onset breast milk jaundice show significant decreases in serum EGF concentration, but the EGF concentration in breast milk shows no significant change. The role and action mechanism of EGF in late-onset breast milk jaundice need further study.
SUMMARY OF AVAILABLE REVIEWS/ GUIDELINES
	Author
	Recommendations
	Remarks

	Gartner 2001(5)
	Breastfeeding must be continued without interruption.
When serum bilirubin approaches 25 mg/dl, the use of phototherapy while continuing breastfeeding, or the interruption of breastfeeding for 24 hours, substituting formula, may be indicated.
	Breast milk jaundice is an extension of physiologic jaundice of the newborn

	Preer 2011(6)
	The interruption of breastfeeding for diagnosis or treatment is not recommended. 
	Temporary cessation of breastfeeding may mask other causes of jaundice in the infant and interfere with return to exclusive breastfeeding subsequently

	Soldi 2011(3)
	Breastfeeding interruption for diagnosis is not recommended because of low specificity.
	Temporary breastfeeding interruption may mask other underlying causes for jaundice and may be falsely reassuring. It also disrupts the maternal-infant bonding and interferes with the return to exclusive breastfeeding subsequently.

	Academy of Breastfeeding Medicine Clinical Protocol 2017(2)
	Breastfeeding cessation is not recommended for diagnosis or treatment.

	Differentiates early suboptimal breastfeeding jaundice from breast milk jaundice.
In individual cases, based on clinical judgement, temporary additional feedings with expressed breast milk, donor human milk, or infant formula; or very rarely, temporary interruption of breastfeeding and replacement feeding with infant formula may be required in addition to phototherapy in the treatment of neonatal hyperbilirubinemia.

	Bratton S 2019(7)
	If the serum bilirubin level remains below 12 mg/dL, continue breastfeeding and expect resolution of jaundice by 12 weeks
	Treatment is not necessary for breast milk jaundice unless the serum bilirubin level is greater than 20mg/Dl. A brief 24-hour cessation of breastfeeding often leads to a sharp decline in the bilirubin levels. 






DRAFT RECOMMENDATIONSIn view of the scarce evidence available on stopping breastfeeding as treatment for breast milk jaundice, the recommendation is based on expert opinion and consensus. Breast milk jaundice is usually a benign and self-limited condition. Breastfeeding discontinuation is not recommended either for diagnosis or treatment of breast milk jaundice.  All attempts must be made to rule out other causes of prolonged jaundice and phototherapy begun as per existing guidelines. All mothers must be provided lactational support and counselling for ensuring exclusive breastfeeding as per the existing IYCF guidelines. (8)
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RECOMMENDATION 5.
Should high irradiance vs. standard irradiance be used for treatment neonatal hyperbilirubinemia requiring phototherapy? (SG Due)



RECOMMENDATION 6. 
Should prophylactic phototherapy versus no prophylactic phototherapy be used for management of Rh immunized neonates? 
Back ground 
Despite advancement of medical care Rh hemolytic disease continues to be a major burden in developing nations including India, where there is an estimated annual prevalence of 56672 cases. (1) Rh isoimmunised infants are at significant risk of severe hyperbilirubinemia requiring exchange transfusion as well as anemia needing multiple PRBC transfusions in postnatal period. If not treated timely the jaundice can increase and result in bilirubin induced neurological damage (BIND). Hence there is a need for early reorganization and timely initiation of phototherapy in these vulnerable children.
Research questions 
Among neonates with Rh isoimmunisation does prophylactic/ early phototherapy is beneficial as compared to conventional phototherapy in terms of decrease in number of double volume exchange transfusion, need of postnatal PRBC transfusion as well as decrease in incidence of BIND? 
Objectives
To evaluate the efficacy and safety of prophylactic phototherapy for Rh isoimmunised infants as compared to conventional phototherapy
Methods 
Participants
Rh isoimmunised newborn infants up to 28 days of age 
Interventions
Intervention: Prophylactic phototherapy (defined as starting of phototherapy soon after birth usually within 24 hours of life) irrespective of value of cord bilirubin and cord haemoglobin 
Control: Conventional phototherapy group where phototherapy is initiated as per standard indication based on pre specified cord bilirubin levels or serum bilirubin levels.


Type of study:
All randomized controlled trials or quasi randomized trials comparing effect of prophylactic phototherapy with conventional phototherapy in Rh isoimmunised infants.
Search methods
We searched Pubmed and Cochrane Controlled trials Register using standard search strategy of Cochrane neonatal group with the following key words and bullion operators (Search updated till 25.9.19)
Search strategy 1
(Neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (prophylactic OR elective OR early) Phototherapy We also searched the reference lists from the above, and from review articles.
Search strategy 2
(Prophylactic OR elective OR early) AND Phototherapy AND (isoimmunisation OR alloimmunisation OR "hemolytic disease of newborn" OR isoimmunisation OR alloimmunisation)
Results 
A total of 260 citations were identified from PubMed and 630 trial citations from Cochrane CENTRAL. Out of them 4 studies were found finally eligible (2–5): 3 of them studied effect of phototherapy in ABO incompatibility while one recent observational study studied the effect of early intensive phototherapy in Rh isoimmunised infants.(5) Out of the three studies on ABO incompatibility one was quasi randomized(4) and the other 2 older studies(2,3) were conducted 4 decades ago and full text could not be retrieved. Due to severe heterogeneity the results from these studies could not be pulled up for meta-analysis. Hence the salient points from the eligible studies are summarized in tabular format. (2,3,6,7)


Table 1: Characteristics of included studies
	Study Author, Location, 
Year,
Type of study
	Participants
	Characteristics (Control vs inter)
	Outcomes
	Remarks/Risk of Bias

	Yasheen (4) et al, J of Perinatology,
2005, Arab,
Quasi Randomised trial
	≥ 37 weeks of gestation and birth weight >2000 g, with ABO incompatibility (blood group was either A, B or AB with positive DCT)
Rh isoimmunised infants were excluded

	Intervention group: received phototherapy within the first 4 hours of life until 24 hours of life
Control group: No prophylactic phototherapy 

	Prophylactic phototherapy during the first day of life decreased in TSB at 24 hours (p value 0.002) and 48 hours (p= 0.003) but not subsequently. 
The incidence of hyperbilirubinemia and prolonged hospital stay was 32 % vs 17 % (p=0.006) and 9% vs 19% (0.03) in control group and prophylactic group respectively. 
Readmission rate was statistically not different
	1. Quasi randomized trial where infants were randomized in one of the two groups two weekly manner,
2. Non blinded
3. Statistical benefits of prophylactic phototherapy in current study may not translate to clinically significant benefit and hence this practice cannot be supported in ABO incompatibility
4. Authors have excluded Rh isoimmunised infants from study, so the evidence generated can be at max applicable to RhD infants indirectly

	Tewari et al, J of Trop Ped, 2019, India (5)
Prospective observational study
	50 Rh isoimmunised infants of ≥ 32 weeks: 80% were ≥ 36 weeks
	All Rh isoimmunised infants with cord blood Hb <13.6g/dl and TSB > 2.8mg/dl were initiated intensive phototherapy within 1 hour ( irrespective of  DCT result) with 4-5 LED phototherapy unit with average irradiance of 20-25 micw/cm2/nm over face and leg  and 55-65 in chest and trunk
	No comparison group
Maximum TSB remained < 18 mg/dl in 42/50 (84%) neonates. In 25 (50%) neonates’ phototherapy was initiated within 1 h of birth with SI on the trunk of 56.260 6 8.768 mW/cm2/nm  and on the limbs of 18.400 6 3.591 mW/cm2/nm (mean 6 SD).
The mean duration of phototherapy was 7 ± 3.29 days (mean ± SD) Which was longer as compared to other published studies in Rh from India (AIIMS) as in both cases nearly 60% received early exchange transfusion. However, in current study, incidence of exchange transfusion at birth based on serum bilirubin is not mentioned. 
From the description I am assume that no infants had subsequent TSB >18 mg/dl  requiring exchange transfusion later.
Median (IQR) number of any PRBC requirement were 1 (1-2)/infant
	1. Prospective observational study with no comparison group nearly 50% received early aggressive phototherapy within 1 hour of life depending on pre specified cord bilirubin as well as cord hemoglobin cutoff
2. High intensive phototherapy was well tolerated without any significant side effect
3. But since no comparison group is available 3. Incidence of some important parameters( like DVET) .The result may not be generalizable.

	Girish et al, 2008,Indian Pediatrics, India (6)
	RCT comparing two different regimens of IVIg (1gm vs 0.5 gm) in Rh isoimmunised infants ≥ 32 
19 in each group; total 38 in number
	Phototherapy was started as per standard indications as mentioned in methods section (one of the indication includes TSB >5mg/dl in initial 24 hours).
Not mentions about use of prophylactic phototherapy
	1. The mean duration of phototherapy 77.3±57.2 h in low dose group and 55.4±49 h in high dose group (mean difference = 21.9; 95% CI - 13.1 to 56.9). 
2. There was no difference in need for exchange transfusion (21% in both the groups) after IVIg and 60% over all 
2. Need of blood transfusion in 63 % over all and no difference between group 
3. The duration of hospital stay was similar [8.4±6.9 and 13.6±14.8 days, respectively (mean difference = - 5.1; 95% CI -12.8 to 2.5)]
	The RCT used a predefined criteria of initiation of phototherapy and not used prophylactic phototherapy


	Venkatnarayanan etal, J of tropical pediatrics, 2013(7)
	RCT comparing prophylactic use of phenobarbitone with placebo in Rh isoimmunised infants ≥ 32 
Total 44 infants were randomised 
	For ≥35 weeks, intensive phototherapy with 2 units  initiated based on the American Academy of Pediatrics (AAP) guidelines For the remaining infants, phototherapy initiated based on the birth weight criteria in initial 24 hours—<1000 g: 5 mg/dl; 1001–1500 g: 7 mg/dl; 1501–2000 g: 10 mg/dl and 2001–2500 g: 12 mg/dl
No mention about use of prophylactic phototherapy
	Nearly 60% (n= 29) received early DVET within 6 hours of life based on cord bilirubin and PCV criteria (Cord TSB>5mg/dl and PCV <30),
5 (11%) needed DVET subsequently due to failure of phototherapy
Duration of phototherapy was [median (range): 54 (0–180) hr in Phenobarb group  vs. 35 (0–127) hr in placebo group ;p=0.39].

	The RCT used a predefined criteria of initiation of phototherapy and not used prophylactic phototherapy


	Brown AK, Kim MH, Wu PY, Bryla DA.
Pediatrics. 1985 (3)
	1339 Infants were analysed. 

	They were randomly assigned to phototherapy group (n=672) and control group (n=667)
Analysis done in three weight based category: group A <2000 gm
Group B 2000-2499gm and
Group C ≥ 2500 gm 
	Effect of prophylactic phototherapy was measured in group A (<2000 gm infants only) where it was started in 24 ±12 hrs

Detailed results not available
	Full text not accessible
Prophylactic phototherapy was initiated in infants <2000 g group (exact number not known)
Probably measured ABO, but exact number not mentioned



	Maurer HM, Kirkpatrick BV, McWilliams NB, Draper DA, Bryla DA (2)
Pediatrics. 1985
	N=1,339 infants
Coombs positive hemolytic jaundice in < 2,500 g and >2500 gm category 17 (14 ABO and 3 Rh) and 64 (58 ABO and six to Rh) respectively

	79.4% < 2,500 g and 276 (20.6%) ≥ 2,500 g 
Early and prophylactic phototherapy in < 2,000 g
Late and therapeutically PT 2000-2499 g
Combined analysis of weight < 2,500 g with positive Coombs test was not possible.
	Detailed results not available
	Full text not accessible
Old study
Prophylactic phototherapy was initiated in <2000 g group 
No results available separately for hemolytic jaundice group
(Need to see full text)
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SUMMARY OF FINDINGS
There is lack of evidence in form of randomised controlled trial comparing prophylactic phototherapy with criteria based therapeutic phototherapy in Rh isoimmunised infants. Most of the randomised controlled trial conducted in Rh isoimmunised infants have used a pre-specified cut off criteria (as shown in summary table of Individual studies) for initiation of Phototherapy and in all intensive phototherapy is provided with LED phototherapy unit. The only randomised study comparing effect of prophylactic phototherapy (initiated within 4 hours of life) in infants with ABO incompatibility found decrease in serum bilirubin levels up to 48 hours of life but not beyond that. Furthermore, the obtained benefits were not clinically significant enough to change existing practise. 

