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Event Definitions 

Major congenital 
anomalies 

Chromosomal anomalies, syndromes likely affecting long-term outcome, major malformations requiring 
surgical correction during newborn period, or cyanotic heart defects 

Bleeding disorder Any genetic or congenital disorders related to a higher risk of bleeding 

Major bleeding 

Any of the following bleedings: 
− Intraventricular haemorrhage (IVH) is defined as IVH Grade 3 (extension of bleeding involving 

>50% of ventricular area or dilation of ventricle) or IVH Grade 4/IPE (extension of bleeding into 
surrounding parenchyma) 1 

− Intracranial haemorrhage (non-IVH) is defined as a major bleeding if any of the following apply: 
neurosurgical intervention is required; radiological imaging showing a midline shift; clinical signs 
and symptoms of an oxygen deficit with significant derangement of laboratory investigations 

− Pulmonary bleeding is defined as acute fresh blood through the endotracheal tube associated with 
increased ventilatory requirements or the need for intubation and ventilation 

− Frank rectal bleeding is defined as macroscopic faecal bleed (not if only occult positive) 

Sepsis Culture-positive sepsis 

NEC At least NEC Stage III according to the Modified Bell Staging Criteria 2 

Invasive mechanical 
ventilation 

Any form of invasive respiratory support for which the neonate is intubated, including conventional mechanical 
ventilation and high frequency oscillation (HFO). 

Transfusion associated 
adverse effect Any adverse effects that the local investigator deemed potentially associated with the preceding transfusion. 

Small for gestational age 
(SGA) Birth weight below 10th percentile 3  

 

Supplementary Table 1. Definitions 
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Country Patients 
(n (% of total)) 

Follow-up, 
in days  

(n (% of total)) 

Follow-up  
per patient,  

in days 
(median (IQR)) 

Postnatal age  
at inclusion,  

in days 
(median (IQR)) 

Female sex  
assigned  
at birth 
(n (%)) 

Gestational age  
at birth, 

in weeks + days 
(median (IQR)) 

Birth weight, 
in grams 

(median (IQR)) 

IUGR 
(n (%)) 

Congenital 
anomalies 

(n (%)) 

Major 
bleeding* 

(n (%)) 

NEC* 
(n (%)) 

Sepsis* 
(n (%)) 

Invasive 
mechanical 
ventilation** 

(n (%)) 

Surgery* 
(n (%)) 

Austria 50 (4.4) 1397 (5.6) 29 (14-42) 13 (1-36) 22/50 (44) 26+4 (24+4-28+5) 890 (650-1280) 12/50 (24) 2/50 (4) 5/50 (10) 0/50 (0) 7/50 (14) 12/50 (24) 5/50 (10) 

Belgium 16 (1.4) 283 (1.1) 13 (6-32) 8 (43-80) 9/16 (56) 29+6 (25+4-30+6) 1180 (852-1357) 7/16 (44) 0/16 (0) 0/16 (0) 0/16 (0) 0/16 (0) 1/16 (6) 1/16 (6) 

Bosnia and 
Herzegovina 32 (2.8) 648 (2.6) 22 (10-31) 1 (1-21) 17/32 (53) 29+6 (28+2-31+1) 1252 (1015-1592) 11/32 (34) 2/32 (6) 3/32 (9) 0/32 (0) 3/32 (9) 6/32 (19) 1/32 (3) 

Croatia 24 (2.1) 647 (2.6) 32 (18-34) 1 (1-23) 17/24 (71) 30+3 (28+1-31+4) 1225 (1075-1440) 9/24 (38) 0/24 (0) 1/24 (4) 0/24 (0) 2/24 (8) 3/24 (13) 1/24 (4) 

Czech Republic 53 (4.6) 1173 (4.7) 18 (13-32) 5 (1-30) 21/53 (40) 30+1 (27+5-31+2) 1230 (925-1600) 20/53 (38) 2/53 (4) 1/53 (2) 0/53 (0) 3/53 (6) 10/53 (19) 3/53 (6) 

Denmark 34 (3.0) 615 (2.5) 14 (5-24) 3 (1-44) 14/34 (41) 27+0 (25+5-29+0) 940 (788-1200) 10/34 (29) 3/34 (9) 3/34 (9) 1/34 (0) 6/34 (18) 18/34 (53) 7/34 (21) 

France 116 (10.2) 2664 (10.7) 21 (11-37) 4 (1-32) 50/116 (43) 28+4 (26+2-30+2) 1047 (780-1335) 48/116 (41) 3/116 (3) 10/116 (9) 4/116 (0) 19/116 (16) 40/116 (35) 9/116 (8) 

Germany 76 (6.7) 1951 (7.8) 25 (13-42) 17 (1-62) 33/76 (43) 26+4 (25+2-29+4) 845 (605-1190) 30/76 (40) 5/76 (7) 2/76 (3) 0/76 (0) 5/76 (7) 20/76 (26) 6/76 (8) 

Hungary 39 (3.4) 757 (3.0) 18 (13-27) 3 (1-18) 18/39 (46) 27+2 (26+1-30+2) 920 (750-1160) 18/39 (46) 1/39 (3) 6/39 (15) 3/39 (8) 13/39 (33) 13/39 (33) 2/39 (5) 

Ireland 61 (5.3) 1178 (4.7) 16 (6-32) 1 (1-13) 29/61 (48) 26+4 (25+2-29+4) 1090 (850-1400) 14/61 (23) 1/61 (2) 5/61 (8) 6/61 (10) 7/61 (11) 31/61 (51) 5/61 (8) 

Italy 124 (10.9) 3178 (12.7) 27 (12-41) 21 (1-51) 46/124 (37) 28+4 (26+4-30+0) 1050 (817-1290) 55/124 (44) 3/124 (2) 11/124 (9) 3/124 (2) 9/124 (7) 36/124 (29) 13/124 (10) 

Netherlands 79 (6.9) 1280 (5.1) 10 (6-24) 1 (1-10) 32/79 (41) 28+4 (26+3-30+4) 1145 (886-1500) 17/79 (22) 2/79 (2) 4/79 (5) 0/79 (0) 8/79 (10) 25/79 (32) 4/79 (5) 

Norway 33 (2.9) 567 (2.3) 12 (5-32) 5 (1-31) 15/33 (45) 26+0 (25+1-26+6) 793 (636-1010) 8/33 (24) 0/33 (0) 8/33 (24) 1/33 (3) 5/33 (15) 18/33 (55) 4/33 (12) 

Poland 84 (7.4) 1969 (7.9) 27 (9-37) 20 (1-41) 33/84 (39) 28+1 (26+6-30+1) 1085 (850-1345) 28/84 (33) 3/84 (4) 10/84 (12) 3/84 (3) 12/84 (14) 36/84 (43) 14/84 (17) 

Portugal 19 (1.7) 364 (1.5) 19 (5-29) 15 (3-49) 12/19 (63) 29+5 (28+6-31+1) 990 (810-1410) 10/19 (53) 0/19 (0) 0/19 (0) 0/19 (0) 2/19 (10) 4/19 (21) 0/19 (0) 

Romania 29 (2.5) 688 (2.8) 23 (14-33) 4 (1-12) 15/29 (52) 29+0 (27+4-31+0) 1300 (880-1600) 8/29 (28) 3/29 (10) 7/29 (24) 1/27 (3) 4/29 (14) 17/29 (59) 0/29 (0) 

Slovakia 30 (2.6) 783 (3.1) 27 (12-39) 7 (3-38) 17/30 (57) 27+6 (25+6-30+2) 940 (780-1280) 13/30 (43) 2/30 (7) 0/30 (0) 1/30 (3) 3/30 (10) 9/30 (30) 1/30 (1) 

Slovenia 20 (1.8) 359 (1.4) 15 (7-26) 23 (1-55) 10/20 (50) 28+3 (26+4-29+6) 895 (730-1347) 12/20 (60) 1/20 (5) 1/20 (5) 0/20 (0) 0/20 (0) 6/20 (30 1/20 (1) 

Spain 87 (7.6) 1771 (7.1) 17 (10-31) 1 (1-23) 36/87 (41) 28+5 (26+4-30+2) 1000 (770-1285) 44/87 (51) 1/87 (1) 5/87 (6) 2/87 (0) 9/87 (10) 16/87 (18) 6/87 (7) 

Sweden 49 (4.3) 830 (3.3) 15 (5-26) 4 (1-11) 20/49 (41) 28+3 (25+5-29+6) 1060 (745-1396) 17/49 (35) 4/49 (8) 3/49 (6) 5/49 (10) 2/49 (4) 22/49 (45) 6/49 (12) 

