	[bookmark: _GoBack]QUESTION 1

	Should restrictive threshold for PRBC transfusion vs. liberal threshold for PRBC transfusion be used for preterm neonates ?

	POPULATION:
	preterm neonates 

	INTERVENTION:
	restrictive threshold for PRBC transfusion

	COMPARISON:
	liberal threshold for PRBC transfusion

	MAIN OUTCOMES:
	Death before discharge or within 18 months; Death or severe morbidity by first hospital discharge; Death or severe brain injury by first hospital discharge; Death by 18-21 months; Severe neurosensory adverse outcome; Incidence of apnea; Postnatal weight change; Adaptive response to anemia; Tissue oxygenation ;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Preterm neonates carry a high risk of receiving a packed red blood cell (PRBC) transfusion due to multiple factors. A decreased response to erythropoietin, rapid postnatal growth and sampling related blood losses accelerate the postnatal fall of hemoglobin. A falling hemoglobin level may affect oxygen delivery to tissues especially in preterm neonates. However, the hemoglobin nadir at which tissue oxygenation is impaired is not well known. The likelihood of a PRBC transfusion being received by a very low birth weight preterm neonate is highest in the first 2 weeks of neonatal intensive care unit (NICU) admission (1). Nearly 40% of preterm below 1500 grams and 95% below 1000 grams birth weight would receive a PRBC transfusion (2). Identifying requirement of a PRBC transfusion based on fractional tissue oxygen extraction or clinical features of anemia is also possible but are more resource intensive compared to determination of hemoglobin and hematocrit (3). Transfusion of PRBC improves the hemoglobin and increases the tissue oxygen delivery but also simultaneously suppresses the endogenous erythropoietin response in the preterm. Hence the benefits maybe short lived as transfused PRBCs have a shorter life (4, 5). This seemingly innocuous practice of PRBC transfusion is fraught with many risks. The adult hemoglobin in PRBC units increases the risk for retinopathy of prematurity (ROP) (6), bronchopulmonary dysplasia (BPD) (7), necrotizing enterocolitis (NEC) (8), transfusion transmitted infections and acute lung injury (9). The morbidity associated with low hemoglobin has to be weighed with the risks of a PRBC transfusion. Also there is wide variation in clinical practice about the hemoglobin threshold indicating a PRBC transfusion with no clear consensus whether following a restrictive transfusion strategy is effective in limiting transfusions without increasing morbidity and mortality in this population. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	PRBC transfusions given to neonates using hemoglobin thresholds based upon the nature of respiratory support (invasive ventilation or CPAP), degree of respiratory support (FiO2 requirement) and postnatal age (in weeks) using restrictive thresholds did not result in an increased risk of mortality during the period of hospitalization or in the period prior to the first follow-up visit at 18 months (RR 1.23; 95% CI: 0.86-1.76). There was no increased risk of the composite outcome of death by hospital discharge or severe morbidity described as ROP Stage 3, intraventricular hemorrhage (IVH) grade 3 or 4, periventricular leukomalacia (PVL) or BPD at 36 weeks age (RR 1.07; 95% CI 0.96-1.20). There was no increased risk of severe brain injury by first hospital discharge assessed as IVH grade 4, PVL or ventriculomegaly (RR 1.12; 95% CI: 0.81-1.55) or severe neurosensory adverse outcome assessed at 18 months age as cerebral palsy (CP), developmental delay (IQ > 2SD below mean), blindness or deafness (RR 1.31; 95% CI: 0.90-1.90). There was no increased risk of death by 18 months follow-up (RR 1.09; 95% CI: 0.76-1.56). There was no difference in the postnatal weight gain noted between the neonates in the restrictive hemoglobin threshold vs the liberal hemoglobin threshold group. 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	PRBC transfusions given to neonates using hemoglobin thresholds based upon the nature of respiratory support (invasive ventilation or CPAP), degree of respiratory support (FiO2 requirement) and postnatal age (in weeks) using restrictive thresholds did not result in an increased risk of mortality during the period of hospitalization or in the period prior to the first follow-up visit at 18 months (RR 1.23; 95% CI: 0.86-1.76). There was no increased risk of the composite outcome of death by hospital discharge or severe morbidity described as ROP Stage 3, intraventricular hemorrhage (IVH) grade 3 or 4, periventricular leukomalacia (PVL) or BPD at 36 weeks age (RR 1.07; 95% CI 0.96-1.20). There was no increased risk of severe brain injury by first hospital discharge assessed as IVH grade 4, PVL or ventriculomegaly (RR 1.12; 95% CI: 0.81-1.55) or severe neurosensory adverse outcome assessed at 18 months age as cerebral palsy (CP), developmental delay (IQ > 2SD below mean), blindness or deafness (RR 1.31; 95% CI: 0.90-1.90). There was no increased risk of death by 18 months follow-up (RR 1.09; 95% CI: 0.76-1.56). There was no difference in the postnatal weight gain noted between the neonates in the restrictive hemoglobin threshold vs the liberal hemoglobin threshold group. 

	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 are 4 RCTs (Bell 2005; PINT 2006; Chen 2009; Connelly 1999) included in the Cochrane review on this question (Whyte and Kirpalani 2011). None of the 4 RCTs could ensure blinding of the caregivers. There is high risk of selective reporting in Bell 2005 and unclear risk of selective reporting in PINT 2006. The Connelly 1999 trial was prematurely terminated and unequal allocation was noted in Bell 2005 and Connelly 1999 trial. There was 'serious' risk of bias. There was no serious risk of inconsistency (I2=0%) or indirectness. However there was serious risk of imprecision as the total number of patients in the systematic review is lesser than the sample size determined for the ongoing 'Effects of Transfusion Thresholds on Neurocognitive Outcome of Extremely Low Birth-Weight Infants' (ETTNO) Trial or the Transfusion of premature (TOP) Trial which are adequately powered trials currently underway.

	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
	There does not appear to be any significant uncertainty related to the main outcomes of mortality, morbidity or neurodevelopmental delay, even though there is variability in clinical practice. There appears to a significant value attributed to the outcomes of apnea, poor postnatal weight gain and high-output cardiac failure. The decision to transfuse a preterm neonate as part of the pre-discharge planning must also take into account the availability of close follow-up and the likelihood of a further drop in Hb/ Hct before the neonate returns for follow-up. 





	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
	1. When compared to liberal threshold for PRBC transfusion in preterm neonates, restrictive threshold did not result in a greater incidence of death, severe morbidity or combined outcome of death and severe brain injury by first hospital discharge and within 18 months.
2. When compared to liberal threshold for PRBC transfusion in preterm neonates, restrictive transfusion thresholds did not result in a greater incidence of death or severe neurosensory impairment at 18-21 months age follow-up.
3. When compared to liberal thresholds for PRBC transfusion in preterm neonates, there is no increased incidence of apnea in neonates managed with restrictive transfusion thresholds.
4. When compared to liberal thresholds for PRBC transfusion in preterm neonates, restrictive transfusion thresholds did not result in a slower rate of weight gain.

	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
	PRBC transfusions are resource intensive in terms of infrastructure, trained manpower and requirement of blood donors. Testing of donors for CMV for blood components prepared for neonates would be additionally required. Donor directed transfusion and use of satellite bags are additional processes which may require to be instituted by Blood banks of institutions caring for preterm neonates. Restrictive thresholds for PRBC transfusion results in lesser number of transfusions, lesser volume of PRBC in ml/kg per patient, lesser donor exposures but no impact on the duration of hospitalization and a marginal difference in the cost of hospitalization.

	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
	None of the studies provided information on resource requirement and costs involved in preparation of a PRBC unit. However, the studies reported no difference in the duration of hospitalization and a marginal difference in the cost of hospitalization.

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The Cochrane review (Whyte and Kirpalani 2011) included 'measures of cost effectiveness of a blood transfusion' as a secondary outcome. Additionally donor exposure between the intervention and control group can also be a measure of cost effectiveness. None of the 4 studies provided a measure of cost-effectiveness. In terms of donor exposure two studies (Bell 2005; PINT 2006) reported this outcome. The numbers of donor exposures from PRBC transfusions only were signiﬁcantly reduced per neonate in the restrictive group (typical MD -0.54; 95% CI -0.93 to -0.15). 

	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
	Three studies (Bell 2005; PINT 2006; Chen 2009) reported no difference of the intervention on the duration of hospitalization. The duration was 74 days for restrictive threshold versus 73 days for liberal threshold in the PINT 2006 study, 76 versus 69 days in the study by Bell 2005 and 67 versus 65 days in the study by Chen 2009. It is plausible that adopting a restrictive transfusion policy in extreme preterm neonates may increase the duration of hospitalization and in resource constrained settings with pressure for NICU beds, a statistically insignificant duration maybe a clinically relevant one.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	Acceptability of the intervention to different stake-holders would depend upon the setting in which they are working (tertiary care hospital with access to blood transfusion services vis-a-vis standalone level-II units depending on blood banks for procurement of PRBC component) and discharge planning with availability of close follow-up of the neonate.

	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 restrictive transfusion thresholds in preterm. Training of health care providers at all levels for accepting lower Hb thresholds is required. Due consideration must be given to availability of close follow-up after discharge and identification of effects of untreated anemia. 


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 panel strongly recommends following a restrictive threshold for PRBC transfusion in preterm neonates. The balance of effect of following a restrictive threshold policy does not show any increased mortality, morbidity, brain injury or neurosensory disability. 

	



	Justification

	Overall justification
The 4 RCTs (Bell 2005; PINT 2006; Chen 2009; Connelly 1999) included in the Cochrane review (Whyte and Kripalini 2011) did not show an increased incidence of mortality, morbidity, severe brain injury or neurosensory impairment by hospital discharge and by 18-21 months follow-up in preterm neonates. It is likely that large adequately powered trials currently underway (ETTNO trial and TOP trial) would add more clarity.
Detailed justification
Desirable Effects
PRBC transfusions given to neonates using hemoglobin thresholds based upon the nature of respiratory support (invasive ventilation or CPAP), degree of respiratory support (FiO2 requirement) and postnatal age (in weeks) using restrictive thresholds did not result in an increased risk of mortality during the period of hospitalization or in the period prior to the first follow-up visit at 18 months (RR 1.23; 95% CI: 0.86-1.76). There was no increased risk of the composite outcome of death by hospital discharge or severe morbidity described as ROP Stage 3, intraventricular hemorrhage (IVH) grade 3 or 4, periventricular leukomalacia (PVL) or BPD at 36 weeks age (RR 1.07; 95% CI 0.96-1.20). There was no increased risk of severe brain injury by first hospital discharge assessed as IVH grade 4, PVL or ventriculomegaly (RR 1.12; 95% CI: 0.81-1.55) or severe neurosensory adverse outcome assessed at 18 months age as cerebral palsy (CP), developmental delay (IQ > 2SD below mean), blindness or deafness (RR 1.31; 95% CI: 0.90-1.90). There was no increased risk of death by 18 months follow-up (RR 1.09; 95% CI: 0.76-1.56). There was no difference in the postnatal weight gain noted between the neonates in the restrictive hemoglobin threshold vs the liberal hemoglobin threshold group. 



	Subgroup considerations

	Preterm neonates with bronchopulmonary dysplasia (BPD), patent ductus arteriosus (PDA), frequent apnea and poor postnatal weight gain are subgroups where there is moderate evidence supporting a restrictive threshold. 



	Implementation considerations

	Implementation of the guideline would require training of providers of neonatal care at all levels to accept lower hemoglobin and hematocrit levels and be more precise in deciding the need for a PRBC transfusion.



	Monitoring and evaluation

	1. Preterm neonates requiring PRBC transfusions must be evaluated for retinopathy of prematurity (ROP) and for serum iron and ferritin levels. Neonates who are at the limits of the restrictive threshold but not yet qualifying for a PRBC transfusion must be monitored for increased risk of apnea, poorer weight gain and exposure to higher FiO2 in order to maintain target SpO2 and therefore increased risk of developing bronchopulmonary dysplasia (BPD). 
2. Audit of transfusion practices and number of PRBC components used per patient must be done at periodic intervals.



	Research priorities

	Studies on tissue oxygenation using near-infrared spectroscopy (NIRS) for ascertaining regional saturation of oxygen (rSO2) in cerebral, renal, splanchnic and peripheral circulation for ascertaining the need for PRBC transfusion.
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Question 1: Restrictive threshold for PRBC transfusion compared to liberal threshold for PRBC transfusion in preterm neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	restrictive threshold for PRBC transfusion
	liberal threshold for PRBC transfusion
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death before discharge or within 18 months

	3 
	randomised trials 
	serious a,b
	not serious a,b,c
	not serious 
	serious d
	none 
	52/289 (18.0%) 
	42/295 (14.2%) 
	RR 1.23
(0.86 to 1.76) 
	33 more per 1,000
(from 20 fewer to 108 more) 
	⨁⨁◯◯
LOW 
	CRITICAL 

	Death or severe morbidity by first hospital discharge (assessed with: ROP Gd 3, IVH Gd 3 or 4, PVL, BPD at 36 weeks)

	3 
	randomised trials 
	serious e
	not serious 
	not serious 
	not serious d
	none 
	201/289 (69.6%) 
	198/295 (67.1%) 
	RR 1.07
(0.96 to 1.20) 
	47 more per 1,000
(from 27 fewer to 134 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Death or severe brain injury by first hospital discharge (assessed with: IVH Gd 4, PVL, Ventriculomegaly)

	4 
	randomised trials 
	serious e
	not serious 
	not serious 
	not serious 
	none 
	84/304 (27.6%) 
	78/310 (25.2%) 
	RR 1.12
(0.81 to 1.55) 
	30 more per 1,000
(from 48 fewer to 138 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Death by 18-21 months (follow up: mean 18 months)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	48/223 (21.5%) 
	40/228 (17.5%) 
	RR 1.09
(0.76 to 1.56) 
	16 more per 1,000
(from 42 fewer to 98 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Severe neurosensory adverse outcome (follow up: mean 18 months; assessed with: Cerebral palsy, Developmental delay (IQ > 2 SD below mean), Blindness, Deafness)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	46/160 (28.7%) 
	37/168 (22.0%) 
	RR 1.31
(0.90 to 1.90) 
	68 more per 1,000
(from 22 fewer to 198 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Incidence of apnea

	3 
	randomised trials 
	serious a,e
	not serious 
	not serious 
	not serious 
	none 
	183/289 (63.3%) 
	196/295 (66.4%) 
	RR 1.01
(0.95 to 1.08) 
	7 more per 1,000
(from 33 fewer to 53 more) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	Postnatal weight change

	3 
	randomised trials 
	not serious 
	serious f
	not serious 
	not serious 
	none 
	254 
	257 
	- 
	see comment 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	Adaptive response to anemia (assessed with: Echocardiography, Doppler ultrasound, Indirect calorimetry, Clinical parameters)

	4 
	observational studies 
	serious g
	not serious 
	not serious h
	serious i
	none 
	76 
	44 
	- 
	see comment 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Tissue oxygenation (assessed with: NIRS measurement of rSO2 (cerebral, splanchnic, renal, peripheral)

	3 
	observational studies 
	serious j
	not serious 
	not serious 
	not serious 
	none 
	143 
	121 
	- 
	MD 6.14 % lower
(6.82 lower to 5.47 lower) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
Explanations
a. None of the studies could blind caregivers to the allocation of the case. 
b. One of the trials (PINT Trial 2006) contributed 451/614 enrolled infants giving 73.45% of the weight of the outcome from this study alone. 
c. One of the studies (Chen et al 2009) had an effects estimate for the outcome of Death at significant variation from the two other trials with very large confidence interval [RR 1.79 (96% CI 0.18 - 18.02)]. 
d. The total number of patients in the systematic review is lesser than the sample size determined for the ongoing ETTNO Trial or the TOP Trial which are adequately powered trials curently underway. 
e. There is high risk of incomplete outcomes being reported (attrition bias) and selective reporting (reporting bias) in one of the studies (Bell et al 2005). 
f. All 3 studies reported postnatal change in weight differently. PINT 2006 reported Absolute weight gain (-18 gm; 95% CI -69 to 33) while Connelly et al 1999 reported mean daily weight gain (Rest; 15.1 g/d and Liberal 18g/d. MD -2.90 (95% CI -7.34 to 1.54 g/d). Study by Chen et al 2009 reported weight gain in grams per week and found no difference. 
g. There are 4 observational studies (Fredrickson 2010; Dani 2007; Alkalay 2003; Nelle 1994). Two studies (Fredrickson 2010; Alkalay 2003) examined adaptive responses to anemia before and after transfusion in neonates having low hematocrit (restrictive threshold) vs. mid to high hematocrit (liberal threshold), while 2 studies (Dani 2007; Nelle 1994) only studied the pretransfusion and posttransfusion effects of PRBC transfusion in neonates at restrictive thresholds of hemoglobin and hematocrit. Alkaley et al reported changes in heart rate (HR), mean arterial pressure (MAP), cardiac output (CO) and stroke volume (SV) in median(IQR). Fredrickson 2010 and Dani 2007 reported these parameters as mean (SD) while Nelle 1994 reported these as mean (SEM). Data for HR, MAP and SV cannot be pooled for assessment. Mean difference of CO from Fredrickson 2010 and Nelle 1994 was 10(-51.15 to 71.15). 
h. These 4 observational studies have been done in preterm very low birth neonates i.e. the population where the study question is applicable. 
i. The total number of neonates in the intervention group (restrictive threshold) is 76 while the number of neonates in the control group (liberal threshold) is 44. 
j. There are 6 observational studies (Banerjee 2015; Seidel 2013; Bailey 2012; Dani 2010; Bailey 2010; van Hoften 2010). All studies reported different parameters for tissue oxygenation and reported them differently. Banerjee 2015 reported superior mesenteric artery-peak systolic velocity (SMA-PSV), splanchnic tissue haemoglobin index (sTHI), splanchnic tissue oxygenation index (sTOI), and splanchnic fractional tissue oxygen extraction (sFTOE). Seidel 2013 reported cerebral regional saturation of oxygen (CrSO2) and peripheral regional saturation of oxygen (PrSO2). Bailey 2012 reported splanchnic cerebral oxygenation ratio (SCOR) while Bailey 2010 reported CrSO2 and splanchnic rSO2 (SrSO2). The study by Dani 2010 reported CrSO2, SrSO2 and renal regional saturation of oxygen (RsSO2). The study by van Hoften 2010 reported CrSO2 and fraction of tissue oxygen extraction (FTOE) as median (range). Data for CrSO2 from Bailey 2010, Dani 2010 and Seidel 2013 reported as median (SD) could be pooled. 

















	QUESTION 2

	Should small volume PRBC transfusion (10-15 ml/kg) vs. large volume PRBC transfusion (20 ml/kg) be used for neonates?

	POPULATION:
	neonates 

	INTERVENTION:
	small volume PRBC transfusion (10-15 ml/kg)

	COMPARISON:
	large volume PRBC transfusion (20 ml/kg)

	MAIN OUTCOMES:
	Death before discharge; Retinopathy of prematurity; Bronchopulmonary dysplasia; Patent ductus arteriosus ; Post-transfusion increase in hemoglobin/ hematocrit; Hyperkalemia;

	SETTING:
	Neonatal Intensive Care Unit

	PERSPECTIVE:
	Population perspective

	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
	Preterm neonates in the NICU require PRBC transfusions for management of anemia of prematurity. Traditionally neonates have been given transfusion volumes of 10 ml/kg called as small volume transfusion or top-up transfusion. Using a higher transfusion volume of 20 ml/kg referred to as large volume transfusion may result in lesser requirement of number of transfusions and consequent lesser donor exposure. However this may also amplify the risks associated with PRBC transfusions including risk of BPD, ROP, PDA and post-transfusion hyperkalemia. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know
	PRBC transfusion given to neonates at small volume defined as 10-15 ml/kg compared to large volume defined as 20 ml/kg (Mallett 2016; Wong 2005; Paul 2002) did not result in an increased risk of death before discharge (RR 0.89; 95% CI 0.05-13.75). One study (Wong 2005) reported the outcome of ROP (RR 1.00; 95% CI 0.17-5.77) and PDA (RR 0.33; 95% CI 0.015-7.320) and did not find an increased risk. One study (Paul 2002) did not find an increased risk of BPD (RR 1.11; 95% CI 0.41-2.96). Two studies (Wong 2005; Mallett 2016) reported the outcome of post-transfusion increase in hemoglobin and hematocrit. The absolute increase in hemoglobin in the small volume group was 13.2 g/dl compared to 14.8 g/dl in the large volume group in the study by Wong 2005. In the study by Mallett 2016 the mean difference in hemoglobin in g/dl was -1.40 (95% CI -2.49 to -0.31). There is only one observational study (Dani 2008) which is a before and after study where following a mean (SD) transfused volume of 20 (1.5) ml of blood the serum potassium changed from a mean (SD) of 4.5 (1.1) to 4.7 (1.3), (MD -0.20; 95% CI -0.63 to 0.23). 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	PRBC transfusion given to neonates at small volume defined as 10-15 ml/kg compared to large volume defined as 20 ml/kg (Mallett 2016; Wong 2005; Paul 2002) did not result in an increased risk of death before discharge (RR 0.89; 95% CI 0.05-13.75). One study (Wong 2005) reported the outcome of ROP (RR 1.00; 95% CI 0.17-5.77) and PDA (RR 0.33; 95% CI 0.015-7.320) and did not find an increased risk. One study (Paul 2002) did not find an increased risk of BPD (RR 1.11; 95% CI 0.41-2.96). Two studies (Wong 2005; Mallett 2016) reported the outcome of post-transfusion increase in hemoglobin and hematocrit. The absolute increase in hemoglobin in the small volume group was 13.2 g/dl compared to 14.8 g/dl in the large volume group in the study by Wong 2005. In the study by Mallett 2016 the mean difference in hemoglobin in g/dl was -1.40 (95% CI -2.49 to -0.31). There is only one observational study (Dani 2008) which is a before and after study where following a mean (SD) transfused volume of 20 (1.5) ml of blood the serum potassium changed from a mean (SD) of 4.5 (1.1) to 4.7 (1.3), (MD -0.20; 95% CI -0.63 to 0.23). 