DRAFT RECOMMENDATIONWe suggest, prophylactic phototherapy for Rh isoimmunised infants should not be used currently due to lack of evidence supporting this. Instead we advise clinicians to be vigilant and monitor serial bilirubin values frequently (6-8 hourly) for deciding early initiation of phototherapy. Future randomised trials with adequate sample size would be needed before prophylactic phototherapy can be incorporated in management of these infants.
We suggest (expert opinion) the following cut-off criteria of TSB for deciding phototherapy in Rh isoimmunised infants soon after birth
1) At birth cord TSB 2.5 mg-5mg/dL
2) Subsequently
· For infants ≥35 weeks as per AAP chart
· For infants <35 weeks as per Maisel’s chart/ NICE chart 
· Or a roughly: TSB > 5mg/dL in first 24 h, TSB >10mg/dL or 0.8% of birth weight whichever is lower in 24-48h of age, TSB >15mg/dL or 0.8% of birth weight whichever is lower in > 48h of age (Adapted from: Girish G, Chawla D, Agarwal R, Paul VK, Deorari AK. Efficacy of two dose regimes of intravenous immunoglobulin in Rh hemolytic disease of newborn--a randomized controlled trial. Indian Pediatr. 2008 Aug;45(8):653–9)
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RECOMMENDATION 7. 
Should phototherapy be used mother’s side versus in the neonatal unit for management of significant hyperbilirubinemia in neonates? 
Research question
Should phototherapy be used mother’s side versus in the neonatal unit for management of significant hyperbilirubinemia in neonates? 
Objective 
To find the evidence in context to whether phototherapy can be used mother side versus neonatal unit for management of significant hyperbilirubinemia. 
Overview 
Optimising the management of neonatal jaundice not only include timely screening, diagnosis and management, but also includes ensuring breastfeeds and avoiding unnecessary admissions inside NICU. The non high risk neonatal jaundice in term neonates, which has lower risk of rapid progression can be optimally managed motherside, in the postnatal wards, provided care givers are counselled regarding the need for phototherapy and precuations to be taken while the neonate is under phototherapy. 
Universal admission inside NICU/SNCU only for neonatal jaundice not only increases the bed occupancy in already resource constrained settings but also exposes the otherwise healthy neonate to hospital acquired sepsis inside the intensive care, as well as may deprive the neonate of breastfeeds due to separation from the mother. This question and review of the evidence aims to answer the query whether phototherapy can be initiated motherside and in which conditions do we need to intensify the phototherapy. 
Search strategy 
Search methods
We searched Pubmed and Cochrane Controlled trials Register using standard search strategy of Cochrane neonatal group with the following key words and bullion operators (Search updated till 25.9.19)
Search strategy 1 
(Neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (prophylactic OR elective OR early) Phototherapy AND postnatal ward. We also searched the reference lists from the above, and from review articles.
Search strategy 2
(Neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (prophylactic OR elective OR early) Phototherapy AND maternity ward. We also searched the reference lists from the above, and from review articles.
Search strategy 3
(Neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (prophylactic OR elective OR early) Phototherapy AND setting. We also searched the reference lists from the above, and from review articles.
Search strategy 4
(Neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (prophylactic OR elective OR early) Phototherapy AND mother side. We also searched the reference lists from the above, and from review articles.
Results 
A total of 1308 citations were identified from PubMed from the different search strategies. Out of these citations, none specifically mentioned the site (setting) of initiating phototherapy in a new-born detected with jaundice. NICE guidelines on neonatal jaundice, update 2015 were also reviewed which addressed the question on intensified phototherapy. 


Draft Recommendations Based on the NICE clinical guidelines update 2015, it may be inferred that not all neonates detected to have jaundice need to be admitted inside NICU/SNCU for initiation of phototherapy. 
Intensified phototherapy needs to be considered when:
(i) The serum bilirubin level is rising rapidly (more than 8 8.5 micromol/litre per hour) 
(ii) The serum bilirubin is at a level within 50 micromol/litre below the threshold for which exchange transfusion is indicated after 72 hours 
(iii) The bilirubin level fails to respond to initial phototherapy (that is, the level of serum bilirubin continues to rise, or does not fall,  within 6 hours of starting phototherapy)
When phototherapy is initiated mother side, it is also to be ensured that parents and caregivers are offered verbal and written information on phototherapy including all of the following: 
(I) Why phototherapy is being considered 
(II) Why phototherapy may be needed to treat significant hyperbilirubinemia 
(III) The possible adverse effects of phototherapy 
(IV) The need for eye protection and routine eye care
The mothers need to be reassured that short breaks for feeding, nappy changing and cuddles will be encouraged. They also need to be counselled what might happen if phototherapy fails,  rebound jaundice, potential long-term adverse effects of phototherapy and  potential impact on breastfeeding and how to minimise this
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RECOMMEDNATION 8. 
Should single unit vs. multiple phototherapy be used for management of neonatal hyperbilirubinemia? 
           Research question
              Among neonates being treated for neonatal hyperbilirubinemia, what is the effect of single unit phototherapy compared with double or multiple phototherapy units on the need for exchange transfusion, duration of phototherapy, rate of fall of bilirubin and side effects? 
Objectives
Among neonates being treated for neonatal hyperbilirubinemia, to compare the effects of Single unit phototherapy with double or multiple phototherapy units on key outcomes 
Methods 
Participants
Newborn infants up to 28 days of age with jaundice, or an elevated serum bilirubin (SBR) who required phototherapy.
Intervention: Double or multiple conventional phototherapy unit 
Control: Single unit conventional phototherapy unit 
All randomized controlled trials irrespective of the type of device (compact fluorescent lamp, light-emitting diode (LED) phototherapy), irradiance and colour of phototherapy were included.


Outcomes and their definitions
The following table provides the list of critical and important outcomes and their definitions.
	Type of outcome
	Outcomes
	Definition

	Critical
	In-hospital mortality
	All-cause death during the initial hospital stay

	
	Incidence of bilirubin induced brain damage (BIND) or kernicterus
	Defined as acute clinical manifestations of bilirubin toxicity seen in the first weeks after birth, characterised by irritability and hypertonia, retrocollis and opisthotonus, together with anyone of the following: drowsiness, poor feeding, alternating tone, high‐pitched cry, or a failed auditory brainstem response hearing screen
Kernicterus was defined as the long‐term sequelae of bilirubin toxicity, which was characterised by extrapyramidal movement disorders, gaze abnormalities, auditory disturbances, intellectual deficits, and the post-icteric sequelae of enamel dysplasia of the deciduous teeth) (Johnson 2002; AAP 2004).

	
	Need for exchange transfusion
	

	Important
	1. Bilirubin level (serum bilirubin or transcutaneous bilirubin level) reported as follows:
a. Absolute bilirubin level measured at specific time points and expressed in mmol/L or mg/dL 
b. rate of change in bilirubin expressed as mmol/L/hour or mg/dL/hour
2. Duration of phototherapy (in hours)
3. Rate of treatment failure (%) 
4. Incidence of side-effects including burns and dehydration
5. Parent-child bonding 
6. Duration of hospital stay 
	





 


Search methods
The standard search strategy of the Neonatal Review Group, as outlined in the Cochrane Library, was used. The following sources were searched for eligible reports in any language: Cochrane Controlled Trials Register and MEDLINE using the terms: “jaundice, jaundice/neonatal, randomized controlled trial, phototherapy, infant/newborn”, and the text words “single, double, triple, two”. We also searched the reference lists from the above, and from review articles.
Results 
A total of 1788 citations were identified from PubMed and 630 trial citations from Cochrane CENTRAL. After removing duplicates, 14 full text articles were reviewed. Six studies were found to be eligible for inclusion in the review. 
Subgroup analysis 
We planned to undertake the following subgroup analyses if relevant data were available.
1. Infants who were preterm (less than 34 weeks of postmenstrual age), late preterm (34 to less than 37 weeks postmenstrual age), and term infants (postmenstrual age of 37 weeks and beyond).
2. Infants with proven hemolytic cause of hyperbilirubinemia versus infants without a proven hemolytic cause.
Single phototherapy versus double phototherapy in term infants
We identified five studies (Al-Alaiyan, 1996, Boonyarittipong, 2008, Nuntnarumit, 2002, Donneborg, 2018, Abd Hamid,2012) that compared conventional vs. double phototherapy in late preterm and term population. One study Naderi S, 2009 compared double versus triple phototherapy. The description of all the eligible studies are given in table 1.
Gestational age
In all included studies the subjects were newborn infants, less than 28 days of age, with clinical or biochemically-defined jaundice. While two studies enrolled term infants (>=37 weeks gestational age), one included late preterm and term (≥ 36 weeks gestation), one ≥ 33 weeks (and birth weight > 1.8 kg) and another with birth weight > 2.3 kg. nine studies included only preterm infants. 


Birth weight
Three studies enrolled neonates > 2.5 kg birth weight, one > 2.3 kg and another ≥ 1.8 kg.  
Haemolysis
In three of the studies, infants were investigated for haemolysis and excluded if it was present, or if there was mother-infant blood group incompatibility likely to cause it. In two studies, infants with haemolysis were included. Hemolytic jaundice was noted in 20% of enrolled infants in Nuntnarumit, 2002 and 40% of total enrolled in Abd Hamid 2012. 
Different comparison groups
Of the five included studies, one compared conventional with conventional plus fiberoptic phototherapy, another compared single high intensity CFL with double high intensity CFL, third compared single conventional CFL with double conventional CFL, fourth compared single LED phototherapy with LED plus fiberoptic LED and the fifth compared single conventional phototherapy with slings with double conventional phototherapy. 
Different phototherapy types
The studies included various forms of fibreoptic and conventional phototherapy. Two different fibreoptic devices were used (LED fibreoptic and Wallaby phototherapy system).  Conventional phototherapy was administered with either conventional day light phototherapy or fluorescent lamps emitting white light, blue light, or a mixture of the two and LED phototherapy. Single conventional CFL phototherapy generally provided irradiance of 9-11 microwatt/cm2/nm. One study used a high intensity phototherapy capable of delivering irradiance of 30 microwatt/cm2/nm.
Primary outcomes
The primary outcome measure used to express the efficacy of phototherapy varied widely between studies. Most commonly, some measure of the direct effect of phototherapy on SBR was reported. This was either expressed in “absolute” terms (e.g. SBR before and after treatment, change in SBR with treatment, change in SBR per hour of treatment), or in “relative” terms (percentage change in SBR after 24 or 48 hours of treatment, percentage change in SBR per hour or per day of treatment). The effect of phototherapy on SBR was also expressed indirectly (e.g. duration of phototherapy, use of additional phototherapy, use of exchange transfusion). Few studies also recorded the side-effects of phototherapy.


Risk of bias of included studies
Because of the nature of the interventions, masking of group assignment was not undertaken in all the studies. Blinding of outcome assessors was not done in most studies. Completeness of outcome assessment was acceptable in all the 5 studies.
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Table 1: Characteristics of included studies
	Study Author, Location, Type of study
	Participants
	Characteristics (Control vs inter)
	Control
	Intervention
	Outcomes
	Remarks

	Al-Alaiyan, 1996
Saudi Arabia
RCT
	N= 46. GA ≥36 wks and non-hemolytic jaundice (indirect plasma bilirubin between 170 µmol/L to 300 µmol/L). Exclusions: evidence of minor or major blood group incompatibilities, G6PD deficiency or rhesus isoimmunization
	GA (mean): 37.4 wks vs. 37 wks
BW (mean): 2828 g vs. 2730 g
	Conventional daylight phototherapy (n=15)
	Combination phototherapy (n=15) (fiberoptic and conventional).
	1. Duration of treatment
2. serum bilirubin concentrations at 24h, 48 h, end of phototherapy, and 24 h post-phototherapy
	Intensity of PT (µW/cm2/nm) was (mean ±SEM) of 22.34±0.54  for Fiber-optic and 11.60±0.56 for conventional. 
No infant needed a second exposure to phototherapy, or developed SE

	Boonyarittipong, 2008
Thailand
RCT
	N= 60. 30 in each group. Healthy full-term infants (37-42 wks, BW ≥ 2.5 kg, exclusively Breastfed) with nonhemolytic hyperbilirubinemia (total serum bilirubin between 13.0 to 19.9 mg/dl)
	GA (mean): 38.7 wks vs.   38.5 wks
BW (mean): 3105 g vs.  3156.0 g

	Single-surface intensive phototherapy using four deep blue (Toshiba Lighting FL18W/T8/DB) and  two daylight (Toshiba Lighting FL18W/T8/D) fluorescent lamps
	Double-surface intensive phototherapy comprised of two phototherapy units, above and beneath the infant. The upper unit consisted of four deep blue (Toshiba Lighting FL18W/ T8/DB) and two daylight (Toshiba Lighting FL18W/ T8/D) fluorescent lamps, and was placed 30 cm above the infant. The lower phototherapy unit was placed 25 cm beneath the bassinet and consisted of four deep blue (Toshiba Lighting FL18W/T8/DB) fluorescent lamps.
	Serum bilirubin, body weight, body temperature and number of defecation were measured at 24 and 48 hours after phototherapy.
	The irradiance of upper unit of the SsIPT and DsIPT were 32.7 ± 2.6 vs. 33.7 ± 1.6 w/cm2/nm respectively.

	Nuntnarumit, 2002
Thailand
RCT
	Healthy term (>37 wks and ≥2.5 kg) infants with hyperbilirubinemia. AAP guidelines followed for starting phototherapy if bilirubin ≥ 12 mg/dl at 24-48 hours post-natal age, bilirubin  ≥15 mg/dl at 49-72 hours post-natal age and if bilirubin  ≥17 mg/dl at  ≥ 72 hours post-natal age
	The mean birth weight was 3102 ± 333 g and the mean gestational age was 38.8 ± 1.3 weeks.
The proportion of infants with hemolytic jaundice were 20.8 per cent in the DP group and 14.8 per cent in the CP group. Causes of hemolytic jaundice were ABO incompatibility, Rh incompatibility, minor blood group incompatibility, and G6PD deficiency
	Conventional (n=27 comprised of 3 daylights and 2 blue lights. 
	The adapted-DP (n=24)  comprised of 2 light sources, the upper and the lower light sources 38 cm above and 32 cm below the crib.  The upper light source was from a CP and the lower light source consisted of 8 lamps of 20-watt daylight fluorescents. The lower light source had irradiance 9-10 µw/cm2/nm 
	The bilirubin reduction rate after therapy, duration of phototherapy and side effects
	Targeted irradiance was 9-10 µw/cm2/nm. Hemolytic jaundice not excluded

	Donneborg, 2018
Denmark
RCT
	83 infants with gestational age ⩾33 weeks and BW⩾1800 g and hyperbilirubinemia without signs of hemolytic disease, postnatal age >24 h and⩽14 days and treatable in a crib.
	BW (Median, IQR) was 3250 g (1835 to 5090) vs. 2990 (1840 to 4465) 
	Single phototherapy (n=42) using BLUE LED from above
	Double (n=41) PT using blue LED light from above and light from a ﬁber optic, blue LED blanket from below. The mean irradiance was 64.8 Μw/cm2/ nm from above and 39 μW/cm/nm from below.
	percentage decreases of total serum bilirubin and side effects
	The indications for phototherapy followed existing guidelines of the North Denmark Region which are closely related to the Norwegian guidelines from 2011. For infants⩾37 weeks of gestation, birth weight >2500 g and postnatal age ⩾72 h the limit for phototherapy was 270 μmol/ l during the study period.

