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Transfusion Medicine Update: 
Studies Included

• The REALITY Trial: Ducrocq et al. JAMA 2021:325:552-560
• The START Study: Kron A et al. Transfusion 2021;61:410-422

• The FARES Phase II Pilot: JAMA Network Open. 2021;4(4):e213936. 

• Electronic audit of plasma use in Ontario (unpublished)

• CONCOR-1 Update (unpublished)



Ducrocq et al. REALITY Trial; JAMA 2021:325:552-560



The REALITY TRIAL

PRIMARY OUTCOME
all-cause death, reinfarction, 

stroke, emergency 
revascularization

35 Centers across Spain and France

Important Exclusions: 
• Cardiogenic shock
• PCI or CABG complicated by MI
• Transfusion in the previous 30 days
• Any known hematologic disease
• Massive bleeding

Acute MI + Hb 70-
100 g/L

Liberal
Hb ≤ 100 g/L

Restrictive
Hb ≤ 80 g/L

1 : 1 RCT

Non-inferiority
F/U 30 days

Ducrocq et al. REALITY Trial; JAMA 2021:325:552-560



RBC REALITY TRIAL: Baseline Characteristics
N=666 enrolled, 342 in restrictive and 324 in 
liberal arm
~ 70% NSTEMI, 30% STEMI
• Median age 78yrs (restrictive), 76 yrs

(liberal)
• Sex - 57% men
• Race - 83 to 89% self-reported Caucasian
• Comorbidities: 

• Majority had hypertension and dyslipidemia
• 50% had diabetes
• 1/3 had prior ACS or PCI before index event

77 y.o. M, previous 
smoker, hx of DLP, HTN, 

chronic anemia 
now NSTEMI



RBC REALITY TRIAL

Ducrocq et al. REALITY Trial; JAMA 2021:325:552-560

N 342 324
Major CV events at 30d 11% 14%
Death 5.6% 7.7%
Recurrent MI 2.1% 3.1%
Emergency revasc 1.5% 1.9%
Number of units 342 758
RBC transfusion 35.7% 99.7%

Acute MI + Hb 70-100 g/L
N = 666

Liberal
Hb ≤ 100 g/L

Restrictive
Hb ≤ 80 g/L

RR 0.79 
(97.5% CI 0.00 - 1.19)

Courtesy of Dr. Yulia Lin



Ducrocq et al. REALITY Trial; JAMA 2021:325:552-560



START Study
Screening by Technologists and Auditing to 

Reduce Transfusion
Kron A, Collins A, Cserti-Gazdewich C et al. Transfusion 2021;61:410-422

• Prospective audit of RBC transfusions at 15 hospitals
• Apply multifaceted interventions to improve the appropriate use of RBCs 

at 15 hospitals with a baseline appropriateness rating less than 90%

Pre-intervention
5 months

Intervention 
3 months Post-intervention

10 months
Adopt RBC 
guidelines

Order screening by 
MLTs

Education

Audit 10 
RBCs/month

Audit 10 RBCs/month

Order screening by 
MLTs

OUTCOME

Proportion of 
appropriate RBCs

Proportion of 1u RBCs

Monthly RBCs per 100 
AIPD



START Study
• Identified 23 hospitals with <90% appropriate RBC use
• Hospital characteristics: 

• Use ≥ 2000 u RBC / yr
• ≥ 4u RBC transfused per 100 acute inpatient days
• 11 community sites, 5 academic in 3 provinces

• Inclusion of 15 hospitals: 
• All RBC orders
• Inpatients
• Age ≥ 18 years

• Exclusions: 
• Out-patients
• Sickle cell anemia
• Thalassemia
• Patients < 18 years of age

START Study. Transfusion 2021;61:410-422

Pre-intervention
5 months

Intervention 
3 months

Post-intervention
10 months

15 hospitals

13 hospitals

13 hospitals



START Study – Adjudication Criteria



START Study
• 1,950 pts audited
• 2,877 RBCs transfused

OUTCOME

Proportion of 
appropriate RBCs

Proportion of 1u RBCs

Monthly RBCs per 100 
AIPD

73.5% --> 84.6%

37.4% --> 61.1%

5.2 --> 4.5%



START Study
Screening by Technologists and Auditing to Reduce Transfusion

1,950 patients audited, 2,877 total RBC units transfused, 26.5% RBC units transfused were adjudicated as inappropriate pre-intervention

Proportion of single-unit
RBC transfusions 

significantly increased
from 46.2% to 68.2%

Proportions of 
appropriateness increased 

significantly from pre- to post-
intervention (73.5% to 85%)

Median pre-transfusion Hb
decreased from 72 g/L to 69 

g/L (p<0.0001) post-
intervention

Significant decrease in 
number of RBCs transfused 
(average decrease of 458 

units per month)

Emergency physicians fell 
into the lowest proportion 

of appropriateness 
(16.9%)

Clinical inpatient scenarios 
with lowest percentage of 
appropriate transfusions

Asymptomatic
Non-bleeding

Hb>70 g/L
No known 

cardiac disease

194 under-transfusion events 
(Hb <60 g/L) – 2.2% not 

explained by lab error or clear 
medical/religious reason

Intervention had no impact 
on length of stay, need for ICU 

support, or in-hospital 
mortality

(Kron et al., 2021)Courtesy of Ms. Amie Kron



FARES Trial

Karkouti K et al. JAMA Network Open. 2021;4(4):e213936. doi:10.1001/jamanetworkopen.2021.3936



FARES Trial: Phase 2 Pilot RCT
• FP used in 15% of patients 

undergoing CV surgery
• Can PCC be used in bleeding 

patients during and post-CV 
Surgery?