	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 are 4 RCTs on PRBC transfusions in neonates comparing small volume with large volume transfusion. Two RCTs compared 10-15 ml/kg PRBC volume with 20 ml/kg (Wong 2005; Paul 2002) while one compared 15 ml/kg followed by 20 ml/kg in a crossover design (Mallett 2016). For one RCT (Gupta 2007) only abstract was available and was not considered. There is serious risk of bias for sequence generation and allocation concealment in the study by Wong 2005. There was also serious risk of bias due to unblinded nature of this study. There was serious inconsistency as the pooled effects estimate for the outcome of death before discharge had very wide confidence intervals. There was serious imprecision as the event rate was very low.
The study by Paul 2002 also could not blind the clinicians for the intervention and therefore had a serious risk of bias. There was no inconsistency, indirectness or imprecision noted. The study by Mallett 2016 was a double blinded crossover RCT with no serious risk of bias and no inconsistency, indirectness or imprecision.

	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
	There is probably important uncertainty about the main outcomes of mortality and morbidity like ROP, BPD, PDA and hyperkalemia. There is very limited evidence on the effects of large volume transfusion on pulmonary functions, mean arterial pressure, transfusion associated acute lung injury (TRALI), transfusion associated necrotizing enterocolitis (TANEC) or transfusion associated circulatory overload (TACO). 

	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
	1. When compared to small volume PRBC transfusions, administration of PRBC transfusion of larger volume did not increase the incidence of death before discharge.
2. When compared to small volume PRBC transfusions, administration of PRBC transfusion of larger volume did not increase the incidence of major morbidities of ROP, PDA or BPD.
3. When compared to small volume PRBC transfusions, administration of PRBC transfusion of larger volume did not increase the risk of hyperkalemia.
4. When compared to small volume PRBC transfusions, administration of PRBC transfusion of larger volume significantly increased the post-transfusion hemoglobin.

	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
	Using small volume transfusions may produce only a modest difference in the resource utilization in terms of volume of blood issued from the blood banks or ml/kg of blood transfused but may result in increased requirement in terms of blood bags, number of units issued per patient and human effort. The average cost of producion of one unit of PRBC not taking into account the infrastructure is approximately INR 1275 (USD 18) (Triple or Qadri bag: INR 180-250; serological testing for HIV/HBsAg/HCV/VDRL/Malaria: INR 1000; Refreshments for voluntary donor: INR 25).

	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
	There is no data available from the 4 RCTs about differences in resource requirements between small volume vs large volume PRBC transfusions and therefore very low certainty of evidence.

	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 data available from the 4 RCTs about cost-effectiveness of small volume vs large volume PRBC transfusions. Small volume transfusions may result in lesser volume of PRBC consumption but may result in more number of transfusions per patient with increased expenses from more number of blood bags and pre and post-processing testing. Judging by these considerations it is likely that small volume transfusions may probably be cost-effective. Implementing donor directed transfusions is likely to increase the cost effectiveness of small volume transfusions.

	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
	Small volume transfusions are probably less likely to produce hemodynamic instability or making the ductus arteriosus more hemodynamically pronounced in extreme preterm neonates. Large volume transfusions would probably be better for stable preterm neonates awaiting discharge who would not be available for frequent close follow-up. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	There does not seem to be any difficulty in accepting the recommendation of small volume transfusions by neonatal health care providers.

	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 the use of small volume PRBC transfusions. Implementing a donor directed transfusion strategy would increase the feasibility in terms of reducing the human effort at the blood bank at the same time reducing the number of donor exposures.


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 panel suggests a weak recommendation favoring the use of small volume PRBC transfusions in neonates. 

	



	Justification

	Overall justification
All the studies on small volume vs large volume transfusion have very small number of enrolled patients, have studied different outcomes and thus there is poor certainty of evidence.
Detailed justification
Certainty of evidence
There are 4 RCTs on PRBC transfusions in neonates comparing small volume with large volume transfusion. Two RCTs compared 10-15 ml/kg PRBC volume with 20 ml/kg (Wong 2005; Paul 2002) while one compared 15 ml/kg followed by 20 ml/kg in a crossover design (Mallett 2016). For one RCT (Gupta 2007) only abstract was available and was not considered. There is serious risk of bias for sequence generation and allocation concealment in the study by Wong 2005. There was also serious risk of bias due to unblinded nature of this study. There was serious inconsistency as the pooled effects estimate for the outcome of death before discharge had very wide confidence intervals. There was serious imprecision as the event rate was very low. The study by Paul 2002 also could not blind the clinicians for the intervention and therefore had a serious risk of bias. There was no inconsistency, indirectness or imprecision noted. The study by Mallett 2016 was a double blinded crossover RCT with no serious risk of bias and no inconsistency, indirectness or imprecision.



	Subgroup considerations

	Extreme preterm neonates with risk of hemodynamically significant patent ductus arteriosus and / or those neonates progressing to develop bronchopulmonary dysplasia deserve caution during transfusion and are suited for receiving small volume transfusions. Preterm neonates who have pre-threshold ROP would also probably be more appropriately managed with small volume transfusions. On the other hand stable preterm neonates who are unlikely to be available for close follow-up may be candidates for a large volume PRBC transfusion. 



	Implementation considerations

	Implementation of this guideline would not require any resource other than reiteration of existing practices with neonatal healthcare providers. However to increase the impact of this intervention, instituting a directed donor transfusion program in the institution with the transfusion medicine specialists on board would be needed. Institutions caring for neonates should have a neonatal transfusion standard operating procedure (SOP) incorporating small volume PRBC transfusions and directed donor transfusion as a routine.



	Monitoring and evaluation

	PRBC transfusions must not be given over a period longer than 4 hours measured from the time the component is issued from the blood bank because of risk of bacterial growth. Rapid transfusions can be equally harmful. Adjustment in the infusion rate of the IV fluids maybe necessary especially in extreme preterm neonates and consequently the blood sugar during the transfusion would also be required. This is especially important if there is only one route of venous access in the neonate and/ or the unit practices the policy of keeping the neonate nil per oral during the transfusion.



	Research priorities

	Studies evaluating changes in pulmonary functions, mean arterial blood pressure, TRALI, TANEC, TACO in neonates are required. Studies enrolling larger numbers evaluating preterm morbidities like BPD, ROP and PDA are needed.
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Question 2: Small volume PRBC transfusion (10-15 ml/kg) compared to large volume PRBC transfusion (20 ml/kg) in neonates 
Setting: Neonatal Intensive Care Unit 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	small volume PRBC transfusion (10-15 ml/kg)
	large volume PRBC transfusion (20 ml/kg)
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death before discharge

	3 
	randomised trials 
	serious a
	serious b
	not serious 
	serious c
	none 
	1/38 (2.6%) 
	1/34 (2.9%) 
	RR 0.89
(0.05 to 13.75) 
	3 fewer per 1,000
(from 28 fewer to 375 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Retinopathy of prematurity (assessed with: need for Laser therapy)

	1 
	randomised trials 
	serious d
	not serious 
	not serious 
	not serious 
	none 
	2/10 (20.0%) 
	2/10 (20.0%) 
	RR 1.00
(0.17 to 5.77) 
	0 fewer per 1,000
(from 166 fewer to 954 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Bronchopulmonary dysplasia (assessed with: oxygen requirment by day-28 )

	1 
	randomised trials 
	serious e
	not serious 
	not serious 
	not serious 
	none 
	5/16 (31.3%) 
	6/14 (42.9%) 
	RR 1.11
(0.41 to 2.96) 
	47 more per 1,000
(from 253 fewer to 840 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Patent ductus arteriosus (assessed with: need for closure)

	1 
	randomised trials 
	serious d
	serious b
	not serious 
	serious f
	none 
	0/10 (0.0%) 
	1/10 (10.0%) 
	RR 0.330
(0.015 to 7.320) 
	67 fewer per 1,000
(from 99 fewer to 632 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Post-transfusion increase in hemoglobin/ hematocrit

	1 
	randomised trials 
	not serious g
	not serious 
	not serious 
	not serious 
	none 
	12 
	10 
	- 
	MD 1.4 g/dl lower
(2.49 lower to 0.31 lower) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Hyperkalemia (assessed with: Serum Potassium)

	1 
	observational studies 
	very serious h
	not serious 
	not serious 
	not serious 
	none 
	61 
	
	- 
	mean 0.2 mmol/L lower
(0.63 lower to 0.23 higher) 
	⨁⨁◯◯
LOW 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
Explanations
a. There are 3 RCTs which have evaluated small volume PRBC transfusion vs large volume PRBC transfusion (Paul 2002; Wong 2005; Mallett 2016). There is serious risk of bias for sequence generation and allocation concealment in the study by Wong 2005. There was also serious risk of bias due to unblinded nature of this study. The study by Paul 2002 also could not blind the clinicians for the intervention and therefore had a serious risk of bias. The study by Mallett 2916 was a double blinded crossover RCT with no serious risk of bias. 
b. Very wide confidence interval of the pooled effects estimate 
c. In all the 3 RCTs the combined event rate was only 2 deaths, one each in the intervention and in the control group. 
d. The study by Wong 2005 was the only study which reported the outcome of ROP and PDA. This study had serious risk of bias due to no sequence generation, allocation concealment or blinding of the intervention. 
e. The study by Paul 2002 also could not blind the clinicians for the intervention and therefore had a serious risk of bias. 
f. The study by Wong 2005 reported the outcome of PDA. The event rate was very low; only one case of PDA in the large volume group. 
g. The study by Mallett 2916 was a double blinded crossover RCT with no serious risk of bias and reported the post-transfusion increase in hemoglobin and hematocrit as mean and SD. The study by Wong 2005 reported the post-transfusion increase in hemoglobin and hematocrit as absolute numbers and it was not possible to pool the results of the 2 RCTs. Also the study by Wong 2005 had serious risk of bias due to no sequence generation, allocation concealment or blinding of the intervention. 
h. Post-transfusion hyperkalemia in neonates has only been studied by one before-and-after study (Dani 2008). Other studies have excluded NICU patients (Brown 1990), included patients of 2-11 year age group (Brown 1990b), included only patients on ECLS (Fleming 2006) or included intra-operative cardiac arrest cases (Smith 2008). All these (Brown 1990; Brown 1990b; Fleming 2006; Smith 2008) were retrospective studies. 






	QUESTION 3

	Should fresher PRBC transfusion vs. older PRBC transfusion be used for neonates ?

	POPULATION:
	neonates 

	INTERVENTION:
	fresher PRBC transfusion

	COMPARISON:
	older PRBC transfusion

	MAIN OUTCOMES:
	Death before discharge; Composite disability of NEC, ROP, BPD and IVH; Necrotizing enterocolitis; In-hospital Infection (Clinical or Confirmed); Donor exposure; Number of transfusions per patient; Post-transfusion serum Potassium change;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Packed RBCs are used for treating anemia in neonates. Current evidence suggests the use of restrictive thresholds of hemoglobin for deciding to give a PRBC transfusion. This caution stems from several well described risks associated with PRBC transfusion in this vulnerable population. Transfusion transmitted infection, bacterial contamination, volume overload, transfusion associated acute lung injury (TRALI) and transfusion associated necrotizing enterocolitis (TANEC) are some of the adverse effects. PRBC component contains anticoagulant and an additive solution such as citrate-phosphate-dextrose with adenine (CPD-A1) or saline-adenine-glucose-mannitol (SAGM) which imparts a shelf life of 6 weeks when stored at 2-6 degree Celsius. This period is deﬁned by the arbitrary requirement that, after storage, more than 75% of red blood cells should survive in the recipient’s circulation at 24 hours (1). Notwithstanding this, certain biochemical and cellular changes called as 'storage lesions' occur in PRBC units with time, which includes impaired nitric oxide metabolism (2), depletion of cellular 2,3-diphosphoglycerate (2,3-DPG) (3) and dysfunction of the membrane sodium-potassium pump (4). Low nitric oxide levels may lead to vasoconstriction impairing blood flow and oxygenation, low 2, 3-DPG levels impair oxygen affinity of hemoglobin and dysfunction of Na-K pumps will lead to leakage of potassium into the extracellular fluid. For effective inventory management and optimal utilization of resources, the standard operating procedure of all blood banks is to issue the oldest stored component first.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	PRBC transfusions given to neonates using fresh RBCs described in studies as 7 days old or lesser (Strauss 1996; Strauss 2000; Fergusson 2012 (ARIPI Trial), 5 days old or lesser (Liu 1994), 3 days old or lesser (Fernandez 2005) compared to older PRBCs did not result in a lower risk of death before discharge (RR 1.09; 95% CI 0.67-1.78) or composite disability of NEC, ROP, BPD or IVH (RR 1.0; 95% CI 0.82-1.21). There was no decreased risk of NEC-all stages (RR 0.89; 95% CI 0.46-1.72) or NEC-Stage 2 or greater (RR 1.01; 95% CI 0.51-2.00). There was no reduced risk of in-hospital infections both clinical and confirmed (RR 0.92; 95% CI 0.81-1.05). Use of fresher RBCs reduced the donor exposure (MD -1.86; 95% CI -2.24 to -1.48) but did not reduce the number of transfusions per patient (MD 0.98; 95% CI 0.26-1.71). Use of fresher RBCs reduced the post-transfusion serum potassium change (MD -0.22 mmol/l; 95% CI -0.71 to 0.26).

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	PRBC transfusions given to neonates using fresh RBCs described in studies as 7 days old or lesser (Strauss 1996; Strauss 2000; Fergusson 2012 (ARIPI Trial), 5 days old or lesser (Liu 1994), 3 days old or lesser (Fernandez 2005) compared to older PRBCs did not result in a lower risk of death before discharge (RR 1.09; 95% CI 0.67-1.78) or composite disability of NEC, ROP, BPD or IVH (RR 1.0; 95% CI 0.82-1.21). There was no decreased risk of NEC-all stages (RR 0.89; 95% CI 0.46-1.72) or NEC-Stage 2 or greater (RR 1.01; 95% CI 0.51-2.00). There was no reduced risk of in-hospital infections both clinical and confirmed (RR 0.92; 95% CI 0.81-1.05). Use of fresher RBCs reduced the donor exposure (MD -1.86; 95% CI -2.24 to -1.48) but did not reduce the number of transfusions per patient (MD 0.98; 95% CI 0.26-1.71). Use of fresher RBCs reduced the post-transfusion serum potassium change (MD -0.22 mmol/l; 95% CI -0.71 to 0.26).

	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 were 5 RCTs (Liu 1994; Strauss 1994; Strauss 2000; Fernandez 2005; Fergusson 2012) included in the Cochrane review (Brunskill 2015). The ARIPI Trial (Fergusson 2012) had a low risk of bias. There was an unclear risk of bias pertaining to random sequence generation and allocation concealment in Strauss 1994, Strauss 2000, and Fernandez 2005 trials. There was an unclear risk of bias of blinding of participants and personnel in the Fernandez 2005 and Liu 1994 studies. There was an unclear risk of bias due to blinding of outcome assessment in Fernandez 2005, Strauss 2000 and Strauss 1994. Overall, except for the study by Fergusson 2012, there was a 'serious' risk of bias. There was no serious risk of inconsistency, indirectness or imprecision. 

	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
	There is possibly no uncertainty about the main outcomes of mortality, morbidity, infections, donor exposure, transfusion requirement and hyperkalemia. However there appears to be variability in the importance attributed to the main outcomes. There is variation in the definition of fresher RBCs ranging from 3 days or lesser to 7 days or lesser. There is very little evidence on effect on organ support (i.e. ventilation, inotropic support or hemofiltration) or on adverse transfusion reactions.

	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
	1. When compared to transfusion of older PRBCs in neonates, fresher PRBCs did no result in an decreased incidence of death before discharge or the composite outcome of neonatal morbidities of NEC, ROP, BPD or IVH.
2. When compared to transfusion of older PRBCs in neonates, fresher PRBCs did not result in an decreased incidence of NEC or in-hospital infections. 
3. When compared to transfusion of older PRBCs in neonates, fresher PRBCs did not result in decreased donor exposure or a significant reduction in the number of transfusions per patient.
4. When compared to transfusion of older PRBCs in neonates, fresher PRBCs resulted in a modest reduction of post-transfusion serum potassium level.

	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
	Use of fresher PRBCs would definitely have an impact on the resource utilization of blood banks. Currently blood banks store PRBCs for up to 6 weeks and issue the oldest stored unit first. It would impose additional burden of manpower and materials and increase the production cost of a unit of PRBC. It would also impose a significant burden on the process of voluntary blood donation, with a high likelihood of increased wastage.

	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
	There is a high certainty of evidence from all the studies. All 5 RCTs studied the economic or blood stock inventory outcome of use of fresher PRBCs with current standard practice (Strauss 1994; Strauss 2000; Fergusson 2012) or fresher PRBCs with older PRBCs (Liu 1994; Fernandez 2005). All the studies reported this outcome from mean number of donor exposures per neonate. None of the 5 RCTs favoured the use of fresher PRBCs.

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The cost of production of a unit of PRBC would increase if it could only be allowed for transfusion within 1 week from the date of collection compared to the existing 6 weeks. 

	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
	Use of donor directed transfusions in neonates would reduce the number of donor exposures and reduce the economic impact of using fresher PRBCs. In extremely preterm neonates the risk of hyperkalemia, depleted 2,3-DPG levels, microparticles, bacterial contamination and shorter circulating life of transfused older PRBCs may actually adversely impact the equity in favor of fresher PRBCs. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	The risk of storage lesions in older PRBCs and its effect on fragile preterm neonates would affect the universal acceptability of older PRBCs as compared to fresher PRBCs in this sub-group.

	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 the use of PRBCs issued from the blood bank as per existing practices. Reiteration of safety and no risk of harm from use of PRBCs stored longer than 7 days would be required for neonatal care providers.


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 panel strongly recommends against the use of fresher PRBCs as a routine in preterm neonates. Existing standard blood bank practice of issuing PRBCs from the oldest stored unit first does not show an increased risk of mortality or morbidity. 

	



	Justification

	Overall justification
The 5 RCTs included in the Cochrane review (Brunskill et al 2015) did not show an increased incidence of mortality, morbidity, in-hospital infections or a significant difference in the number of donor exposures or number of transfusions per neonate.
Detailed justification
Desirable Effects
PRBC transfusions given to neonates using fresh RBCs described in studies as 7 days old or lesser (Strauss 1996; Strauss 2000; Fergusson 2012 (ARIPI Trial), 5 days old or lesser (Liu 1994), 3 days old or lesser (Fernandez 2005) compared to older PRBCs did not result in a lower risk of death before discharge (RR 1.09; 95% CI 0.67-1.78) or composite disability of NEC, ROP, BPD or IVH (RR 1.0; 95% CI 0.82-1.21). There was no decreased risk of NEC-all stages (RR 0.89; 95% CI 0.46-1.72) or NEC-Stage 2 or greater (RR 1.01; 95% CI 0.51-2.00). There was no reduced risk of in-hospital infections both clinical and confirmed (RR 0.92; 95% CI 0.81-1.05). Use of fresher RBCs reduced the donor exposure (MD -1.86; 95% CI -2.24 to -1.48) but did not reduce the number of transfusions per patient (MD 0.98; 95% CI 0.26-1.71). Use of fresher RBCs reduced the post-transfusion serum potassium change (MD -0.22 mmol/l; 95% CI -0.71 to 0.26).



	Subgroup considerations

	Extreme preterm neonates with very small circulatory volumes would be at an increased risk of metabolic storage lesions like hyperkalemia. Since they would be nutritionally compromised especially with respect to phosphate they would have limited ability to regenerate the 2,3-DPG levels after transfusion. Shortened life-span of the transfused PRBCs may ultimately result in a greater requirement of number of transfusions. 



	Implementation considerations

	Implementation of this guideline would require reiteration of standard blood bank practices with neonatal care providers.



	Monitoring and evaluation

	Extremely premature neonates would require monitoring for hyperkalemia following a transfusion especially in the first week of postnatal age when they are affected by non-oligouric hyperkalemia of prematurity. 