	Naderi S, 2009
Iran
RCT

	40 healthy term newborn > 37 weeks, neonatal age > 24 hours, weight > 2500 grams, indirect hyperbilirubinemia, breast-fed, bilirubin levels ≥ 12 and ≥ 15 mg/dL on the 2nd and 3rd day, respectively. Hemolytic jaundice excluded
	
	Double phototherapy (N= 20). In double phototherapy (conventional method), two single phototherapy devices were used: one was placed above the bassinet, and the other was placed in line with its length, both with a 25 cm distance from it.
	In triple phototherapy (N= 20), in addition to the two previous devices, a third one was placed in the line with width of the bassinette, and with a 35 cm distance from the bed.
	Total and direct serum bilirubin were measured at various time points, duration of hospital stay and side effects
	

	Abd Hamid,2012
Malaysia
RCT
	160 term newborn with severe neonatal jaundice in the ﬁrst 2 weeks of life.
BW>2.3 kg. Total serum bilirubin values of more than 300 mmol/L if they were beyond 48 h of age and more 250 mmol/L if they were less than 48 h of age. Exclusions: Babies with serum bilirubin above the exchange transfusion level, congenital abnormalities and presence of direct hyper-bilirubinaemia more than 20% and/or presence of infection
	
	single phototherapy with reﬂecting curtains (SPRC), N=80
	DP (N=80)
	Mean decrease in serum bilirubin at various time points. 
	



Table 2: Risk of bias table
	Study ID
	Sequence generation and allocation concealment
	Blinding of participants, personnel and outcome assessors
	Incomplete outcome data
	Selective outcome reporting
	Other Bias

	Al-Alaiyan, 1996

	SG: Not specified
AC: Using sealed and shuffled envelopes
	Not specified. Likely un-blinded. Outcomes were objective 
	None
	None
	None

	Boonyarittipong, 2008
	Not specified
	Unblinded. Outcomes were objective like bilirubin, body weights, body temperatures and number of defecation until discharge from ward
	None
	None
	None

	Nuntnarumit, 2002
	Not specified
	Unblinded. Outcomes objective
	None
	None
	None

	Donneborg, 2018

	SG: Not specified. AC: closed opaque envelopes in blocks of 4, 6 or 8 infants
	Unblinded. Outcome objective
	2 infants excluded in Double PT group. Not included in analysis
	None
	None

	Naderis S, 2009
	Simple randomization. AC: Not specified.
	Unblinded. Outcome objective
	None
	None
	None

	Abd Hamid, 2012
	Convenient sampling when investigator available. Block randomization, based on a computer-generated table. sealed and opaque envelopes
	Unblinded. Outcome objective
	A total of four babies had been excluded from this study. 
	None
	None





Table 3: Outcomes
	Study 
	Outcome measures and effect size
	

	Al-Alaiyan S
	ET:
Single: 0/15
Double: 0/15

Rebound jaundice:
Single: 0/15
Double: 0/15
	Mean duration of phototherapy
Single: 52.8 ± 24.8 hours
Double: 50.7 ± 24.8 hours

Mean change in TSB (End-Start):
Single: -14 ± 28 micromol/litre
Double: -23 ± 39 micromol/litre

	Nuntnarumit
	ET:
Single: 0/27
Double: 0/24

Rebound jaundice:
Single: 1/27
Double: 0/24
	Mean duration of PT
Single: 43.7 ± 17.5 hours
Double: 34.9 ± 12.6 hours

Mean change in TSB:
Single: -98 ± 46 micromol/litre
Double: - 156 ± 67 micromol/litre

Stools/day:
Single: 2.8 ± 1.7
Double: 2.2 ± 1.4
Rate of fall
During the first 24 hours of therapy, the adapted DP reduced bilirubin faster than that of the CP; 0.22 ± 0.12 mg/dl/h vs 0.14 ± 0.1 mg/dl/h, p-value = 0.02. The adapted-DP also showed a tendency to reduce bilirubin faster in day 2 of treatment (0.61 ± 0.11 mg/ dl/h vs 0.1 ± 0.05 mg/dl/h, p-value = 0.06).
There were no significant differences between the groups with respect to number of infants with fever, frequency of stooling and percentage of weight reduction.

	Boonyarittipong P
	ET:
Single: 0/30
Double: 0/30

Treatment failure:
Single: 0/30
Double: 0/30
	Mean change in TSB:
Single: -111 ± 39 micromol/litre
Double: -144 ± 36 micromol/litre

Stools/day:
Single: 2.8 ± 1.7
Double: 2.2 ± 1.4
Cumulative percent 48 h decline (%)    
Single: 43.1 + 12.4    
Double :53.3 + 10.4  
The adverse effects of phototherapy such as dehydration (weight loss) were not statistically different in both groups, the increasing body temperature was more frequently found in the DsIPT group after 24 hours of phototherapy, but the number of defecations in the SIPT group was higher than in the DsIPT group

	Donneborg
	
	Mean change in TSB at 24 hours
Single    -121 ± 73.9
Double           -149 ± 67.15

Percentage decrease during treatment 24 h fall
Single 47 ± 9.9 
Double 58 ± 8.16

	Abd Hamid 2012
	Duration of phototherapy (Cox proportional hazard ratio): Between SPRC and DP: HR = 1.06 (95%CI: 0.88 to 1.27) 
Rebound needing restart of phototherapy: SPRC = 2/78; DP = 2/78, RR = 1.00 (95%CI: 0.14 to 6.92) 
 No other side effects of phototherapy such as hypothermia or hyperthermia, weight loss and others occurred during the study.
	Mean (SD) decrease in serum bilirubin after 4 h of phototherapy (umol/dL) (ITT analysis): 
SPRC = 22.70 (27.70); DP = 22.53 (28.55), p = 0.97 
Mean (SD) decrease in serum bilirubin after 10 h of phototherapy (umol/dL) (non-ITT analysis): SPRC = 56.06 (31.36); DP = 58.17 (31.71), p = 0.678 
Mean (SD) TSB at the end of phototherapy (umol/dL) (non-ITT analysis): SPRC = 218.01 (24.92) DP = 222.87 (21.74), p = 0.196 




Pooled effects of key outcomes 
The GRADE table (see below) enlists the effect size for the available key outcomes for the comparison of single vs. double or multiple phototherapy units for neonatal hyperbilirubinemia
Need for exchange transfusion: Four studies involving 297 neonates reported this outcome. The quality of evidence was graded as very low. There were no cases of exchange transfusion in either group.
Treatment failure requiring re-initiation of phototherapy: Four studies involving 297 neonates reported this outcome. The quality of evidence was graded as very low. There were only three cases of rebound jaundice, two in the single phototherapy group and one in the double phototherapy group, but this difference was not statistically significant
Duration of Phototherapy: Two studies involving 81 neonates reported this outcome. The quality of evidence was graded as low. There was a small decrease in duration of phototherapy in favor of double phototherapy ; but the confidence intervals were wide (Mean difference 7.6 hours; 95% CI 0.07 to 15.12). 
Mean decrease in serum bilirubin (micromol/L) from start to end of phototherapy: Four studies involving 224 neonates reported this outcome. The quality of evidence was graded as low. Neonates in the double phototherapy group had significantly greater decrease in serum bilirubin from start to end of phototherapy– Mean difference 27.79 (micromol/L) (95% CI 15.65 to 39.93). In mg/dl this equates to a difference of 1-2 mg/dl between single and double groups
Percentage decline in serum bilirubin from start to end: Two studies involving 143 neonates reported this outcome. The quality of evidence was graded as low. Neonates in the double phototherapy group had significantly greater percentage decrease in serum bilirubin from start to end of phototherapy– Mean difference 10.75% (95% CI 13.98  to 7.52). 
Rate of fall of bilirubin in mg/dl/hour- D1 of phototherapy: One study involving 51 neonates reported this outcome. The quality of evidence was graded as very low. There was no difference in the incidence of BPD between the two groups.

Single versus Double phototherapy in term neonates with hyperbilirubinemia 

	Outcome 
	Studies
	Participants
	Effect Estimate
Mean Difference
(IV, Fixed, 95% CI)

	Duration of phototherapy (hours)
	2
	81
	7.60 [0.07, 15.12]

	Mean decrease in serum bilirubin (micromol/L) from start to end of phototherapy
	4
	224
	27.79 [15.65, 39.93]

	Percentage decline in serum bilirubin from start to end
	2
	143
	-10.75 [-13.98, -7.52]

	Rate of fall of bilirubin in mg/dl/hour- D1 of phototherapy
	1
	51
	-0.08 [-0.14, -0.02]



Single versus double phototherapy in preterm/low-birthweight babies
We identified two studies (Holtrop PC et al and Romagnoli C et al) that compared conventional vs. double phototherapy in this population. The description of the two included studies are given in table 2.
As the two studies used different populations (preterm and very preterm) and different timepoints for measuring the change in serum bilirubin, it was not possible to pool the results. One study Holtrop et al, measured serum bilirubin at 18 hours after initiation of phototherapy and this showed no statistically significant difference between conventional phototherapy and multiple phototherapy. Romagnoli et al measured change in serum bilirubin over 72 hours, found a statistically significant difference in favor of multiple phototherapy (MD = 11.00 micromol/litre, 95% CI 9.01 to 12.99 micromol/litre).



	Study Author
Year 
	Participants
	Characteristics (Control vs. intervention)
	Control
	Intervention
	Outcomes

	Holtrop P, 1992
USA
RCT
	BW< 2500g, Birth weight between 10th and 90th percentile, > 1 day old, no congenital anomalies, no Rh incompatibility
Exclusion: Not reported

	Conventional = 37, Conventional & fibreoptic = 33)
Gestational age (30.2 (2.6) vs. 30.6 (2.9) 
Birth weight (1533 (419) vs. 1502 (424) 
Age phototherapy started (58 (26) vs. 58 (26))
	· Conventional phototherapy consisted a standard unit (Olympic Bili-lite) with 4 white and 4 blue fluorescent lamps 
· Irradiance at skin level was 9.2microW/cm2/nm ;if baby was on a radiant warmer, 3 halogen lights on each side(Air Shields7850) with an irradiance of 7microW/cm2/nm
	Double phototherapy Conventional phototherapy combined with a ‘Wallaby’ fiberoptic blanket measuring 10 X 35 cm. Mean irradiance on the blanket’s surface was 8.2microW/cm2/nm.
	Mean change in TSB:
45 ± 18 micromol/litr vs. 28 ± 20 micromol/litre 
Mean decrease in TSB after 18 hours of phototherapy Conventional = 16% (15), conventional + fibreoptic = 31% (11) 
(in mg/dL, with SD): Conventional = 1.6 (1.4), conventional + fibreoptic = 2.9 (1.1)

	Romagnoli (2006)
 RCT  

	Preterm infants GA < 30 weeks with TSB> 103 micromol/litre; 
Mean age at PT = 38 hours and baseline mean TSB = 109.5 umol/L.
Exclusion: hemolytic anemia, congenital malformation, congenital infections. 
	