Switzerland 50 (4.4) 1010 (4.0) 17 (8-33) 2 (1-18) 24/50 (48) 28+4 (26+3-30+4) 1120 (800-1470) 19/50 (38) 3/50 (6) 6/50 (12) 1/50 (2) 2/50 (4) 19/50 (38) 2/50 (4) 

United Kingdom 38 (3.3) 866 (3.5) 23 (12-36) 3 (1-20) 12/38 (32) 26+6 (24+3-29+2) 883 (618-1120) 15/38 (39) 2/38 (5) 1/38 (3) 2/38 (5) 4/38 (10) 21/38 (55) 7/38 (18) 

Overall  1143 (100) 24978 (100) 20 (10-35) 5 (1-31) 502/1143 (44) 28+2 (26+2-30+2) 1030 (780-1350) 425/1143 (37) 43/1143 (4) 92/1143 (8) 33/1143 (3) 125/1143 (11) 383/1143 (34) 98/1143 (9) 

 
Supplementary Table 2. Patient characteristics | See Supplementary Table 1 for definitions. *At least one episode of major bleeding/NEC/sepsis/surgery during study follow-

up. **At least one day of invasive mechanical ventilation during study follow-up. There was no missing data for the clinical variables in the table. 
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Country Participating centres 
(n (% of total) 

Centres with  
academic status 

(n (%)) 

Centres that perform 
NEC surgery 

(n (%)) 

Large centres* 
(n (%)) 

Austria 2 (3) 2/2 (100) 2/2 (100) 1/2 (50) 

Belgium 1 (2) 1/1 (100) 1/1 (100) 1/1 (100) 

Bosnia and Herzegovina 1 (2) 1/1 (100) 1/1 (100) 1/1 (100) 

Croatia 2 (3) 2/2 (100) 1/2 (50) 1/2 (50) 

Czech Republic 2 (3) 2/2 (100) 1/2 (50) 2/2 (100) 

Denmark 1 (2) 1/1 (100) 1/1 (100) 1/1 (100) 

France 6 (9) 3/6 (50) 4/6 (67) 3/6 (50) 

Germany 4 (6) 4/4 (100) 3/4 (75) 2/4 (50) 

Hungary 3 (5) 3/3 (100) 1/3 (33) 3/3 (100) 

Ireland 2 (3) 2/2 (100) 0/2 (0) 2/2 (100) 

Italy 8 (13) 8/8 (100) 7/8 (88) 1/8 (13) 

Netherlands 3 (5) 3/3 (100) 2/3 (67) 3/3 (100) 

Norway 2 (3) 2/2 (100) 1/2 (50) 0/2 (0) 

Poland 5 (8) 4/5 (80) 3/5 (60) 1/5 (20) 

Portugal 2 (2) 2/2 (100) 2/2 (100) 0/2 (0) 

Romania 3 (5) 2/3 (67) 0/3 (0) 3/3 (100) 

Slovakia 2 (3) 2/2 (100) 1/2 (50) 0/2 (0) 

Slovenia 2 (3) 2/2 (100) 1/2 (50) 1/2 (50) 

Spain 6 (9) 6/6 (100) 5/6 (83) 3/6 (50) 

Sweden 3 (5) 3/3 (100) 2/3 (67) 2/3 (67) 

Switzerland 2 (3) 2/2 (100) 2/2 (100) 1/2 (50) 

United Kingdom 2 (3) 2/2 (100) 1/2 (50) 1/2 (50) 

Overall  64/64 (100%) 59/64 (92%) 43/64 (67%) 33/64 (52%) 

 
Supplemtary Table 3. Participating centres characteristics | *Large if centre cares for more than 100 preterm 

infants born below 32 weeks gestation annually.  
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Country 

Observed platelet 
transfusion day 
prevalence rate* 

Per 100 admission days 
(95% confidence interval) 

Expected platelet 
transfusion day 
prevalence rate 

based on patient-mix** 
Per 100 admission days 

Observed/expected 
ratio*** 

(95% confidence interval) 

Patient-mix adjusted 
platelet transfusion day 

prevalence rate**** 
Per 100 admission days 

(95% confidence interval) 

Austria 0.06 (0.00-0.95) 0.42 0.15 (0.01-2.26) 0.05 (0.00-0.78) 

Belgium 0.00 0.11 0.00 0.00 

Bosnia and 
Herzegovina 0.15 (0.02-1.10) 0.45 0.35 (0.5-2.46) 0.12 (0.02-0.85) 

Croatia 1.08 (0.52-2.27) 0.70 1.55 (0.74-3.24) 0.53 (0.25-1.12) 

Czech Republic 0.25 (0.05-1.17) 0.36 0.70 (0.15-3.27) 0.24 (0.05-1.13) 

Denmark 0.65 (0.24-1.73) 1.12 0.58 (0.22-1.55) 0.20 (0.08-0.53) 

France 0.65 (0.32-1.31) 0.91 0.72 (0.36-1.44) 0.25 (0.12-0.50) 

Germany 0.07 (0.00-5.69) 0.51 0.13 (0.00-11.09) 0.05 (0.00-3.82) 

Hungary 0.10 (0.00-11.36) 1.73 0.06 (0.00-6.58) 0.02 (0.00-2.27) 

Ireland 0.22 (0.02-2.50) 1.05 0.21 (0.02-2.38) 0.07 (0.01-0.82) 

Italy 0.60 (0.29-1.22) 0.78 0.77 (0.38-1.57) 0.27 (0.13-0.54) 

Netherlands 0.43 (0.11-1.69) 0.57 0.75 (0.19-2.96) 0.26 (0.07-1.02) 

Norway 1.64 (0.46-5.84) 1.21 1.35 (0.38-4.82) 0.47 (0.13-1.66) 

Poland 0.39 (0.04-3.71) 0.95 0.41 (0.04-3.88) 0.14 (0.02-1.34) 

Portugal 0.00 0.50 0.00 0.00 

Romania 0.15 (0.02-1.03) 0.94 0.15 (0.02-1.10) 0.05 (0.01-0.38) 

Slovakia 0.00 0.84 0.00  0.00 

Slovenia 0.00 0.47 0.00 0.00 

Spain 0.79 (0.41-1.54) 0.60 1.33 (0.68-2.59) 0.46 (0.23-0.89) 

Sweden 0.74 (0.24-2.31) 0.90 0.82 (0.26-2.56) 0.28 (0.09-0.88) 

Switzerland 1.54 (0.38-6.13) 0.80 1.93 (0.48-7.70) 0.66 (0.17-2.65) 

United Kingdom 1.94 (0.16-23.95) 2.01 0.97 (0.08-11.90) 0.33 (0.03-4.10) 

 

Supplementary Table 4. Patient-mix adjusted platelet transfusion day prevalence rates | *Observed 

prevalence rates were calculated using random effects Poisson models to pool transfusion day prevalence rates 

from the individual centres into country subgroup estimates and subsequently to derive the overall estimate. 

**Expected prevalence rates as predicted based on patient-mix using a logistic regression model which included 

the following variables: sex assigned at birth, gestational age at birth, birth weight, congenital anomalies, IUGR, 

major bleeding, NEC, sepsis, mechanical ventilation, surgical procedure, postnatal day. Observed and expected 

prevalence rates by country, as presented in this table, are also shown graphically in Figure 1 of the main 

manuscript. ***Observed/expected ratios were calculated by dividing the observed platelet transfusion prevalence 

rate per country by the expected prevalence rate per country. ****Patient-mix adjusted prevalence rates were 

calculated by multiplying the country observed/expected ratio with the overall observed prevalence rate (equal to 

0.34 platelet transfusion days per 100 admission days). 
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Postnatal 
day 

Number of 
infants  
at risk 

Events 
Censored 

Platelet transfusion Discharge without platelet transfusion Death without platelet transfusion 

1 468 3 0 7 7 

2 451 2 1 7 10 

3 431 6 2 1 13 

4 409 3 3 3 6 

5 394 5 10 4 12 

6 363 4 2 2 6 

7 349 1 2 2 12 

8 332 2 2 1 9 

9 318 1 6 2 4 

10 305 0 6 0 8 

11 291 2 4 1 8 

12 276 1 4 0 14 

13 257 0 1 0 9 

14 247 0 5 1 6 

15 235 0 2 0 14 

16 219 1 4 0 5 

17 209 0 1 1 14 

18 193 0 1 0 13 

19 179 0 4 0 9 

20 166 1 6 0 7 

21 152 0 5 0 3 

22 144 0 3 1 3 

23 137 0 0 0 4 

24 133 0 3 0 10 

25 120 1 2 0 5 

26 112 0 1 0 6 

27 105 0 0 0 6 

28 99 0 1 0 98 

 