	Research priorities

	Studies need to be conducted comparing the different additive solutions used in PRBC components vis-a-vis greater suitability of one over the other in neonates.
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Question 3: Fresher PRBC transfusion compared to older PRBC transfusion in neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	fresher PRBC transfusion
	older PRBC transfusion
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death before discharge

	4 
	randomised trials 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	39/245 (15.9%) 
	42/245 (17.1%) 
	RR 1.09
(0.67 to 1.78) 
	15 more per 1,000
(from 57 fewer to 134 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Composite disability of NEC, ROP, BPD and IVH

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	99/188 (52.7%) 
	100/189 (52.9%) 
	RR 1.00
(0.82 to 1.21) 
	0 fewer per 1,000
(from 95 fewer to 111 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Necrotizing enterocolitis (assessed with: Bell staging)

	2 
	randomised trials 
	not serious b
	not serious 
	not serious 
	not serious 
	none 
	21/214 (9.8%) 
	19/215 (8.8%) 
	RR 0.89
(0.46 to 1.72) 
	10 fewer per 1,000
(from 48 fewer to 64 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	In-hospital Infection (Clinical or Confirmed)

	2 
	randomised trials 
	not serious c
	not serious 
	not serious 
	not serious 
	none 
	152/214 (71.0%) 
	141/215 (65.6%) 
	RR 0.92
(0.81 to 1.05) 
	52 fewer per 1,000
(from 125 fewer to 33 more) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Donor exposure

	5 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	257 
	258 
	- 
	MD 1.86 donor exposures fewer
(2.24 fewer to 1.48 fewer) 
	⨁⨁⨁⨁
HIGH 
	CRITICAL 

	Number of transfusions per patient

	4 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	69 
	69 
	- 
	MD 0.98 number of transfusions higher
(0.26 higher to 1.71 higher) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 

	Post-transfusion serum Potassium change

	3 
	randomised trials 
	not serious 
	not serious 
	not serious 
	not serious 
	none 
	43 
	43 
	- 
	MD 0.22 mmol/liter lower
(0.71 lower to 0.26 higher) 
	⨁⨁⨁⨁
HIGH 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio; MD: Mean difference
Explanations
a. 4 RCTs reported the outcome of death before discharge (Strauss 1996, Strauss 2000, Fernandez 2005, Fergusson 2012). Of these 3 RCTs had unclear risk of bias related to randomization, allocation concealment and blinding of outcome assessment (Strauss 1996, Strauss 2000, Fernandez 2005). 2 RCTs had unclear risk of bias due to selective reporting (Strauss 1996, Strauss 2000). One RCT had unclear risk of bias due to blinding of participants and the investigators (Fernandez 2005). There was low risk of bias in the ARIPI Trial (Fergusson 2012). Based on these finding we found a serious risk of bias in these studies for this outcome. 
b. 2 RCTs reported the outcome of NEC (Fernandez 2005, Fegusson 2012). The trial by Fernandez 2005 had unclear risk of bias related to randomization, allocation concealment and blinding of participants, investigators and outcome assessment. There was low risk of bias in the ARIPI Trial (Fergusson 2012) which contributed 88% of neonates (377/429). Based on these finding we found no serious risk of bias in these studies for this outcome. 
c. 2 RCTs reported the outcome of In-Hospital infection reported as clinical sepsis and/or confirmed sepsis(Fernandez 2005, Fegusson 2012). The trial by Fernandez 2005 had unclear risk of bias related to randomization, allocation concealment and blinding of participants, investigators and outcome assessment. There was low risk of bias in the ARIPI Trial (Fergusson 2012) which contributed 88% of neonates (377/429). Based on these finding we found no serious risk of bias in these studies for this outcome. 




	QUESTION 4

	Should irradiation of PRBC component vs. no irradiation of PRBC component be used for transfusion in neonates ?

	POPULATION:
	transfusion in neonates 

	INTERVENTION:
	irradiation of PRBC component

	COMPARISON:
	no irradiation of PRBC component

	MAIN OUTCOMES:
	Transfusion associated GVHD; Hyperkalemia;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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 have an immature immune system and therefore it is recommended that irradiated PRBCs are used in neonates to prevent the engraftment in the recipient residual lymphocytes present in the donor unit. Preterm neonates, neonates’ receiving intrauterine transfusions, blood relatives of directed donation and those having an T-cell immunodeficiency disorder (DiGeorge syndrome) are particularly vulnerable to transfusion associated graft versus host disease (TA-GVHD). Irradiation damages the RBC membrane increasing the erythrocytic membrane permeability causing potassium leakage with high potassium concentration in the extracellular ﬂuid. Longer the PRBC unit is stored post-irradiation higher is the potassium concentration in the extracellular portion creating a risk of hyperkalemia induced arrhythmia. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	TA-GVHD in neonates following use of non-irradiated PRBCs is restricted to case reports only. These case reports have in common is an exposure of the neonate to large volume PRBC transfusions which has not been irradiated. 
There is one RCT (Moroff 1999) with a paired randomized cross-over design on viability and in-vitro properties of PRBCs after irradiation which showed a substantially higher level of potassium in the supernatant after irradiation (Typical MD 10.60 (95% CI 8.69-12.51).
There are 2 observational studies (Weiskopf 2005; Davey 1992) on estimation of potassium concentration in the supernatant or extracellular fluid of a non-irradiated PRBC unit compared to an irradiated unit. Both studies demonstrated a significant increase in the potassium level on storage in the supernatant or extracellular fluid post-irradiation (Typical MD 8.70 (95% CI 7.99-9.41).

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	TA-GVHD in neonates following use of non-irradiated PRBCs is restricted to case reports only. These case reports have in common is an exposure of the neonate to large volume PRBC transfusions which has not been irradiated. 
There is one RCT (Moroff 1999) with a paired randomized cross-over design on viability and in-vitro properties of PRBCs after irradiation which showed a substantially higher level of potassium in the supernatant after irradiation (Typical MD 10.60 (95% CI 8.69-12.51).
There are 2 observational studies (Weiskopf 2005; Davey 1992) on estimation of potassium concentration in the supernatant or extracellular fluid of a non-irradiated PRBC unit compared to an irradiated unit. Both studies demonstrated a significant increase in the potassium level on storage in the supernatant or extracellular fluid post-irradiation (Typical MD 8.70 (95% CI 7.99-9.41).

	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

	TA-GVHD in neonates is restricted to 5 case reports (Harte 1997; Hatley 1991; Berger 1989; Parkman 1974; Naiman 1969) totaling 6 patients. Four of these neonates (Harte 1997; Parkman 1974; Naiman 1969) were cases of Rh-hemolytic disease of the newborn (Rh-HDN) who received intrauterine transfusions and after birth underwent multiple exchange transfusions. One neonate (Berger 1989) was a 28 weeks preterm with respiratory distress syndrome and sepsis and also had received multiple blood products including packed RBCs which had not been irradiated. One neonate (Hatley 1991) was a case of severe meconium aspiration syndrome placed on extracorporeal membrane oxygenator (ECMO). 
There is a retrospective study (survey) (Ohto 1996) of 122 cases of TA-GVHD in patients who have undergone cardiothoracic surgery, surgery for solid tumor’s or various medical and surgical conditions in immunocompetent patients. The authors of this survey specifically excluded premature newborns and neonates treated with exchange transfusion.
There is one RCT (Moroff 1999) with a paired randomized cross-over design on viability and in-vitro properties of PRBCs after irradiation which showed a substantially higher level of potassium in the supernatant after irradiation. 
In addition there are 2 observational studies (Weiskopf 2005; Davey 1992) on estimation of potassium concentration in the supernatant or extracellular fluid of a non-irradiated PRBC unit compared to an irradiated unit. One of the studies (Weiskopf 2005) examined extracellular potassium concentrations in irradiated and non-irradiated PRBC unit at various time points within the first 24 hours. The second study (Davey 1992) examined supernatant potassium concentrations in irradiated vs non-irradiated PRBC unit at 42 days of storage. There is serious risk of bias as most of the weight (98.9%) of the pooled effects estimate arises from the study by Weiskopf 2005. There is also considerable heterogeneity (I2=98%) indicating serious inconsistency. One of the studies (Weiskopf 2005) examined extracellular potassium concentrations in irradiated and non-irradiated PRBC unit at various time points within the first 24 hours while second study (Davey 1992) examined supernatant potassium concentrations in irradiated vs non-irradiated PRBC unit at 42 days of storage indicating serious indirectness. The small number of enrolled patients, 16 (Davey 1992) and 55 (Weiskopf 2005) indicate serious imprecision.

	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
	There is no uncertainty about the importance of the outcome of TA-GVHD or hyperkalemia, even though there appears to be variability in the importance attributed to the main outcome. This may arise out of non-availability of an irradiator at blood banks. Ideally, irradiation of the PRBC component must be done just prior to issuing by the blood bank. However, hospitals without a blood bank or an on-site irradiator may be forced to store pre-irradiated blood components or maybe issuing non-irradiated PRBC component. 

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
● Favors the intervention
○ Varies
○ Don't know
	The acute onset, rapidly progressive and life threatening nature of the outcome of TA-GVHD requires irradiation to be done for PRBC units issued for intrauterine transfusion (IUT) or exchange transfusion (ET) if IUT was done using blood donated by 1st or 2nd degree relatives and all other indications for an ET as long it does not cause an inordinate delay in issuing the blood product. There is no requirement for routine irradiation of top-up PRBC transfusions in preterm or term neonates. Other than PRBC units irradiation is recommended for platelet concentrates and granulocytes. It is not necessary to irradiate FFP or cryoprecipitate. If there is risk of hyperkalemia in the neonate, it is recommended to transfuse the PRBC unit within 24 hours of irradiation. Otherwise PRBC units can be irradiated up to 2 weeks after collection and be stored for another 2 weeks after that. For IUT and ET the blood component should be used within 24 hours of irradiation and within 5 days of collection. Platelet concentrates can be irradiated at any stage of their storage, while granulocyte transfusions should preferably be transfused as soon as possible after irradiation. (Treleaven et al 2010: Guidelines on the use of irradiated blood components).

	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
	The resource requirement for investing in blood irradiators is very high. Gamma irradiators with a cesium core lasts for nearly 30 years with gradual decay in radioactivity and marginal increase in the time required for irradiation. Either Gamma or X-ray irradiators can be used at a dose of 25-50 Gray. The cost of an x-ray irradiator can be in the range of INR 1.5-2 crore. However since the equipment is long lasting and over that period a very large number of blood products would be irradiated the additional expenditure per unit would be minimal justifying the application of irradiation as a standard. The transfusion medicine department at a Medical College at Pune acquired a Gamma irradiator in 2009 at a cost of INR 1,30,0000.. Over the past decade the blood bank has irradiated an average of 350 blood components per month resulting in an expenditure of INR 300 per bag.

	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
	All the studies cited in this guideline (Moroff 1999; Davey 1992; Weiskopf 2005) have used a gamma irradiator. The guideline on the use of irradiated blood components (Treleaven et al 2010) recommends the use of a gamma irradiator or an x-ray irradiator for irradiation of cellular blood components.

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The high initial investment required for establishing an irradiator at a blood bank has to be weighed against the long life of the equipment and the very large number of blood products that would be optimally processed. 

	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
	Use of irradiated PRBC component will eliminate the risk of TA-GVHD in the neonatal population especially in fetuses requiring IUT and neonates requiring ET. Even though there is a significant increase in the potassium concentration in the supernatant or the extracellular fluid of an irradiated blood product, the risk of hyperkalemia is not related to this. Rather the risk of hyperkalemia is very small in neonates’ receiving small volume transfusions.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	Elimination of the risk of TA-GVHD would definitely increase the acceptability of use of irradiated PRBC component provided there is ready availability and the increase in cost of an irradiated component is not unduly large.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	The use of irradiated blood components would be feasible to implement, if there is availability of a gamma or an x-ray irradiator. The costs of irradiating a unit of PRBC should not become unduly high as it may adversely impact its universal acceptance by neonatal health care providers. 


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 panel strongly recommends the use of irradiated PRBCs and other cellular blood components in neonates especially when the transfusion volume is large such as for intrauterine transfusions, exchange transfusions or large volume (>20 ml/kg) blood transfusions in order to eliminate the risk of transfusion associated graft versus host disease in the recipient neonate.

	



	Justification

	Overall justification
The evidence reporting the outcome of interest i.e. TA-GVHD in neonates is only restricted to case reports. These case reports have in common, a large volume exposure of PRBCs to the neonate in the form of IUTs, ETs or PRBC transfusions probably from a period prior to recommendation from professional bodies for use of irradiated PRBC component in neonates.
Detailed justification
Certainty of evidence



	Subgroup considerations

	Neonates with Rh-HDN who underwent IUT for anemia and now requiring ET, neonates with T-cell immunodeficiency disorders such as Di-George syndrome, and neonates for whom directed donor transfusion is received from 1st or 2nd degree relatives are at high risk for TA-GVHD. Such neonates should be transferred to perinatal centers where irradiated PRBC unit can be available.



	Implementation considerations

	Establishing blood banks with irradiation equipment, scaling-up blood banks in the government sector and establishing transfusion medicine department in all government hospitals with a centrally located irradiator providing irradiation services for smaller blood banks. 



	Monitoring and evaluation

	Monitoring of irradiated PRBC component for plasma free hemoglobin and potassium concentrations with increasing duration of storage. Monitoring of extreme preterm neonates for hyperkalemia especially in the first week of postnatal age when they are affected by non-oligouric hyperkalemia of prematurity. Monitoring of blood banks for proportion of irradiated vs non-irradiated PRBC components issued.



	Research priorities

	Is it necessary to irradiate cellular blood components which are leucodepleted? 
Does leucodepletion alone reduce the number of contaminating lymphocytes sufficiently to avoid any chance of TA-GVHD, rendering irradiation superfluous?
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Question 4: Irradiation of PRBC component compared to no irradiation of PRBC component for transfusion in neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	irradiation of PRBC component
	no irradiation of PRBC component
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Transfusion associated GVHD

	5 
	observational studies 
	extremely serious a
	very serious a
	not serious 
	serious a
	none 
	0/6 (0.0%) 
	not pooled 
	not pooled 
	see comment 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Hyperkalemia (assessed with: Potassium levels in the supernatant on storage)

	1 
	randomised trials 
	serious b
	not serious 
	not serious 
	not serious 
	none 
	30 
	30 
	- 
	mean 10.6 mmol/L higher
(8.69 higher to 12.51 higher) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 


CI: Confidence interval
Explanations
a. There are 5 case reports on TA-GVHD in neonates (Naiman 1969; Parkman 1974; Berger 1989; Hatley 1991; Harte 1997) totaling 6 patients. 
b. The RCT (Moroff 1999) which had a paired randomized cross-over design had serious risk of bias because the study was unblinded, with no mention of sequence generation or allocation concealment. 







	QUESTION 5

	Should withholding enteral feeding vs. continued enteral feeding be used for preterm neonates receiving PRBC transfusion ?

	POPULATION:
	preterm neonates receiving PRBC transfusion 

	INTERVENTION:
	withholding enteral feeding

	COMPARISON:
	continued enteral feeding 

	MAIN OUTCOMES:
	Death before discharge; Transfusion associated necrotizing enterocolitis - Stage 2 or 3

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	PRBC transfusions have been associated with an increased risk of necrotizing enterocolitis within 48 hours of the transfusion referred to as transfusion associated necrotizing enterocolitis (TANEC). There are several proposed mechanisms for TANEC such as anemia affecting the gut perfusion, ischemia/ reperfusion associated with PRBC transfusion and an immune mediated injury to the gut mucosa arising out of immunological mediators in the PRBC unit. Withholding enteral feeding during the PRBC transfusion has been proposed as an intervention aimed at reducing the incidence of TANEC. It is believed that such a practice may act by reducing the post-prandial increase in mesenteric blood flow and intestinal mucosal injury post-feeding in preterm neonates. Such interruptions in feeding have been variously tried before, during or after the transfusion. There have been other practices such as change in the type of milk feeding and fortification during the transfusion. The 3 RCTs on PRBC transfusion in preterm neonates (Bell 2005; PINT 2006; Chen 2009) have in fact shown a higher risk of NEC in babies who were maintained in the restrictive threshold group indicating a protective effect of transfusions. Anemia related gut wall hypoxia progresses to develop oxidant mediated gut injury during reperfusion following the transfusion.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
○ Moderate
● Large
○ Varies
○ Don't know
	There are 7 observational studies in the systematic review (Jassani 2017) which showed that withholding of enteral feeding in preterm neonates undergoing a PRBC transfusion reduces the risk of TANEC stage 2 or more as compared to continued enteral feeding during the PRBC transfusion (Typical RR 0.47; 95% CI 0.28-0.80). 
Only 2 studies reported the outcome of death before discharge (DeRienzo 2014; Doty 2016). The study by DeRienzo et al was a retrospective cohort study which concluded that pretransfusion hematocrit was inversely related to risk of TANEC, suggesting a protective effect of maintaining higher baseline hemoglobin and favored withholding of feeds. The study by Doty et al showed a clinically relevant but statistically insignificant reduction in the incidence of NEC with withholding feeding during the PRBC transfusion (5/64 (7.8%) in feeding withheld group compared with 16/116 (13.8%) in continued feeding group). The risk of death before discharge was higher with continued enteral feeding (Typical RR 0.75; 95% CI 0.53-1.06). 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	There are 7 observational studies in the systematic review (Jassani 2017) which showed that withholding of enteral feeding in preterm neonates undergoing a PRBC transfusion reduces the risk of TANEC stage 2 or more as compared to continued enteral feeding during the PRBC transfusion (Typical RR 0.47; 95% CI 0.28-0.80). 
Only 2 studies reported the outcome of death before discharge (DeRienzo 2014; Doty 2016). The study by DeRienzo et al was a retrospective cohort study which concluded that pretransfusion hematocrit was inversely related to risk of TANEC, suggesting a protective effect of maintaining higher baseline hemoglobin and favored withholding of feeds. The study by Doty et al showed a clinically relevant but statistically insignificant reduction in the incidence of NEC with withholding feeding during the PRBC transfusion (5/64 (7.8%) in feeding withheld group compared with 16/116 (13.8%) in continued feeding group). The risk of death before discharge was higher with continued enteral feeding (Typical RR 0.75; 95% CI 0.53-1.06). 

	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 a plethora of evidence on the relationship between PRBC transfusion and risk of NEC. There are 16 observational studies describing the entity of TANEC. but no RCTs. A meta-analysis of observational studies (Mohamed 2012) showed a strong association between recent PRBC transfusion and NEC (Typical OR 3.91; 95% CI 2.97-5.14). Another recent meta-analysis (Hay 2017) also showed an increased risk of NEC with PRBC transfusion within 48 hours of the transfusion (Typical 1.13; 95% CI 0.99-1.29). However there was high heterogeneity in this meta-analysis (I2=93%). 
There are 7 studies in the systematic review (Jassani 2017). These are all observational studies (Bajaj 2016; DeRienzo 2014; Doty 2016; Meneses 2016; Mohamed 2015; Perciaccante 2016; Rindone 2016). All the studies included neonates below 1500 grams birth weight except two which included neonates below 2500 gram (Meneses 2016) birth weight and below 1250 grams (Bajaj 2016). One study (Rindone 2016) included neonates below 34 wk gestation. One study (Bajaj 2016) defined TANEC as NEC stage 2 or more occurring within 72 h of PRBC transfusion. One study (Rindone 2016) followed a conservative peritransfusion feeding policy of withholding feeds for greater than 24 hours after the PRBC transfusion. All studies reported the incidence of TANEC before and after implementation of a peritransfusion feeding policy. 

	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
	There is possibly no uncertainty about the association between continued enteral feeding during PRBC transfusions and the increased risk of NEC. Even though all the evidence in this regard emerges from observational studies, there is a large sample size, narrow confidence interval, low heterogeneity of the studies producing evidence of moderate certainty. There is significant variation in the feeding protocol used as the intervention across the studies with definitions ranging from withholding of feeds 3 to 4 hours prior to the transfusion to more than 12 to 24 hours after completing the transfusion. There is also some variation in the time period for observing the outcome of interest i.e. NEC ranging from 48 to 72 hours after the transfusion.

	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
	1. Withholding feeding beginning 2 to 3 hours prior and during the period of PRBC transfusion in preterm neonates reduces the risk of necrotizing enterocolitis occurring in the next 48 hours.
2. Withholding enteral feeding beginning 2 to 3 hours prior to and during the period of PRBC transfusion in preterm neonates reduces the risk of death before discharge. The increased risk of death may be related to the greater likelihood of need for longer hospitalization and surgical management in the neonates who develop TANEC (50% mortality in those requiring surgical intervention compared to 20% in non-surgical NEC) (Doty 2016). 
3. Withholding enteral feeding beginning prior to the transfusion and during the entire period of the transfusion would require the additional administration of intravenous dextrose-electrolyte fluid to reduce the risk of hypoglycemia. There is also some concern related to the mixing of the hyperosmolar dextrose solution with the transfused PRBCs causing an osmotic injury and shortening the life of the transfused PRBCs.

	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
	The resources required for implementing a transfusion policy of withholding enteral feeding during PRBC transfusion would translate into need for administration of intravenous fluids for 6-7 hours, beginning 2-3 hours prior to the beginning of the transfusion and continued for 4 hours during the transfusion. The resultant reduction in the incidence of NEC would translate in significant savings from longer hospitalization and cost of intensive and surgical care. The application of the intervention in all preterm neonates may not be able to eliminate the risk of NEC since it is known that NEC is a multifactorial disorder.

	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
	One study (Doty 2016) has compared the time required to attain full feeding and did not show a significant difference in the mean duration required to attain full feeding, thereby not showing any significant difference in the duration of intensive care (21.6 (16) days for feeding withheld versus 24.3 (16) days for feeding continued) (Mean (SD). The second study (DeRienzo 2014) showed a significantly greater number of neonates with surgical NEC associated with PRBC transfusions i.e. TANEC compared to those which were not TANEC showing a greater resource requirement and utilization with TANEC.