	Conventional phototherapy consisted of 4 fluorescent lamps and 4 blue lamps 40cm above the baby. Irradiance at skin level was 22 – 24 microW/cm2/nm
	Combined conventional and Fiberoptic (Wallaby) phototherapy 
Wallaby phototherapy consisted of a 10.1 X 15.2 cm pad linked to a 150W quartz halogen lamp. A light filter is placed between the lamp and the fiberoptic bundle to allow only 400 – 550 nm range through. Irradiance at skin level was 8 – 10 microW/cm2/nm.
	Change in TSB concentration at 48-72hrs from baseline (in %, with SD): Group 1 = -5.1% (5.4); Group 4 = -13.5% (8.3) 
Mean duration of phototherapy Group 1: 90.2 ± 24.3 hours; Group 4: 75.1 ± 23.6 hours 
Max TSB:: Group 1: 157 ± 43 micromol/litre; Group 4: 130 ± 22 micromol/litre



Question: Single unit compared to multiple units for treatment of neonatal hyperbilirubinemia
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	single unit
	multiple units
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Need for exchange transfusion

	4 
	randomised trials 
	serious a
	not serious 
	not serious 
	very serious b
	none 
	0/150 (0.0%) 
	0/147 (0.0%) 
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Treatment failure (assessed with: requiring re-initiation of phototherapy)

	4 
	randomised trials 
	serious a
	not serious 
	not serious 
	very serious c,d
	none 
	2/150 (1.3%) 
	1/147 (0.7%) 
	RR 1.36
(0.26 to 7.29) 
	2 more per 1,000
(from 5 fewer to 43 more) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Duration of phototherapy (assessed with: in hours)

	2 
	randomised trials 
	serious e
	not serious 
	not serious 
	serious d
	none 
	42 
	39 
	- 
	MD 7.6 hours lower
(0.07 lower to 15.12 lower) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Mean decrease in serum bilirubin (micromol/L) from start to end of phototherapy

	4 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious 
	none 
	114 
	110 
	- 
	MD 1.63 mg/dl higher
(0.92 higher to 2.3 higher) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Percentage decline in serum bilirubin from start to end of phototherapy

	2 
	randomised trials 
	serious e
	not serious 
	not serious 
	serious 
	none 
	72 
	71 
	- 
	MD 10.75 percentage higher
(13.98 higher to 7.52 higher) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Rate of fall of bilirubin 24 hours after phototherapy (assessed with: mg/dl per hour)

	1 
	randomised trials 
	serious e
	serious f
	not serious 
	serious d
	none 
	27 
	24 
	- 
	MD 0.08 mg/dl/hour higher
(0.14 higher to 0.02 higher) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
Explanations
a. Two studies did not report the method of randomization used. All the included studies were unblinded 
b. The event rate for the outcome is zero 
c. The event rate of treatment failure is low 
d. Wide confidence intervals 
e. One study did not report the method of randomization used. Studies were unblinded 
f. Single study 

	
[bookmark: _heading=h.3znysh7]Evidence to recommendation: 
Role of double phototherapy compared to single phototherapy for treatment of hyperbilirubinemia in late preterm and term neonates
Balance of benefits and harms
1. When compared to single phototherapy, double phototherapy leads to a small decrease in the duration of phototherapy. Double phototherapy also results in a greater decrease in serum bilirubin and rate of fall of bilirubin but not to a clinically significant degree. The quality of evidence is low to very low.
2. No major harms were observed with the use of double phototherapy between the groups with respect to frequency of stooling and percentage of weight reduction, frequency of defecation etc. One study that used an intensive phototherapy (30 microW/cm2/nm) reported greater body temperature with double units.
Values and preferences
1. The mean duration of phototherapy is only a surrogate outcome of efficiency of phototherapy and not a very precise outcome on which to base a decision. The majority of evidence is of low to very low quality due to study design issues (unclear randomisation methods and allocation concealment), lack of blinding and small sample size. These factors increase the uncertainty in drawing any conclusion
2. It seems logical that multiple phototherapy is superior to single phototherapy due to more light sources that increase the level of irradiance. However, with modern devices this could be achieved by simply adjusting the level of irradiance in a device without adding additional devices to the treatment. Therefore, the term ‘multiple phototherapy’ may no longer be relevant to current practice when most phototherapy we use provide higher irradiance.  
3. Most neonatal units in India are now using LED devices because they produce less glare, generate less heat, are smaller and easier to use, and only need their bulbs changed once every 2 years (compared to every year for fluorescent tubes/lamps). However, there may be many other units that still use conventional fluorescent devices because they are still operational and unbroken (with no clear evidence that they are inferior).  However, with the gradual trend towards LED devices, fluorescent devices will likely be phased out and replaced by LED or fiberoptic because of the above reasons.
Costs
1. No economic studies were identified that compared the cost effectiveness of different types of phototherapy. However, LED devices are likely to cost less than conventional phototherapy units based on their estimates of the cost of the initial purchase of devices, maintenance costs and electricity costs. However, one type of phototherapy cannot be preferred to another based on economic factors alone. 


Draft recommendationsLate-preterm and term neonates with hyperbilirubinemia, should receive intensive phototherapy using a single unit of any of the phototherapy devices. Multiple phototherapy devices can be offered when irradiance from a single device is low, or in whom serum bilirubin rises rapidly within short period of time, or if the initial phototherapy fails to reduce the level of serum bilirubin- Weak situational recommendation, based on low to very low quality of evidence and consensus among experts in Indian scenario where conventional CFL phototherapy is still prevalent and units may not regularly monitor the irradiance of phototherapy lamps.
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RECOMMENDATION 9.
Should pre-decided bilirubin level cut off vs. nomogram based bilirubin levels be used for stoppage of phototherapy in neonates with hyperbilirubinemia? (due)



RECOMMENDATION 10.
Should fluid supplementation vs. no fluid supplementation be used to treat hyperbilirubinemia in neonates requiring phototherapy? 
	Question

	Should Intravenous fluid supplementation vs. no fluid supplementation be used for neonates with unconjugated hyperbilirubinemia?

	POPULATION:
	Neonates with unconjugated hyperbilirubinemia

	INTERVENTION:
	Intravenous fluid supplementation

	COMPARISON:
	no fluid supplementation

	MAIN OUTCOMES:
	Number of infants with bilirubin encephalopathy; Serum bilirubin (μmol/L) - 4 hours post intervention; Serum bilirubin (μmol/L) - 6 hours post intervention; Serum bilirubin (μmol/L) - 12 hours post intervention; Serum bilirubin (μmol/L) - 18 hours post intervention; Serum bilirubin (μmol/L) - 24 hours post intervention; Serum bilirubin (μmol/L) - 36 hours post intervention; Serum bilirubin (μmol/L) - 48 hours post intervention; Difference in serum bilirubin (%) - 0-24 hours of study; Rate of change of serum bilirubin (μmol/L/hour) - During the first 12 hours of study; Duration of phototherapy (hours); Number of infants who required exchange transfusion; Serum bilirubin (μmol/L) - 8 hours post intervention; Rate of change of serum bilirubin (μmol/L/hour) - During the first 8 hours of study; Rate of change of serum bilirubin (μmol/L/hour) - At the end of phototherapy;

	SETTING:
	Level 2 and Level 3 NICU

	PERSPECTIVE:
	

	BACKGROUND:
	


	CONFLICT OF INTERESTS:
	None



Assessment
	Problem
Is the problem a priority?

	Judgement
	Research evidence
	Additional considerations

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

	Neonates who have hyperbilirubinemia develop bilirubin encephalopathy and kernicterus which may lead to long-term disability. Phototherapy is the mainstay of treatment for neonatal hyperbilirubinemia. Among the adjunctive measures to compliment the effects of phototherapy, fluid supplementation has been proposed to reduce serum bilirubin levels. The mechanism of action proposed includes direct dilutional effects of intravenous (IV) fluids.
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	In the comparison between IV fluid supplementation and no supplementation, no infant in either group developed bilirubin encephalopathy in the only study that reported this outcome. 
· Serum bilirubin was lower at four hours post intervention for infants who received IV fluid supplementation ( MD 34 lower (52.29 lower to 15.71 lower; low quality of evidence, downgraded one level for indirectness and one level for suspected publication bias). 
· Serum bilirubin was lower at 8 and 12 hours post intervention for infants who received IV fluid supplementation but the quality of evidence was graded as very low or low.
· Duration of phototherapy was significantly shorter for fluid-supplemented infants, but the estimate was affected by heterogeneity which was not clearly explained MD 7.93 lower (12.25 lower to 3.61 lower) 
· Fluid-supplemented infants were less likely to require exchange transfusion RR 0.39 (0.22 to 0.71) 128 per 1,000; 78 fewer per 1,000 (100 fewer to 37 fewer); 563 participants (7 RCT); very low quality evidence
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	In the comparison between IV fluid supplementation and no supplementation, no infant in either group developed bilirubin encephalopathy in the only study that reported this outcome. 
· Serum bilirubin was lower at four hours post intervention for infants who received IV fluid supplementation ( MD 34 lower (52.29 lower to 15.71 lower; low quality of evidence, downgraded one level for indirectness and one level for suspected publication bias). 
· Serum bilirubin was lower at 8 and 12 hours post intervention for infants who received IV fluid supplementation but the quality of evidence was graded as very low or low.
· Duration of phototherapy was significantly shorter for fluid-supplemented infants, but the estimate was affected by heterogeneity which was not clearly explained MD 7.93 lower (12.25 lower to 3.61 lower) 
· Fluid-supplemented infants were less likely to require exchange transfusion RR 0.39 (0.22 to 0.71) 128 per 1,000; 78 fewer per 1,000 (100 fewer to 37 fewer); 563 partcipants (7 RCT); very low quality evidence
	


	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 was no evidence on themajor clinical outcomes of bilirubin-associated brain problems, as no infants in either group developed these problems. There was very low to low quality evidence for all major outcomes. Three main factors affected the quality of evidence: first, the use of bilirubin, a laboratory measurement, as the main outcome, rather than direct clinical outcomes that matter to patients; second, inconsistent study results; and third, unpublished studies that might change the review findings for the relevant outcomes.
	


	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

	As guidelines authors, we are of the viewpoint that mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment and need for exchange transfusion are critical outcomes valued highly by all the stakeholders including patients, families, clinicians and policymakers. Therefore, we do not consider that there is any imporant uncertainity about importance of these outcomes. 
Other outcomes like bilirubin level (serum bilirubin or transcutaneous bilirubin level) reported as absolute bilirubin level measured at specific time points and expressed in mmol/L or mg/dL or rate of change in bilirubin expressed as mmol/L/hour or mg/dL/hour, duration of phototherapy (in hours), rate of treatment failure (%), incidence of side-effects including burns and dehydration (applicable to intervention), parent child bonding, duration of hospital stay, readmission for hyperbilirubinemia, incidence of side effects of exchange transfusion, readmission for hyperbilirubinemia are important but on critical outcomes. 
	


	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

	Detailed judgements for this criterion includes the judgements regarding each of the four preceding criteria:
· Is there important uncertainty about or variability in how much people value the main outcomes? No important uncertainty or variability
· What is the overall certainty of the evidence of effects?: Very Low to Low 
· How substantial are the desirable anticipated effects?: Varies. There was a decrease in the duration of phototherapy and rate of exchange transfusion while the duration of hsopital stay remained unchanged. 
· How substantial are the undesirable anticipated effects? Don't know. No data on the effect on mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment is reported in these RCTs. 
Overall, the evidence indicates possible beneficial effect of intravenosu fluids in neonates with unconjugated hyperbilirubinemia. 
	


	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
	No evidence is available regaridng certainity of evidence of the required resources. The cost of treatment depends not only on the cost of drug (which may be fixed), but also on other adjunct costs which are variable and need to be studied. 
	


	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-effectivenss of the treatment approach has not been investigated in a randomized controlled trial or observational study. 
	


	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
	The small cost of intravenous fluids will probably reduce the equity as many parents may not be able to afford the costs. This factor may not hold true for settings where cost is covered by public health insurance. 
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	Judgement
	Research evidence
	Additional considerations

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	It is accepatble overall to heath care professionals.
	


	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 to implement administration of Intravenous fluids.
	



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

	The guideline authors recommend that there is no evidence that IV fluid supplementation affects important clinical outcomes such as bilirubin encephalopathy, kernicterus, or cerebral palsy in healthy, term newborn infants with unconjugated hyperbilirubinemia requiring phototherapy. Very low to low quality evidence shows that there are differences in total serum bilirubin levels between fluid-supplemented and control groups at some time points but not at others, the clinical significance of which is uncertain.



	Justification

	Overall justification
Three main factors affected the quality of evidence: first, the use of bilirubin, a laboratory measurement, as the main outcome, rather than direct clinical outcomes that matter to patients; second, inconsistent study results; and third, unpublished studies that might change the review findings for the relevant outcomes. Hence the group does not recomend the rotuine use of intravenous fluids in neonatal hyperbilirubinemia.
Detailed justification
Certainty of evidence
Very low to low quality evidence



	Subgroup considerations

	
None



	Implementation considerations

	Not applicable



	Monitoring and evaluation

	



	Research priorities

	There is a need for future research to focus on different population groups with possibly higher baseline risks of bilirubin-related neurological complications, such as preterm or low birthweight infants, infants with haemolytic hyperbilirubinemia, as well as infants with dehydration for comparison of different fluid supplementation regimen.