Supplementary Table 5. Number at risk table for the cumulative incidence of receiving at least one platelet 

transfusion during the first 28 postnatal days of life | Adjusted for the competing risks of death and discharge 

without platelet transfusion and based on 468/1,143 (40.9%) infants that were followed from birth. Infants were 

censored if they remained admitted to the NICU at the end of the six week study period or after postnatal day 28.  
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Transfusion indication 

Platelet count prior to transfusion 

Below 25 x109/L 
(% of column total) 

Equal to or above 25 x109/L 
(% of column total) 

Threshold platelet count 107 (95) 53 (54) 

Active bleeding 1 (1) 18 (18) 

Prevention of major bleeding 2 (2) 5 (5) 

Surgical procedures 0 (0) 13 (13) 

Criticially ill conditions  3 (3) 4 (4) 

Other 0 (0) 4 (4) 

Total  113 (100) 98 (100) 

 
Supplementary Table 6. Transfusion indications stratified by pre-transfusion platelet counts below 

25x109/L or equal to or above 25x109/L | Platelet count levels before transfusion (within 24 hours from transfusion) 

were available in 211 out of 217 (97·2%) transfusions. Platelet counts levels were below 25x109/L in 113 out of 

211 transfusions (53·6%), and equal or above 25x109/L in 98 out of 211 transfusions (46·4%). Of the 71 (71/1143; 

6.2%) infants receiving at least one transfusion, 37 (37/71; 52.1%) patients received two or more platelet 

transfusions during the study period totaling 146 transfusions. Of these ‘follow-up’ transfusions, 120 of 146 were 

given based on threshold (82.2%). Of these 120 threshold ‘follow-up’ transfusions, 85 (85/119; 71.4%) were given 

for platelet counts below 25. Platelet count prior transfusion was missing in one of these transfusions (1/120; 0.8%). 
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Supplementary Figure 1. Platelet count transfusion increment stratified per transfusion volume | Platelet 

count levels before and after transfusion were available in 131 out of 161 (81·4%) transfusions given based on 

threshold. Boxplots with fewer than 5 transfusions were omitted from the plot (n=4 transfusions). Platelet count 

transfusion increment are outside the axis limits in two transfusions at 15 ml/kg and one transfusion at 20ml/kg. 
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subsidizing party. 
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1. SUMMARY 
 
Rationale: Premature neonates are highly transfused patients, though robust evidence 
supporting neonatal transfusion practice is scarce. Two randomized controlled trials (RCTs) 
were recently published, indicating no benefit in long-term outcomes when using liberal 
(high) thresholds for red blood cell (RBC) transfusions. Another RCT, comparing a high and 
low platelet transfusion threshold, even reported evidence that liberal transfusion treatment 
(high thresholds) can cause harm. There are no international neonatal transfusion guidelines 
that have been implemented by Europe as a whole, resulting in significant variation in 
transfusion practice within Europe. Detailed contemporary data on neonatal transfusion 
practice in Europe, including neonatal component specifications, are lacking. This point 
prevalence study will provide a picture of current neonatal transfusion practices within 
Europe, which can be used to improve practice, promote adherence to evidence-based 
transfusion guidelines, and inform future randomized controlled trials. 
 
Main objective: To describe the prevalence, indications, adverse effects, and component 
specifications of RBC, platelet, and plasma transfusions in preterm neonates. Additionally, to 
describe the use of local or national guidelines and the evidence-basedness of transfusion 
practices in preterm neonates.  
 
Study design: Prospective, European, multicenter, observational point prevalence study. 
 
Study population: Neonates with a gestational age of less than 32 weeks at birth who are 
admitted to a participating tertiary level Neonatal Intensive Care Unit (NICU).  
 
Expected results: This study will identify current neonatal transfusion practices that can be 
improved, and areas with substantial clinical variation which can be targeted in future clinical 
trials. The resulting data may help reduce unnecessary transfusions through increased 
awareness of the proper use of transfusions in this vulnerable patient population. This may 
eventually lead to a reduction in the number of adverse events, lower costs, optimal 
allocation of donor blood, and ultimately, better long-term neonatal outcomes. 
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2. INTRODUCTION AND RATIONALE 
 
Every year, approximately 66,000 very premature babies in Europe receive one or 
more blood transfusions. (1) Despite the high frequency of transfusions in this 
population, the efficacy and safety of many of these transfusions are not known, as 
the number of appropriate trials in this population is limited. The blood components 
most frequently transfused to babies are red blood cells (RBCs), platelets and plasma. Four 
randomized controlled trials assessing RBC transfusion thresholds have been published, of 
which two were published in 2020. (2-5) Two trials assessed platelet transfusions and only 
one trial assessed fresh frozen plasma (FFP) transfusions. (1, 6-8) As a broad 
generalization, the findings of these studies do not support the use of liberal transfusion 
policies, but data on optimal thresholds, dosing and product specifications are still lacking. 
 
Recent studies have shown that many neonatal transfusions may be redundant. 
Redundant transfusions are transfusions given at thresholds or indications that are not 
supported by existing evidence and are therefore not expected to convey benefit to the 
neonate. Redundant transfusions are problematic because they expose babies to 
unnecessary risks, lead to increased costs and undue burden on health care facilities and 
donor blood availability. The ETNNO-trial (‘Effects of Liberal vs Restrictive Transfusion 
Thresholds on Survival and Neurocognitive Outcomes in Extremely Low-Birth-Weight 
Infants’) and TOP-trial (‘Transfusion Of Prematures’), assessing liberal versus restrictive 
RBC transfusion thresholds, both found that restrictive thresholds were non-inferior to liberal 
thresholds. The PlaNeT-2/MATISSE platelet transfusion trial (‘Platelets for Neonatal 
Transfusion - study 2 / MAnaging Thrombocytopenia in a Special Subgroup: nEonates’) 
showed that a 25x109/L platelet count threshold was superior to a 50x109/L threshold in 
preterm infants. (2, 3) In short, all three studies support restrictive transfusion strategies. 
Despite these findings, our recent European neonatal transfusion survey, which included 341 
NICU’s from 18 countries, showed 53% of platelet transfusions given at a threshold 
>25x109/L The interquartile ranges (IQR) for haemoglobin thresholds in different clinical 
scenarios varied between 6-20 g/L. (9) 
 
Recent studies have also shown that neonatal transfusions may cause side effects or 
even direct harm. Transfusion-associated side effects in neonates are poorly defined, and 
therefore likely to be under-recognized. Despite this likely under-recognition, data from 
national hemovigilance systems in the Netherlands and the UK suggest that neonates are at 
much higher risk of transfusion-associated adverse events compared to children or adults. 
(10) More importantly, there is evidence that transfusions may cause direct harm. The 
PlaNeT-2/MATISSE trial, comparing a high (50x109/L) and low (25x109/L) platelet transfusion 
threshold, showed unexpected higher rates of mortality and/or severe bleeding, in the higher 
threshold (liberal transfusion) study group. (7) The mechanisms of this apparent platelet 
transfusion-associated harm have yet to be elucidated in detail but indicate that the potential 
benefits of transfusions must be carefully weighed against the risk of transfusion-related 
harm. 
 