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
● Favors the intervention
○ Varies
○ No included studies
	The severe morbidity inducing effects of necrotizing enterocolitis such as need for surgery, creation of ileostomy producing a high-output fistula, short-bowel syndrome and enormous implications like adverse neurodevelopmental outcomes, longer hospitalization and financial burden strongly favors the use of any intervention which can reduce its outcome.

	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
	Implementing a withholding feeding policy for 6-7 hours in all preterm neonates undergoing a PRBC transfusion will result in an increased demand for an NICU bed with monitoring, intravenous fluids and infusion pump and more skilled nursing effort and monitoring, It will create some anxiety in the family members due to the neonate crying for feeds. This burden would easily be outweighed from the benefits accrued from preventing a proportion of NEC cases. 
Non-availability of small volume vaccutainers (microtainers), not having microsample processing abilities in the hospital lab and routine or protocolised blood sampling producing early and more frequent requirement for PRBC transfusions would result in probably lesser effectiveness of the intervention.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	There does not appear to be any reason for non-acceptability of the intervention. Busy neonatal units may find it difficult to accommodate stable preterm neonates requiring a PRBC transfusion.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	It will be feasible to implement the intervention. It will require sensitization of the neonatal health caregivers and incorporation in the Blood component transfusion policy of the institution.


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 panel strongly recommends withholding of enteral feeding in preterm neonates’ receiving a PRBC transfusion beginning 2 to 3 hours prior to beginning the transfusion and continuing for the duration of the transfusion for prevention of transfusion associated necrotizing enterocolitis (TANEC). 

	



	Justification

	Overall justification
The entire evidence for withholding enteral feeding for prevention of TANEC is derived from observational studies, showing a protective effect of withholding feeding. The large sample size, narrow confidence interval and low heterogeneity of the included studies provide evidence of moderate quality.
Detailed justification
Certainty of evidence
There are 7 studies in the systematic review (Jassani 2017). These are all observational studies (Bajaj 2016; DeRienzo 2014; Doty 2016; Meneses 2016; Mohamed 2015; Perciaccante 2016; Rindone 2016). All the studies included neonates below 1500 grams birth weight except two which included neonates below 2500 gram (Meneses 2016) birth weight and below 1250 grams (Bajaj 2016). One study (Rindone 2016) included neonates below 34 wk gestation. One study (Bajaj 2016) defined TANEC as NEC stage 2 or more occurring within 72 h of PRBC transfusion. One study (Rindone 2016) followed a conservative peritransfusion feeding policy of withholding feeds for greater than 24 hours after the PRBC transfusion. All studies reported the incidence of TANEC before and after implementation of a peritransfusion feeding policy. 



	Subgroup considerations

	1. Busy neonatal units may find it difficult to accommodate stable preterm neonates on full enteral feeding for receiving PRBC transfusion and maintained on intravenous fluids for 6-7 hours. 
2. Institutes where microsampling is not followed (non-availability of small volume vaccutainers-microtainers) or not having microsample processing abilities in the hospital lab and units where routine or protocolised blood sampling rather than individualized sampling is the norm may result in producing an earlier and more frequent requirement for PRBC transfusions would result in probably lesser effectiveness of the intervention.
3. Extreme preterm neonates remain longer in the NICU, have an increased risk of NEC and have a greater likelihood of receiving more than one PRBC transfusions prior to discharge. It is likely that this subset of preterm neonates may show the most benefit from the intervention.



	Implementation considerations

	There is no special consideration for implementation of this recommendation. Inclusion of this recommendation in the transfusion policy of the neonatal unit and sensitization programs for the neonatal health care providers would be required.



	Monitoring and evaluation

	Monitoring of the neonate for hypoglycemia during the period of withholding feeds and administration of intravenous fluids and PRBC transfusion is required. Monitoring the neonate in the post-transfusion period for 48-72 hours for signs of TANEC.



	Research priorities

	Larger multi-centric studies with subgroup analysis for extreme preterm neonates are required. Does the use of irradiated PRBC component protect against the risk of developing TANEC? Is there a risk of TANEC related to the volume of PRBC transfusion- small volume versus larger volume?
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Question 5: Withholding enteral feeding compared to continued enteral feeding in preterm neonates receiving PRBC transfusion 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	withholding enteral feeding
	continued enteral feeding 
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death before discharge

	2 
	observational studies 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	36/379 (9.5%) 
	149/1181 (12.6%) 
	RR 0.75
(0.53 to 1.06) 
	32 fewer per 1,000
(from 59 fewer to 8 more) 
	⨁◯◯◯
VERY LOW 
	

	Transfusion associated necrotizing enterocolitis -  Stage 2 or 3

	7 
	observational studies 
	serious b
	not serious 
	not serious 
	not serious 
	none 
	22/2958 (0.7%) 
	107/4534 (2.4%) 
	RR 0.47
(0.28 to 0.80) 
	13 fewer per 1,000
(from 17 fewer to 5 fewer) 
	⨁◯◯◯
VERY LOW 
	


CI: Confidence interval; RR: Risk ratio
Explanations
a. Out of the 7 studies included in the Systematic Review (Jassani 2017) only 2 studies (Doty 2016; DeRienzo 2014) reported on the outcome of death before discharge. One study (Doty 2016) was a retrospective chart review while the other (DeRienzo 2014) was a retrospective cohort study. 
b. All the 7 studies in the Systematic Review (Jassani 2017) were observational studies, However because of the large sample size, narrow confidence interval around the pooled effects estimate, and low heterogeneity (I2=11%), there was moderate certainty of the evidence. 







	QUESTION 6

	Should leucocyte reduction and CMV seronegative donor vs. no leucocyte reduction and CMV seronegative donor be used for transfusion of blood products in neonates?

	POPULATION:
	transfusion of blood products in neonates

	INTERVENTION:
	leucocyte reduction and CMV seronegative donor

	COMPARISON:
	no leucocyte reduction and CMV seronegative donor

	MAIN OUTCOMES:
	Transfusion transmitted cytomegalovirus infection; Mortality (all causes);

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Preterm very low birth neonates in the NICU may require PRBC transfusions. Transfusion transmitted cytomegalovirus infection (TT-CMV) occurring from latently infected white blood cells (WBCs) in the blood component can result in serious morbidity and mortality in these neonates. Transfusions of CMV seronegative blood component and/or leucocyte reduction (LR) of the blood component are the recommended strategies to prevent TT-CMV. Since CMV is present inside the white blood cells (WBCs) leucoreduction results in prevention of TT-CMV. The prevalence of seropositivity of CMV in the population may affect the availability of CMV negative donors. Donation of blood during the window period may result in failure of prevention of TT-CMV by seronegative CMV donor strategy. Breakthrough infection following use of leucoreduction filters may occur because these filters may not remove latently infected monocytes, lymphocytes, and natural killer cells estimated at one infected WBC per 1000-10000 WBCs. The combined use of these two methods is referred to as the 'belt and suspenders' strategy and reduces the risk of TT-CMV infection. There is ongoing debate about the 'gold standard practice' of LR only, CMV seronegative donor only or the combined strategy of LR plus CMV seronegative donor. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
○ Moderate
● Large
○ Varies
○ Don't know
	The prospective cohort study (Josephson 2014) demonstrated that LR with use of CMV negative blood reduced the risk of transmission to 0% (95% CI; 0.0 - 0.3%). The other prospective observational study (Delaney 2016) also showed LR to reduce the risk of TT-CMV to 0% (95% CI; 0.0 - 25.3%). The third observational study (Kim 2006) comparing LR and irradiation of blood product vs. not using LR and irradiated blood product showed a lower risk of TT-CMV (2.5% vs. 10%). The observational study (Eisenfeld 1991) used 2 techniques for WBC reduction enrolling a total of 48 neonates. However in 22 neonates LR was done using leucodepletion filters. There was no neonate who acquired TT-CMV. Two of these studies (Josephson 2014; Delaney 2016) showed a reduction in the all-cause mortality.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
○ Small
● Trivial
○ Varies
○ Don't know
	The prospective cohort study (Josephson 2014) demonstrated that LR with use of CMV negative blood reduced the risk of transmission to 0% (95% CI; 0.0 - 0.3%). The other prospective observational study (Delaney 2016) also showed LR to reduce the risk of TT-CMV to 0% (95% CI; 0.0 - 25.3%). The third observational study (Kim 2006) comparing LR and irradiation of blood product vs. not using LR and irradiated blood product showed a lower risk of TT-CMV (2.5% vs. 10%). The observational study (Eisenfeld 1991) used 2 techniques for WBC reduction enrolling a total of 48 neonates. However in 22 neonates LR was done using leucodepletion filters. There was no neonate who acquired TT-CMV. Two of these studies (Josephson 2014; Delaney 2016) showed a reduction in the all-cause mortality.

	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
	1. There are 8 studies examining the role of using leucocyte reduction (LR) and/ or CMV negative blood component in preventing transfusion transmitted CMV (TT-CMV) infection in neonates. These are 2 RCTs (Yeager 1981; Gilbert 1989), 4 observational studies (Eisenfeld 1991; Kim 2006; Josephson 2014; Delaney 2016) and 2 surveys (Smith 2009; Finley 2016). In addition there is 1 systematic review (Simancas-Racines 2019), 1 committee report of American Association of Blood Banks (AABB) (Heddle 2016) and 1 position statement in guidelines (SaBTO statement) (New 2016).
2. Both the RCTs are 3-4 decades old, have small number of enrolled patients and have a serious risk of bias. One of the RCTs (Gilbert 1989) only resorted to LR while the other RCT (Yeager 1981) only resorted to use of CMV tested blood component. Both RCTs demonstrated the ability of reducing TT-CMV by either LR or use of CMV negative blood (12.5% to 2% with CMV negative blood component and 15% to 0% with LR).
3. The prospective cohort study (Josephson 2014) demonstrated that LR with use of CMV negative blood reduced the risk of transmission to 0% (95% CI; 0.0 - 0.3%). The other prospective observational study (Delaney 2016) also showed LR to reduce the risk of TT-CMV to 0% (95% CI; 0.0 - 25.3%). The third observational study (Kim 2006) comparing LR and irradiation of blood product vs. not using LR and irradiated blood product showed a lower risk of TT-CMV (2.5% vs. 10%). The observational study (Eisenfeld 1991) used 2 techniques for WBC reduction enrolling a total of 48 neonates. However in 22 neonates LR was done using leucodepletion filters. There was no neonate who acquired TT-CMV. 
4. One of the surveys (Smith 2009) showed that fetal and neonatal patients were more likely to receive CMV-seronegative blood (fetal: 34 ± 4%) (neonatal: 39 ± 4%). The other survey (Finley 2016) on institutional policies for provision of CMV-safe blood included 2 tertiary care neonatal centers. Both centers were divided in the strategy they followed – one followed LR while the other followed CMV seronegative donors.
5. The systematic review (Simancas-Racines 2019) did not include any studies on neonates.
6. The advisory committee on safety of blood, tissues and organs (SaBTO) recommends use of CMV seronegative components for intrauterine transfusions (IUTs) and in neonates up to 28 days age post expected date of delivery. The guidelines for transfusion in fetuses, neonates and children of the British society of hematology (New et al 2016) recommends use of CMV negative blood products till 6 months chronological age irrespective of gestational age at birth. Granulocyte transfusions should also be CMV negative when used in neonates till 28 days age after the expected date of delivery or where it is indicated in the recipient. The Committee report of American Academy of Blood Banks (AABB) (Heddle 2016) affirms that even though there are no recent RCTs, but the risk of TT-CMV is very high in high-risk populations like critically ill preterm very low birth neonates. 

	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
	A recent survey (Finlay 2016) on institutional policies for provision of CMV safe blood showed lack of standardization in practices aimed at preventing TT-CMV. This survey included 2 tertiary care neonatal centers, both of whom used different strategies - one adopting LR and the other going for CMV seronegative donor. This difference was attributed to geographic difference of proximity to capital cities. Teaching hospitals were less likely to demand a leucoreduced blood product prepared from a CMV negative donor. Pediatric and neonatal units perceived only LR as a risky strategy for prevention of TT-CMV. There is no uncertainty about the outcome of TT-CMV infection. However, there is important variability in the practices employed by hospitals and institutions.

	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
	1. Applying a universal strategy of selection of CMV seronegative donors and leucoreduction can prevent the risk of TT-CMV in the vulnerable preterm population.
2. Applying the strategy of selection of CMV seronegative donor alone will also reduce the risk of TT-CMV. However there is a risk of TT-CMV using this strategy if the blood collection was done during the window period of the CMV infection in the donor. This strategy alone is also less likely to be useful in geographic areas with a higher seroprevalence of CMV.
3. Applying the strategy of LR alone will also reduce the risk of TT-CMV. However there is a small risk of TT-CMV occurring from failure of the leucodepletion filter.
4. Preventing TT-CMV in preterm neonates by applying a combined strategy results is a reduction in the all-cause mortality.

	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
	The implementation of a combined strategy of CMV seronegative donor and LR for all neonatal and fetal transfusions would require additional testing of the donors for CMV by serological testing and provision of LR filters. Seroprevalence study on voluntary blood donor from southern state of India (Henry 2016) has shown CMV-IgG positivity rate of 90% while study from northern part of India (Das 2014) showed CMV-IgG positivity to be 98%. Thus using blood products from CMV seronegative donors may not be a feasible strategy in our country. 
Leucoreduction using LR filters brings down the risk of TT-CMV (92%) as effectively as CMV seronegative donor (93%) and there is practically no concern about the quality control of LR filters. Using LR blood products from CMV seropositive donors who have seroconverted more than a year ago can further enhance the efficacy of LR only strategy by excluding donors with acute infection and high viral loads. 

	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
	All the 6 studies on prevention of TT-CMV in neonates (Yeager 1981; Gilbert 1989; Eisenfeld 1991; Kim 2006; Josephson 2014; Delaney 2016) have reported the use of serological testing for CMV IgG, IgM and CMV-NAT for viral copies and/or use of leucocyte reduction filters. 

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
● Favors the intervention
○ Varies
○ No included studies
	The cost of serological testing of donor for CMV IgG and IgM by ELISA would be INR 200. Prestorage leucodepletion filter present in the collection bag would not create an additional expense. The cost of a LR filter is INR 400. The additional expenditure for processing a unit of PRBC intended for use in neonate combining both strategies would be INR 600, while the additional expenditure incurred from CMV seronegative donor only strategy would be INR 200 and from LR only strategy would be INR 400. In preterm very low birth weight neonates in the NICU, CMV infection can result in permanent neurological and neurosensory disability. The high seroprevalence of CMV in donors in our country mandates the implementation of a strategy for provision of CMV-safe blood. Considering the profound effects of CMV infection, costs involved, the nearly similar risk reduction with one strategy compared to the other, and the high CMV seropositivity in voluntary donors it appears that universal implementation of at least a LR strategy for blood product use in neonates would be cost effective.

	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
	CMV testing for voluntary blood donors is not mandatory in our country. Hence most institutions providing blood products for neonates resort to LR. For intrauterine transfusions blood banks provide CMV negative and leucodepleted PRBCs. Large busy institutions may find it difficult to universally implement the combined strategy while smaller institutions may not have their own blood bank and would depend on larger institutions or regional blood banks for provision of blood products. Preterm very low birth weight neonates and other subgroups of immunosuppressed patients would benefit the most by implementation of practices for providing CMV safe blood. 

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	There is debate about the best strategy for provision of CMV safe blood to prevent TT-CMV infection. There would not be any disagreement on provision of CMV safe blood. Institutions providing care to preterm neonates but not following CMV safe blood practices need to initiate processes for LR or CMV seronegative donor or a combined strategy.

	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 the intervention. Implementing the process of providing CMV safe blood would require resource allocation for procurement of LR sets and CMV ELISA kits and training of medical personnel for testing for CMV serological status of the donor and performing LR.


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 panel strongly recommends the provision of CMV safe blood for transfusion in preterm neonates using blood donated by CMV seronegative donor or leucoreduction or a combination of these two methods. For intrauterine transfusions it is recommended to use CMV negative and leucodepleted PRBC component to eliminate the risk of TT-CMV.

	



	Justification

	Overall justification
The evidence supporting CMV seronegative donor and/or leucoreduction for prevention of TT-CMV is limited to few observational studies and small RCTs. CMV infection in fetuses and preterm very low birth neonates leads to permanent neurological and neurosensory impairment and mortality. The use of either one or a combination of both strategies reduces the risk of TT-CMV in these vulnerable neonates.
Detailed justification
Problem
Preterm very low birth neonates in the NICU may require PRBC transfusions. Transfusion transmitted cytomegalovirus infection (TT-CMV) occurring from latently infected white blood cells (WBCs) in the blood component can result in serious morbidity and mortality in these neonates. Transfusions of CMV seronegative blood component and/or leucocyte reduction (LR) of the blood component are the recommended strategies to prevent TT-CMV. Since CMV is present inside the white blood cells (WBCs) leucoreduction results in prevention of TT-CMV. The prevalence of seropositivity of CMV in the population may affect the availability of CMV negative donors. Donation of blood during the window period may result in failure of prevention of TT-CMV by seronegative CMV donor strategy. Breakthrough infection following use of leucoreduction filters may occur because these filters may not remove latently infected monocytes, lymphocytes, and natural killer cells estimated at one infected WBC per 1000-10000 WBCs. The combined use of these two methods is referred to as the 'belt and suspenders' strategy and reduces the risk of TT-CMV infection. There is ongoing debate about the 'gold standard practice' of LR only, CMV seronegative donor only or the combined strategy of LR plus CMV seronegative donor. 



	Subgroup considerations

	PRBC and platelet component for intrauterine transfusions should be prepared from blood donated from CMV seronegative donor and must be leucodepleted also.



	Implementation considerations

	Implementing a policy of provision of CMV safe PRBC and other blood components for neonatal and fetal transfusions would require resource allocation for serological testing of donors for CMV, leucodepletion filters, ELISA equipment and training of healthcare personnel working in the blood banks.



	Monitoring and evaluation

	Monitoring of preterm neonates receiving CMV safe PRBC or platelet components for breakthrough infection due to donor blood collection during the window period or due to faulty LR filters.



	Research priorities

	Seroprevalence studies to estimate CMV seropositivity in voluntary blood donors in different regional areas.
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Question 6: Leucocyte reduction and CMV seronegative donor compared to no leucocyte reduction and CMV seronegative donor for transfusion of blood products in neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	leucocyte reduction and CMV seronegative donor
	no leucocyte reduction and CMV seronegative donor
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Transfusion transmitted cytomegalovirus infection

	4 
	observational studies 
	serious a
	not serious 
	not serious 
	serious b
	none 
	2/412 (0.5%) 
	2/40 (5.0%) 
	not pooled 
	see comment 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Mortality (all causes)

	2 
	observational studies 
	serious a
	not serious 
	not serious 
	serious c
	none 
	30/539 (5.6%) 
	2/20 (10.0%) 
	not pooled 
	see comment 
	⨁◯◯◯
VERY LOW 
	CRITICAL 


CI: Confidence interval; RR: Risk ratio
Explanations
a. The 4 observational studies (Eisenfeld 1991; Kim 2006; Josephson 2014; Delaney 2016) are prospective observational studies with a total of 452 sample size. 
b. The prospective cohort study (Josephson 2014) demonstrated that LR with use of CMV negative blood reduced the risk of transmission to 0% (95% CI; 0.0 - 0.3%). The other prospective observational study (Delaney 2016) also showed LR to reduce the risk of TT-CMV to 0% (95% CI; 0.0 - 25.3%). The third observational study (Kim 2006) comparing LR and irradiation of blood product vs. not using LR and irradiated blood product showed a lower risk of TT-CMV (2.5% vs. 10%). The observational study (Eisenfeld 1991) used 2 techniques for WBC reduction enrolling a total of 48 neonates. However in 22 neonates LR was done using leucodepletion filters. There was no neonate who acquired TT-CMV. 
c. The prospective observational cohort study (Josephson 2016) used a combined approach of LR and CMV seonegative donor while the observational study (Delaney 2016) only used LR. 







	QUESTION 7

	Should low platelet count threshold < 25000/mm3 vs. high threshold < 50000/mm3 be used for prophylactic platelet transfusion in preterm neonates?

	POPULATION:
	prophylactic platelet transfusion in preterm neonates

	INTERVENTION:
	low platelet count threshold < 25000/mm3

	COMPARISON:
	high threshold < 50000/mm3

	MAIN OUTCOMES:
	Death up to and including 28 days; Major bleed upto and including 28 days of life; Intraventricular hemorrhage - Gd 3 or 4; Bronchopulmonary dysplasia; ROP - Unilateral or bilateral of stage ≥2 treated with laser or Bevacizumab therapy ;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Thrombocytopenia is deﬁned as a platelet count in the peripheral blood of < 1.5 lac/mm3 and is a frequent ﬁnding in critically ill premature infants. Approximately, 30% of newborns admitted to neonatal intensive care units have at least 1 episode of thrombocytopenia. Among extremely premature infants (birth weight <1000 grams), this incidence exceeds 70%. Consequently, platelet transfusions are common in unhealthy premature infants. Platelet transfusions are used in the case of active bleeding and as prophylaxis in thrombocytopenic patients with a risk of bleeding. In neonatal intensive care units, >95% of platelet transfusions are considered prophylactic, intended to reduce the risk of severe hemorrhage. An association between moderate thrombocytopenia (platelet count between 50000–100000/ mm3) and an increased incidence of active bleeding and intraventricular haemorrhage (IVH) has been described. However, there is no scientiﬁc evidence that platelet transfusions in infants with moderate thrombocytopenia reduce the incidence or the extent of IVH. Thus, the indications for platelet transfusions are not yet well established in premature infants and vary according to the experience of each neonatal unit. Prophylactic platelet transfusions are being administered at a wide range of thresholds. Platelet transfusions carry their own transfusion related complications along with increased cost of care. It is prudent to have an objective guideline pertaining to the threshold for transfusion in preterm neonates balancing the risk of bleeding in preterm neonates with the cost and complication of the transfusion. 