	Intravenous fluid supplementation compared to no fluid supplementation for neonates with unconjugated hyperbilirubinemia

	Patient or population: neonates with unconjugated hyperbilirubinemia 
Setting: level 2 and level 3 NICU
Intervention: Intravenous fluid supplementation 
Comparison: no fluid supplementation 

	Outcomes
	№ of participants
(studies)
Follow-up
	Certainty of the evidence
(GRADE)
	Relative effect
(95% CI)
	Anticipated absolute effects

	
	
	
	
	Risk with no fluid supplementation
	Risk difference with Intravenous fluid supplementation

	Number of infants with bilirubin encephalopathy 
	74
(1 RCT) 
	⨁⨁⨁◯
MODERATE a
	not estimable 
	0 per 1,000 
	0 fewer per 1,000
(0 fewer to 0 fewer) 

	Serum bilirubin (μmol/L) - 4 hours post intervention 
	67
(1 RCT) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean serum bilirubin (μmol/L) - 4 hours post intervention was 0 
	MD 34 lower
(52.29 lower to 15.71 lower) 

	Serum bilirubin (μmol/L) - 6 hours post intervention 
	80
(1 RCT) 
	⨁⨁◯◯
LOW b,d
	- 
	The mean serum bilirubin (μmol/L) - 6 hours post intervention was 0 
	MD 1.7 higher
(28.67 lower to 32.07 higher) 

	Serum bilirubin (μmol/L) - 12 hours post intervention 
	204
(3 RCTs) 
	⨁◯◯◯
VERY LOW b,c,d
	- 
	The mean serum bilirubin (μmol/L) - 12 hours post intervention was 0 
	MD 10.21 lower
(18.45 lower to 1.97 lower) 

	Serum bilirubin (μmol/L) - 18 hours post intervention 
	80
(1 RCT) 
	⨁⨁◯◯
LOW b,d
	- 
	The mean serum bilirubin (μmol/L) - 18 hours post intervention was 0 
	MD 5.2 lower
(33.7 lower to 23.3 higher) 

	Serum bilirubin (μmol/L) - 24 hours post intervention 
	252
(4 RCTs) 
	⨁◯◯◯
VERY LOW b,c,d
	- 
	The mean serum bilirubin (μmol/L) - 24 hours post intervention was 0 
	MD 6.06 lower
(11.12 lower to 1 lower) 

	Serum bilirubin (μmol/L) - 36 hours post intervention 
	204
(3 RCTs) 
	⨁⨁◯◯
LOW b,d
	- 
	The mean serum bilirubin (μmol/L) - 36 hours post intervention was 0 
	MD 4.25 lower
(8.73 lower to 0.23 higher) 

	Serum bilirubin (μmol/L) - 48 hours post intervention 
	204
(3 RCTs) 
	⨁◯◯◯
VERY LOW b,c,d
	- 
	The mean serum bilirubin (μmol/L) - 48 hours post intervention was 0 
	MD 7.86 lower
(14.15 lower to 1.57 lower) 

	Difference in serum bilirubin (%) - 0-4 hours of study 
	67
(1 RCT) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean difference in serum bilirubin (%) - 0-4 hours of study was 0 
	MD 10.5 higher
(6.66 higher to 14.34 higher) 

	Difference in serum bilirubin (%) - 0-24 hours of study 
	48
(1 RCT) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean difference in serum bilirubin (%) - 0-24 hours of study was 0 
	MD 8 higher
(1.11 higher to 14.89 higher) 

	Rate of change of serum bilirubin (μmol/L/hour) - During the first 12 hours of study 
	60
(1 RCT) 
	⨁◯◯◯
VERY LOW b,c,d
	- 
	The mean rate of change of serum bilirubin (μmol/L/hour) - During the first 12 hours of study was 0 
	MD 0.5 higher
(0.21 lower to 1.21 higher) 

	Duration of phototherapy (hours) 
	319
(4 RCTs) 
	⨁⨁◯◯
LOW c,d
	- 
	The mean duration of phototherapy (hours) was 0 
	MD 7.93 lower
(12.25 lower to 3.61 lower) 

	Number of infants who required exchange transfusion 
	563
(7 RCTs) 
	⨁◯◯◯
VERY LOW c,d,e
	RR 0.39
(0.22 to 0.71) 
	128 per 1,000 
	78 fewer per 1,000
(100 fewer to 37 fewer) 

	Serum bilirubin (μmol/L) - 8 hours post intervention 
	150
(2 RCTs) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean serum bilirubin (μmol/L) - 8 hours post intervention was 0 
	MD 27.94 lower
(40.29 lower to 15.59 lower) 

	Difference in serum bilirubin (%) - 0-8 hours of study 
	150
(2 RCTs) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean difference in serum bilirubin (%) - 0-8 hours of study was 0 
	MD 9.47 higher
(6.12 higher to 12.82 higher) 

	Rate of change of serum bilirubin (μmol/L/hour) - During the first 8 hours of study 
	101
(1 RCT) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean rate of change of serum bilirubin (μmol/L/hour) - During the first 8 hours of study was 0 
	MD 3.25 higher
(1.46 higher to 5.04 higher) 

	Rate of change of serum bilirubin (μmol/L/hour) - At the end of phototherapy 
	101
(1 RCT) 
	⨁⨁◯◯
LOW b,c
	- 
	The mean rate of change of serum bilirubin (μmol/L/hour) - At the end of phototherapy was 0 
	MD 0 
(0.43 lower to 0.43 higher) 

	*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 
CI: Confidence interval; RR: Risk ratio; MD: Mean difference 

	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 


Explanations
a. No infant developed bilirubin encephalopathy in either group, and so the results were not estimable 
b. Although widely used, serum bilirubin is only a surrogate to the relevant clinical outcomes, namely, bilirubin encephalopathy or kernicterus. Quality of evidence downgraded one level on the basis of indirectness. 
c. There is at least one unpublished study that was registered in ClinicalTrials.gov that included similar outcomes (NCT01550627). Quality of evidence downgraded one level on the basis of suspected publication bias. This outcome was also assessed in a published study for which we are yet to acquire full-text (Demirsoy 2011). Both of these studies are currently placed under Studies awaiting classification. 
d. Authors did not state methods of sequence generation as they only described in a simple statement that "infants were divided randomly..." (Al Masri et al, Iranpour et al), no statements on methods of randomisation or party involved sequence generation and allocation (or both) to enable an assessment, No blinding. 
e. There was inconsistency in the results of seven studies 


RECOMMENDATION 11.
Should supine vs. turning position under phototherapy be used in term and later preterm infants with hyperbilirubinemia? 
	Question

	Should supine vs. turning position under phototherapy be used for term and late preterm neonates with hyperbilirubinemia?

	POPULATION:
	term and late preterm neonates with hyperbilirubinemia

	INTERVENTION:
	supine

	COMPARISON:
	turning position under phototherapy

	MAIN OUTCOMES:
	Duration of phototherapy; Percent fall in bilirubin at 24 hours of starting phototherapy; Rate of fall of serum total bilirubin at 24 hours of starting phototherapy (mg/dL/h); Serum total bilirubin at 24 hours of starting phototherapy;

	SETTING:
	Level 2 or level 3 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

	Hyperbilirubinemia is a term used to describe elevated levels of bilirubin in the blood. Nearly two-thirds of term and later preterm neonates appear clinically jaundiced (serum bilirubin > 5mg/dl). Phototherapy is the standard method for treating neonatal hyperbilirubinemia and is provided by placing the light source over the baby bassinet. Various strategies employed to improve the efficacy of phototherapy include: using a high-intensity light source, decreasing the distance between the baby and the light source, using double surface phototherapy (application of another panel angulated to the first panel) and increasing the surface area of skin exposed to phototherapy. Changing the position periodically from supine to prone or lateral positions may improve the efficiency of phototherapy by hastening the access of phototherapy light to bilirubin deposited in different parts of the skin and subcutaneous tissue. 
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	There is moderate to high quality evidence that there is no difference in supine versus turning position under phototherapy used in term and late-preterm infants with hyperbilirubinemia. Important outcomes like mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment, need for exchange transfusion and duration of hospitalization were not reported in the included studies. Results of this systematic review apply mainly to neonates born at late preterm or term gestation who are receiving phototherapy for non-hemolytic hyperbilirubinemia.
Duration of phototherapy: Four studies reported this outcome. On pooling the results, no significant difference was observed in the duration of phototherapy (4 studies, 231 participants, mean difference: 0.15 h, 95% CI: -2.09 to 2.40 h) 
Percent fall in bilirubin at 24 h of starting phototherapy, rate of fall of serum total bilirubin at 24 h of starting phototherapy and serum bilurubin at 24 hours : No significant difference
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	There is moderate to high quality evidence that there is no difference in supine versus turning position under phototherapy used in term and late-preterm infants with hyperbilirubinemia. Important outcomes like mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment, need for exchange transfusion and duration of hospitalization were not reported in the included studies. Results of this systematic review apply mainly to neonates born at late preterm or term gestation who are receiving phototherapy for non-hemolytic hyperbilirubinemia.
Duration of phototherapy: Four studies reported this outcome. On pooling the results, no significant difference was observed in the duration of phototherapy (4 studies, 231 participants, mean difference: 0.15 h, 95% CI: -2.09 to 2.40 h) 
Percent fall in bilirubin at 24 h of starting phototherapy, rate of fall of serum total bilirubin at 24 h of starting phototherapy and serum bilirubin at 24 hours : No significant difference
	


	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 moderate to high quality evidence that there is no difference in supine versus turning position under phototherapy used in term and late-preterm infants with hyperbilirubinemia 
	


	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 is important to note that frequent change in body position is relevant only if the neonate is receiving single-surface phototherapy. Potential effect of change in body position may be reduced if double surface phototherapy is used; meaning phototherapy is being delivered with two light sources one over-the-head and second underneath with neonate lying on a fiberoptic phototherapy blanker or on a glass surface covering the lights. The posture of the baby under phototherapy is usually governed by nursing preferences and the hospital policy to decrease the risk of sudden infant death syndrome (SIDS).
	


	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

	Detailed judgements for this criterion include judgements regarding each of the four preceding criteria:
Is there important uncertainty about or variability in how much people value the main outcomes?:No important uncertainty or variability
What is the overall certainty of the evidence of effects?:Moderate
How substantial are the desirable anticipated effects?:Moderate
How substantial are the undesirable anticipated effects?:Trivial
	


	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
	None of the studies compared the resources required for frequent change in position versus supine position. In all likelihood, it is very unlikely that there shall be any cost difference. 
	


	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
	

	


	Acceptability
Is the intervention acceptable to key stakeholders?

	Judgement
	Research evidence
	Additional considerations

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

	Either position should be acceptable to stakeholders. The posture of the baby under phototherapy is usually governed by nursing preferences and the hospital policy to decrease the risk of sudden infant death syndrome (SIDS).
	


	Feasibility
Is the intervention feasible to implement?

	Judgement
	Research evidence
	Additional considerations

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	The intervention is feasible to implement. 
	






	Supine compared to turning position under phototherapy in term and late preterm neonates with hyperbilirubinemia


	Certainty assessment 
	Summary of findings 

	№ of participants
(studies)
Follow-up
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication bias
	Overall certainty of evidence
	Study event rates (%)
	Relative effect
(95% CI)
	Anticipated absolute effects

	
	
	
	
	
	
	
	With turning position under phototherapy
	With supine
	
	Risk with turning position under phototherapy
	Risk difference with supine

	Duration of phototherapy

	231
(4 RCTs) 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	⨁⨁⨁⨁
HIGH 
	119 
	112 
	- 
	The mean duration of phototherapy was 0 
	MD 0.15 higher
(2.09 lower to 2.4 higher) 

	Percent fall in bilirubin at 24 hours of starting phototherapy

	193
(3 RCTs) 
	not serious 
	serious a
	not serious 
	not serious 
	none 
	⨁⨁⨁◯
MODERATE 
	99 
	94 
	- 
	The mean percent fall in bilirubin at 24 hours of starting phototherapy was 0 
	MD 0.27 lower
(2.98 lower to 2.43 higher) 

	Rate of fall of serum total bilirubin at 24 hours of starting phototherapy (mg/dL/h)

	100
(1 RCT) 
	not serious 
	not serious 
	not serious 
	serious b
	none 
	⨁⨁⨁◯
MODERATE 
	54 
	46 
	- 
	The mean rate of fall of serum total bilirubin at 24 hours of starting phototherapy (mg/dL/h) was 0 
	MD 0.02 higher
(0.02 lower to 0.06 higher) 

	Serum total bilirubin at 24 hours of starting phototherapy

	292
(4 RCTs) 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	⨁⨁⨁⨁
HIGH 
	154 
	138 
	- 
	The mean serum total bilirubin at 24 hours of starting phototherapy was 0 
	MD 0.19 higher
(0.36 lower to 0.74 higher) 


CI: Confidence interval; MD: Mean difference
Explanations
a. Significant statistical heterogeneity was noted. The study by Shinwell et al reported a significantly lower rate of fall of serum total bilirubin in 24 h, while the other two studies included in the meta-analysis did not show any significant difference 
b. 95% CI is -0.02 to 0.06 

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

	The guideline group does not recomend periodic change in body position while receiving phtotherapy as it did not result in faster decline in serum bilirubin or reduction in the duration of phototherapy. Of note, effect of frequent change in body position is relevant only if the neonate is receving singlesurface phototherapy. Potential effect of change in body position may be reduced if double surface phototherapy is being delievered. The best position perhaps the jaundiced neonates should assumed is the supine position and it is not necessary to alternate positions on a two to three hourly basis when conventional phototherapy is being delivered.

	



	Justification

	Overall justification
Turning the child every two to three hours is as effective as putting the child in a supine position. Hence, it is unnecessary to alternate the position of these neonates. 
Detailed justification
Resources required
The findings from this review shall enable cutting down unnecessary and redundant intervention. With the nurses’ workload lightened, the quality of nursing care will most likely be improved as they can focus more on other necessary care, resulting in better patient outcomes.



	Subgroup considerations

	None



	Implementation considerations

	None



	Monitoring and evaluation

	This guideline shall cut down unnecessary and redundant intervention. With the nurses’ workload lightened, the quality of nursing care will most likely be improved as they can focus more on other necessary care, resulting in better patient outcomes. The best position perhaps the jaundiced neonates should assumed is the supine position and it is not necessary to alternate positions on a two to three hourly basis when conventional phototherapy is being delivered.



	Research priorities

	






RECOMMENDATION 12.
Should intermittent vs. continuous phototherapy be used for treatment of hyperbilirubinemia in neonates requiring phototherapy? 
	Question nO 2

	Should Intermittent vs. continuous phototherapy be used for treatment of hyperbilirubinemia in neonates requiring phototherapy?

	POPULATION:
	Term/preterm neonates requiring phototherapy

	INTERVENTION:
	Intermittent phototherapy

	COMPARISON:
	Continuous Phototherapy

	MAIN OUTCOMES:
	Rate of fall of bilirubin (mg/dl/hr); Peak serum bilirubin (mmol/L); total duration of phototherapy; total duration of hospital stay

	SETTING:
	In hospital/community

	PERSPECTIVE:
	

	BACKGROUND:
	Intermittent phototherapy may be convenient for the mother as well as health care provider by allowing the infant to breast feed, not sleeping under phototherapy and better establishment of mother-child bond as well as feeding. Further, by allowing bilirubin formation during off phototherapy hours, it may facilitate better bilirubin excretion. However there is an associated concern of aggravation of jaundice especially those of severe hyperbilirubinemia as well as prolongation of duration of phototherapy as well as hospital stay.

