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Complete List of Eligibility Criteria 
 

Enrollment Inclusion Criteria: 

1) Patients ≥ 12 years old 
2) Patients ≥ 40 kg 
3) Scheduled complex cardiac surgery with planned use of median sternotomy.  The procedure may 

be performed either on-pump or off-pump.  Procedures that qualify as complex cardiac surgery 
include the following (“Repeat procedure” means that the subject had a previous cardiac surgery 
with median sternotomy): 

 Single Vessel Coronary Artery Bypass Graft, repeat procedure 

 Multiple Coronary Artery Bypass Grafts, first or repeat procedure 

 Single Valve Repair or Replacement, repeat procedure 

 Multiple Valve Repair or Replacement, first or repeat procedure 

 Surgery involving both Coronary Artery Bypass Graft(s) and Valve Repair(s), first or repeat 
procedure 

 One or more of the following procedures, with or without Coronary Bypass Graft(s): 

 left ventricular aneurysm repair,  

 ventricular and/or atrial septal defect repairs,  

 batista (surgical ventricular remodeling),  

 surgical ventricular restoration,  

 congenital defect repair, and  

 aortic root procedures  
4) Patients ≥ 18 years must have a TRUST1 probability score ≥ 3, which corresponds to a high 

likelihood of receiving RBC transfusions during surgery or within 96 hours post-operatively (see 
Appendix 1).  Calculate the TRUST score using the most recent test results done within the 
previous 60 days.   If data for some components of the TRUST score are not available, but 
enough data are available to know that the TRUST score is at least 3, the patient meets this 
eligibility criterion.  For patients < 18 the TRUST score need not be calculated. 

 

Enrollment Exclusion Criteria: 

1) Refusal of blood products 
2) Planned surgery is minimally invasive 
3) Known transfusion reaction history 
4) Requirement for washed products, volume reduced products, or products with additive solution 

removed  
5) Expected residual cyanosis with O2 saturation < 90 
6) Left ventricular assist device (LVAD) or Extracorporeal membrane oxygenation (ECMO) support 

pre-operatively or planned need post-operatively 
7) Cardiogenic shock requiring pre-operative placement of an Intra-aortic balloon pump (IABP) 

(IABP done for unstable angina or prophylactically for low ejection fraction is not excluded) 
8) Planned Deep Hypothermic Circulatory Arrest (DHCA) 
9) Renal dysfunction requiring pre-operative renal replacement therapies such as hemodialysis (HD) 

or continuous venovenous hemofiltration (CVVH)  
10) Planned use of alternative to heparin, e.g. bivalirudin 
11) Planned use of autologous or directed donations 
12) Prior RBC transfusion during hospitalization for the study-qualifying surgery 
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Statistical Details of Interim Monitoring  
 
The Data and Safety Monitoring Board reviewed primary outcome, mortality, and adverse event data quarterly.   

 For the primary outcome, the pre-defined stopping boundary was 0.000002 at each interim look, with 
the final p-value to declare significance calculated from an alpha-spending approach.1 This boundary 
was chosen to have < 3% chance of stopping early for a true difference of < 1.2 points, a difference 
deemed to be too small to warrant a major change in practice even if statistically significant, while 
having over 40% chance of stopping early for a true difference of at least 2 points.   

 For mortality, stopping boundaries were calculated from an alpha-spending approach approximating 
O’Brien-Fleming boundaries, with the final p-value to declare significance calculated from an alpha-
spending approach.  

 A p-value < 0.05 was considered significant for other outcomes, which did not have formal stopping 
boundaries.   
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Table S1  Calculation of Transfusion Risk Understanding Scoring Tool (TRUST), from Alghamdi et al.  The 
TRUST score is the sum of the patient’s points for individual characteristics, with a range from 0 to 8. 
 

Patient Characteristic Points 

Hemoglobin < 13.5 g/dL 1 

Wediht < 77 kg 1 

Female sex 1 

Age > 65 years 1 

Nonelective surgery 1 

Serum creatinine level > 120 μmol/L 1 

Previous cardiac surgery 1 

Nonisolated surgery 1 

 
 

 

 

Table S2.  Content of additive solutions (all values in mg/100 mL), from AABB Technical Manual 17th 
edition. 
 