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	There are 2 RCTs (Andrew 1993; Curley 2019) which have examined effect of platelet transfusion at low vs high platelet count thresholds in preterm neonates. The study by Andrew et al used platelet count below 1.5 lac/mm3 as the threshold for platelet transfusion with an aim of maintaining platelet count > 1.5 lac/mm3 for the first 7 days of life. The incidence of IVH Grade 3 or 4 in the low threshold group was 14/74 while it was 24/78 in high threshold group (OR 1.90: 0.90-4.05). The second study (PLANET-2) randomized patients to low threshold (<25000/mm3) and high threshold (> 50000/mm3). The incidence of major bleed in the low threshold arm was 35/330 while in the high threshold arm it was 45/328 (HR 1·32: 1·00–1·74). This study did not report the incidence of IVH separately. The risk of death in the first 28 days of admission was 33/330 in the low threshold arm and 48/326 in the high threshold arm (OR1·56: 0·95–2·55). This study showed a higher event rate in the higher threshold group (26% vs. 19%) compared to the low-threshold treatment group implying that reducing the transfusion trigger from 50000/mm3 to 25000/mm3 may prevent death or major bleeding in 7 out of 100 preterm neonates with severe thrombocytopenia. 
In addition there are 3 observational studies, which have studied the risk of IVH in preterm neonates correlated to the platelet count (Stanworth 2009; von Lindern 2011; Sparger 2016). The study by Stanworth 2009 (PLANET-1) defined severe thrombocytopenia using a threshold of < 60000/mm3. There were 15/169 enrolled neonates who had a major bleed (8 had an IVH Grade 3 or more; 3 had a pulmonary bleed; 1 had IVH and hematuria; 1 each of rectal bleed, hematuria and intraabdominal bleeding). This study showed that 1/3rd of enrolled neonates developed thrombocytopenia of <20000/mm3 without any major hemorrhage and most platelet transfusions were given to neonates with thrombocytopenia with no bleeding or minor bleeding only. The retrospective cohort study (von Lindern 2011) classified thrombocytopenia as mild (1-1.49 lac/mm3), moderate (50-99 thousand/mm3), severe (30-49 thousand/mm3) and very severe (<30000/mm3). There were 29/422 neonates with IVH Grade 3 or 4. This study reported the risk of IVH to be independent of the severity of thrombocytopenia. The retrospective cohort study (Sparger 2016) examined platelet transfusions at a threshold < 1 lac/mm3 and found IVH Grade 3 or 4 in 62/772 neonates (HR 2.43: 1.24-4.77). There was no correlation between the severity of thrombocytopenia with the risk of IVH.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	There are 2 RCTs (Andrew 1993; Curley 2019) which have examined effect of platelet transfusion at low vs high platelet count thresholds in preterm neonates. The study by Andrew et al used platelet count below 1.5 lac/mm3 as the threshold for platelet transfusion with an aim of maintaining platelet count > 1.5 lac/mm3 for the first 7 days of life. The incidence of IVH Grade 3 or 4 in the low threshold group was 14/74 while it was 24/78 in high threshold group (OR 1.90: 0.90-4.05). The second study (PLANET-2) randomized patients to low threshold (<25000/mm3) and high threshold (> 50000/mm3). The incidence of major bleed in the low threshold arm was 35/330 while in the high threshold arm it was 45/328 (HR 1·32: 1·00–1·74). This study did not report the incidence of IVH separately. The risk of death in the first 28 days of admission was 33/330 in the low threshold arm and 48/326 in the high threshold arm (OR1·56: 0·95–2·55). This study showed a higher event rate in the higher threshold group (26% vs. 19%) compared to the low-threshold treatment group implying that reducing the transfusion trigger from 50000/mm3 to 25000/mm3 may prevent death or major bleeding in 7 out of 100 preterm neonates with severe thrombocytopenia. 
In addition there are 3 observational studies, which have studied the risk of IVH in preterm neonates correlated to the platelet count (Stanworth 2009; von Lindern 2011; Sparger 2016). The study by Stanworth 2009 (PLANET-1) defined severe thrombocytopenia using a threshold of < 60000/mm3. There were 15/169 enrolled neonates who had a major bleed (8 had an IVH Grade 3 or more; 3 had a pulmonary bleed; 1 had IVH and hematuria; 1 each of rectal bleed, hematuria and intraabdominal bleeding). This study showed that 1/3rd of enrolled neonates developed thrombocytopenia of <20000/mm3 without any major hemorrhage and most platelet transfusions were given to neonates with thrombocytopenia with no bleeding or minor bleeding only. The retrospective cohort study (von Lindern 2011) classified thrombocytopenia as mild (1-1.49 lac/mm3), moderate (50-99 thousand/mm3), severe (30-49 thousand/mm3) and very severe (<30000/mm3). There were 29/422 neonates with IVH Grade 3 or 4. This study reported the risk of IVH to be independent of the severity of thrombocytopenia. The retrospective cohort study (Sparger 2016) examined platelet transfusions at a threshold < 1 lac/mm3 and found IVH Grade 3 or 4 in 62/772 neonates (HR 2.43: 1.24-4.77). There was no correlation between the severity of thrombocytopenia with the risk of IVH.

	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 are 2 RCTs (Andrew 1993; Curley 2019) which have examined effect of platelet transfusion at low vs high platelet count thresholds in preterm neonates. The study by Andrew et al was a multicentric RCT and used platelet count below 1.5 lac/mm3 as the threshold for platelet transfusion with an aim of maintaining platelet count > 1.5 lac/mm3 for the first 7 days of life and has been excluded as this threshold is higher than the platelet count threshold for transfusion in both arms of the PLANET-2 trial and the study had excluded all neonates with severe thrombocytopenia (platelet count < 50000/mm3). The second RCT called PLANET-2 trial (Curley 2019) was a multi-centric RCT and had no serious risk of bias, the only limitation being that the study was unblinded to the parents and study investigators. However, the investigators analyzing the results were blinded to the intervention. There was serious imprecision due to wide confidence intervals. 
The 3 observational studies (Stanworth 2009; von Lindern 2011; Sparger 2016) have serious risk of bias. One of these (Stanworth 2009) is a prospective observational study while the other 2 (von Lindern 2011; Sparger 2016) are retrospective cohort studies. All these studies have enrolled preterm neonates and looked at similar outcomes. There is serious inconsistency as one study (Stanworth 2009) used platelet count <60000/mm3 as cut-off for severe thrombocytopenia while both the retrospective cohort studies (von Lindern 2011; Sparger 2016) use platelet count of < 49000/ mm3 to define severe thrombocytopenia. There is no indirectness or imprecision for the reported 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
	There is no uncertainty regarding the outcomes of death, major bleeding, IVH, ROP requiring treatment or BPD. It is likely that neonatal clinicians do not regard these outcomes relevant to prophylactic platelet transfusions given to premature neonates. Thus there maybe variability in the importance attributed to these outcomes. Most neonatologists would not see a prophylactic intervention given to safeguard the neonate from serious morbidity resulting in an increased risk of death and major bleeding the very reason for which the intervention was given. The evidence for prophylactic platelet transfusion threshold in preterm neonates and its effect on mortality or major bleeding is very limited and derived only from one RCT (Curley 2019). In this study, to the surprise of the investigators and contrary to the hypothesis of the study there was an increase in the primary outcome of death and major bleed in the higher platelet count arm (> 50000/mm3). This has been attributed to probably inflammatory effects of transfused platelets, hemodynamic shifts due to volume of platelet transfusions. The study also found an increased risk of BPD in the high threshold arm for which the cause is not known but it has been hypothesized that proinflammatory injury by the transfused platelets with the immune cells in the pulmonary vascular bed, platelet derived reactive oxygen species and proangiogenic factors producing aberrant angiogenesis maybe responsible. Another major limitation of this study that only 37% on neonates were enrolled within 5 days of birth and 59% by 10 days of age. These neonates were often critically unwell with very high rates of sepsis (54-56%) and necrotizing enterocolitis (13-17%). This study also did not report the incidence of IVH separately. 

	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
	Prophylactic platelet transfusions given to preterm neonates at higher platelet count threshold (< 50000/mm3) compared to lower threshold (< 25000/mm3) resulted in a greater risk of death, major bleeding, compound outcome of death and major bleeding. In addition there is also an increased risk of BPD with platelet transfusions given at a higher threshold. There is some evidence of a decrease in the number of babies discharged from hospital by 38 weeks corrected gestational age in the high threshold group. 

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large costs
○ Moderate costs
○ Negligible costs and savings
● Moderate savings
○ Large savings
○ Varies
○ Don't know
	Prophylactic platelet transfusions given at higher platelet count thresholds (< 50000/mm3) compared to lower threshold (< 25000/mm3) resulted in 37% greater number of neonates receiving at least one platelet transfusion in the PLANET-2 trial. In the higher threshold arm 90% neonates (296/328) received a platelet transfusion compared to 53% (177/331) in the lower threshold arm (HR 2·75: 2·36–3·21). For random donor platelet (RDP) component preparation, blood donated from a voluntary donor leads to preparation of one RDP unit. Single donor platelet (SDP) component preparation requires platelets to be harvested from a donor using an apheresis machine. The cost of an apheresis kit is INR 5000-6000 and it is possible to prepare only one unit of SDP from one voluntary donor. The average cost of production of one unit of RDP is INR 1100 while the cost of preparation of one unit of SDP is INR 11000. There would be an impact on the blood banks for platelet component requirements in terms of additional burden on manpower, materials and expenses involved. It would also impose an additional burden on the process of voluntary blood donation. 

	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
	There is very limited evidence on resource requirement for platelet transfusion at different thresholds. The average cost of preparation of an RDP is INR 1100 while the cost of preparation of an SDP is INR 11000.

	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
	With platelet transfusions at a lower platelet count threshold as compared to a higher threshold it is likely that a median of 2 lesser platelet component (IQR: 1-3) transfusions may be given in the neonates. This would result in a saving of INR 1100 to 3300 per preterm neonate.

	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

	Prophylactic platelet transfusions in preterm neonates given at lower platelet count thresholds would reduce risk of death, major bleeding, combined risk of death and major bleeding, BPD and the economic impact of the intervention. There are 3 practical considerations which need to be kept in mind. Firstly, it may happen that blood counts estimation at a point in time in a patient may identify a platelet count which has not reached the transfusion threshold but may still be falling. Thus, repeated sampling for blood counts may be needed which may add to the expenditure involved and may not be practically feasible. Secondly, there is a higher proportion of intrauterine growth restricted (IUGR) neonates in our setting who may show thrombocytopenia due to cell-line steal phenomenon but may not be at any risk of major bleeding. Lastly, the increased risk of death, major bleeding in the PLANET-2 trial was seen in critically sick neonates with a overall high incidence of late onset neonatal sepsis (LONS) and necrotizing enterocolitis (NEC). Thus in settings with a high prevalence of LONS and NEC, platelet transfusions may not be the only determinant of mortality or bleeding. Thus, it is likely that in overburdened neonatal units in our country, resorting to a lower threshold of platelet count for giving a platelet transfusion may not be beneficial.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	Giving platelet transfusions to prevent major bleeding at platelet counts below < 25000/mm3 would require promulgation of platelet transfusion guidelines and training of neonatal healthcare providers to adhere to the guidelines. Periodic audits of platelet transfusion practices and mortality due to major bleeding or IVH would require to be done to ensure safe adaptation of this practice in different settings.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
● Probably yes
○ Yes
○ Varies
○ Don't know
	It would be feasible to implement a policy of prophylactic platelet transfusion at lower thresholds in neonatal units affiliated with tertiary care hospitals, teaching hospitals and reputed institutes which have neonatal fellows or pediatric residents and an in-house blood bank and laboratory service. Standalone neonatal units may find it difficult to not react to severe thrombocytopenia. Thrombocytopenia detected on complete blood counts done on a 5-part coulter analyzer requires to be checked on a peripheral blood film examination by a pathologist. 


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 panel recommends prophylactic transfusion of platelet component to preterm neonates at lower platelet count threshold of <25000/mm3 for prevention of major bleeding keeping in mind that thrombocytopenia on CBC by a coulter analyzer requires to be examined by a pathologist and that platelet counts may require to be repeated as they may still be falling. 



	



	Justification

	Overall justification
The available evidence for giving platelet transfusions at lower thresholds for prevention of major bleeding in preterm neonates is derived from one multi-centric RCT only. Observational studies done earlier have shown an increased risk of IVH with thrombocytopenia but there was no correlation between the severity of thrombocytopenia and IVH.
Detailed justification
Desirable Effects
There are 2 RCTs (Andrew 1993; Curley 2019) which have examined effect of platelet transfusion at low vs high platelet count thresholds in preterm neonates. The study by Andrew et al used platelet count below 1.5 lac/mm3 as the threshold for platelet transfusion with an aim of maintaining platelet count > 1.5 lac/mm3 for the first 7 days of life. The incidence of IVH Grade 3 or 4 in the low threshold group was 14/74 while it was 24/78 in high threshold group (OR 1.90: 0.90-4.05). The second study (PLANET-2) randomized patients to low threshold (<25000/mm3) and high threshold (> 50000/mm3). The incidence of major bleed in the low threshold arm was 35/330 while in the high threshold arm it was 45/328 (HR 1·32: 1·00–1·74). This study did not report the incidence of IVH separately. The risk of death in the first 28 days of admission was 33/330 in the low threshold arm and 48/326 in the high threshold arm (OR1·56: 0·95–2·55). This study showed a higher event rate in the higher threshold group (26% vs. 19%) compared to the low-threshold treatment group implying that reducing the transfusion trigger from 50000/mm3 to 25000/mm3 may prevent death or major bleeding in 7 out of 100 preterm neonates with severe thrombocytopenia. In addition there are 3 observational studies which have studied the risk of IVH in preterm neonates correlated to the platelet count (Stanworth 2009; von Lindern 2011; Spranger 2016). The study by Stanworth 2009 (PLANET-1) defined severe thrombocytopenia using a threshold of < 60000/mm3. There were 15/169 enrolled neonates who had a major bleed (8 had an IVH Gd 3 or more; 3 had a pulmonary bleed; 1 had IVH and hematuria; 1 each of rectal bleed, hematuria and intraabdominal bleeding). This study showed that 1/3rd of enrolled neonates developed thrombocytopenia of <20000/mm3 without any major hemorrhage and most platelet transfusions were given to neonates with thrombocytopenia with no bleeding or minor bleeding only. The retrospective cohort study (von Lindern 2011) classified thrombocytopenia as mild (1-1.49 lac/mm3 ), moderate (50-99 thousand/mm3 ), severe (30-49 thousand/mm3) and very severe (<30000/mm3). There were 29/422 neonates with IVH Gd 3 or 4. This study reported he risk of IVH to be independent of the severity of thrombocytopenia. The retrospective cohort study (Sparger 2016) examined platelet transfusions at a threshold < 1 lac/mm3 and found IVH Gd 3 or 4 in 62/772 neonates (HR 2.43: 1.24-4.77). There was no correlation between the severity of thrombocytopenia with the risk of IVH.



	Subgroup considerations

	1. Extreme preterm neonates are at very high risk for developing IVH. It is unlikely that maintaining a high platelet count will prevent the occurrence of IVH as has been demonstrated by the PLANET-2 study and results of earlier observational studies. However this subset of preterms is at the highest risk for sepsis and NEC, the two commonest reasons for thrombocytopenia and bleeding. Careful consideration should be given to the merits of a platelet component transfusion including smaller aliquot of transfusion and use of irradiated product.
2. Extreme preterm neonates are also at higher risk of having a hemodynamically significant patent ductus arteriosus (HS-PDA). It is believed that a higher platelet count is required to promote closure of the PDA and this hypothesis has been tested by an RCT and other studies are underway. This has been addressed in greater detail in this guideline.
3. Neonates with sepsis and NEC may have falling platelets and may require platelet transfusions in anticipation of a further fall below the platelet transfusion threshold.
4. Neonates with alloimmune thrombocytopenia (NAIT) with history of a previous sibling death due to intracerebral hemorrhage (ICH) must be transfused at platelet threshold of <50000/mm3. This has been addressed in greater detail in this guideline.



	Implementation considerations

	Implementation of prophylactic platelet transfusions in preterm neonates at lower platelet count thresholds would require promulgation of a platelet transfusion guideline under the aegis of the national body for neonatal care such as the NNF, creating and /or updating the institutional guideline on use of blood products, dissemination of contents by training of neonatal healthcare personnel and ensuring close adherence by the clinician by performing regular audits on transfusion practices in the neonatal unit. Availability of complete blood counts (CBC) investigation, presence of pathologist to verify a low platelet count on CBC by coulter analyzer and access to blood bank would help neonatal clinicians to adapt to using lower platelet count thresholds.



	Monitoring and evaluation

	Audit of transfusion practices of NICUs and monitoring of neonatal deaths due to major bleeding or associated major bleeding would be required to ensure safe implementation of prophylactic platelet transfusion in preterm neonates at lower thresholds.



	Research priorities

	1. Studies in preterm neonates from our country are needed.
2. Studies in preterm IUGR neonates with thrombocytopenia.
3. Platelet mass vs. Platelet count for deciding on platelet transfusion in neonates
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Question 7: Low platelet count threshold < 25000/mm3 compared to high threshold < 50000/mm3 for prophylactic platelet transfusion in preterm neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	low platelet count threshold < 25000/mm3
	high threshold < 50000/mm3
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Death upto and including 28 days

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	33/330 (10.0%) 
	48/326 (14.7%) 
	OR 0.68
(0.45 to 1.03) 
	42 fewer per 1,000
(from 75 fewer to 4 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Major bleed upto and including 28 days of life (assessed with: Modified WHO Bleeding assessment score)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	35/330 (10.6%) 
	45/328 (13.7%) 
	OR 0.72
(0.48 to 1.08) 
	34 fewer per 1,000
(from 66 fewer to 9 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	Intraventricular hemorrhage - Gd 3 or 4 (assessed with: Cranial Ultrasound (Papile grading))

	3 
	observational studies 
	serious b
	serious c
	not serious 
	not serious 
	none 
	99/1363 (7.3%) 
	0/0 
	not pooled 
	see comment 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Bronchopulmonary dysplasia (assessed with: Need for oxygen at 36 weeks)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	153/281 (54.4%) 
	169/269 (62.8%) 
	OR 3.45
(2.57 to 4.62) 
	225 more per 1,000
(from 185 more to 258 more) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	ROP - Unilateral or bilateral of stage ≥2 treated with laser or bevacizumab therapy (assessed with: 38 weeks of CGA)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	71/297 (23.9%) 
	82/297 (27.6%) 
	OR 0.95
(0.72 to 1.25) 
	10 fewer per 1,000
(from 61 fewer to 47 more) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 


CI: Confidence interval; OR: Odds ratio; RR: Risk ratio
Explanations
a. 95% CI crosses the threshold of treatment vs no treatment 
b. There are 3 observational studies (Stanworth 2009; von Lindern 2011; Sparger 2016) which have reported IVH due to thrombocytopenia in preterm neonates. The study by Stanworth 2009 (PLANET-1) defined severe thrombocytopenia using a threshold of < 60000/mm3. The retrospective cohort study (von Lindern 2011) classified thrombocytopenia as mild (1-1.49 lac/mm3 ), moderate (50-99 thousand/mm3 ), severe (30-49 thousand/mm3) and very severe (<30000/mm3). Another retrospective cohort (Sparger 2016) examined platelet transfusions at a threshold < 1 lac/mm3). 
c. There is serious inconsistency as one study (Stanworth 2009) used platelet count <60000/mm3 as cut-off for severe thrombocytopenia while both the retrospective cohort studies (von Lindern 2011; Spranger 2016) use platelet count of < 49000/ mm3 to define severe thrombocytopenia. 


















	QUESTION 8

	Should High platelet count threshold of > 30,000/mm3 vs. Low threshold  of <30,000/mm3 be used for platelet transfusion in antibody mediated thrombocytopenia in neonates?