There are no neonatal transfusion guidelines that have been implemented by Europe 
as a whole, and there is significant variation in transfusion practice within Europe. 
Two national guidelines specific to neonatal transfusions have been published in peer-
reviewed journals, but whether their recommendations apply to the whole of Europe remains 
to be determined. (11, 12) It is unknown whether other countries or individual NICU’s have 
national or local guidelines and what these guidelines recommend. To describe neonatal 
transfusion practices in Europe, we have recently performed a large European neonatal 
transfusion survey in which 18 countries participated. We analysed data from 341 NICU’s. 
The results of this survey suggest that a substantial number of transfusions may be 
redundant, as described previously. The results also showed wide variation in thresholds, 
even within relatively well-defined patient groups. For example, the interquartile range for red 



G21.207   INSPIRE-study 

 

 
Research Protocol 
Version 3.1 

13 

blood cell transfusion haemoglobin thresholds for stable preterm infants of less than 32 
weeks gestational age in the first week of life was 80-100 g/L, with 25% of centers using 
more extreme thresholds ranging from 50-140 g/L. Platelet transfusion thresholds for stable, 
non-bleeding infants with a gestational age of less than 28 weeks at birth, varied between no 
prophylaxis up to transfusion at a platelet count of 100x109/L, with an IQR of 20-47x109/L. 
Volumes and rates of transfusion also varied substantially. These results are in line with 
older surveys and a recent report from the USA showing similarly variable transfusion 
patterns. (13-16)   
 
A prospective point prevalence study is timely and will provide crucial data for new 
randomized trials and implementation projects. The neonatal transfusion survey was a 
crucial first step to improve neonatal transfusion practices but needs to be followed up by a 
prospective study for several reasons. The survey targeted only one neonatologist per NICU, 
which did not allow for assessment of within unit variation in practice. More importantly, we 
need exact data about transfusion prevalence, indications, and specifications to be able to 
set up new randomized controlled trials and develop effective implementation strategies. We 
did not collect data on component specification or on use of local or national transfusion 
guidelines. And lastly, a known limitation of surveys is that reported behaviour may differ 
from actual behaviour, whether intentionally or unintentionally. Therefore, a prospective 
international observational study is warranted. 
 
The INSPIRE will be performed by the Neonatal Transfusion Network (NTN), an 
international, interdisciplinary neonatal transfusion research network. The NTN aims to 
improve current practices and generate more evidence for neonatal transfusion medicine.  
As of January 2021, approximately 100 participants from 31 countries are represented in this 
network. The European Blood Alliance (EBA), the European Society for Pediatric Research 
(ESPR), the International Haemovigilance Network (IHN) and the European Foundation for 
the Care of the Newborn Infant (EFCNI) have endorsed the NTN. As all stakeholders, 
including neonatologists, haematologists, epidemiologists, as well as parent representatives 
and blood bank agents, collaborate within our international NTN, the results of this study can 
directly be translated into practice change and may thus substantially impact the quality of 
neonatal transfusion medicine in Europe and worldwide.  
 
To summarize, neonates receive blood transfusions even though they might not be effective 
or could be harmful, as current transfusion guidelines are not supported by sufficient 
evidence and existing evidence has not yet been incorporated into clinical practice. Whilst 
the neonatal population may seem small, over the next 20 years, approximately 1 million 
infants in Europe will receive a transfusion while being a premature newborn. The potential 
short- and long-term effects of these transfusions should therefore not be underestimated. 
Recent consensus meetings and scientific reviews underline the need for high quality, global 
epidemiologic data as a first step towards improving neonatal transfusion medicine.  (1, 17-
19) These data will help to improve practice, develop research protocols, and inform 
guideline writing. We therefore aim to perform a European point prevalence study 
(INSPIRE), which will provide high quality multinational epidemiologic data that can be 
used to improve neonatal transfusion medicine in Europe.  
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3. OBJECTIVES 
 
To describe the prevalence, indications, adverse effects, and component specifications of 
transfusions among preterm neonates admitted to tertiary level NICUs in Europe. 
Additionally, to describe the use of guidelines and the evidence-basedness of transfusion 
practices in very preterm neonates. 
 

3.1 Primary Objective 
 
To describe the prevalence of RBC, platelet, and plasma (FFP and cryoprecipitate) 
transfusions in very preterm neonates with a gestational age less than 32 weeks at birth 
admitted to a tertiary level NICU.  
 

3.2 Secondary Objectives 
 
To describe the variations in prevalence, the indications for transfusion, duration, volume, 
rate, adverse effects and component specifications of the prescribed RBC, platelet, or 
plasma transfusions. Additionally, to assess the number of transfusions per transfused 
neonate, the proportion of neonates who received at least one transfusion, the incidence of 
receiving at least one transfusion. Furthermore, to describe use of guidelines and the 
evidence-basedness of transfusion practices in preterm neonates with a gestational age less 
than 32 weeks at birth. Lastly, to assess the use of transfusions with blood products other 
than RBC, platelet, and plasma or agents that promote or reduce coagulation. 
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4. STUDY DESIGN 
 

4.1 Study design 
 
International, multicenter, prospective, observational point prevalence study. 
 

4.2 Duration 
 
Data will be collected over a one-year period. During this year, each participating NICU will 
collect data during a six-week period in which they will screen all 7 days of each week.  
 

4.3  Setting 
 
Data collection will take place in tertiary level NICUs in Europe, a minimum of 61 NICUs must 
be recruited to reach our sample size (see section 5.4). A tertiary level NICU is defined as a 
hospital NICU organized with personnel and equipment to provide continuous life support 
and comprehensive care for extremely high-risk newborn infants with a gestational age of 
less than 32 weeks, and those with complex and critical illness. (20) 
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5. STUDY POPULATION 
 

5.1 Population (base) 
 
Approximately 700,000 neonates are born prematurely each year in Europe, of whom about 
16% are born very premature at a gestational age of less than 32 weeks. (21) Within this 
population, neonates will be included based on inclusion and exclusion criteria defined 
below.  
 

5.2 Inclusion criteria 
 
A potential subject who meets both of the following criteria will be included in this study: 

1. Admission to a participating tertiary level NICU (including outborn neonates or 
neonates readmitted to the NICU) 

2. Gestational age at birth below 32 weeks.  
Note: gestational age at admission can be >32 weeks, however the postmenstrual 
age (PMA; gestational age + chronological age) at inclusion cannot exceed 44+0 
weeks. 

 

5.3 Exclusion criteria 
 
No exclusion criteria. 
 

5.4 Sample size calculation 
 
5.4.1 Sample size calculation 
There are several ways to describe transfusion practices, such as describing the proportion 
of neonates receiving any number of transfusions, the number of neonates receiving a first 
transfusion (incidence) or describing the total number of transfusions given per patient-time 
period (prevalence rate). We have chosen the prevalence rate as our primary outcome, 
because this takes into account variations in duration of follow up and variations in the total 
number of transfusions neonates receive.  
 
We will calculate the prevalence rates by dividing the number of transfusions of the 
respective transfusion type by the total sum of neonate study days. We performed sample 
size calculations for RBC, platelet, and plasma transfusion prevalence rates, estimating the 
sample size necessary to ensure that the confidence interval for a prevalence is of a 
predetermined width. Based on data from previously conducted studies, we expect the 
approximate rates of RBC, platelet, and plasma transfusions to be 2.0 (1.3-2.6), 0.9 (0.6-
0.12) and 0.4 (0.2-0.6) transfusions per 100 study days, respectively. (2, 3, 7, 16, 22-24) We 
aim to estimate the prevalence rates with sufficient certainty, which we have defined as rates 
within +/-0.5 for RBC, +/- 0.2 for platelet, and +/-0.1 for plasma transfusions per 100 study 
days. This corresponds to half of the width of the confidence interval for each transfusion 
type found in the literature. To achieve this level of certainty, we have to obtain data on 3152, 
6833, and 15366 study days for RBC, platelet and plasma transfusions, respectively.  
 
We expect that each participating NICU will contribute on average 252 patient days. This 
number is based on the length of the data collection period (42 days), the estimated 
percentage of eligible NICU admissions with gestational age <32 weeks (30%) and the 
estimated number of beds per unit (20, unpublished data obtained within the NTN). We 
therefore expect we need to recruit at least 61 (15366/252) NICUs to reach our sample size. 
As we will collect data in a large geographical area, we aim to recruit NICUs in at least 10 
countries and recruit at least 10% of NICUs within each country or at least 2 centers per 
country, whichever is greater, even if this will result in a sample size higher than 61. The 
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number of centers included per country will be proportional to the population size of the 
country compared to that of all other included countries.  
 
Details of the interim analysis will be included in the statistical analysis plan prior to the 
interim analysis. If needed, results of the interim analysis can lead to implementation one of 
two measures: extending de data collection period or recruiting additional centers. Any 
decisions following the interim analysis will be made in close consultation with the national 
coordinators.  
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6. METHODS 
 

6.1 Main study endpoint 
 
The primary outcome of this study is the prevalence of RBC, platelet, and plasma (FFP and 
cryoprecipitate) transfusions in neonates with a gestational age of less than 32 weeks at 
birth, admitted to a tertiary level NICU. The prevalence is calculated by dividing the number 
of transfusions of the respective transfusion type by the total sum of neonate study days. 
 
A transfusion is registered if administered to a neonate during the study period. Transfusions 
issued by the blood bank but not administered will not be registered.  
 