Constituent AS-1 AS-3 AS-5 

Dextrose 2200 1100 900 

Adenine 27 30 30 

Monobasic sodium phosphate 0 276 0 

Mannitol 750 0 525 

Sodium chloride 900 410 877 

Sodium citrate 0 588 0 

Citric acid 0 42 0 
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Table S3.  Definition of MODS components and scores [Marshall 1997] 
 
 

 Score 

Organ System 0 1 2 3 4 

Respiratory a  

(P02/Fi02 ratio) >300 226-300 151-225 76-150 ≤75 

Renal b  

(serum creatinine) ≤100 101-200 201-350 351-500 >500 

Hepatic c  

(serum bilirubin) ≤20 21-60 61-120 121-240 >240 

Cardiovascular d  

(PAR) ≤10.0 10.1-15.0 15.1-20 20.1-30 >30 

Hematologic e  

(platelet count) >120 81-120 51-80 21-50 ≤20 

Neurologic f 

(Glasgow Coma Score) 15 13-14 10-12 7-9 ≤6 

a 
The P02/Fi02 ratio is calculated without reference to the use of mode of mechanical ventilation, and without reference to the use or 

level of positive end-expiratory pressure 

b
 the serum creatinine concentration is measured in µmol/L, without reference to the use of dialysis 

c 
the serum bilirubin concentration is measured in µmol/L 

d
 the pressure-adjusted heart rate (PAR) is calculated as the product of the heart rate (HR) multiplied by the ratio of the right atrial 

(central venous) pressure (RAP) to the mean arterial pressure (MAP):  PAR= HR x RAP/mean BP 

e
 the platelet count is measured in platelets/mL 10

-3
 

f  
the Glasgow Coma Score is preferably calculated by the patient’s nurse and is scored conservatively (for the patient receiving 

sedation or muscle relaxants, normal function is assumed, unless there is evidence of intrinsically altered mentation) 
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Table S4.  Protocol Compliance with Storage Duration of RBC Units 

 
A. Through Post-Operative Day 7 
 

Characteristic 
RBC 

<10 Days 
N (%) 

RBC 
>21 Days 

N (%) 

Compliance By Transfusion 2394 units 2546 units 

Storage Duration in Subject’s Randomized Treatment Arm 2191 (92) 2378 (93) 

Storage Duration 11-20 Days 123 (5) 121 (5) 

Storage Duration in Other Treatment Arm 78 (3) 47 (2) 

Unknown 2 (<1) 0 (0) 

Compliance By Subject 538 subjects 560 subjects 

All RBC Units Compliant with Subject’s Randomized 
Treatment Arm 

483 (90) 493 (88) 

Received At Least One Unit With Storage Duration 11-20 
days But None With Storage Duration in Other Treatment 
Arm 

33 (6) 43 (8) 

Received At Least One RBC Unit With Storage Duration in 
Other Treatment Arm 

21 (4) 24 (4) 

Unknown 1 (<1) 0 (0) 

 
B. Through Post-Operative Day 28 
 

Characteristic 
RBC 

<10 Days 
N (%) 

RBC 
>21 Days 

N (%) 

Compliance By Transfusion 2584 units 2730 units 

Storage Duration in Subject’s Randomized Treatment Arm 2358 (91) 2554 (94) 

Storage Duration 11-20 Days 136 (5) 126 (5) 

Storage Duration in Other Treatment Arm 88 (3) 50 (2) 

Unknown 2 (<1) 0 (0) 

Compliance By Subject 538 subjects 560 subjects 

All RBC Units Compliant with Subject’s Randomized 
Treatment Arm 

478 (89) 488 (87) 

Received At Least One Unit With Storage Duration 11-20 
days But None With Storage Duration in Other Treatment 
Arm 

34 (6) 47 (8) 

Received At Least One RBC Unit With Storage Duration in 
Other Treatment Arm 

25 (5) 25 (4) 

Unknown 1 (<1) 0 (0) 

  



9 
 
Table S5.  Treatment group comparisons for each MODS component from baseline to the worst post-operative 
value through earliest of hospital discharge, death, study withdrawal, or 7-days 
 

Component RBC 
<10 Days 
N = 538 

 
Unadjusted Mean 

(±SD) 

RBC 
>21 Days 
N = 560 

 
Unadjusted Mean 

(±SD) 

Difference between 
≤ 10 d Arm and 

≥ 21 d Arm, 
(95% Confidence 

Interval) 