	POPULATION:
	platelet transfusion in antibody mediated thrombocytopenia in neonates

	INTERVENTION:
	High platelet count threshold of > 30,000/mm3

	COMPARISON:
	Low threshold  of <30,000/mm3

	MAIN OUTCOMES:
	Intracranial hemorrhage; Mortality

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Although fetal/neonatal alloimmune thrombocytopenia (FNAIT) is a rare disease it may be associated with potentially severe bleeding disorder affecting approximately 1 in 1000 live births. As a result, FNAIT requires prompt identification and treatment to prevent neonatal morbidity and mortality. Presentations range from an asymptomatic neonate to neonatal thrombocytopenia, petechiae, ecchymosis and intracranial hemorrhage (ICH). FNAIT-related ICH is reported to occur in 0.02–01:1000 live births (Kjeldsen-Kragh et al, 2007; Kamphuis et al, 2010). When ICHs occur, they frequently occur in utero – 54% occur before 28 weeks gestation (Tiller et al, 2013). The consequences of ICH include death (35%) or serious neurological sequelae in up to 83% of survivors (Tiller et al, 2013). Optimal management is required to reduce or eliminate the risk of ICH in the fetus and neonate. Platelet transfusion is the most rewarding treatment of NAIT although IVIG and steroids have also been used in such patients. If maternal platelets are transfused to the neonate, they should be washed to remove HPA antibody and irradiated to prevent transfusion-associated graft-versus-host disease. Irradiation of the platelet product should not delay administration.. But their efficacy still remains undetermined. FNAIT occurs when maternal IgG alloantibodies against human platelet antigens (HPAs) cross the placenta and cause fetal platelet destruction (Liu et al, 2015). The reported incidence ranges from 03 to 1 in 1000 (Williamson et al, 1998; Turner et al, 2005; Kjeldsen-Kragh et al, 2007) and depends on screening versus clinical presentation, usually of a thrombocytopenic neonate.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
● Moderate
○ Large
○ Varies
○ Don't know
	The most dreaded complication of FNAIT is ICH and ICH in turn is the most common cause of mortality in FNAIT. Out of total 14 studies (n=754) available on this topic, six observation studies have reported platelet count (at birth or nadir) (Galea 1981; Glade-Bender 2001; Bussel 2005; Kjeldsen-Kragh 2007; Ghevaert 2007; te Pas 2007) . The platelet count in these six studies was less than 30,000/mm3 in 24 of the 29 neonates with ICH (Baker 2019). Five neonates with ICH had platelet counts above 30,000/mm3.
Mortality was reported in only seven of the 14 studies, comprising a total of 513 of the 754 infants (68%). Among the 513 infants, six were reported to have died, five of whom were reported to have had an ICH, and one extremely preterm neonate died of sepsis. The effect of the treatment regimen on ICH, other life threatening or major bleeding, and/or mortality were not assessed in any of the studies. 
It is always better to give maternal/selected platelet transfusion in FNAIT compared to random donor platelets. In one of the observational study (Mueller-Eckhardt 1989) the rise in platelet count to > 50,000/mm3 at the end of 5 days with selected platelet transfusion was seen in 19/23 (83%) compared to 5/13 (39%) in neonates who received random donor platelet transfusions. The half-life of the transfused HPA selected platelets was estimated to be twice that of unselected platelets (1.9 days vs. 1 day) in one study (Allen et al 2004).

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
○ Moderate
● Small
○ Trivial
○ Varies
○ Don't know
	The most dreaded complication of FNAIT is ICH and ICH in turn is the most common cause of mortality in FNAIT. Out of total 14 studies (n=754) available on this topic, six observation studies have reported platelet count (at birth or nadir) (Galea 1981; Glade-Bender 2001; Bussel 2005; Kjeldsen-Kragh 2007; Ghevaert 2007; te Pas 2007) . The platelet count in these six studies was less than 30,000/mm3 in 24 of the 29 neonates with ICH (Baker 2019). Five neonates with ICH had platelet counts above 30,000/mm3.
Mortality was reported in only seven of the 14 studies, comprising a total of 513 of the 754 infants (68%). Among the 513 infants, six were reported to have died, five of whom were reported to have had an ICH, and one extremely preterm neonate died of sepsis. The effect of the treatment regimen on ICH, other life threatening or major bleeding, and/or mortality were not assessed in any of the studies. 
It is always better to give maternal/selected platelet transfusion in FNAIT compared to random donor platelets. In one of the observational study (Mueller-Eckhardt 1989) the rise in platelet count to > 50,000/mm3 at the end of 5 days with selected platelet transfusion was seen in 19/23 (83%) compared to 5/13 (39%) in neonates who received random donor platelet transfusions. The half-life of the transfused HPA selected platelets was estimated to be twice that of unselected platelets (1.9 days vs. 1 day) in one study (Allen et al 2004).

	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 there are no RCT available to address the issue and all the data has been obtained from observational studies (both retrospective and prospective) in the systemic review. 

	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 guideline authors we are of the opinion that ICH and mortality are valued highly by all the stake holders that includes patients, families, clinicians and policy makers.

	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 judgment for this criterion includes the judgment regarding each of the four proceeding criteria:
1. No important uncertainty or variability in how much people value main outcomes.
2. very low overall certainty of the evidence of effects.
3. The desirable anticipated effects includes low ICH observed in neonates with platelet count of > 30,000/mm3
4. The undesirable effects associated with platelet transfusion include volume overload and other blood product related complications such as infections.
Overall the available evidence indicates possible beneficial effect of maintaining platelet count > 30,000/mm3 in neonates with FNAIT. Since ICH is the most important cause of mortality in such babies it should also lead to better survival along with better neurodevelopment outcome.

	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
	The average cost of production of one unit of RDP is INR 1100 while the cost of preparation of one unit of SDP is INR 11000. Usually a single platelet transfusion is enough to cause a rise in platelet count to > 30,000/mm3. A single large blood bank at tertiary care center providing service to other hospitals in the region can be cost effective.

	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
	The average cost of preparation of an RDP is INR 1100 while the cost of preparation of an SDP is INR 11000. The prices and associated cost may vary from place to place

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
● Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	Cost- effectiveness of maintaining platelet >30,000/mm3 with platelet transfusions in FNAIT has not been investigated in any of the available trials.

	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 availability and high cost of platelet transfusion will probably reduce the equity as many parents will 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
	Maintaining platelet count > 30,000/mm3 has potential benefit of preventing ICH, the most common of death in FNAIT neonates and therefore should be acceptable to stakeholders

	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 considering the advantages of maintaining platelet count >30,000/mm3. Financial support from government/charitable organizations can help. Government programs like JSSK can cover for platelet transfusions in FNAIT neonates. 


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

	Guideline panel recommends maintaining platelet threshold of > 30,000/mm3 for NAIT neonates preferably with selected platelet transfusions. RDP may be however used in absence of availability of selected platelet or in presence of bleeding waiting selected platelets. However parents must be informed about the potential side effects of platelet transfusions.

	



	Justification

	Overall justification
Majority of ICH in neonates with FNAIT has been observed to be associated with platelet count of <30,000/mm3
Detailed justification
Desirable Effects
Low incidence of ICH Better Neurodevelopment outcome
Undesirable Effects
Volume overload Infection and transfusion associated reactions



	Subgroup considerations

	In the presence of life-threatening bleeding in a neonate, such as intracranial or gastrointestinal bleeding, platelets should be transfused to maintain platelet counts initially above 100,000/mm3 and then above 50,000/mm3 for at least 7 days [International Collaboration for Transfusion Medicine Guidelines (ICTMG) 2019].



	Implementation considerations

	Availability and cost limit the universal implementation. Financial support by government/ NGOs like it is done for Hemophilia will help in usage. Government programs like JSSK will be of great help.



	Monitoring and evaluation

	Audit of transfusion practices of NICUs and monitoring of neonatal deaths due to major bleeding or associated major bleeding would be required to ensure safe implementation of prophylactic platelet transfusion in neonates at lower thresholds.



	Research priorities

	Large multi-center good quality observational studies/ RCTs to know the optimal platelet threshold, natural history, morbidity and long term follow up are needed.
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Question 8: High platelet count threshold of > 30,000/mm3 compared to Low threshold (<30,000/mm3) for platelet transfusion in antibody mediated thrombocytopenia in neonates 
Setting: NICU
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	High platelet count threshold of > 30,000/mm3
	Low threshold (<30,000/mm3)
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Intracranial hemmorhage (assessed with: NSG)

	6 
	observational studies 
	serious a,b
	not serious 
	not serious 
	not serious 
	none 
	24/29 (82.8%) 
	5/29 (17.2%) 
	RR 4.80
(2.13 to 10.84) 
	655 more per 1,000
(from 195 more to 1,000 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Mortality (follow up: 28 days)

	7 
	observational studies 
	serious b
	not serious 
	not serious 
	not serious 
	none 
	
	
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	CRITICAL 


CI: Confidence interval; RR: Risk ratio
Explanations
a. only few studies have reported platelet count at birth or nadir 
b. All are observational studies 







	QUESTION 9

	Should high platelet count threshold vs. low platelet count threshold be used for preterm neonates with patent ductus arteriosus?

	POPULATION:
	preterm neonates with patent ductus arteriosus

	INTERVENTION:
	high platelet count threshold

	COMPARISON:
	low platelet count threshold

	MAIN OUTCOMES:
	Closure of PDA; Mortality; IVH Grade 3/4

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	The fetal ductus is kept open by low arterial oxygen content. Its patency is also influenced by prostaglandins and nitric oxide which are vasodilators. A rise in systemic oxygen tension at birth with the onset of breathing results in active constriction of the ductus. The circulating levels of the prostaglandin E2 are decreased because of reduced production following removal of the placenta and increased pulmonary clearance after birth. The risk of PDA is inversely proportional to gestation age. The incidence of PDA is approximately 30 percent in VLBW neonates. Nearly two-thirds of ill infants less than 30 weeks gestation will have a persistent PDA through the fourth day of life and closure is especially delayed for moderate to large PDAs. PDA is known to be associated with pulmonary edema, pulmonary hemorrhage, bronchopulmonary dysplasia (BPD), intraventricular hemorrhage (IVH) and necrotizing enterocolitis (NEC). In recent years, the role of platelets in PDA closure has been studied. The activated platelets adhere to the wall of the ductus arteriosus and accumulate in the lumen, leading to thrombus formation, which undergoes remodeling and leads to the permanent closure of the DA.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know
	A recent meta-analysis of retrospective studies by Simon et al (2015) shows a significant positive association between significant PDA (SPDA) and platelet counts <100 × 109/l (5 studies, RR = 1.254, 95% CI: 1.021–1.540). However there was a high degree of statistical heterogeneity among the included studies. Furthermore, a recent RCT by Joginder et al showed no significant difference between a liberal platelet threshold ( > 100 × 109/l ) and restrictive platelet transfusion in rate of closure of ductus in preterm neonates in first 5 days of life (RR 0.93, 95% CI of 0.73-1.19). However the total number of recruited patients was small (n=44) and the confidence interval is wide.In the liberal transfusion group, 40.9% of infants had any grade of IVH versus 9.1% of those in the restrictive group. However, new-onset grade 3 or 4 IVH was similar in both groups. Mortality during the first 120 hours post randomization as well as during the hospital stay was comparable between the two groups.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	A recent meta-analysis of retrospective studies by Simon et al (2015) shows a significant positive association between significant PDA (SPDA) and platelet counts <100 × 109/l (5 studies, RR = 1.254, 95% CI: 1.021–1.540). However there was a high degree of statistical heterogeneity among the included studies. Furthermore, a recent RCT by Joginder et al showed no significant difference between a liberal platelet threshold ( > 100 × 109/l ) and restrictive platelet transfusion in rate of closure of ductus in preterm neonates in first 5 days of life (RR 0.93, 95% CI of 0.73-1.19). However the total number of recruited patients was small (n=44) and the confidence interval is wide.In the liberal transfusion group, 40.9% of infants had any grade of IVH versus 9.1% of those in the restrictive group. However, new-onset grade 3 or 4 IVH was similar in both groups. Mortality during the first 120 hours post randomization as well as during the hospital stay was comparable between the two groups.

	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 a single RCT by Joginder et al which concludes that attempting to maintain a platelet count of more than 100000/mm3 by liberally transfusing platelets in preterm thrombocytopenic neonates with hemodynamically significant PDA (hs-PDA) does not hasten PDA closure. However the total number of patients is less (n=44) and there is a wide CI. The primary outcome of this trial was the time between randomization and closure of the PDA during the study period of 120 hour. Despite the liberal criteria for transfusion in the intervention arm, the actual average platelet counts achieved in the 2 arms were not significantly different. In 7 of 22 (31.8%) neonates among high threshold group, the authors were unable to achieve the target platelet count at 1 or another time post randomization. The highest platelet counts between 0 and 24 hours post randomization were significantly higher in the liberal group, but the difference did not persist thereafter until the end of the study period.

	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
	There does not appear to be any significant uncertainty related to the main outcomes of mortality or IVH. However, there is variability in clinical practice regarding need for treatment of a hemodynamically significant PDA (hs-PDA). 

	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
	Overall the evidence does not indicate any benefit of maintaining high platelet threshold for PDA closure. The liberal transfusion group had a higher incidence of any grade of IVH. Each extra milliliter per kilogram transfused increased the odds by 4.5%.

	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
	Platelet transfusions are resource intensive in terms of infrastructure, trained manpower and requirement of blood donors. Testing of donors for CMV for blood components prepared for neonates would be additionally required. Donor directed transfusion and use of satellite bags are additional processes which may require to be instituted by Blood banks of institutions caring for preterm neonates. Restrictive thresholds for platelet transfusion results in lesser number of transfusions and lesser donor exposures . The impact on the duration of hospitalization and the cost of hospitalization has not been evaluated in the trial.

	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
	The cost of intervention will depend upon the number of platelet units required to maintain a platelet count of more than 1 lac and the adjunct cost which is variable such as cost of NICU stay. No evidence is available regarding required resources.

	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
	Intervention is not useful.

	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 high cost of platelet transfusion especially SDP will probably reduce equity as many patients will not be able to bear the cost unless the 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
	The intervention that is maintaining high platelet count for PDA does not show any desired effect or outcome and therefore maintaining high platelet count is not acceptable.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	The intervention that is maintaining high platelet count for PDA does not show any desired effect or outcome.


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 panel recommends against the routine use of platelet transfusion to keep the platelet count at a high threshold in preterm neonates with PDA

	



	Justification

	Overall the evidence does not indicate any benefit of maintaining high platelet threshold for PDA closure. The liberal transfusion group had a higher incidence of any grade of IVH 



	Subgroup considerations

	Nil



	Implementation considerations

	Nil



	Monitoring and evaluation

	Nil



	Research priorities


Nil
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Question: High platelet count threshold compared to low platelet count threshold in preterm neonates with patent ductus arteriosus 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

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

	Closure of PDA (follow up: median 5 days; assessed with: Echo)

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	13/15 (86.7%) 
	13/14 (92.9%) 
	RR 0.93
(0.73 to 1.19) 
	65 fewer per 1,000
(from 251 fewer to 176 more) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	Mortality

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	8/22 (36.4%) 
	9/22 (40.9%) 
	RR 0.88
(0.42 to 1.87) 
	49 fewer per 1,000
(from 237 fewer to 356 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 

	IVH Grade3/4 (follow up: median 5 days; assessed with: NSG )

	1 
	randomised trials 
	not serious 
	not serious 
	not serious 
	serious a
	none 
	4/22 (18.2%) 
	2/22 (9.1%) 
	RR 2.00
(0.40 to 9.81) 
	91 more per 1,000
(from 55 fewer to 801 more) 
	⨁⨁⨁◯
MODERATE 
	CRITICAL 


CI: Confidence interval; RR: Risk ratio
Explanations
a. small sample size 

	QUESTION 10

	Should fresh frozen plasma transfusion vs. no fresh frozen plasma transfusion be used for prophylaxis in preterm neonates ?

	POPULATION:
	prophylaxis in preterm neonates 

	INTERVENTION:
	fresh frozen plasma transfusion

	COMPARISON:
	no fresh frozen plasma transfusion

	MAIN OUTCOMES:
	Neonatal Mortality; IVH (any grade)/ICH; USG abnormalities ; Death or Severe neurodevelopmental disability; Proven sepsis; Patent ductus arteriosus; Hypotension

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Intraventricular hemorrhage is a common neurological morbidity in preterm infants, weighing less than 1500 g. It affects 15-20% of preterm neonates less than 32 weeks of gestation. As infants with major intraventricular hemorrhage (grade 3&4) are at high risk of neurological handicap, various strategies are being tried to prevent intraventricular hemorrhage. Various studies have shown that prophylactic FFP is commonly used among preterm neonates with deranged coagulation profile. Hence, newborn health care providers need to know the role of prophylactic FFP transfusion to prevent IVH and mortality.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know
	Four studies (Hambleton 1973, NNNI 1996, Beverley 1985 and Ekblad 1991) reported no significant difference in mortality (typical RR 1.11, 95% CI 0.88-1.40). The large NNNI study reported no significant difference in severe disability (RR 0.80, 95% CI 0.52-1.23), cerebral palsy (RR 0.76, 95% CI 0.48-1.20) and combined death or severe disability (RR 1.00, 95% CI 0.80-1.24). Although one small study (Beverley 1985) reported reduced P/IVH with volume expansion, this was not supported by any other study. No significant difference was reported in grade 3‐4 P/IVH and combined death or grade 3‐4 P/IVH. NNNI study (1996) reported no significant difference in the incidence of hypotension. 
In the absence of any desirable effects, prophylactic FFP transfusion can cause volume overload, increase the risk of donor exposure, infection, and transfusion-related adverse events. Cochrane systematic review of 2014 suggests that fluid overload increases the chance of NEC and BPD among preterm neonates. Another systematic review by Saddahet al 2017 had compared the various transfusion reactions due to plasma transfusion.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	Four studies (Hambleton 1973, NNNI 1996, Beverley 1985 and Ekblad 1991) reported no significant difference in mortality (typical RR 1.11, 95% CI 0.88-1.40). The large NNNI study reported no significant difference in severe disability (RR 0.80, 95% CI 0.52-1.23), cerebral palsy (RR 0.76, 95% CI 0.48-1.20) and combined death or severe disability (RR 1.00, 95% CI 0.80-1.24). Although one small study (Beverley 1985) reported reduced P/IVH with volume expansion, this was not supported by any other study. No significant difference was reported in grade 3‐4 P/IVH and combined death or grade 3‐4 P/IVH. NNNI study (1996) reported no significant difference in the incidence of hypotension. 
In the absence of any desirable effects, prophylactic FFP transfusion can cause volume overload, increase the risk of donor exposure, infection, and transfusion-related adverse events. Cochrane systematic review of 2014 suggests that fluid overload increases the chance of NEC and BPD among preterm neonates. Another systematic review by Saddahet al 2017 had compared the various transfusion reactions due to plasma transfusion.

	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 are multiple RCTs and one systematic review (conducted from four RCTs) comparing prophylactic FFP vs no FFP transfusion. Only one RCT has large sample size with less risk of bias and long term follow-up available. Most of the other RCTs have small sample size with randomization and allocation concealment is uncertain. Hence the overall certainty of evidence of effects is low.

	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
	Severe IVH, death or neurodevelopmental disability, are important outcomes based on which individuals need to do decision making (Systematic review by Webbe et al).

	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
	In the absence of high quality evidence, lack of desirable effect and risk of possible adverse effects we favor against the use of prophylactic FFP 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
	As routine FFP transfusion is not supported by evidence the resources required is not calculated. But cost and manpower are needed to separate plasma from whole blood, freeze the separated plasma, storage of frozen plasma and thawing before use.

	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
	There is high certainty that routine FFP transfusion can increase the cost of transfusion related resource requirements.

	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 high certainty that avoidance of routine FFP transfusion can reduce the cost of transfusion related resource requirements. 

	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
	Routine use of FFP can reduce equity in resource limited settings.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Lack of evidence, risk of possible adverse events and cost effectiveness reduces the acceptability of the intervention among all stakeholders.

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Lack of evidence, risk of possible adverse events and cost effectiveness reduces the feasiblity of the intervention.


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 panel recommends against the routine use of prophylactic fresh frozen plasma in preterm neonates. In neonatal patients, the decision to transfuse FFP should take into account the potential risks and benefits. The decision should be based not only on laboratory investigations but also on assessment of the patient’s clinical condition. Factors that may influence the decision include active bleeding, medications affecting coagulation status, and congenital and acquired bleeding disorders (Patient Blood Management Guidelines: Module 6; Neonatal and Pediatrics-Australia).

	



	Justification

	Four studies evaluated the hypothesis that FFP for early volume expansion would reduce morbidity and mortality in preterm neonates. In one of these studies, a significant reduction in intracranial hemorrhage was found. In contrast, the other 3 reported a similar rate of intracranial hemorrhage and/or cerebral ultrasound abnormalities. In the Northern Neonatal Nursing Initiative Trial, the largest of these 4 studies, in which a 2-year follow-up was performed, no significant difference in severe disability was observed between neonates receiving FFP and controls.



	Subgroup considerations

	1. Preterm neonates with deranged coagulation before invasive procedure or surgery: prophylactic FFP transfusion may be considered but this is based on expert opinion only (British hematology guidelines 2016).
2. Preterm neonates with deranged coagulation parameters without clinical bleeding: FFP should not be considered to normalize the deranged coagulation parameters alone because:-
a) Coagulation abnormality is not well defined in preterm (<30weeks) (Christensen et al,2014)
b) Coagulation abnormalities cannot predict the risk of bleeding (Christensen et al,2014) 
c) FFP transfusion role is not evident to correct mild to moderate deranged coagulation alone (Christensen et al,2014) 
d) Cost-benefit ratio



	Implementation considerations

	Implementation of the guideline is possible without much consideration.



	Monitoring and evaluation

	NICUs should implement evidence-based guidelines against the routine use of FFP to minimize the adverse effects of transfusion and wastage of products. All NICU should have weekly audit regarding the indication of FFP transfusion in their unit.