To calculate the total sum of neonate study days, each center will register date and time of 
start and end of study of all eligible neonates during the center’s data collection period. For 
neonates already admitted at the start of the study, the start of study will be the moment the 
data collection period starts. For all other infants, start of study equals time of admission. 
These data will allow us to calculate the exact number of study days for each individual 
neonate in the study.  
 
To describe the study population, we will collect NICU characteristics (e.g. unit size) and 
neonatal baseline characteristics (e.g. gestational age).  
 

6.2 Secondary study endpoints  
 
6.2.1 Number of transfusions per transfused neonate 
We will assess the number of transfusions per neonate for RBC transfused neonates, 
platelet transfused neonates and plasma transfused neonates.   
 
6.2.2 Proportion of neonates who received at least one transfusion 
We will calculate the proportion of neonates who received at least one transfusion during the 
study period, per transfusion type.  
 
6.2.3 Incidence of receiving at least one transfusion 
We will calculate the incidence of receiving at least one transfusion, both for any transfusion 
as per transfusion type. The incidence is calculated by neonates receiving at least one 
transfusion by the total sum of neonate study days. 
 
6.2.4 Variations in prevalence 
We will describe the variations in prevalence rates of RBC, platelet, and plasma transfusions. 
Data analysis will be predominantly descriptive, comparing both between participating 
countries and between different type of NICUs. Types of NICU’s will be defined based on unit 
size and whether surgical procedures are being performed.  
 
6.2.5 Indication for transfusion 
We will collect the primary indication for which the transfusion is prescribed by the treating 
physician. If applicable, we will also register the secondary and tertiary indication, as 
clinicians may consider multiple factors when deciding to give a transfusion. For each 
transfusion, the prescribing physician must choose from a list of predefined indications (up to 
three options can be selected, ranked primary to tertiary indication). The primary indication is 
the indication that has the most weight in the decision to prescribe a transfusion. If the 
indication for transfusion is registered by someone other than the prescribing physician, the 
prescribing physician must confirm the correctness of these data.  
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6.2.6. Duration, volume, and transfusion rate  
We will assess the duration of transfusion, transfusion volume, and transfusion rate of the 
prescribed RBC, platelet, and plasma transfusions. We will describe the variations in duration 
of transfusion, transfusion volume, and transfusion rate.  
 
6.2.7 Guideline use  
We will collect data on whether centers have guidelines in place regarding RBC, platelet, and 
plasma transfusion for neonates. Following the implementation model by Wensing and Grol, 
we aim to gather information on the implementation of transfusion guidelines. (25) 
Additionally, we will ask centers with established guidelines to provide us with the guidelines 
in place at the start of data collection. We will analyse how many of the RBC and platelet 
guidelines have already incorporated the results of the recent clinical trials. We will 
categorize the existing RBC guidelines into “TOP and/or ETTNO incorporated” and “TOP 
and/or ETTNO not incorporated”.(2, 3) We will categorize the existing platelet guidelines into 
“PlaNeT-2/MATISSE incorporated” and “PlaNeT-2/MATISSE not incorporated”. We will 
assess to what extent centers follow their own local and/or national guidelines. (7)  
 
6.2.8 Evidence-basedness of practice 
Before the start of data collection, we will collaborate with various experts to define what we 
view as high quality evidence regarding RBC and platelet transfusion practices in neonates, 
using the best available evidence including the TOP, ETTNO, and PlaNeT-2/MATISSE trials. 
(2, 3, 7) We will assess if the RBC and platelet transfusions were prescribed following the 
best available evidence, by categorizing the prescribed transfusions into different levels of 
certainty in evidence. We will assign a panel review by three ‘blinded’ experts to discuss 
cases where there may be ambiguity on the certainty of evidence to support transfusion 
practice. Transfusion events in clinical scenarios that were not addressed in randomized 
trials will not be assessed.  
 
6.2.9 Transfusion-associated adverse effects 
In the absence of clear definitions of transfusion-associated side effects in neonates, we will 
ask participating centers to register any perceived transfusion-associated adverse effects if 
the local investigators consider the adverse event to be potentially associated with the 
preceding transfusion. With this we hope to gain insight into what adverse effects 
neonatologists identify in clinical practice, despite the lack of well-defined descriptions. 
 
6.2.10 Component specifications 
We will perform an online survey among transfusion experts in which we explore variations in 
transfusion component characteristics. We chose this strategy because neonatologists may 
not be aware of all relevant component specifications. The survey will be sent to transfusion 
experts in all countries participating in this study during the data collection period. We will 
record the blood banks from which each participating NICU receives their blood products, 
which will allow us to link the NICU clinical data to the component specifications reported by 
the transfusion specialists. We aim to include all blood banks that provide blood products to 
participating NICUs in our survey. 
 
6.2.11 Transfusion with blood products other than RBC, platelet, and plasma or agents that 
promote or reduce coagulation. 
We will collect data on transfusions of blood product other than RBC, platelet, and plasma 
transfusions or agents that promote or reduce coagulation, such as erythropoietin. We will 
describe these treatments and the indications for which they were prescribed.  
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6.3 Study procedures 
 
Participating sites 
The study aims to include a broad range of European countries. Each country will be 
represented by a national coordinator for this study, who will be responsible for recruiting 
centers and coordinating ethical procedures in collaboration with the study coordinator. 
Based on the number of European countries participating, we will distribute the required 61 
NICUs proportionally to the population size of the country, determining the minimum number 
of centers each country has to include. In cooperation with the national coordinators, we aim 
to achieve, where possible, a representative sample for their country, based on one or more 
of the following factors: unit size, non-academic vs academic centers, surgical vs non-
surgical centers. Each site will have a local investigator who is responsible for the study in 
their NICU, including the coordination of the ethical procedure and data collection. 
 
Pilot 
We aim to perform a pilot study in 5 centers to check feasibility of and the workload for our 
study protocol. This can inform us on the workload on collecting and entering patient data for 
the study. Additionally, it can help identify possible problems that participating centers may 
encounter during the entry. There will be no data sharing of patient data in the pilot. If 
needed, modifications to the protocol and/or database will be made based on the results of 
the pilot study.  
 
Parental involvement 
The Neonatal Transfusion Network strives to achieve parental involvement in neonatal 
transfusion medicine studies. Preceding the finalization of the database, the NTN will 
establish an international parental advisory board, in collaboration with the European 
Foundation for the Care of Newborn Infants (EFCNI). This board will be invited to provide 
input for the study protocol. If needed, modifications to the protocol and/or database will be 
made based on this feedback.  
 
Allocation of data collection periods 
Data will be collected over a one-year period to account. Study sites will have the opportunity 
to choose a preferred start date from a limited number of options, aiming to start within 4 
months after ethical approval by their local institutional review board and signing of the data 
sharing agreement (DSA), allowing centers to select the option that is most convenient for 
them. We aim to start data collection in the spring of 2022. 
 
Data collection  
Each site will collect data during a six-week period. As not to bias against sites with differing 
working days, the centers will screen all 7 days of the assigned weeks, using an online 
database. Data will be collected by study personnel, which may include research nurses, 
data managers, medical students, and PhD students, under supervision of the local 
investigator. We will provide online data entry training opportunities. Data will be collected 
from the hospital’s written or electronic patient record files, recorded imaging reports, hospital 
blood bank records, and nurses’ records. Study data will be entered into the electronic data 
capture tool Castor. Data collection ends at the end of the six-week period.  
 
Outborn or readmitted infants 
Infants that are outborn or readmitted to the unit will be included in the study. Readmitted 
neonates will not receive a new study number, but data collection will continue under the 
study number they received during their first admission. Data collection for outborn infants 
will be identical to data collection for inborn infants, as we will not collect data from the period 
before admission.  
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7. SAFETY REPORTING 
 
The International Neonatal Transfusion Point Prevalence Study is an observational study, we 
therefore consider reporting of adverse events or serious adverse events not applicable for 
this study. 
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8 STATISTICAL ANALYSIS 
 
A full data analysis plan will be drawn up before the start of the data analysis. Data analysis 
will be predominantly descriptive, with primary results provided of all countries combined, as 
well as data on individual countries. We will not publish non-anonymised data of individual 
centers. To calculate the overall prevalence rate for each transfusion type, we will first 
determine the prevalence rate per country, as some countries may include more than the 
required number of NICU’s based on their population size. The prevalence rate per country 
will be calculated by dividing the number of transfusions of the respective transfusion type 
prescribed in the country by the total sum of neonate study days of the country. Thereafter, 
the overall prevalence will be determined by calculating the average in proportion to 
population size.  
We will perform relevant subgroup and sensitivity analyses, including subgroup analyses for 
gestational age, birthweight, neonates with congenital malformations, neonates who 
underwent surgery, and subgroups based on center characteristics. Sensitivity analyses will 
at a minimum include an analysis excluding neonates with congenital malformations and 
neonates with gestational age <24 weeks. Missing data will be handled using simple 
imputation or multiple imputations where appropriate. Dependent on the distribution of the 
variables, the results will be described as proportions (confidence intervals), as means 
(standard deviations (SD)) or as medians (interquartile range (IQR)). All tests will be two-
sided, with an α level of 0.05.  
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9. ETHICAL CONSIDERATIONS 
 

9.1 Regulation statement 
This study will be conducted according to the principles of the Declaration of Helsinki (64th 
WMA General Assembly, October 2013) and the General Data Protection Regulation 
(GDPR).  
 