	CONFLICT OF INTERESTS:
	None




SEARCH STRATEGY:
We searched PUBMED and Cochrane central till Aug 31st 2019 with the following search strategy: (neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (intermittent OR continuous OR phototherapy) with “human” filter. Our search yielded totally 412 article. By reading abstract as well full text we could find three articles. We included these 3 articles for meta-analysis. (1–3). 
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GRADE TABLE
 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	Intermittent
	continuous phototherapy
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Rate of fall of bilirubin (mmol/L/hr)

	3
	randomised trials 
	serious a
	not serious 
	not serious 
	serious b
	publication bias strongly suspected 
	107 
	78
	- 
	MD 0.40 higher
(0.06 higher to 0.73 higher) 
	⨁◯◯◯
VERY LOW 
	Difference of 0.4 mmol/L/hr fall of bilirubin may not be clinically relevant

	Peak serum bilirubin (mmol/L)

	2 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious b
	publication bias strongly suspected 
	107
	78
	- 
	MD 2.17 lower
(10.20 lower to 5.87 higher) 
	⨁◯◯◯
VERY LOW 
	

	Total duration of phototherapy

	2 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious b
	publication bias strongly suspected 
	107
	78
	- 
	MD 5.16 lower
(10.06 lower to 0.25 lower) 
	⨁◯◯◯
VERY LOW 
	Minimally expected benefit of 30 minutes lesser phototherapy may not be clinically relevant


CI: Confidence interval; MD: Mean difference
Explanations
a. all three studies are unblinded study with poor methodology 
b. sample size small 




Assessment
	Problem
Is the problem a priority?

	Judgement
	Research evidence
	Additional considerations

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

	
Evidence from older studies suggest intermittent phototherapy is as effective and tolerable as continuous phototherapy in term neonates with lower level of jaundice. 
However there is lack of recent research evaluating its effectiveness and tolerability in hemolytic jaundice. Similarly there is lack of consensus regarding frequency/ duration of interruption
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	
Intermittent phototherapy promotes breast feeding, parental bonding, decreases anxiety, achieves better staff as well as parental satisfaction and (probably) incurs less cost.
However the available evidence suggest only minimal benefit in decreased duration of phototherapy in intermittent group (effect ranging from 30 minutes to 10 hours).
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

	○ Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	There is chance of aggravation of hyperbilirubinemia (particularly when jaundice approaches the exchange threshold as well as in hemolytic jaundice), prolongation of duration of phototherapy as well as hospital stay due to intermittent phototherapy
	

	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

	
All 3 included studies are small, 2 are old where method of randomisation, allocation concealment not mentioned. Data from these studies may not be combined with the latest available study by Sachdeva et al 2014 which have used more advanced newer and sophisticated devices
	


	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

	2 of three studies are conducted atleast 4 decade before
	


	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

	Evidence from the available literature ( 2 old studies and one recent study ) favours intervention with marginal benefit in decreasing duration of phototherapy and increase rate of fall of bilirubin. However, the minimal estimated benefit (lower limit of 95% CI of observed mean difference of both the parameter) does not achieve clinically meaningful benefits.
Further all the studies have started phototherapy in little lower threshold as compared to what is routinely practised today. None of them included neonates with moderate or higher level of jaundice. 
	


	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

	
As compared to continuous phototherapy, intermittent phototherapy will be more cost effective in terms of use of phototherapy machine, lesser duration of hospital stay and promotion of breast feeding
	


	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

	Only 1 RCT, 2 are probably quasi randomised studies conducted long ago (3-4 decades ago), small sample size studies, method of intermittent phototherapy varied from studies to studies. 
Small descriptive studies suggest there is some definite.
There is very low quality evidence to suggest intermittent phototherapy may be beneficial
	


	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

	There is no formal cost effective analysis of continuous vs intermittent phototherapy. But considering the fact that by providing intermittent phototherapy there is 5 hr decrease in duration of phototherapy (can be as low as 30 minutes and as high as 10 hrs). This difference may not incur clinically significant economic benefit.
	


	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
	Not sure
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	Judgement
	Research evidence
	Additional considerations

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

	

	


	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
EVIDENCE SUMMARY
Intermittent phototherapy as compared to continuous phototherapy has statistically significant beneficial effects in terms of decreased duration of phototherapy as well as higher fall of bilirubin. The evidence is generated from 3 small studies: all of them are non-blinded and 2 of them were conducted 4 decade ago where the method of randomization not mentioned. Out of 3: one had preterm infants, other 2 included term infants. All three have started phototherapy at lower threshold. None of them have evaluated the effect of intermittent phototherapy in moderate to severe jaundice. The type of phototherapy device, irradiance used in older phototherapy device are quite different as compared to what is used now. Hence, overall quality of evidence is very low. 
	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

	Intermittent phototherapy may be beneficial in terms of decreased duration of phototherapy (not clinically significant) in lower level of jaundice. Interruption should be only inform of brief periods for allowing breast feeding and parental bonding. However it should not be advised in moderate to severe jaundice in view of lack of evidence.

	



	Research priorities

	More studies in modern era using newer phototherapy devices and in moderate to severe jaundice are needed to evaluate the effect of intermittent phototherapy in current era.






RECOMMENDATION 13. 
Should less frequently (> 12 hrly) versus conventional monitoring (6 to 8 hourly) be used for the monitoring of phototherapy in neonates with pathological hyperbilirubinemia? 
Research questions 
Among neonates being treated for neonatal hyperbilirubinemia, what is the frequency of monitoring of serum bilirubin level during and after discontinuation of phototherapy? 
Objectives
To find out the evidence for frequency of monitoring of serum bilirubin among neonates with hyperbilirubinemia during and after discontinuation of phototherapy? 
Summary of previously available guidelines
Since we could not find any relevant studies (observational or randomized controlled trials) comparing various schedule of monitoring of bilirubin during and after discontinuation. Studies have used varied frequency: from 6-24 hours without any underlying evidence. Hence, we looked at existing guidelines by international bodies and their recommendations which are summarized as below in tabular form. Most of these recommendations are based on expert consensus. The existing guidelines vary in their recommendations.


Table 1: Summary of existing guidelines
	Recommending body
	During phototherapy
	After discontinuation of phototherapy 

	Canadian Pediatric Society 1
	First serum bilirubin should be done at 6–12 hours after the start of phototherapy 
	First serum bilirubin after discontinuation of phototherapy at 24–48 hours 

	American academy of pediatrics2
	For babies with gestational age > 35 weeks), serum bilirubin to be repeated every 2–3 until levels fall, after which it should be repeated 8–12hourly 
	After discontinuation,  serum bilirubin can be measured after 24 hours to check for rebound jaundice (optional) .

	Israel Neonatal society3
	For babies of gestational age > 35 weeks, serum bilirubin measurement to be repeated at least twice daily depending on clinical assessment. Phototherapy should be discontinued at 205– 222 micromol/litre. 
	In high-risk babies, serum bilirubin should be measured 12–24 hours after discontinuation of phototherapy.

	NICE guideline 2011 (Amended 2016) 4

	For starting phototherapy 
In babies with a gestational age 38 weeks or more whose bilirubin is in the ‘repeat bilirubin measurement’ category as per NICE chart, a repeat bilirubin is warranted at 6-12 hrs and those with ‘consider phototherapy’ category repeat the bilirubin in 6 hours regardless of whether or not phototherapy has been started. 
During phototherapy 
Repeat serum bilirubin measurement 4–6 hours after initiating and 6–12 hourly when the serum bilirubin level is stable or falling.  
	Check for rebound with a repeat serum bilirubin measurement 12–18 hours after stopping phototherapy. Babies do not necessarily have to remain in hospital for this to be done.

	Spanish Association of Pediatrics 5
	The serum concentration of bilirubin should be assessed 2-6 h after initiation of PT. Once the bilirubin level is stable or decreasing, measurements should be repeated every 6-12 h. 
	No mention

	Previous NNF guideline6
	In neonates with higher bilirubin value (near exchange range) repeat measurement should be done after 4-6 h of initiation of intensive phototherapy. Once a declining trend has been documented and levels are no longer near exchange transfusion threshold, subsequent values may be may be repeated every 8-12 hourly
	If phototherapy is used for infants with hemolytic diseases or is initiated early and discontinued before the infant is 3 to 4 days old, a follow-up bilirubin measurement within 24 hours after stopping of phototherapy is recommended. However discharge should not be delayed for the same.



 


Evidence to recommendation: Role of double phototherapy compared to single phototherapy for treatment of hyperbilirubinemia in late preterm and term neonatesBased on the existing recommendations from several governing bodies, the following consensus is made for frequency of measuring serum bilirubin during and after stoppage of phototherapy.
1. After initiation of phototherapy when initial bilirubin level was high (or above or near exchange range) as per AAP chart, first serum bilirubin level should be done at 4-6 hours of initiation of phototherapy. Once serum bilirubin is declining, stable and no more in near exchange zone, subsequent bilirubin may be done every 8-12 hourly. 
2. After stopping phototherapy, a repeat serum bilirubin may be warranted at 12-24 hours to check for rebound hyperbilirubinemia when the cause of jaundice is haemolysis. For other neonates a repeat serum bilirubin at 12-24 hours of stopping phototherapy should remain optional. 
3. Due to lack of evidence no recommendation can be made regarding frequency of monitoring of bilirubin in neonates with prolonged jaundice (beyond 7 days of life) due to alloimmune hemolytic disease and still on phototherapy. 




Reference
1. Guidelines for detection, management and prevention of hyperbilirubinemia in term and late preterm newborn infants (35 or more weeks' gestation). [French, English]. Paediatrics and Child Health 2007; 12:(SUPPL. B)1b-24b.  
2. American Academy of Pediatrics. Subcommittee on Hyperbilirubinemia. Management of hyperbilirubinemia in the newborn infant 35 or more weeks of gestation. Pediatrics. 2004;114:297-316.  
3. Kaplan M, Merlob P, and Regev R. Israel guidelines for the management of neonatal hyperbilirubinemia and prevention of kernicterus. Journal of Perinatology 2008; 28:(6)389-97.  
4. National Institute for Health and Care Excellence. Jaundice in newborn babies under 28 days. NICE guidelines [CG98]. Pub- lished date: May 2010. Last updated: May 2016. Available from: https://www.nice.org.uk/guidance/cg98. 
5. Sánchez-Redondo Sánchez-Gabriel MD, Leante Castellanos JL, Benavente Fernández I, Pérez Mun ̃uzuri A, Rite Gracia S, Ruiz Campillo CW, et al. Guidelines for prevention, detection and management of hyperbilirubinaemia in newborns of 35 or more weeks of gestation . An Pediatr (Barc). 2017;87:294.e1-294.e8. 
6. National Neonatology Forum India. Management of Neonatal hyperbilirubinemia:In Evidence based clinical Practise guidelines. Oct 2010.Pg 139-154
 


RECOMMENDATION 14. 
Should albumin versus no albumin be used prior to exchange transfusion for treatment of hyperbilirubinemia in neonates?
	Question

	Should Albumin[intervention] vs. no albumin be used for for treatment of hyperbilirubinemia in neonates prior to exchange transfusion?

	POPULATION:
	for treatment of hyperbilirubinemia in neonates prior to exchange transfusion

	INTERVENTION:
	Albumin[intervention]

	COMPARISON:
	no albumin

	MAIN OUTCOMES:
	Duration of phototherapy; Requirement of exchange transfusion; Post exchange serum bilirubin; Serum bilirubin 6 hours post exchange; Hospital stay;

	SETTING:
	Level 2 and 3 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

	Exchange transfusion is indicated in neonatal hyperbilirubinemia when other
standard therapeutic modalities like phototherapy have failed. 
Albumin in intravascular space decreases the level of unbound bilirubin in plasma thus maintaining an equilibrium between intravascular and extravascular compartments. The bilirubin thus bound can be removed during ET.
	


	Desirable Effects
How substantial are the desirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	Administration of albumin before exchange transfusion may increase the efficiency of bilirubin removal by shifting more tissue-bound bilirubin into the circulation and thus reducing the the post-exchange TSB level and the duration of phototherapy. However, the quality of evidence was graded as low for the outcome "duration of phototherapy." There was a decrease in the immediate post exchange serum bilirubin and bilirubin at 6 hours post exchange. However, the duration of hospital stay and rate of exchange transfusion was similar in the two groups. 
· Duration of phototherapy: The overall quality of evidence was graded as low. The pooled analysis from studies suggested that duration of phototherapy was lower in the albumin group ( MD 14.14 lower (18.99 lower to 9.3 lower) )
· Requirement of exchange transfusion: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested no diference in the requirment of exchange transfusion. 
· Post exchange serum bilirubin: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested a lower serum bilirubin post-exchange in the albumin group. (MD 0.61 lower (0.9 lower to 0.32 lower)) 
· Serum bilirubin 6 hours post exchange: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested a lower serum bilirubin post-exchange in the albumin group. MD 5.57 lower (6.39 lower to 4.75 lower) 
· Hospital stay : The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested no difference in duration of hospital stay. 
· Only one study (Shahian et al) reported that there were no side effects with albumin therapy
	


	Undesirable Effects
How substantial are the undesirable anticipated effects?