P-value 

ΔRespiratory 3.74 (± 0.93) 3.70 (± 0.98) 0.01 (-0.09, 0.12)
 a
 0.79

a
 

ΔRenal 0.38 (± 0.77) 0.38 (± 0.71) 0.01 (-0.07, 0.10)
 a
 0.76

 a
 

ΔHepatic 0.53 (± 0.82) 0.74 (± 0.88) -0.22 (-0.32, -0.11)
 a
 <0.001

 a
 

ΔCardiovascular 1.84 (± 1.25) 1.79 (± 1.28) 0.04 (-0.11, 0.19)
 a
 0.63

 a
 

ΔHematolotic 1.22 (± 1.03) 1.29 (± 1.00) -0.07 (-0.19, 0.05)
 a
 0.25

 a
 

ΔNeurologic
b
 0.78 (± 1.16) 0.78 (± 1.10) 0.01 (-0.13, 0.14)

 a
 0.94

 a
 

 
a
Adjusted for baseline value 

b
Neurologic component missing for 4 in ≤10 day group and 7 in ≥21 day group. 
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Table S6a. Frequency of serious adverse events and other adverse events, by subject.   

 Serious Adverse Events Other Adverse Events 

 

<10 Days 
N = 538 

>21 Days 
N = 560  

<10 Days 
N = 538 

>21 Days 
N = 560  

 N % N % P-Value N % N % P-Value 

Number Of Participants With At Least One 
Serious Adverse Event/Other Adverse Event 
Of Any Type 

283 53 288 51 0.72 324 60 334 60 0.85 

Number Of Participants With At Least One 
Serious Adverse Event/Other Adverse Event 
Of Specified Type 

          

BLOOD AND LYMPHATIC SYSTEM 
DISORDERS 

16 3 17 3 1.0 9 2 4 1 0.17 

CARDIAC DISORDERS 111 21 132 24 0.25 57 11 61 11 0.92 

CONGENITAL, FAMILIAL AND GENETIC 
DISORDERS 

2 <1 2 <1 1.0 4 1 2 <1 0.44 

EAR AND LABYRINTH DISORDERS 0 0 1 <1 1.0 0 0 0 0 -- 

ENDOCRINE DISORDERS 1 <1 0 0 0.49 0 0 0 0 -- 

EYE DISORDERS 1 <1 1 <1 1.0 0 0 0 0 -- 

GASTROINTESTINAL DISORDERS 16 3 13 2 0.57 0 0 0 0 -- 

GENERAL DISORDERS AND 
ADMINISTRATION SITE CONDITIONS 

22 4 17 3 0.42 4 1 3 1 0.72 

HEPATOBILIARY DISORDERS 29 5 51 9 0.02 78 14 99 18 0.16 

IMMUNE SYSTEM DISORDERS 1 <1 0 0 0.49 2 <1 0 0 0.24 

INFECTIONS AND INFESTATIONS 42 8 49 9 0.59 22 4 22 4 1.0 

INJURY, POISONING AND PROCEDURAL 
COMPLICATIONS 

29 5 41 7 0.22 13 2 18 3 0.47 
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Table S6a. Frequency of serious adverse events and other adverse events, by subject.  (continued) 

 Serious Adverse Events Other Adverse Events 

 

<10 Days 
N = 538 

>21 Days 
N = 560  

<10 Days 
N = 538 

>21 Days 
N = 560  

 N % N % P-Value N % N % P-Value 

INVESTIGATIONS 40 7 39 7 0.82 38 7 30 5 0.26 

METABOLISM AND NUTRITION DISORDERS 72 13 67 12 0.53 209 39 210 38 0.66 

MUSCULOSKELETAL AND CONNECTIVE 
TISSUE DISORDERS 

1 <1 1 <1 1.0 0 0 0 0 -- 

NERVOUS SYSTEM DISORDERS 17 3 19 3 0.87 0 0 3 1 0.25 

PSYCHIATRIC DISORDERS 1 <1 2 <1 1.0 0 0 0 0  

RENAL AND URINARY DISORDERS 38 7 36 6 0.72 25 5 22 4 0.66 

REPRODUCTIVE SYSTEM AND BREAST 
DISORDERS 

0 0 2 <1 0.50 1 <1 0 0 0.49 

RESPIRATORY, THORACIC AND 
MEDIASTINAL DISORDERS 

106 20 109 19 0.94 53 10 53 9 0.84 

SKIN AND SUBCUTANEOUS TISSUE 
DISORDERS 

2 <1 2 <1 1.0 2 <1 1 <1 0.62 

SURGICAL AND MEDICAL PROCEDURES 10 2 9 2 0.82 1 <1 2 <1 1.0 

VASCULAR DISORDERS 124 23 116 21 0.38 98 18 99 18 0.88 
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Table S6b.  Frequency of serious adverse events and other adverse events, by event   