9.2 Consent 
We will submit the study protocol to the institutional review boards of the coordinating and 
participating centers for ethical approval. Our application will be handled according to the 
local and/or national rules and procedures that apply in the participating foreign centers. 
Each site will be responsible for obtaining ethical consent if required by their institution, in 
collaboration with the study coordinator. 
 
We will request waiver of consent, which means parents do not have to give consent for their 
child’s data to be used in this study. The decision to apply for waiver of consent for the 
INSPIRE-study was made considering the trade-offs, where we feel that these advantages 
are considered to outweigh the disadvantages of approaching all parents individually for 
consent. Our rationale is that we aim to avoid more burden for parents with a waiver of 
consent and that the validity and generalisability of our study would be threatened by 
selection bias if waiver of consent is not granted.  
 

A. Avoiding selection bias 
Consent bias, a type of selection bias, can occur when neonates whose parents do 
not give consent differ from neonates whose parents do. A recent study by Weiss et 
al. assessed the parental factors associated with their participation in neonatal 
research. (26) They found that both parents with lower socioeconomic status and 
Black parents more frequently declined consent for their infant’s participation. 
Previous studies have shown that neonatal outcomes of both infants from parents 
with lower incomes as well as Black infants are worse. (27-33) Additionally, two 
studies comparing the population representation in neonatal clinical research found 
higher (severe) morbidity and mortality rates among the non-enrolled preterm infants 
compared to enrolled preterm infants. (34, 35) High transfusion rates have previously 
been described in premature neonates with severe comorbidity. (36) If informed 
consent is required, certain groups that are expected to receive a substantial 
proportion of transfusions would thus be systematically underrepresented in our 
study. This will have important implications for the generalisability of the findings of 
our study to the wider neonatal population. More importantly, it will perpetuate 
existing disparities in clinical outcomes between these groups as they do not benefit 
from the research. As we will use our findings to inform future studies, the biased 
results would make it impossible to provide meaningful guidance for the design of 
randomized controlled trials and quality improvements projects. Consent bias thus 
has serious implications for future research, as these studies should benefit all 
premature neonates. In conclusion, consent bias threatens the validity, relevance, 
and generalizability of our study.  
 

B. Avoiding more burden for parents  
For many parents, the first days of their newborn’s stay in the NICU are very stressful 
and they may feel overwhelmed by the huge amount of information they receive. 
However, as most neonates receive blood transfusions during the first week of life, it 
is important to be able to start data collection immediately after birth to avoid missing 
transfusion events. (22, 37, 38) During these early days, the additional information 
that parents may receive through an informed consent procedure for their child's 
participation in clinical research can contribute to this overload. The available 
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research assessing this burden in the NICU setting is very limited to our knowledge, 
so we have also identified several pivotal studies in a similar setting, the Pediatric 
Intensive Care Unit (PICU). A study by Hodson et al. found that 52% of the parents of 
children in the PICU felt overwhelmed when approached for their consent to non- or 
minimal risk observational studies. (39) Two other studies assessing consent for 
participation in clinical research in the PICU both found that parents most commonly 
described feeling too stressed or overwhelmed to consider participation as the reason 
for withholding consent. (40, 41) As parents of severely ill neonates are likely to be 
the most stressed and therefore less likely to consent, this may also contribute to 
selection bias described above. Moreover, a study by Rich and Katheria, examining 
parents’ perceptions of a waiver of consent for participation in a neonatal clinical trial, 
found that the majority of the parents felt positive or strongly positive about their 
infant’s participation in the study. (42) Given the emotional burden experienced by 
parents during their child’s NICU stay and that there are no or minimal risks 
associated with participation in our study, we feel that waiver of consent is the most 
fitting approach.  
We do, however, feel that it is important to inform parents about the participation of 
their child in the study. Together with the European Foundation for the Care of 
Newborn Infants (EFCNI), we have drafted an information letter to inform parents 
about the study and provide them the opportunity to receive the study results. This 
letter can be given to the parents at a time when it is more convenient for them and 
they no longer feel overwhelmed. Additionally, the EFCNI has expressed its support 
for our request for a waiver of consent (see document ‘K6.2 Support letter EFCNI 5-
10-2021’). 
 

 
If a waiver is not granted, we will ask for an opt-out possibility as an alternative or otherwise 
follow the regular consent procedure. With opt-out, parents are given an opportunity to object 
to their child’s data being used for scientific research. The regular consent procedure 
requires the consent of the infant’s parents before participation in the study. Each site will be 
responsible for obtaining ethical approval if required by their institution, in collaboration with 
the study coordinator. We will prioritize centers where a waiver of consent has been granted 
over centers where an opt-out or regular consent is required to reduce consent-related bias, 
as described previously.  
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10. ADMINISTRATIVE ASPECTS, MONITORING AND PUBLICATION 
 

10.1 Handling and storage of data and documents 
Data will be collected, stored, and processed in accordance with the ICH E6 Good Clinical 
Practise (GCP)- Guidelines. Electronic records will be held on a secure network requiring 
user ID and password access. Neonates enrolled in the INSPIRE study will be automatically 
assigned to a study number to encode all data directly after they are included in the study.  
The pseudonymization key will be safeguarded and kept by the local investigator of each 
participating center. Regulations between the participating centers and the initiating center 
about the intended use, confidentiality, security and sharing of the data, and potential 
financial costs will be arranged in a data sharing agreement (DSA). 
 
Study data will be entered into Castor, a certified electronic database for collection and 
analysis. Castor complies with all applicable laws and regulations, including ICH E6 Good 
Clinical Practice (GCP) and by using Castor, researchers are enabled to comply with these 
laws and regulations (www.castoredc.com). Coded data will be stored in a Leiden University 
Medical Center ProMISe Datasafe. ProMISe meets the requirements for data safety and 
privacy set by international law. The ProMISe system facilitates the availability, integrity, and 
confidentiality of study data, according to the security conditions demanded by GCP. All data 
is coded and stored on Datasafes, that are exclusively accessible for the involved 
researchers. The ProMISe Datasafe automatically makes back-ups twice a day. Data will be 
stored for the length of the study and 15 years afterwards.  
 

10.2 Monitoring and Quality Assurance  
Data collection procedures will be designed in such a manner as to minimize data entry 
errors, and we will perform a pilot study to assess the quality of the database. We will 
monitor the incoming data during the data collection period for inconsistencies, data entry 
errors, and missing data. Data acquired by this study will be available for inspection by the 
respective institutional review boards of the participating centers, representatives of national 
and local health authorities, if applicable, upon request. Given the neglectable risk 
associated with this observational study, no data safety monitoring board will be installed. 
 

10.3 Amendments  
Not applicable since amendments to the protocol of non-WMO studies do not have to be 
submitted to the METC.  
 