	Research priorities

	Quality improvement initiatives to stop the practice of prophylactic FFP transfusion in preterm neonates.
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Question 10: Fresh frozen plasma transfusion compared to no fresh frozen plasma transfusion for prophylaxis in preterm neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	fresh frozen plasma transfusion
	no fresh frozen plasma transfusion
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Neonatal Mortality (follow up: discharge)

	4 
	randomised trials 
	serious a
	not serious 
	serious b
	serious c
	none 
	54/347 (15.6%) 
	61/345 (17.7%) 
	RR 1.11
(0.88 to 1.40) 
	19 more per 1,000
(from 21 fewer to 71 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	IVH (any grade)/ICH (follow up: at discharge; assessed with: Papille grading by USG)

	3 
	randomised trials 
	serious a
	not serious 
	serious b
	serious c
	none 
	21/326 (6.4%) 
	33/328 (10.1%) 
	RR 0.64
(0.37 to 1.08) 
	36 fewer per 1,000
(from 63 fewer to 8 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	USG abnormalities (follow up: 6 weeks; assessed with: Ventriculomegaly or parenchymal echogenicity)

	1 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious c
	none 
	28/257 (10.9%) 
	34/258 (13.2%) 
	RR 0.82
(0.51 to 1.32) 
	24 fewer per 1,000
(from 65 fewer to 42 more) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Death or Severe neurodevelopmental disability (follow up: 2 years; assessed with: Developmental quotient)

	1 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious c
	none 
	73/257 (28.4%) 
	76/258 (29.5%) 
	RR 1.00
(0.84 to 1.24) 
	0 fewer per 1,000
(from 47 fewer to 71 more) 
	⨁⨁◯◯
LOW 
	CRITICAL 

	Proven sepsis (follow up: discharge; assessed with: Blood culture positive)

	1 
	randomised trials 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	59/215 (27.4%) 
	36/213 (16.9%) 
	RR 1.70
(1.25 to 2.33) 
	118 more per 1,000
(from 42 more to 225 more) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 

	Patent ductus arteriosus (follow up: discharge; assessed with: not clear)

	1 
	randomised trials 
	serious a
	not serious 
	not serious 
	serious c
	none 
	18/21 (85.7%) 
	9/17 (52.9%) 
	RR 1.12
(0.83 to 1.51) 
	64 more per 1,000
(from 90 fewer to 270 more) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Hypotension (assessed with: Systolic blood pressure<35mmHg)

	1 
	randomised trials 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	18/213 (8.5%) 
	32/215 (14.9%) 
	RR 0.56
(0.32 to 0.97) 
	65 fewer per 1,000
(from 101 fewer to 4 fewer) 
	⨁⨁⨁◯
MODERATE 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio
Explanations
a. Blinding of the intervention was not done in any of the trials 
b. Hambleton 1973 enrolled asphyxiated low birth weight neonates 
c. wide 95% CI range 









	QUESTION 11

	Should fresh frozen plasma transfusion vs. no fresh frozen plasma transfusion be used for neonates with deranged coagulation receiving therapeutic hypothermia?

	POPULATION:
	neonates with deranged coagulation receiving therapeutic hypothermia

	INTERVENTION:
	fresh frozen plasma transfusion

	COMPARISON:
	no fresh frozen plasma transfusion

	MAIN OUTCOMES:
	Major hemorrhage;

	SETTING:
	Perinatal asphyxia neonates undergoing therapeutic hypothermia in NICU

	PERSPECTIVE:
	Population perspective

	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
	Therapeutic hypothermia has become a standard of care among neonates with perinatal asphyxia. Concerns have been raised about the risk of bleeding in neonates with perinatal asphyxia undergoing therapeutic hypothermia. Coagulopathy is one of the consequences of perinatal asphyxia, and the use of hypothermia might worsen hemostatic dysfunction. Reduction in pro coagulation and anticoagulation proteins has been reported in asphyxiated and cooled neonates, resulting in abnormal clotting tests. There is paucity of evidence regarding the role of plasma transfusion to prevent bleeding in these high-risk neonates in management. The overall risk of bleeding from studies published in India (51/385) (13.2%). The highest risk of major bleeding is reported from Helix trial(2018) (31/82) 37.8%. Hence the risk of bleeding varies based on resource settings, method of hypothermia, intensive monitoring available and sepsis burden.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
○ Small
○ Moderate
○ Large
○ Varies
● Don't know
	The overall risk of bleeding from published evidence is 13.4%. Abnormalities of coagulation tests have limited predictive use for clinically significant bleeding by Katie et al(2014). This retrospective study concluded that transfusion strategies to maintain PLT counts >130 × 109/L, fib level >1.5 g/L, and INR <2 may prevent clinical bleeding in this high-risk population. Another retrospective study by Mitali et al concluded that low fibrinogen and platelet but not initial PT predicted the risk of severe hemorrhage. 
aPTT and PT/INR and Fib levels are routinely performed at 37°C in the laboratory, which may not accurately reflect the in-vivo condition of a patient undergoing TH. 
The practice of FFP transfusion whether prevented bleeding or not is unanswered in any of the studies
Prophylactic FFP transfusion can cause volume overload, infection and transfusion-related adverse effects. A systematic review by Saddah et al had compared the various transfusion reactions due to plasma transfusion. 

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

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

	The overall risk of bleeding from published evidence is 13.4%. Abnormalities of coagulation tests have limited predictive use for clinically significant bleeding by Katie et al(2014). This retrospective study concluded that transfusion strategies to maintain PLT counts >130 × 109/L, fib level >1.5 g/L, and INR <2 may prevent clinical bleeding in this high-risk population. Another retrospective study by Mitali et al concluded that low fibrinogen and platelet but not initial PT predicted the risk of severe hemorrhage. 
aPTT and PT/INR and Fib levels are routinely performed at 37°C in the laboratory, which may not accurately reflect the in-vivo condition of a patient undergoing TH. 
The practice of FFP transfusion whether prevented bleeding or not is unanswered in any of the studies
Prophylactic FFP transfusion can cause volume overload, infection and transfusion-related adverse effects. A systematic review by Saddah et al had compared the various transfusion reactions due to plasma transfusion. 

	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 no interventional study comparing risk of bleeding between FFP transfusion and no FFP transfusion in these high risk neonates. Hence evidence from Hypothermia arm of published RCTs (Jacobs et al 2013, TOBY 2009, Simbruner 2010 et al, Sarkar 2009 et al, Seetha Shankaran 2014 & 2017 et al, Bharadwaj 2012 et al, Rojo 2012 et al and Vasanthan 2018 et al) and observational studies (Milenka 2017 et al, Mitali 2017 et al, Kati 2014 et al, Niranjan et al, 2018 and Helix trial 2017) were used to predict risk of major bleeding requiring FFP transfusion. Most of these observational studies were retrospective in study design. Therapeutic hypothermia using phase-changing material (Niranjan et al) and servo-controlled (Helix trial) are multi-centric and prospective studies.

	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
	Intracranial hemorrhage, pulmonary hemorrhage, and DIC are the major outcomes valued by people (Webble 2019 et al). Major bleeding is considered as an indication to stop therapeutic hypothermia.

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
● Don't know
	The risk of bleeding varies between (10%-40%).
The predictability of bleeding based on PT, aPTT and fibrinogen is limited. 
The benefit of routine FFP transfusion to reduce the risk or prevent hemorrhage is not clear from the available evidence. 
The risk of adverse effects of FFP is well known. 
Routine FFP transfusion may increase the chances of prophylactic FFP transfusions without much clinical benefits and risk of adverse effects.

	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 routine FFP transfusion is not supported by evidence the resources required is not calculated. But cost and manpower are needed to separate plasma from whole blood, freeze the separated plasma, storage of frozen plasma and thawing before use. 

	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
	As routine FFP transfusion is not supported by evidence the resources required is not calculated. But cost and manpower are needed to separate plasma from whole blood, freeze the separated plasma, storage of frozen plasma and thawing before use. 

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	Cost effectiveness of the approach favors against routine use of FFP (comparison).

	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
	Resource limited areas where blood bank facility is not available fresh frozen plasma transfusion routinely is not possible.

	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 not acceptable among all stakeholders due to absence of high quality evidence

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	It is not feasible to implement without evidence and cost effectiveness


SUMMARY OF JUDGEMENTS
	
	JUDGEMENT

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

	DESIRABLE EFFECTS
	Trivial
	Small
	Moderate
	Large
	
	Varies
	Don't know

	UNDESIRABLE EFFECTS
	Large
	Moderate
	Small
	Trivial
	
	Varies
	Don't know

	CERTAINTY OF EVIDENCE
	Very low
	Low
	Moderate
	High
	
	
	No included studies

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

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

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

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

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

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

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

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



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

	○ 
	○ 
	● 
	○ 
	○ 



CONCLUSIONS
	Recommendation

	Asphyxiated neonates with deranged coagulation parameters and without clinical bleeding need special consideration. 
1. The decision should be based not only on laboratory investigations but also on the assessment of the patient’s clinical condition. 
2. The decision to transfuse FFP should take into account the potential risks (infection, volume overload, adverse effects) and benefits (bleeding prevention, continuing therapeutic hypothermia). 
3. Factors that may influence the decision to transfuse should include active bleeding, medications affecting coagulation status, and congenital and acquired bleeding disorders (Patient Blood Management Guidelines: Module 6 | Neonatal and Paediatrics-Australia). 
4. Combination of persistent pulmonary hypertension, hypotension, thrombocytopenia, and coagulopathy increases the risk for IVH in these neonates 

	



	Justification

	The risk of bleeding varies (10%-40%).
Routine coagulation screening is not predictive of bleeding.
Role of FFP in the prevention of bleeding is not answered.
Risk of prophylactic transfusion without proven clinical benefits.



	Subgroup considerations

	NIL



	Implementation considerations

	Nil



	Monitoring and evaluation

	NICUs should implement evidence-based guidelines against the routine use of FFP to minimize the adverse effects of transfusion and wastage of products. All NICU should have weekly audit regarding the indication of FFP transfusion in their unit. 



	Research priorities

	High quality evidence comparing FFP transfusion vs no FFP transfusion in asphyxiated neonates with coagulopathy and without bleeding is needed
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Question 11: Fresh frozen plasma transfusion compared to no fresh frozen plasma transfusion in neonates with deranged coagulation receiving therapeutic hypothermia 
Setting: Perinatal asphyxia neonates undergoing therapeutic hypothermia in NICU 
Bibliography: 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	fresh frozen plasma transfusion
	no fresh frozen plasma transfusion
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Major hemorrhage (assessed with: Clinical)

	15 
	observational studies 
	serious a
	not serious 
	not serious 
	not serious 
	none 
	209/1560 (13.4%) 
	0/0 
	not estimable 
	
	⨁⨁⨁◯
MODERATE 
	CRITICAL 


CI: Confidence interval
Explanations
a. Mitali(2017)et al, Kati(2014)et al and Milenka(2017) etal are retrospective study design 











	QUESTION 12

	Should fresh frozen plasma transfusion vs. no fresh frozen plasma transfusion be used for neonates with deranged coagulation profile and surgery or invasive procedure?

	POPULATION:
	neonates with deranged coagulation profile and surgery or invasive procedure

	INTERVENTION:
	fresh frozen plasma transfusion

	COMPARISON:
	no fresh frozen plasma transfusion

	MAIN OUTCOMES:
	Mortality; Intraventricular hemorrhage - all grades; Clinical bleeding (non-CNS); Correction of Prothrombin Time; Correction of Activated Partial Thromboplastin Time; Correction of INR; Change in fibrinogen levels;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Fresh frozen plasma (FFP) is commonly use in clinical practice for transfusion in neonates in the neonatal intensive care unit (NICU). However there is very limited evidence guiding the use of FFP in neonates. The British Committee for Standards in Haematology (BCSH) guideline on transfusion in neonates and older children (New 2016) have laid out the guidelines for use of FFP in neonates. The guideline states that FFP maybe beneficial in neonates with clinically significant bleeding or prior to an invasive procedure with a risk of significan bleeding and those who have an abnormal coagulation profile. Studies have noted the use of FFP transfusion in neonatal units for indications not in compliance with existing guidelines. FFP transfusions have been used for correction of deranged coagulation profile, prevention of the risk of intraventricular hemorrhage (IVH), management of hypovolemia, partial exchange transfusion for polycythemia, correction of hypoalbuminemia, increasing the level of serum fibrinogen, and prior to surgery or invasive procedure with increased risk of bleeding. This guideline examined the available evidence for use of FFP transfusion prior to surgery or invasive procedure in neonates with deranged coagulation profile at risk for bleeding.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know
	There are 4 observational studies (Stanworth 2011; Motta 2014; Raban 2015; Altuntas 2015) which have evaluated use of FFP in neonatal units. Mortality was reported by 3 studies (Motta 2014; Raban 2015; Altuntas 2015). There were 72 deaths in 290 enrolled neonates in the study by Motta et al. There was a higher mortality rate noted in neonates who received at least one FFP transfusion compared to those who did not receive any FFP transfusion (25.5% vs 3.4%) with a higher odds of death (OR 6.3; 95% CI 4.9-7.8). There were 62 deaths in 113 enrolled neonates in the study by Raban et al and 32 deaths out of 80 enrolled neonates in the study by Altuntas et al. Both these studies also reported a higher risk of mortality in FFP transfused neonates. The total mortality in the 3 studies was 168/483 (35%). 
Two studies reported the outcome of IVH (Motta 2014; Raban 2015). There were 44/257 neonates with IVH any grade in the study by Motta et al (IVH data was missing in 33 enrolled neonates) while 8/41 neonates had IVH in the study by Raban 2015. The total numbers of IVH cases were 56/298 (19%). These studies also reported other forms of non-CNS clinical bleeding. There were 90/290 neontes in the study by Motta et al and 33/41 neonates in the study by Raban et al. The total numbers of non-CNS bleeding cases were 123/331 (37%). 
Correction of prothrombin time (PT) was reported by 2 studies (Motta 2014; Altuntas 2015). In the study by Motta et al, 290 neonates received a total of 609 FFP transfusions while in the study by Altuntas et al 80 neonates received a total of 225 transfusions. Correction of PT was reported as median (IQR) of the pre and post-transfusion PT in preterm subgroups of <28 week, 28-34 weeks and >34 weeks by Motta et al while Altuntas et al only reported the proportion of cases where the PT normalized post-transfusion. In the study by Motta et al pre-transfusion median PT ranged from 20.2-22.2 sec (IQR: 16.9-29.4 sec) while the post-transfusion median PT ranged from 16.5-18.5 sec (IQR: 14.9-24.8). In the study by Altuntas et al 30/80 enrolled neonates had a deranged PT and APTT. Out of these 20/30 (68%) had pre-transfusion deranged PT and 12/30 (39%) had deranged APTT. Post-transfusion PT correction was seen in 9/20 (42%) and APTT correction was seen in 7/12 (60%). 
Correction of activated partial thromboplastin time (APTT) was reported by 3 studies (Motta 2014; Raban 2015; Altuntas 2015). Two studies (Motta 2014; Raban 2015) reported correction of PT as median (IQR) of the pre and post-transfusion APTT in preterm subgroups of <28 week, 28-34 weeks and >34 weeks while Altuntas et al only reported the proportion of cases where the APTT normalized post-transfusion. The pre-transfusion median APTT was 57-69 sec (IQR: 43-85 sec) while the post-transfusion APTT was 44-50 sec (IQR: 36-66 sec). 
Correction of serum fibrinogen is reported by 2 studies in preterm subgroups of <28 week, 28-34 weeks and >34 weeks (Motta 2014; Raban 2015). In the study by Motta et al pre-transfusion range of median levels were 151-171 mg/dl (IQR: 101-292 mg/dl) while the range of median post-transfusion levels were 192-235 mg/dl (IQR: 120-324 mg/dl) while in the study by Raban et al the mean (SD) pre-transfusion levels in preterm < 28 weeks were 1.87 (0.8) while the range of median (IQR) pre-transfusion levels in preterm neonates > 28 weeks was 1.5-2.2 (IQR: 1-3.1). Post-transfusion mean (SD) level were 2.15 (1.18) in preterm < 28 weeks while post-transfusion range of median (IQR) in preterm > 28 weeks was 1.8-2.0 (IQR: 1.14-2.9).

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Large
○ Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	There are 4 observational studies (Stanworth 2011; Motta 2014; Raban 2015; Altuntas 2015) which have evaluated use of FFP in neonatal units. Mortality was reported by 3 studies (Motta 2014; Raban 2015; Altuntas 2015). There were 72 deaths in 290 enrolled neonates in the study by Motta et al. There was a higher mortality rate noted in neonates who received at least one FFP transfusion compared to those who did not receive any FFP transfusion (25.5% vs 3.4%) with a higher odds of death (OR 6.3; 95% CI 4.9-7.8). There were 62 deaths in 113 enrolled neonates in the study by Raban et al and 32 deaths out of 80 enrolled neonates in the study by Altuntas et al. Both these studies also reported a higher risk of mortality in FFP transfused neonates. The total mortality in the 3 studies was 168/483 (35%). 
Two studies reported the outcome of IVH (Motta 2014; Raban 2015). There were 44/257 neonates with IVH any grade in the study by Motta et al (IVH data was missing in 33 enrolled neonates) while 8/41 neonates had IVH in the study by Raban 2015. The total numbers of IVH cases were 56/298 (19%). These studies also reported other forms of non-CNS clinical bleeding. There were 90/290 neontes in the study by Motta et al and 33/41 neonates in the study by Raban et al. The total numbers of non-CNS bleeding cases were 123/331 (37%). 
Correction of prothrombin time (PT) was reported by 2 studies (Motta 2014; Altuntas 2015). In the study by Motta et al, 290 neonates received a total of 609 FFP transfusions while in the study by Altuntas et al 80 neonates received a total of 225 transfusions. Correction of PT was reported as median (IQR) of the pre and post-transfusion PT in preterm subgroups of <28 week, 28-34 weeks and >34 weeks by Motta et al while Altuntas et al only reported the proportion of cases where the PT normalized post-transfusion. In the study by Motta et al pre-transfusion median PT ranged from 20.2-22.2 sec (IQR: 16.9-29.4 sec) while the post-transfusion median PT ranged from 16.5-18.5 sec (IQR: 14.9-24.8). In the study by Altuntas et al 30/80 enrolled neonates had a deranged PT and APTT. Out of these 20/30 (68%) had pre-transfusion deranged PT and 12/30 (39%) had deranged APTT. Post-transfusion PT correction was seen in 9/20 (42%) and APTT correction was seen in 7/12 (60%). 
Correction of activated partial thromboplastin time (APTT) was reported by 3 studies (Motta 2014; Raban 2015; Altuntas 2015). Two studies (Motta 2014; Raban 2015) reported correction of PT as median (IQR) of the pre and post-transfusion APTT in preterm subgroups of <28 week, 28-34 weeks and >34 weeks while Altuntas et al only reported the proportion of cases where the APTT normalized post-transfusion. The pre-transfusion median APTT was 57-69 sec (IQR: 43-85 sec) while the post-transfusion APTT was 44-50 sec (IQR: 36-66 sec). 
Correction of serum fibrinogen is reported by 2 studies in preterm subgroups of <28 week, 28-34 weeks and >34 weeks (Motta 2014; Raban 2015). In the study by Motta et al pre-transfusion range of median levels were 151-171 mg/dl (IQR: 101-292 mg/dl) while the range of median post-transfusion levels were 192-235 mg/dl (IQR: 120-324 mg/dl) while in the study by Raban et al the mean (SD) pre-transfusion levels in preterm < 28 weeks were 1.87 (0.8) while the range of median (IQR) pre-transfusion levels in preterm neonates > 28 weeks was 1.5-2.2 (IQR: 1-3.1). Post-transfusion mean (SD) level were 2.15 (1.18) in preterm < 28 weeks while post-transfusion range of median (IQR) in preterm > 28 weeks was 1.8-2.0 (IQR: 1.14-2.9).

	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 are 4 observational studies (Stanworth 2011; Motta 2014; Raban 2015; Altuntas 2015) which have evaluated use of FFP in neonatal units and have analyzed its effect on neonates with deranged coagulation profile with surgery or invasive procedure and increased risk of bleeding. There is serious risk of bias as one study is a prospective observational study (Motta 2014), one is a hospital based survey of FFP transfusion practice (Stanworth 2011) and 2 studies are retrospective data analysis (Raban 2015; Altuntas 2015). 
There is serious imprecision as one study (Motta 2014) reported pre and post-transfusion change in PT in median (IQR) in subgroups of preterm <28 weeks, 28-34 week, and >34 week gestation while the other study (Altuntas 2015) only reported the percentage of neonates receiving the FFP transfusion which resulted in correction of the PT. Similarly, for the outcome of correction of APTT two studies (Motta 2014; Raban 2015) reported pre and post-transfusion change in APTT in median (IQR) in subgroups of preterm <28 weeks, 28-34 week, and >34 week gestation. The third study (Altuntas 2015) only reported the the percentage of neonates receiving the FFP transfusion resulting in correction of the APTT. Correction of serum fibrinogen levels is also reported as a pre and post-transfusion change in levels reported as median (IQR) in one study in preterm subgroups of <28 weeks, 28-34 weeks, >34 weeks) (Motta 2014) and as mean (SD) in preterm < 28 weeks and median (IQR) in preterm > 28 weeks (Raban 2015) producing serious imprecision.