 Serious Adverse Events Other Adverse Events 

 

<10 Days 

N = 841 

>21 Days 

N = 902 

<10 Days 

N = 750 

>21 Days 

N = 737 

 N % N % N % N % 

Number Of Serious Adverse Events/Other 

Adverse Events Of Each Type 

        

BLOOD AND LYMPHATIC SYSTEM 

DISORDERS 

17 2 18 2 9 1 4 1 

CARDIAC DISORDERS 161 19 179 20 66 9 64 9 

CONGENITAL, FAMILIAL AND GENETIC 

DISORDERS 

2 <1 2 <1 4 1 2 <1 

EAR AND LABYRINTH DISORDERS 0 0 1 <1 0 0 0 0 

ENDOCRINE DISORDERS 1 <1 0 0 0 0 0 0 

EYE DISORDERS 1 <1 1 <1 0 0 0 0 

GASTROINTESTINAL DISORDERS 16 2 13 1 0 0 0 0 

GENERAL DISORDERS AND 

ADMINISTRATION SITE CONDITIONS 

22 3 17 2 4 1 3 <1 

HEPATOBILIARY DISORDERS 31 4 59 7 89 12 108 15 

IMMUNE SYSTEM DISORDERS 1 <1 0 0 2 <1 0 0 

INFECTIONS AND INFESTATIONS 48 6 53 6 27 4 27 4 

INJURY, POISONING AND PROCEDURAL 

COMPLICATIONS 

32 4 47 5 13 2 19 3 

INVESTIGATIONS 51 6 53 6 43 6 31 4 

METABOLISM AND NUTRITION DISORDERS 86 10 93 10 282 38 268 36 

MUSCULOSKELETAL AND CONNECTIVE 

TISSUE DISORDERS 

1 <1 1 <1 0 0 0 0 

NERVOUS SYSTEM DISORDERS 20 2 22 2 0 0 3 <1 

PSYCHIATRIC DISORDERS 1 <1 2 <1 0 0 0 0 
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Table S6b.  Frequency of serious adverse events and other adverse events, by event  (continued) 

 Serious Adverse Events Other Adverse Events 

 

<10 Days 

N = 841 

>21 Days 

N = 902 

<10 Days 

N = 750 

>21 Days 

N = 737 

 N % N % N % N % 

RENAL AND URINARY DISORDERS 41 5 38 4 29 4 25 3 

REPRODUCTIVE SYSTEM AND BREAST 

DISORDERS 

0 0 2 <1 1 <1 0 0 

RESPIRATORY, THORACIC AND 

MEDIASTINAL DISORDERS 

148 18 150 17 66 9 68 9 

SKIN AND SUBCUTANEOUS TISSUE 

DISORDERS 

2 <1 2 <1 2 <1 1 <1 

SURGICAL AND MEDICAL PROCEDURES 10 1 11 1 1 <1 2 <1 

VASCULAR DISORDERS 149 18 138 15 112 15 112 15 
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Figure S1. Patient Flow Diagram 
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Figure S2.  Number of RBC units received by subjects in each treatment group.  The black line is the 

distribution of the number of units given to each subject in the ≤ 10 day arm and the red line is the distribution 

of the number of units given to each subject in the ≥ 21 day arm. 

A)Through post-operative day 7, hospital discharge or death; B) Through post-operative day 28, hospital 

discharge or death 
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b. 

  

Number of RBC Units Transfused

P
e
rc

e
n
ta

g
e
 o

f 
S

u
b
je

c
ts

0

2

4

6

8

10

12

14

16

18

20

22

24

26

0 1 2 3 4 5 6 7 8 9 10 12 14 16 18 20+20+

< 10 Days
> 21 Days

_
_



17 
 
 

Figure S3.  Distribution of RBC unit storage times on a per-patient basis.  The black lines are the distributions 

of storage durations for units given to subjects in the ≤ 10 day arm and the red lines are the distributions of 

storage durations for units given to subjects in the ≥ 21 day arm.  One subject is omitted from these analyses.  

This subject received 30 units, two of which have missing data on storage duration.  Among the other 28 units, 

the shortest storage duration was 4 days, the longest storage duration was 37 days, and the average storage 

duration was 17.8 days. 

  a) Shortest storage duration of all RBC units received by the patient, b) Longest storage duration of all RBC 
units received by the patient, c) Average storage duration of all RBC units received by the patient, rounded to 
the nearest integer.  
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b.   
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c.  
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Figure S4:  Kaplan-Meier plot of time to all-cause mortality 
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