10.4 End of study report 
Not applicable.  

 

10.5 Public disclosure and publication policy 
The study will be registered on the website of the Dutch National Competent Authority, the 
‘Centrale Commissie Mensgebonden Onderzoek’ (CCMO) and the public ClinicalTrials.gov 
study registry. The results from the International Neonatal Point Prevalence Study will be 
analysed and published as soon as possible in open access peer-reviewed international 
scientific journals and presented at scientific meetings unless the study was terminated 
prematurely and did not yield sufficient data for a publication. The responsibility for 
presentations and/or publications belongs to the investigators. No restriction regarding the 
public disclosure and publication of the research data have been or will be made by the 
funding agencies. All papers written as a part of this study will list the funding agencies. The 
final publication of the study results will be written by the principal investigators and the co-
investigators. National coordinators will be named as co-authors on any publications 
resulting from this study, local coordinating investigators will be named under the INSPIRE-
group authorship (max. 2 investigators per participating center). A draft manuscript will be 
submitted for review to all co-authors. Results will also be published in a PhD-thesis.   

http://www.castoredc.com/
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AMENDMENT PROTOCOL 
 
August 2nd, 2022  
 
As described in Section 6.3 of the protocol (page 20), we have established a parental 
advisory board for the study, in collaboration with the European Foundation for the Care of 
the Newborn Infants (EFCNI). The board was invited to provide input for the study. Their 
feedback indicated that, as parents, they are very concerned about iatrogenic blood loss as a 
result of blood testing in extremely premature infants. In response to their feedback, we 
included an additional section on blood testing in the CRF. In this section, we collect the 
number of blood tests determined in neonates born with a gestational age below 28 weeks. 
This data is only collect during the first 28 postnatal days or part thereof, depending on the 
length of hospitalisation/study period. 
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1. STUDYSUMMARY

Study rationale: Premature infants are a highiy transfused group, though robust 
evidence supporting neonatal transfusion practice is scarce. The PlaNeT-2/MATISSE 
platelet transfusion trial found that a 25 x10®/L platelet count threshold was superior to 
a 50 x10®/L threshold In preterm Infants, with higher mortallty and major bleeding rates 
in the latter liberal threshold group. (1) There are no neonatal transfusion guidelines that 
have been impiemented by Europe as a whole, resulting in significant variation in 
transfusion practice within Europe. Detailed contemporary data on neonatal transfusion 
practices in Europe, including the use of platelet transfuslons, are lacking.

Study population: preterm Infants born below 32 weeks gestation admitted to a tertiary 
level Neonatal Intensive Care Unit (NiCU)

Study design: prospective, international, multicenter, observational study

Study data collection: data collection took place from September 2022 to August 2023. 
All participating centers collected data during a fixed six-week study period. Local sites 
documented transfusion use in all Infants In thelr NICU during these weeks, including 
infants already admitted at the start of the study period or newiy admitted during the 
study period. Consequently, not all Infants were followed from birth, and the duration of 
study foIIow-up varled, wIth a maximum follow-up of 42 days per included patiënt.

Infographic was made using images ofJuicy_Fish from Flaticon.

INSPIRE-study. Statistical Analysis Plan. January 29^'^, 2024
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2. STUDY OUCOME MEASURES

H/e aim to publish separate papers describing neonatal RBC, platelet and plasma transfusions.
Therefore, this SAP onlyfocuses on the use of platelet transfusions.

2.1 Main study outcome measures
1. Platelet transfuslon day prevalence rate
2. Case-mix adjusted platelet transfuslon day rate
3. Cumulative Incidence of receiving at least one platelet transfuslon during first 28 

days of llfe

2.2 Other study outcome measures
4. Prlmary indicatlons for platelet transfuslon
5. Volume, duratlon and Infuslon rate of platelet transfuslon
6. Platelet count prior to platelet transfuslon
7. Platelet transfuslon Increment, stratifled for transfuslon volume
8. Transfuslon related adverse effects

INSPIRE-study. Statlstical Analysis Plan. January 29'^ 2024
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3. DATACLEANING

3.1 Data cleaning during study follow-up
The site specific patiënt data was checked and cieaned afterthe completion of the study 
period in that participating center. This data quality check was used to detect outiiers and 
impossibie combinations of data entry (e.g. non-chronoiogical dates, transfusions after 
end of study foliow-up , etc.). Additionaiiy, we checked for missing data in the baseiine 
characteristics and outcome data. In case of missing data or ambiguities, the iocai 
investigator was contacted and incorrect vaiues were directiy corrected in the data 
management system Castor.

3.2 Data cleaning after completion study follow-up
A final data quality check wiil be performed once ail the centers compieted the study 
period usingthe same data quaiity check code. Possibie ambiguities that were overiooked 
during the center specific check wiii be corrected, where any modifications made wili be 
recorded in the data cieaning code.

INSPIRE-study. Statistical Anaiysis Pian. January 2024
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4. DATA ANALYSES

4.1 General remarks
AH statistical analyses will be performed using R statistical software (Version 4.1.17, R 
Core Team, 2021) or STATA statistical Software (Version 16.1, Texas, USA). Continuous 
data will be presented as mean (Standard deviation (SD)) or as median (interquartile 
range (IQR)), where appropriate.

4.2 Missing data
Missing values were limited in the eCRF since the majority of the collected variables were 
marked as mandatory to fill in. Therefore, we expect very few missing values in the 
dataset.

We decided in advance how to handle missing data for the following variables:

Variables Commentary

Platelet count prior to
transfusion

Only recorded if platelet count was available in the 24 hours before 

transfusion. If left blank, the value is recorded as 'not available'.

Platelet count after
transfusion

Only recorded if platelet count was available in the 24 hours after 

transfusion. If left blank, the value is recorded as 'not available'.

Congenital anomalies
If not recorded, we assume that congenital anomalies were uniikely 

and the value is recorded as '0'.

Bleeding disorders
If not recorded, we assume bleeding disorders were not present and

the value is recorded as '0'.

Major bleeding
If not recorded we assume no major bleeding occurred and the value 

is recorded as '0'.

NEC
If not recorded, we assume no NEC occurred and the value is 
recorded as '0'.

Sepsis
If recorded as unknown, we assume no sepsis occurred and the value 
is recorded as '0'.

Mechanical ventilation
If recorded as unknown, we assume no mechanical ventilation 
occurred and the value is recorded as '0'.

Surgical procedures
If recorded as unknown, we assume no surgical procedures occurred 
and the value is recorded as '0'.

For all other variables, the total number of missing values will be reported, with the 
number of infants who had one or more missing values for the variable.

4.3 Data transformations
For the clinical events, investigators only collected the start date of clinical events (except 
mechanical ventilation) so no Information is available on the duration of the event orthe

INSPIRE-study. Statistical Analysis Plan. January 29‘^ 2024
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timeto clinical remission. Therefore, we made assumptions aboutthe duration of clinical 
events, which allows us to use these variables for the case-mix adjusted prevalence rates.

The variables for clinical events were defined as followed:

Clinical events Definitions

Major bleeding

The duration of a major bleeding episode is defined as 7 days from the 

day of detection of the major bleeding. For each individual admission day, 

one of the values will be assigned:

- 0: No major bleeding

- 1: Current bleeding episode

- 2. Status post bleeding

NEC

The duration of a NEC episode is defined as 7 days from the day of the 

first symptoms. For each individual admission day, one of the values will 

be assigned:

- 0: No NEC

- 1: Current NEC episode

- 2. Status post NEC

Sepsis

The duration of a sepsis episode is defined as 7 days from the day of the 

positive blood culture. For each individual admission day, one of the 

values will be assigned:

- 0: No sepsis
- 1: Current sepsis episode

- 2: Status post sepsis

Mechanical
ventilation

The duration of a mechanical ventilation episode is defined as the period 

from the postnatal day of start mechanical ventilation until the postnatal 

day of stop mechanical ventilation. For each individual admission day, one 

of the values will be assigned:

- 0: No mechanical ventilation

- 1; Current mechanical ventilation episode

- 2: Status post mechanical ventilation

Surgical
procedures

The duration of a surgical procedure episode is defined as 7 days from the 

day of the surgical procedure. For each individual admission day, one of 

the values will be assigned:

- 0: No surgical procedure

- 1: Current surgy episode

- 2: Status post surgery

For these assigned values, it is not possible for infants to go back to a status with a lower 
value, example given from "1"to "0",
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Example. Patiënt A wasfollowed in the studyfrom postnatai day 1 (equai to day of birth) to 
postnatal day 28, during which the patiënt developed a culture proven sepsis episode on day 
4. In the study database, the patiënt was represented by 28 rows each representing one 
admission day in study follow-up. Por this sepsis episode, day 4 and thefollowingsix days until 
day 10 were recorded as "1". Prior to sepsis, day 1 to 3 were recorded as "0"(no sepsis), day 11 
to 28 as "2" (status post sepsis).

4.4 Patiënt and center characteristics

The following descriptive data on patiënt and center characteristics will be presented.