	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
	There is probably no important uncertainty about the effect of FFP transfusion in neonates with a deranged coagulogram and surgery of invasive procedure. There is however important variability in practices followed by neonatal caregivers. There are several indications for FFP transfusion in neonates in the NICU which may or may not comply with existing guidelines. Studies have shown a high proportion of FFP transfusion to be non-compliant to guidelines and a large proportion of them being used prophylactically in non-bleeding neonates. 
There is no evidence that prophylactic FFP transfusion reduces the risk of IVH in preterm neonates (NNNI Trial 1996; Dani 2009; Tran 2012). Observational studies (Motta 2014; Raban 2015; Altuntas 2015) have found a higher risk of death in neonates’ receiving FFP transfusion as compared to those who did not receive an FFP transfusion. This may be the case as sicker babies are more likely to receive FFP transfusions.
There is evidence from these studies that transfusing an FFP volume of 15 ml/kg (16 ml/kg in study by Motta et al; 10-20 ml/kg in study by Altuntas et al; 10-18 ml/kg in the study by Raban et al; median 14 ml/kg in the study by Stanworth) results in a correction of deranged PT, APTT and serum fibrinogen levels and that FFP transfusion maybe beneficial prior to surgery or invasive procedure in a neonate with a deranged coagulogram.

	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
	FFP transfusions given to neonates with a deranged coagulogram prior to surgery or invasive procedure results in correction of the deranged coagulation parameters and may be beneficial. However, the increased risk of mortality must be weighed against the benefits and in absence of clinical bleeding it must not be given to just correct an abnormal coagulogram. 

	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
	FFP units are produced in blood banks and one unit of FFP can be produced from blood donated by one voluntary donor. The average cost of production of one unit of FFP for transfusion is INR 400 (USD 6). 
Use of fresher PRBCs would definitely have an impact on the resource utilization of blood banks. Currently blood banks store PRBCs for up to 6 weeks and issue the oldest stored unit first. It would impose additional burden of manpower and materials and increase the production cost of a unit of PRBC. It would also impose a significant burden on the process of voluntary blood donation, with a high likelihood of increased wastage

	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
	The study by Raban et al reported the total cost for 136 FFP transfusions to be equivalent to USD 4000. Thus the net cost of 1 unit of FFP in that study was USD 30 (INR 2000). The mean transfusion requirement per patient was 1.26. In the study by Motta et al the mean transfusion requirement was 2.1 per patient (range 1-25). The study did not report the costs involved. In the study by Altuntas et al, the mean transfusion requirement was 2.8 FFP transfusions per patient. This study also did not report the costs involved.

	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
	FFP transfusion given to neonates with deranged coagulation with surgery or invasive procedure and increased risk of bleeding is a low-cost intervention which may result in reduced risk of bleeding.

	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
	FFP transfusions given to neonates with deranged coagulation profile with surgery or invasive procedure may reduce the risk of bleeding. There would be a requirement for performing coagulation testing with PT, APTT and INR in these neonates. Documenting a normal coagulation profile prior to surgery or invasive procedure would ensure patient safety and prevent unforeseen complications. However, these tests may not be available with reliability. Technical issues about the ratio of blood to anticoagulant in neonates with a high hematocrit (19:1 with hematocrit >60% rather than 9:1), variation in the normal range for the neonate based on the reagents used by the lab, degree of maturity and postnatal age of the neonate are some reasons that documenting a deranged coagulation profile and its correction with FFP transfusion may be difficult in our setting.

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	Transfusion of FFP in neonates with deranged coagulation with surgery or invasive procedure would be acceptable intervention to all key stakeholders. The acceptable volume required to correct the deranged coagulation is noted to be at least 15 ml/kg. The numbers of FFP transfusions required are highly variable and would vary from case to case. More importantly, there is a lack of correlation between prolonged coagulation times and predictive ability for bleeding. 

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
○ Probably no
○ Probably yes
● Yes
○ Varies
○ Don't know
	It would be feasible to implement the intervention where services of a blood bank are available. 


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 panel recommends FFP transfusion at 15 ml/kg in neonates with deranged coagulation parameters and planned surgical or invasive procedure for reducing the risk of bleeding. A deranged coagulation profile is a PT or APTT significantly above the normal gestationa and postnatal age-related reference range.

	



	Justification

	Overall justification
The available evidence for recommending use of FFP in neonates with deranged coagulation and surgery or invasive procedure comes from observational studies providing low quality evidence. The rationale for correction of the PT. APTT and INR abnormalities prior to surgery is sound. The avaiable evidence does show a correction in the PT, APTT and INR in nearly 40-60% cases. However no correlation has been noted between prolonged coagulation time and increased risk of bleeding.
Detailed justification
Desirable Effects



	Subgroup considerations

	Nil



	Implementation considerations

	Implementing the guideline recommendation of use of FFP in neonates with a deranged coagulogram and surgery or invasive procedure would require a pre and post-transfusion documentation of the PT, APTT and INR. Giving an FFP transfusion at a volume of < 15 ml/kg is less likely to correct the coagulation disturbance. Number of transfusions varies widely depending on the nature and severity of the coagulation disturbance. FFP transfusion volume of 15 ml/kg in preterm neonates carries a risk of creating hemodynamic disturbance especially in neonates with a symptomatic patent ductus arteriosus.



	Monitoring and evaluation

	Monitoring for the effects of transfused FFP on the cardiovascular system specially if a transfusion volume of >15 ml/kg is given, monitoring for correction of abnormal PT, APTT and INR, and surveillance for transfusion transmitted infections and adverse reactions associated with transfusion of blood products would be required.



	Research priorities

	1. More studies are needed to assess the effect of FFP transfusions on mortality.
2. Studies on normal PT, APTT and INR values for neonates at different gestational ages.
3. Studies on FFP use practices from NICUs in our country.
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Question 12: Fresh frozen plasma transfusion compared to no fresh frozen plasma transfusion in neonates with deranged coagulation profile and surgery or invasive procedure 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	fresh frozen plasma transfusion
	no fresh frozen plasma transfusion
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Mortality

	3 
	observational studies 
	serious 
	not serious 
	not serious 
	not serious 
	none 
	168/483 (34.8%) 
	0.0% 
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Intraventricular hemorrhage - all grades (assessed with: Cranial ultrasound)

	2 
	observational studies 
	serious 
	not serious 
	not serious 
	not serious 
	none 
	56/298 (18.8%) 
	0/0 
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Clinical bleeding (non-CNS)

	2 
	observational studies 
	serious 
	not serious 
	not serious 
	not serious 
	none 
	123/331 (37.2%) 
	0/0 
	not estimable 
	
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Correction of Prothrombin Time (assessed with: seconds)

	2 
	observational studies 
	serious a
	not serious 
	not serious 
	serious b
	none 
	32 
	0 
	- 
	see comment 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Correction of Activated Partial Thromboplastin Time (assessed with: seconds)

	3 
	observational studies 
	serious c
	not serious 
	not serious 
	serious d
	none 
	34 
	0 
	- 
	see comment 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Correction of INR

	2 
	observational studies 
	serious e
	not serious 
	not serious 
	not serious 
	none 
	33 
	0 
	- 
	see comment 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 

	Change in fibrinogen levels (assessed with: mg/dl)

	2 
	observational studies 
	serious 
	not serious 
	not serious 
	not serious 
	none 
	26 
	0 
	- 
	see comment 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 


CI: Confidence interval
Explanations
a. There are 2 observational studies (Motta 2014; Altuntas 2015) which have reported the outcome of correction of PT. The study by Motta et al is a prospective observational study while the study by Altuntas et al is a retrospective data analysis. 
b. One study (Motta 2014) reported pre and post-transfusion change in PT in median (IQR) in subgroups of preterm <28 weeks, 28-34 week, and >34 week gestation. The other study (Altuntas 2015) only reported the percentage of neonates receiving the FFP transfusion which resulted in correction of the PT. 
c. There are 3 observational studies (Motta 2014; Raban 2015, Altuntas 2015) which have reported the outcome of correction of APTT. The study by Motta et al is a prospective observational study while the study by Raban et al and Altuntas et al is a retrospective data analysis. 
d. Two studies (Motta 2014; Raban 2015) which have reported pre and post-transfusion change in APTT in median (IQR) in subgroups of preterm <28 weeks, 28-34 week, and >34 week gestation. The third study (Altuntas 2015) only reported the percentage of neonates receiving the FFP transfusion resulting in correction of the APTT. 
e. There are 2 observational studies (Stanworth 2011; Raban 2015) which have reported the outcome of correction of INR. The study by Stanworth et al is a survey of practices from several hospitals while the study by Raban et al is a retrospective data analysis. 











	QUESTION 13

	Should cryoprecipitate vs. fresh frozen plasma be used for disseminated intravascular coagulation in neonates?

	POPULATION:
	disseminated intravascular coagulation in neonates

	INTERVENTION:
	cryoprecipitate

	COMPARISON:
	fresh frozen plasma

	MAIN OUTCOMES:
	Resolution of DIC; Survival;

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Disseminated intravascular coagulation (DIC) is an acquired state characterized by intravascular consumption of platelets and plasma-clotting factors resulting in deposition of fibrin thrombi in the vasculature and a generalized hemorrhagic diathesis. The process of DIC can be initiated by a number of pathologic processes, such as hypoxia, acidosis, sepsis, tissue necrosis, and endothelial injury. Management of infants with DIC must include the effective control of the underlying pathologic process. FFP and Cryoprecipitate are often available options for supportive care in management. There is paucity of evidence regarding the first-line option for DIC management.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Trivial
● Small
○ Moderate
○ Large
○ Varies
○ Don't know
	FFP and Cryoprecipitate intervention from two independent RCTs (Gross et al,1982 and Turner et al,1981) were compared. The resolution of DIC was more with Cryoprecipitate when compared to FFP (R.R 1.16 and 95%C.I 0.72,1.86). But similar observation was not evident in survival outcome (R.R 0.51 and 95% C.I 0.26,1.02). Hence there was no difference in the critical outcome, mortality. Cryoprecipitate and FFP are both associated with transfusion-associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI), allergic reactions and infection (Mario et al,2011). The risk of viral infection with cryoprecipitate is higher because of being produced from a larger donor pool.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	FFP and Cryoprecipitate intervention from two independent RCTs (Gross et al,1982 and Turner et al,1981) were compared. The resolution of DIC was more with Cryoprecipitate when compared to FFP (R.R 1.16 and 95%C.I 0.72,1.86). But similar observation was not evident in survival outcome (R.R 0.51 and 95% C.I 0.26,1.02). Hence there was no difference in the critical outcome, mortality. Cryoprecipitate and FFP are both associated with transfusion-associated circulatory overload (TACO), transfusion-related acute lung injury (TRALI), allergic reactions and infection (Mario et al,2011). The risk of viral infection with cryoprecipitate is higher because of being produced from a larger donor pool.

	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
	The overall certainty is of low grade due to lack of blinding, indirectness, imprecision and small sample size.

	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
	DIC is a relatively common problem, especially in the unwell neonate. The neonatal age group appears to be particularly susceptible. DIC always occurs as a secondary event, and a number of perinatal and neonatal problems are associated with this complication. DIC is often associated with increased mortality. In some cases, successful treatment of the underlying cause will lead to resolution of DIC. In others, despite vigorous therapy directed towards the primary disease, coagulation abnormalities persist resulting in significant hemorrhage and/or thrombosis with organ damage 

	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
	As there is no difference in mortality between intervention and comparison, the available evidence favors comparison (FFP).

	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
	The true cost of blood products such as cryoprecipitate is higher than the direct acquisition cost of the drug: indirect costs must also be taken into account. Following manufacturer, indirect costs include storage, preparation, thawing, processing, and compatibility testing. Moreover, blood products are wasted if they cannot be used as planned and hemovigilance schemes must be maintained.
Transfusion of cryoprecipitate is also affected by the cost of treating adverse events and infectious disease associated with transfusion. Methylene blue-treated cryoprecipitate undergoes viral inactivation and therefore may avoid some of these costs, but the acquisition cost is higher than that of fibrinogen concentrate. In addition, transfusion of allogeneic blood products is associated with mortality caused by TRALI and TACO, longer hospital stays and increased healthcare costs

	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

	As the intervention is not useful, no studies were included

	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
	As Cryoprecipitate is prepared from FFP the cost of preparation of FFP is much less than cryoprecipitate.

	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
	Equipment for preparation and maintenance of cryoprecipitate will not be available in resource limited settings. Apart from preparation and storage, a surveillance system is needed to monitor equipment maintenance, temperature monitoring and prevent wastage of cryoprecipitate,

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
● Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Lack of evidence, cost-benefit ratio, reduced equity and risk of wastage of cryoprecipitate favor the comparison

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Well established blood bank facilities are needed for the preparation and storage of cryoprecipitate.


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 panel suggests that FFP should be the first choice in DIC management. 
British hematology 2016 guidelines suggest that FFP should be initial management strategy and cryoprecipitate is reserved if persistent hypofibrinogenemia(<1.0g/dl despite FFP), rapidly falling fibrinogen and major hemorrhage .

	



	Justification

	Cryoprecipitate vs FFP no difference in mortality.
Cost-benefit ratio.



	Subgroup considerations

	Cryoprecipitate should be used to treat active bleeding when DIC with the fibrinogen level is <1.5 g/L. A target level of 2 g/L may be appropriate in certain situations (e.g. when critical bleeding is occurring or anticipated) (Critical bleeding protocol-Australia).



	Implementation considerations

	No implementation consideration.



	Monitoring and evaluation

	Establishing a protocol for DIC management.
1. FFP is the first choice
2. Cryoprecipitate in presence of hypofibrinogenemia



	Research priorities

	Role of Activated protein C and Recombinant factor 7 in neonatal DIC management
















Author(s): Prof Girish Gupta; Dr Vasanthan T
Date: Aug 2019
Question 13: Cryoprecipitate compared to fresh frozen plasma in disseminated intravascular coagulation in neonates 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	cryoprecipitate
	fresh frozen plasma
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Resolution of DIC (assessed with: aPTT, PT and fibrinogen)

	2 
	observational studies 
	serious a
	not serious 
	serious b
	serious c
	dose response gradient 
	42/57 (73.7%) 
	7/11 (63.6%) 
	RR 1.16
(0.72 to 1.86) 
	102 more per 1,000
(from 178 fewer to 547 more) 
	⨁⨁◯◯
LOW 
	IMPORTANT 

	Survival

	2 
	observational studies 
	serious a
	not serious 
	serious b
	serious c
	dose response gradient 
	16/57 (28.1%) 
	6/11 (54.5%) 
	RR 0.51
(0.26 to 1.02) 
	267 fewer per 1,000
(from 404 fewer to 11 more) 
	⨁⨁◯◯
LOW 
	CRITICAL 


CI: Confidence interval; RR: Risk ratio
Explanations
a. Blinding not done. Method of random sequence generation not mentioned 
b. Population is non-homogenous includes preterm, term asphyxia neonates 
c. Wide 95%CI 






	QUESTION 14

	Should coagulation screening vs. no coagulation screening be used for neonates routinely ?

	POPULATION:
	neonates routinely 

	INTERVENTION:
	coagulation screening

	COMPARISON:
	no coagulation screening

	MAIN OUTCOMES:
	Severe IVH-Grade 3 and 4; Mortality; No of FFP transfusions

	SETTING:
	NICU

	PERSPECTIVE:
	Population perspective

	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
	Intraventricular hemorrhage (IVH) has been identified as a major cause of morbidity and mortality for very low birth weight (VLBW) preterm neonates. It imposes significant compromise on the survival of the affected preterms, and implies significant long-term sequelae. Many NICUs do routine coagulation screening for all admitted preterm neonates for IVH prevention.

	Desirable Effects
How substantial are the desirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Trivial
○ Small
○ Moderate
○ Large
○ Varies
○ Don't know
	There are two observational studies comparing mortality and severe IVH (grade 3 and 4) between the two groups. The results of a retrospective study by Thao et al (2012) showed that incidence of grade 4 IVH and severe IVH (grade 3–4) was higher in the routine coagulation screening group compared to the late group, the risk ratio of 0.5 (95%CI 0.34–0.72). The in-hospital mortality rate in the routine coagulation screening group and the latter group were similar (27.7 and 20%, respectively), with risk ratio 1.24 (95% CI 0.79–1.94). Similar study by Carlodani et al (2009) showed the incidence of severe IVH (12/117 vs 13/91) and mortality (22/117 vs 21/91) were similar between the two groups (screening vs no screening).
The results of four observational studies by Thao et al (2012), Carlodani et al (2009), Mario Motta et al (2014) and Catford et al ( 2014) showed that routine coagulation screening is associated with more risk of prophylactic FFP transfusions. Another prospective study by Christensen et al (2014) revealed that abnormal coagulation values at preterm birth do not predict IVH. Risk of anemia due to phlebotomy for coagulation screening.

	Undesirable Effects
How substantial are the undesirable anticipated effects?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ Large
● Moderate
○ Small
○ Trivial
○ Varies
○ Don't know
	There are two observational studies comparing mortality and severe IVH (grade 3 and 4) between the two groups. The results of a retrospective study by Thao et al (2012) showed that incidence of grade 4 IVH and severe IVH (grade 3–4) was higher in the routine coagulation screening group compared to the late group, the risk ratio of 0.5 (95%CI 0.34–0.72). The in-hospital mortality rate in the routine coagulation screening group and the latter group were similar (27.7 and 20%, respectively), with risk ratio 1.24 (95% CI 0.79–1.94). Similar study by Carlodani et al (2009) showed the incidence of severe IVH (12/117 vs 13/91) and mortality (22/117 vs 21/91) were similar between the two groups (screening vs no screening).
The results of four observational studies by Thao et al (2012), Carlodani et al (2009), Mario Motta et al (2014) and Catford et al ( 2014) showed that routine coagulation screening is associated with more risk of prophylactic FFP transfusions. Another prospective study by Christensen et al (2014) revealed that abnormal coagulation values at preterm birth do not predict IVH. Risk of anemia due to phlebotomy for coagulation screening.

	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 are multiple observational studies which showed that routine coagulation screening increases the chances of prophylactic FFP transfusions without decreasing the IVH incidence. Most of these studies are downgraded due to retrospective design, imprecision and inconsistency. Christensen et al and Mario Motta et al (2014) are prospective designed study.

	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
	IVH and mortality are important outcomes valued much by people (Webble et al).

	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
	Presence of very low quality evidence against intervention and risk of multiple prophylactic FFP transfusion favors the comparison.

	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
	The resources needed for coagulation screening is not calculated as the intervention is not effective, But equipment’s, reagents and trained manpower are needed to perform and interpret coagulation tests.

	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 needed as the intervention is not useful

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

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● Favors the comparison
○ Probably favors the comparison
○ Does not favor either the intervention or the comparison
○ Probably favors the intervention
○ Favors the intervention
○ Varies
○ No included studies
	The resources needed are more for the intervention when compared to comparison

	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
	Routine coagulation screening tests are not available in resource limited settings

	Acceptability
Is the intervention acceptable to key stakeholders?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	● No
○ Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Due to lack of evidence the intervention is not accepted by all stakeholders

	Feasibility
Is the intervention feasible to implement?

	JUDGEMENT
	RESEARCH EVIDENCE
	ADDITIONAL CONSIDERATIONS

	○ No
● Probably no
○ Probably yes
○ Yes
○ Varies
○ Don't know
	Intervention is not feasible to implement in resource limited settings


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 available evidence suggests that routine coagulation screening for preterm neonates admitted in NICU is not needed. Routine coagulation screening increases the chances of prophylactic FFP transfusion without many clinical benefits.

	



	Justification

	There are multiple observational studies of very low quality which showed that routine coagulation screening increases the chances of prophylactic FFP transfusion without decrease in IVH incidence and mortality. The predictive ability of coagulation screening for risk of IVH is low



	Subgroup considerations

	Subgroup of sick neonates planned for surgery or procedure and high risk of DIC can be considered for coagulation screening



	Implementation considerations

	No consideration



	Monitoring and evaluation

	NICUs should implement protocols for selective or risk based coagulation screening to avoid prophylactic FFP transfusions and wastage of blood products. All NICUs should have weekly audit of frequency of coagulation screening, indication for coagulation screening and FFP transfusion in their unit. 



	Research priorities

	Quality improvement initiatives to avoid routine coagulation screening and prophylactic FFP transfusions among asymptomatic preterm neonates admitted in NICU
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Question 14: Coagulation screening compared to no coagulation screening in neonates routinely 
Setting: NICU 
	Certainty assessment
	№ of patients
	Effect
	Certainty
	Importance

	№ of studies
	Study design
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Other considerations
	coagulation screening
	no coagulation screening
	Relative
(95% CI)
	Absolute
(95% CI)
	
	

	Severe IVH (Grade3 and grade 4) (follow up: discharge; assessed with: Cranial USG)

	2 
	observational studies 
	very serious a
	serious b
	not serious 
	serious c,d
	none 
	28/164 (17.1%) 
	18/146 (12.3%) 
	RR 1.44
(0.85 to 2.46) 
	54 more per 1,000
(from 18 fewer to 180 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	Mortality (follow up: discharge)

	2 
	observational studies 
	very serious a
	not serious 
	not serious 
	serious c
	none 
	35/164 (21.3%) 
	32/146 (21.9%) 
	RR 0.99
(0.65 to 1.50) 
	2 fewer per 1,000
(from 77 fewer to 110 more) 
	⨁◯◯◯
VERY LOW 
	CRITICAL 

	No of FFP transfusions

	4 
	observational studies 
	very serious a
	serious b
	not serious 
	not serious c
	none 
	470/687 (68.4%) 
	179/480 (37.3%) 
	RR 1.47
(1.31 to 1.64) 
	175 more per 1,000
(from 116 more to 239 more) 
	⨁◯◯◯
VERY LOW 
	IMPORTANT 


CI: Confidence interval; RR: Risk ratio
Explanations
a. Retrospective study  
b. High heterogeneity (I2>40%) 
c. Wide 95%CI 
d. Wide 95%CI 