	Judgement
	Research evidence
	Additional considerations

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

	Administration of albumin before exchange transfusion may increase the efficiency of bilirubin removal by shifting more tissue-bound bilirubin into the circulation and thus reducing the the post-exchange TSB level and the duration of phototherapy. However, the quality of evidence was graded as low for the outcome "duration of phototherapy." There was a decrease in the immediate post exchange serum bilirubin and bilirubin at 6 hours post exchange. However, the duration of hospital stay and rate of exchange transfusion was similar in the two groups. 
· Duration of phototherapy : The overall quality of evidence was graded as low. The pooled analysis from studies suggested that duration of phototherapy was lower in the albumin group ( MD 14.14 lower (18.99 lower to 9.3 lower) )
· Requirement of exchange transfusion: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested no diference in the requirment of exchange transfusion. 
· Post exchange serum bilirubin: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested a lower serum bilirubin post-exchange in the albumin group. (MD 0.61 lower (0.9 lower to 0.32 lower)) 
· Serum bilirubin 6 hours post exchange: The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested a lower serum bilirubin post-exchange in the albumin group. MD 5.57 lower (6.39 lower to 4.75 lower) 
· Hospital stay : The overall quality of evidence was graded as moderate. The pooled analysis from studies suggested no difference in duration of hospital stay. 
· Only one study (Shahian et al) reported that there were no side effects with albumin therapy
	


	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 is important to note that for all the critical and important outcomes assessed for writing these guidelines, either nil (critical outcomes) or only 1-3 randomized controlled trials (important outcomes) are available for inclusion in the systematic review. 


All 4 included studies are small, one study (Chan et al 1976) does not mention the method of randomisation or allocation concealment. Data from this study may not be combined with the other three relatively more recent studies. Additionally, while three studies (Dash et al, Shahian et al, Chan et al) included only term infants, the study by Mitra et al included neonates with a birth weight between 1000 and 2499g. Ideally there should be a sub group analysis of prterm infants in this analysis, however the separate dayta was not available. 


Additonally, the mechanism underlying the benefit was not reported in the study by Shahian et al and Mitra et al as the amount of bilirubin removed was not measured in
both the studies. Albumin infusion also causes volume expansion, which could independently lead to a reduction in the bilirubin levels after administration. The confounding effect of the volume expansion property of albumin infusion was taken care of in only one study (Dash et al) which used an isotonic fluid in the comparator arm, two studies did not use any comparator fluid in control group (Chan et al and Shahian et al), or used fluid with a much lower sodium content (Mitra et al). The same study (Dash et al) reported no difference in any outcome measured in the two groups. 


Furthermore, the event rate was observed to be low for all the outcomes. It is likely that actual risk estimate may be different from the one pooled from existing literature. 
	


	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

	As guidelines authors, we are of the viewpoint that mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment and need for exchange transfusion are critical outcomes valued highly by all the stakeholders including patients, families, clinicians and policymakers. Therefore, we do not consider that there is any imporant uncertainity about importance of these outcomes. 
Other outcomes like bilirubin level (serum bilirubin or transcutaneous bilirubin level) reported as absolute bilirubin level measured at specific time points and expressed in mmol/L or mg/dL or rate of change in bilirubin expressed as mmol/L/hour or mg/dL/hour, duration of phototherapy (in hours), rate of treatment failure (%), incidence of side-effects including burns and dehydration (applicable to intervention), parent child bonding, duration of hospital stay, readmission for hyperbilirubinemia, incidence of side effects of exchange transfusion, readmission for hyperbilirubinemia are important but on criticl outcomes. 
	


	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

	Detailed judgements for this criterion includes the judgements regarding each of the four preceding criteria:
· Is there important uncertainty about or variability in how much people value the main outcomes? No important uncertainty or variability
· What is the overall certainty of the evidence of effects?: Low 
· How substantial are the desirable anticipated effects?: Varies. There was a decrease in the duration of phototherapy and serum bilirubin immediately after and 6 hours after exchange transfusion while the incidence of exchange transfusion and duration of hsopital stay remained unchanged. 
· How substantial are the undesirable anticipated effects? Don't know. No data on the effect on mortality, incidence of BIND, abnormal neurodevelopmental outcome, abnormal neuroimaging, hearing impairment is reported in these RCTs. 
Overall, the evidence indicates possible beneficial effect of albumin transfusion for treatment of hyperbilirubinemia prior to exchange transfusion. 
	


	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

	Injection albumin is costly. Different concentrations are available at different costs. In addition, infusion of albumin has inherent risks. Though the currently available human albumin preparations are considered to be non-allergenic due to the manufacturing process, there are inherent risks of any intravenous administration. 
	


	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 evidence is available regaridng certainity of evidence of the required resources. The cost of treatment depends not only on the cost of drug (which may be fixed), but also on other adjunct costs which are variable and need to be studied.
	


	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-effectivenss of the treatment approach has not been investigated in a randomized controlled trial or observational study. 
	


	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

	The moderate cost of the injections will probably reduce the equity as many parents may not be able to afford the costs. This factor may not hold true for settings where cost is covered by public health insurance. 
	


	Acceptability
Is the intervention acceptable to key stakeholders?

	Judgement
	Research evidence
	Additional considerations

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

	Albumin therapy should be accepatble to the stakeholders.
	


	Feasibility
Is the intervention feasible to implement?

	Judgement
	Research evidence
	Additional considerations

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

	It is perhaps feasible to give albumin therapy 
	



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






	Summary of findings: 

	Albumin[intervention] compared to no albumin for treatment of hyperbilirubinemia in neonates prior to exchange transfusion

	Patient or population: for treatment of hyperbilirubinemia in neonates prior to exchange transfusion 
Setting: Level 2 and 3 NICU 
Intervention: Albumin[intervention] 
Comparison: no albumin 

	Outcomes
	Anticipated absolute effects* (95% CI) 
	Relative effect
(95% CI) 
	№ of participants 
(studies) 
	Certainty of the evidence
(GRADE) 
	Comments

	
	Risk with no albumin
	Risk with Albumin[intervention]
	
	
	
	

	Duration of phototherapy 
	The mean duration of phototherapy was 0 
	MD 14.14 lower
(18.99 lower to 9.3 lower) 
	- 
	142
(3 RCTs) 
	⨁⨁◯◯
LOW a,b
	

	Requirement of exchange transfusion 
	63 per 1,000 
	69 per 1,000
(14 to 282) 
	OR 1.12
(0.21 to 5.89) 
	92
(2 RCTs) 
	⨁⨁⨁◯
MODERATE c
	

	Post exchange serum bilirubin 
	The mean post exchange serum bilirubin was 0 
	MD 0.61 lower
(0.9 lower to 0.32 lower) 
	- 
	92
(2 RCTs) 
	⨁⨁⨁⨁
HIGH 
	

	Serum bilirubin 6 hours post exchange 
	The mean serum bilirubin 6 hours post exchange was 0 
	MD 5.57 lower
(6.39 lower to 4.75 lower) 
	- 
	92
(2 RCTs) 
	⨁⨁⨁⨁
HIGH 
	

	Hospital stay 
	The mean hospital stay was 0 
	MD 2.3 lower
(6.06 lower to 1.46 higher) 
	- 
	42
(1 RCT) 
	⨁⨁⨁◯
MODERATE d
	

	*The risk in the intervention group (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI). 

CI: Confidence interval; MD: Mean difference; OR: Odds ratio 

	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 


Explanations
a. The study by Mitra et al and Shahian et al (overall contribution 40.7% and 40.8% respectively) showed a decline in the duration of phototherapy while the study by Dash et al reported no difference in the duration of phototherapy 
b. The study by Dash et al reported the difference in duration of phototherapy to be -4.00 [-12.97, 4.97] hours 
c. Only two neonates each in Dash et al and only one neonate in Mitra et al required exchange transfusion. 
d. Only one study reported duration of hsopital stay 




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

	Guideline panel does not recomend the administration of albumin (@ 1g/kg) to be used for for treatment of hyperbilirubinemia in neonates prior to exchange transfusion. 

	



	Justification

	Overall justification
Albumin infusion also causes volume expansion, which could independently lead to a reduction in the bilirubin levels after administration. The confounding effect of the volume expansion property of albumin infusion was taken care of in only one study which used an isotonic fluid in the comparator arm which reported no difference in any outcome measured in the two groups. 


Detailed justification
Certainty of evidence
It is important to note that for all the critical and important outcomes assessed for writing these guidelines, either nil (for critical outcomes) or only 1-3 randomized controlled trials (important outcomes) are available for inclusion in the systematic review. 



	Subgroup considerations

	None



	Implementation considerations

	None



	Monitoring and evaluation

	None



	Research priorities

	Future studies should evaluate larger doses of albumin, and the effect of this intervention in hyperbilirubinemia associated with hemolysis.





RECOMMENDATION 15. AND 16
Research questions 
1. Among neonates being treated for neonatal hyperbilirubinemia, can transcutaneous bilirubin be used to monitor term neonates during and after phototherapy, as compared to total serum bilirubin
2. Among neonates being treated for neonatal hyperbilirubinemia, can transcutaneous bilirubin be used to monitor preterm neonates during and after phototherapy, as compared to total serum bilirubin

Objectives
Among neonates being treated for neonatal hyperbilirubinemia, what is the relationship between transcutaneous versus total serum bilirubin during and after phototherapy
Methods 
Methods and results will be discussed separately for each research question/objective. 
Participants
Newborn infants up to 28 days of age with jaundice, or an elevated serum bilirubin (SBR) who required phototherapy.
Intervention: Transcutaneous bilirubin 
Control: Total serum bilirubin 

Search methods
The standard search strategy of the Neonatal Review Group, as outlined in the Cochrane Library, was used. The following sources were searched for eligible reports in any language: Cochrane Controlled Trials Register and MEDLINE using the terms: “jaundice, jaundice/neonatal, phototherapy, infant/newborn”, and the text words “transcutaneous, total serum bilirubin”. We also searched the reference lists from the above, and from review articles.




Description of the included studies 
	Study 
	Population characteristics, ethnicity 
	M/N
	TcB site
	TcB device 
	Comparison method
	TSB method
	Maximum interval between tests, min
	Comments 

	Juster Reicher
	>35 weeks, > 2 kg
	336/171
	S
	JM 103
	R
	Not specified 
	Not specified 
	Study also had pre PT data, only post PT data used for analysis 

	Rylance 
	Term infants, Malawi
	50/50
	F,S
	JM 103
	R,BA
	Diazo
	Simultaneous
	Higher of the TcB values from either forehead or sternum used for comparison with TSB during PT (in the majority forehead value was higher)

	Panburana
	>35 weeks, Thailand 
Ethnicity not specified 
	72/52
	F
	JM 103
	R
	DS
	5- 10 min
	 

	Reyes 
	>35 weeks, USA, Ethnicity not specified 
	477/2019
	F
	Bilicheck
	R,BA
	DS
	Simultaneous
	Subjects receiving home PT

	Felc
	Term infants, Slovenia, fair skinned 
	118/118
	F
	JM 101
	R
	Diazo
	TcB immediately before TSB
	Study also had pre PT data, obly post PT data used for analysis 

	Mahajan 
	Term infants, India
	55/32
	F,S
	JM101
	R
	DS
	30 
	Data presented according to whether infants were AGA or SGA

	Tan
	Term infants, Simgapore, Chinese 
	124/70
	F,S
	JM 101
	R
	Diazo
	Simultaneous 
	Provided data from both covered and uncovered areas at forehead during PT

	Kumar
	Term infants, India
	40/40
	F
	JM 101
	R
	Diazo
	Simultaneous 
	Provided data for both covered and uncovered areas at forehead during PT

	Dominguez
	Term infants, Spain, ethnicity not specified 
	30/30
	Multiple sites including F,S
	JM 101
	R
	DS
	Not specified 
	TcB measured at 7 different body sites, data only from forehead and sternal sites used for analysis 

	Rey Galan
	Term infants, Spain
	93/93
	F,S
	JM 101
	R
	Diazo
	Not specified 
	Mean of TcB reading at 3 sites used for comparison with TSB

	Fok
	Hong Kong, Chinese 
	100/57
	F,S
	JM 101
	R
	DS
	15
	Forehead site provided data for covered 

	Galletto, 1983
	Term infants, Italian 
	38/38
	F
	JM 101
	R
	DS
	Not specified 
	Also provided post PT data 

	 
	 
	38/38
	Back
	 
	 
	 
	 
	 

	 
	 
	67/67
	S
	 
	 
	 
	 
	 

	 
	 
	147/141
	F after PT
	 
	 
	 
	 
	 

	Vaisman 
	Term infants, El Salvador,ethnicity not specified 
	174/77
	F
	JM 101
	R
	DS
	Simultaneous
	 

	Hanneman, 1982
	>34 weeks, USA,White infants
	> 38 weeks 
	F
	JM 101
	R
	DS/Diazo
	Not specified 
	 

	 
	 
	19/7
	 
	 
	 
	 
	 
	 

	 
	 
	34-37 weeks
	 
	 
	 
	 
	 
	 

	 
	 
	65/23
	 
	 
	 
	 
	 
	


M/N = Number of measurements/subjects; F = forehead; S = sternum; PT = phototherapy; JM 101 = referred as Minolta Air Shields Jaundice/Bilirubin Meter; R = correlation coefficient; BA = Bland-Altman difference plots; DS = direct spectrophotometry; AGA = appropriate for gestational age; SGA = small for gestational age







Results 
A total of 2979 citations were identified from PubMed and 630 trial citations from Cochrane CENTRAL. After removing duplicates, 21 full text articles were reviewed.  No randomized control trial was available from the search strategy. One systematic review (observational studies) by Nagar et al in term and late preterm neonates was done in 2016, which included 14 observational studies.  For the preterm neonates, 7 observational studies were available for the research question. 



