Patiënt characteristics (for total and per country)
- Number of patiënt included
- Total number of admission days in study follow-up
- Duration of study follow-up per patiënt, in days
- Postnatal age at start follow-up in the study, in days
- Sex, % female
- Gestational age at birth, in days
- Birth weight, in grams
- Multifetal pregnancy, % singleton
- Patients with congenital anomalies, %
- Patients with intrauterine growth restriction, %
- Patients with at least one major bleeding during study follow-up, %
- Patients with at least one NEC episode during study follow-up, %
- Patients with at least one sepsis episode during study follow-up, %
- Patients with at least one day of mechanical ventilation during study follow-up, %
- Patients with at least one surgical procedure during study follow-up, %

Participating centers ffor total and per country)
- Number of academie centers, %
- Number of centers that perform NEC surgery, %
- Number of larger centers (caring >100 preterm infants with a GA below 32 weeks 

yearly on average), %

INSPIRE-study. Statistical Analysis Plan. January 29'^ 2024



5. ANALYSIS OF STUDY OUTCOME MEASURES DESCRIBING PLATELET USE

5.1 Platelet transfusion day prevalence rates
The prevalence rate is the rate of events (new and recurring events) over a specified time 
period. The platelet transfusion day prevalence rate in a certain time period is defined as 
the number of platelet transfusion days per 100 NICU admission days in this period. A 
platelet transfusion day is defined as any day after birth on which the infant received at 
least one platelet transfusion.

Number of RBC transfusions days during study period
Prevalence rate = —----- ;------- -—;—^^^——r,---------^^x 100 days

Number of admission days in follow up during study period

The platelet transfusion day prevalence rate is calculated in each center and pooled per 
country. We expect a large between country variability, therefore all prevalence rates are 
pooled using random effects Poisson models described by Stijnen et al. (2010). This 
model uses the exact within-study likelihood instead of the approximate normal within- 
study likelihood which is known to perform better with low event rates and small sample 
sizes. Additionally, this method does not require the use of an continuity correction in 
case centers have a prevalence rate of 0 platelet transfusion days. (2) Pooling is done 
using the function "metarate" of the R-package Meta.

Subgroup rates and overall rate will be presented with 95% confidence intervals in a 
forest plot. Prevalence rates will only presented on country level.

5.2 Case-mix adjusted platelet transfusion day prevalence rates
As variation between countries in platelet prevalence rates could be explained by 
differences in population characteristics and disease severity, we will calculate case-mix 
adjusted platelet transfusion day prevalence rates adjusted for several patiënt 
demographics and clinical variables to allow fair comparison between prevalence rates.

Case-mix adjusted platelet transfusion day prevalence rates will be calculated as 
followed:

1. A logistic regression model is fitted on all data, with case-mix variables and clinical 
variables as (possible time varying) predictors and platelet transfusion as 
response variable.

2. The model is used to estimate the expected platelet transfusion day prevalence 
rate per country

3. Observed / expected prevalence rate ratio per country are calculated
4. Rate ratio are multiplied with overall unadjusted platelet prevalence rate
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5.2.1 ■ Average expected platelet transfusion day prevalence rate per country

A logistic regression model is used to estimate the probability that a NICU admission day 
is a platelet transfusion day based on several covariables, for each individual admission 
day in study follow-up. To account for the repeated measures within an infant, the model 
is fitted using generalized estimation equations (GEE).
Probabilities are calculated individually for each patiënt for each NICU admission day in 
study follow-up and summarized per country to calculate the average predicted platelet 
transfusion day prevalence rate.

Average expected RBC transfusion day prevalence rate per country =

Sum of predicted probability per admission day over admission days over infants per country
Number of admission days per country

The following variables are included in the regression analyses. The clinical variables 
could vary over time and are included under the assumption that experiencing these 
events leads to an increased risk of transfusion and not vice versa.

- Baseline variables; sex, gestational age at birth, birth weight, congenital 
anomalies, intrauterine growth restriction (birth weight below 1percentile) (3)

- Clinical variables: major bleeding, NEC, sepsis, mechanical ventilation, surgical 
procedure, postnatal day
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5.2.2. Observed / expected prevalence rate ratio per country
The prevalence rate ratio per country is defined as the country's observed platelet 
transfusion day prevalence (as calculated in section 5.1) compared to the country's 
average expected platelet transfusion day prevalence rate,

Prevalence rate ratio per country =

Observed platelet day prevalence rate per country 

Average expected platelet day prevalence rate per country

Observed / expected prevalence rate ratios will be presented in an observed/expected 
funnel plot.

5.2.3 Case-mix adjusted prevalence rates
The standardized platelet transfusion day prevalence rates are defined as the prevalence 
rate ratio for a country multiplied with the overall unadjusted platelet prevalence rate.

Case - mix adjusted prevalence rate per country —
Prevalence rate ratio per country * overall unadjusted platelet prevalence rate

5.3 Cumulative incidence of receiving at least one platelet transfusion

The cumulative incidence (with 95% confidence interval) of receiving at least one platelet 
transfusion duringthe first 28 days of life will be calculated where death and discharge 
are considered as competing events. infants thatwere already present at the NICU at the 
start of the study period are excluded, because the first platelet transfusion for these 
infants could have happened before the study period. Event time for infants who were 
transferred or discharged during the first 28 days of life were censored. The cumulative 
incidence was calculated in R with the package "cmprsk" using function "cuminc".
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6. ANALYSIS FOR OTHER STUDY OUTCOME MEASURES

6.1 Primary indications for platelet transfusion
We will present the primary indications for platelet transfusion. The indications reported 
under 'other indications' will be categorized where possible at the discretion of the 
primary investigators and will be reported.

6.2 Transfusion volume, duration and infusion rate
Transfusion Infusion rates will be calculated by dividing the volume (mL/kg) by the 
transfusion duration (in hours). Transfusion infusion rates will be presented in two 
bubble plots, separately for platelet transfusions given based on platelet count threshold 
and platelets transfusion given for active bleeding, prevention of major bleeding, lumbar 
puncture, surgical procedure and any other primary indications.

6.3 Platelet count prior to transfusion
We collected the last platelet count measured prior to platelet transfusion, if available 
within maximum 24 hours before transfusion.
The available platelet count values prior to transfusion will be presented in two box plots, 
separately for the platelet transfusions given based on platelet count threshold and 
platelets transfusion given for active bleeding, prevention of major bleeding, lumbar 
puncture, surgical procedure and any other primary indications.
We will present the proportlon of platelet counts prior to transfusions given based on 
threshold that is below the restrictive threshold (<25 x 10^/L), between the restrictive and 
below the liberal threshold (25 x 10®/L to <50 x 10®/L), and above the liberal threshold 
(>50 X 10®/L) as compared In the PlaNeT2-Matisse trial. (1)

6.4 Platelet transfusion increment
We also collected the post-transfusion platelet count at the most recent measurement 
after the platelet transfusion, if available within maximum 24 hours after transfusion. All 
platelet transfusions given based on platelet count threshold in which both pre- 
transfusion and post-transfusion platelet countare available will be used forthefollowing 
plots. Transfusion increment will be calculated by subtracting post-transfusion platelet 
count from pre-transfusion platelet count.
Transfusion increments will be plotted separately for the different transfusion volume 
categories as well as for all transfusions. Transfusion increment of a transfusion volume 
group will not be plotted if 5 or less platelet transfusions given at this volume.
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6.5 Transfusion related adverse effects following platelet transfusion
In the absence of clear definitions of transfusion-associated side effects in preterm 
infants, local investigators were asked to register any perceived transfusion-associated 
adverse effects if they consider the adverse event to be potentially associated with the 
preceding transfusion.
We wiil report the percentage of piatelet transfusions for which an adverse events was 
registered and the mean/median time between occurrence of the adverse effect and the 
plateiet transfusion, in days. The observed adverse effects wiil be categorized where 
possible at the discretion of the primary investigators and wiil be reported in text.
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7. GENERAL REMARKS 

Reporting guidelines
The study results will be presented according to the recommendations of the STROBE 
guidelines.

Publication
The statistical anaiysis plan will be published in the ISRCTN registry.

INSPIRE-study. Statistical Anaiysis Plan. January 29^^^, 2024
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8. STATEMENT

We hereby declare that this statistical analysis plan has been drafted prior to analysis of 
the INSPIRE platelet data for the manuscript, and that this plan will be followed during 
the analysis phase. If any deviations from the plan are made, they will be incorporated 
and explained in an amendment.

Date:

Version:

Principal investigator:
Prof. dr. E. Lopriore

Biostatistician :
Prof. dr. Le Cessie

Coordinating investigator:
Nina Houben
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