Summary of results of included studies
	S.No 
	Journal/Year/ Study design 
	N
	Hemolytic/
Non hemolytic.
Sampling for TSB  
	Population 
	Outcomes

	1. 
	Annals of Pediatric Research, 2019
	1541 paired bilirubin readings JM 105 
	
	
	Good clinical agreement between TcB and TSB at the sternum, forehead and interscapular area. 0.937 before and 0.960 after phototherapy. The difference in TcB and TSB neonates of Malay and Indian ethnicity are statistically higher compared to Chinese (p=0.001)

	2. 
	Christian et al, PLOS 2019 
	N =856 paired TcB and TSB levels in 109 preterm
infants 
JM 103
Prospective cohort 
	
	First ten days after birth in preterm infants less than 32 weeks 
	TSB and TcB difference during and sfter PT, 61 (+/- 29 micromol/L) and 63 (+/- 25) micromole/L p < 0.01. Blood sampling could be reduced by 42% with 2% false negatives, when 50 micromol/Lwas added to TcB level at 70% of the PT threshold. 

	3. 
	Bhargava et al BMC 2018 
Prospective cohort 
	19
Measured at birth & at 24 hours interval for 5 days
	Not mentioned 
	ELBW
Mean gestation: 26+/- 2 weeks 
Mean weight 827 +/- 127 gm
	TcB (C )– TSB = 2.68 +/- 2.41 mg/Dl (p < 0.001)
TcB (D) – TSB = 0.51 +/- 1.74mg/dL (p = 0.02)
TcB C overestimates TSB, while TcB E underestimates TSB.
During PHT exposure TcB C does not correlate with TSB values 

	4. 
	M. Cucuy et al Journal of maternal – fetal and neonatal medicine 2017
	86 preterm 
	Included both;
Capillary blood samples 
	26 to 34 weeks 
618 – 2400 g
	Overall correlation coefficient between TcB and TSB was 0.8 (p=0.001)
TCB reliable measure of jaundice in < 35 weeks 

	5. 
	Yoshinori K et al, 
Pediatric international 2017
Retrospective cohort 
	125 Term
neonates 
two measurement per day for first 4 days 
	Excluded hemolytic jaundice 

	
	Moderate correlation r = 0.47 during PT
Mean SD TSB-TcB during PT was 1 (1.7)mg/dL
Unexposed TCB cannot be used as substitute for TSB  


	6. 
	Indian Pediatrics 2017

	N= 30 
< 28 and > 37 weeks gestation 
	12 hours after initiation of phototherapy 
	< 28 weeks and > 37 weeks
	Patched area correlation (r=0.981, p <0.001). Mean difference between TcB and TSB was 0.87 mg/dL (not statistically different) 
TcB in babies 28 to 32 weeks (r =0.97, p < 0.001). 

	7. 
	Journal of clinical neonatology, 2017 
	
N=90
Prospective cohort study

	JM 103
	28 to 35 weeks 
	During PT wide Tcb -TSB disagreement 132 micromol/L at forehead and 157 micromol/L sternum (mean difference +/1 SD of -52 micromol/L +/- 40.7 at forehead an – 69.2mmol/l +/- 42.5 at sternum)  

	8. 
	Gaurav Nagar a Ben Vandermeer b Sandy Campbell c Manoj Kumar 
Neonatology 2016
	14 studies
Medline, EMBASE, Cochrane  
	Risk of bias using QUADAS 2 tool 
	Term and late preterm 
	Pooled r covered sites 0.71 (0.64-0.77, 11 studies)
Uncovered sites 0.65 (0.55-0.74, 8 studies)
Forehead 0.70 (0.64-0.75, 12 studies)
Sternum 0.64 (0.43- 0.77, 5 studies)
2 studies Bland Altman difference (mean TCB-TSB) -29.2 and 30 mmol/L)
R in post phototherapy 
R 0.72, (0.64-0.78, 4 studies) 
Moderate correlation with marginal improvement in the post PT phase. 
Further research is needed before the use of TCB devices is recommended for these settings)










Risk of bias assessment of the included studies on term and late preterm neonates 

	Study
	Risk of bias
	Applicability concern

	 
	Patient selection
	Index test 
	Reference and standard
	Flow and timing
	Patient selection 
	Index test 
	Reference and standard 

	Juster Reicher 2015
	Low risk
	Low risk
	Low risk 
	Not clear 
	Low risk
	Low risk 
	Not clear 

	Rylance 2014
	Low risk 
	Low risk
	Low risk 
	Low risk
	Low risk
	Low risk 
	Not clear 

	Panburana 2010
	Low risk 
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Reyes 2008
	Low risk
	Low risk
	Low risk
	Low risk
	Low risk 
	Low risk
	Low risk

	Felc 2005
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear 
	Low risk
	Low risk

	Mahajan 2005
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Tan 2003
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Kumar 1994
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Dominguez 1993
	Low risk
	Low risk
	Low risk
	Not clear 
	Not clear
	Low risk
	Low risk

	Rey Galan 1992
	Low risk 
	Low risk
	Low risk
	Not clear 
	Not clear
	Low risk
	Low risk

	Fok 1986
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Galletto 1983
	Not clear
	Low risk
	Low risk
	Not clear
	Not clear
	Not clear 
	Low risk

	Vaisman 1983
	Low risk
	Low risk
	Low risk
	Low risk
	Not clear
	Low risk
	Low risk

	Hannemann 1982
	Low risk
	Low risk
	Low risk
	Not clear
	Not clear 
	Not clear 
	Low risk









Review findings (Term and near term)
1. Laboratory Method used to determine total serum bilirubin
Of the 14 studies included in the review, 6 studies used the diazo method and 7 studies used the direct spectrophotometry method. One study did not specify the method used. 
2. Device used to measure TcB
JM 101(10 studies)  JM 103 (3 studies), Bilicheck (1 study) 
3. Site for measuring TcB
Forehead (6 studies) Sternum (1 study) Multiple sites (7 studies)
4. Comparison method used
Correlation coefficient (R) 12 studies and Bland Altman 2 studies 
Term and Near Term Neonates 
Pooled r covered sites 0.71 (0.64-0.77, 11 studies)
Uncovered sites 0.65 (0.55-0.74, 8 studies)
Forehead 0.70 (0.64-0.75, 12 studies)
Sternum 0.64 (0.43- 0.77, 5 studies)
2 studies Bland Altmann difference (mean TCB-TSB) -29.2 and 30 mmol/L)
R in post phototherapy 
R 0.72, (0.64-0.78, 4 studies) 
Review findings (Preterm)
1. Laboratory Method used to determine total serum bilirubin
Of the 7 studies included in the review, 
2. Device used to measure TcB
JM 103 (6 studies), JM 105(1 study) 
3. Site for measuring TcB
Multiple sites (7 studies)
4. Comparison method used
Correlation coefficient (R) 2 studies and Bland Altman 4 studies need for reduction in sampling by 42%, 2% false negative 1 study 



EVIDENCE TO RECOMMENDATIONS
Term and late preterm neonates 
Evidence Moderate correlation with marginal improvement in the post PT phase. 
Further research is needed before the use of TCB devices is recommended for these settings
The results of the review show that the TcB devices are much less accurate in estimating serum bilirubin values in infants when receiving phototherapy as compared to their documented accuracy in the pre phototherapy period. The limited data available from the studies assessing agreement between TcB and TSB tests following discontinuation of phototherapy show a somewhat improved accuracy of the TcB devices in the post phototherapy phase. Further research with currently available TcB devices is needed before their use of TcB devices can be recommended in any of the settings that were the subject (term and late preterm neonates) of this review.

Preterm neonates
Conflicting results are reported regarding correlation of Tcb with TSB. Results have reported R between moderate (0.47) to good (0.97). Some studies report underestimation even with covered site by Tcb compared to TSB whereas one of the study mentions overestimation. With the current available evidence, and lack of randomised trials, TcB cannot replace TSB for monitoring jaundice in preterm neonates who are under phototherapy or those who have received phototherapy. 
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RECOMMENDATION 17. 
Should intravenous immunoglobulin versus no intravenous immunoglobulin be used for management of Rh isoimmunised neonates?  
Research question
In neonates with alloimmune hemolytic disease, is IVIg therapy beneficial in reducing the need for exchange transfusion for severe hyperbilirubinemia?
Objectives
In neonates with alloimmune hemolytic disease, to compare the benefits and harms of IVIg among the group receiving IVIg therapy and those who 
Methods 
Participants
Newborn infants up to 28 days of age with alloimmune hemolytic jaundice 
Interventions
Intervention: IVIg (Intravenous immunoglobulin therapy) 
Control: No IVIg therapy 
All randomized controlled trials/ quasi randomized trials published till August 2019 were included.
Search methods
Since updated Cochrane review on the same topic has been published in March 2018(1) which had included medical literature up to 19th May 2017, our search was primarily targeted for finding out trials published after that. We used, standard search strategy of the Cochrane Neonatal Review Group and searched CENTRAL and PUBMED with the following search terminology “(neonate OR infant) AND (hyperbilirubinemia OR jaundice OR yellowness OR icterus) AND (IVIg OR immunoglobulin OR gamma globulin)” From 1st Jan 2017 to 31st August 2019. 
Results 
We could not get any randomized controlled trials/observational studies qualifying inclusion criteria published after Jan 2017. So the purpose of building of guideline the latest Cochrane review was taken in to account.
Main results:
 Latest Cochrane review 2018 by Zwiers C et al(1) included nine studies with 658 term or preterm infants with Rh or ABO (or both) incompatibility. 
Summary of results:
Need of exchange transfusion: Although, over all the use of exchange transfusion (typical RR 0.35, 95% CI 0.25 to 0.49; typical RD -0.22, 95% CI -0.27 to -0.16; NNTB 5) as well as mean number of exchange transfusions per infant decreased significantly in IVIg treated group (MD -0.34, 95% CI -0.50 to -0.17) as compared to controlled arm, however, risk of bias was high in 5 out of 9 studies. The results from only two studies in which the treatment was masked by use of a placebo and outcome assessment was blinded, showed no difference in the need for exchange transfusions (RR 0.98, 95% CI 0.48 to 1.98) or number of exchange transfusions (MD -0.04, 95% CI -0.18 to 0.10). 
Top-up transfusion during and after the first week: IVIg did not increase the need for top-up transfusions during the first week ( 4 studies: 378 participants, typical RR 1.05, 95% CI 0.65 to 1.69) or in the period after the first week (7 studies: 507 participants, typical RR 1.16, 95% CI 0.97 to 1.38) 
Maximum serum bilirubin: The meta-analysis of all six studies together showed decrease in mean maximum serum bilirubin by 25.39 μmol/L in IVIg group as compared to control group (MD -25.39 μmol/L, 95% CI - 34.07 to -16.70). Subgroup analyses as per etiology (Rh incompatibility), gestation (>37 wks) and and time of initiation of IVIg (early or late) and dose (single dose) revealed similar findings. However, subgroup analyses of the only two placebo- controlled studies, did not reduce maximum serum bilirubin (placebo-controlled trials: MD 0.93 μmol/L, 95% CI - 23.94 to 25.79. Over all quality of evidence was very low. 
Duration of phototherapy: Over all analyses of seven studies providing data showed that duration of phototherapy decreased by 0.98 days with IVIg treatment (MD -0.98 days, 95% CI -1.31 to - 0.66). All subgroup analyses showed a variable decrease in duration of phototherapy in IVIg-treated infants. However, analyses of the two placebo-controlled studies and of infants born less than 37 weeks of gestation showed no reduction in duration of phototherapy (placebo- controlled trials: MD -0.50 days, 95% CI -1.24 to 0.24; infants born less than 37 weeks of gestation: MD -0.91 days, 95% CI -1.96 to 0.14) 
Duration of hospital stay: Data was available upon request by correspondence for 2 studies which showed overall shortened hospital stay by 1.4 days
Long term outcomes: Studies (2 in number) assessing long-term outcomes failed to find any difference in adverse outcomes (Kernicterus, cerebral palsy and deafness) between the groups
Incidence of adverse outcomes possibly related to use of IVIg or exchange transfusion: all nine of the included studies have reported the adverse effect profile. But none of them have attributed them to IVIg.
Overall quality of evidence for the critical outcome was very low.
Question: Grade table IVIg therapy in severe hyperbilirubinemia due to RBC alloimmunisation
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Evidence to recommendation: Use of IVIg therapy compared to placebo for treatment of hyperbilirubinemia in neonates with  alloimmune hemolytic disease
Balance of benefits and harms
3. When compared to placebo therapy, IVIg therapy have doubtful benefits in terms of reducing the need for exchange transfusion. IVIg therapy does not reduce the need of top of transfusion, duration of phototherapy and peak serum bilirubin levels as well as incidence of long term side effect of neonatal hyperbilirubinemia (kernicterus, deafness and cerebral palsy). The quality of evidence is very low.
4. Although all nine included studies in Cochrane review had included or subsequently provided data for adverse effect, the exact protocol used for identifying such adverse effect is not clear. Furthermore studies from other uses of IVIg have several common side effects of IVIg infusion in neonates (febrile reaction, rash, hypotension)  and occasional life threatening side effects like anaphylaxsis.
Costs
2. IVIg therapy is costly (Rs 5000-10000) which may not be affordable by all in India. Apart from that, the need for continuous slow infusion, constant monitoring requires considerable time and manpower.
Values and preferences
3.  IVIg therapy has doubtful beneficial effect and is not free of adverse reactions during administration and costly which is out of reach for many Indian family
Draft recommendations
1. Based on very low quality of available evidence for benefits and the side effect profile and high cost associated with IVIg, it cannot be recommended either prophylactically or as therapeutically (in severe hyperbilirubinemia approaching exchange transfusion)in neonates with hyperbilirubinemia due to alloimmune hemolytic disease.
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