• Target N = 120 (to obtain 
100 treated patients)

• 2 Sites

Bleeding during or post-
CV Surgery

PCC

OUTCOME Measures: 

FP

Exclusions: 
Pre-op FP or PCC
Severe allergic reaction
HIT
Pregnancy
Refusal of blood products
Heart transplant or VAD or TAA repair
On Warfarin with INR >1.5 or DOAC <48h

Treatment Response

Cumulative transfusions

Avoidance of RBCs

(2) Hemostatic Effect
(exploratory)

(1) Feasibility



FARES Trial: Phase 2 Pilot RCT

66 y.o. M, Caucasian
history of HTN, DLP

No history of MI
NYHA Class II, EF >50%

Undergoing Aortic valve procedure
With CP bypass duration of 170 min 

Average Participant



FARES Trial: Phase 2 Pilot RCT
Bleeding during or post-

CV Surgery

PCC FP

N=54 N=47
Male 74.1% 70.2%

• Primary outcome: Larger trial feasible
• Exploratory outcomes: 

• PCC group required less hemostatic 
therapy at 24h

• PCC group had less bleeding at 24h
• PCC group had lower overall 

transfusions within 24 h (6u vs. 14 u)
• No difference in adverse events at 28d

FARES-2 RCT is currently underway



Electronic Audit of Plasma Use in Ontario
Manuscript in review



Why Audit Plasma use in Ontario?
• Inappropriate plasma use is a universal problem

• 2007 Ontario audit showed 45% of plasma use was inappropriate1

• ICUs in Australia and New Zealand had 26% of plasma transfusion in non-bleeding 
patients with INR <1.52

• Plasma has higher risk of both TACO and TRALI compared to other blood 
products3

• TRALI risk is 7x higher with plasma, compared to RBCs
• TACO risk is higher with plasma

• Plasma use associated with:  
• higher risk of ventilator-associated pneumonia in critically ill patients2

• higher risk of bleeding in pre-operative patients undergoing non-CV surgery and INR 
> 1.54

Khandelwal A et al. 

1. Transfusion. 2013;53(10):2222-9.
2. Intensive Care Med. 2010;36(7):1138-46.
3. Transfusion. 2009;49(3):440-52.
4. Lancet Haematol. 2016;3(3):e139-48.



What are the indications for plasma use?

Moderate to severe 
bleeding

To prevent peri-
procedural bleeding in 
patients with acquired 

factor deficiency^

Warfarin reversal 
ONLY if PCC is 

contraindicated

Factor replacement if 
factor concentrate 

unavailable*

Plasmapheresis for 
TTP or in patients with 

bleeding*

^ Procedures with high risk of bleeding if INR >1.8 (no liver disease) or >2.5 in those with liver disease
* SDP may be indicated here

Transfusion. 2010;50(6):1227-1239
J Vasc interv Radiol 2019; 30:1155-1167



Plasma is not indicated in...

Non-bleeding 
patients with 

elevated INR with no 
planned procedures

Warfarin reversal if 
PCCs can be used

Mild bleeding

Facor replacement 
when factor 

concentrates are 
available



Plasma dose

• Plasma standard dose is 15 mL/kg
• For a 70 kg individual it is 4 units
• Decided based on laboratory testing showing increase in factor levels rather 

than clinical outcomes

• Ideally, factor levels >30% required for reversing coagulopathy
• 1 in 5 patients with low factors have an increase to >30% 1

• strongest effect if INR is >2, minimal change if INR is <1.73

• Decrease in bleeding risk with prophylactic plasma use for elevated 
INR has not been established4

1. Transfusion. 2010;50(6):1227-39
2. Br J Haematol. 2004;125(1): 69-73
3. Am J Clin Pathol. 2006;126(1):133-9
4. Transfus Apher Sci. 2012;46(3):293-8



Electronic Plasma Audit in Ontario

• AIM: Determine appropriateness of plasma use for in-patients at 5 
academic centres across Ontario

• Include: 
• All in-patients at selected centres between Jan 1, 2017 to Dec 31, 2017
• 18 years of age or older
• Received >1 plasma units

• Exclude:
• Outpatients
• Age <18 years (Paediatric patients)
• Out-patients
• Plasma exchange 



Definitions of inappropriate plasma use

Indication

• INR <1.5 pre-plasma transfusion, 
within 24h, with no to moderate 
bleeding

• INR ≥1.5 within 24h pre-plasma 
transfusion, with no or mild bleeding 
and no invasive procedure 
performed within 1 calendar day

• no INR pre- or post-plasma 
transfusion and no INR within 12h 
post-plasma transfusion

Dose

• Non-therapeutic dose of ≤ 2 units
• 1u = 250mL



Electronic Audit of Plasma Use in Ontario
• >175,000 hospital admissions occurred in 2017 at the 5 sites
• In 2630 (1.5%) hospital admissions met inclusion criteria
• 11 490 plasma units transfused
• Age 61.6 ±16.7 years
• Sex 63% male
• ICU admission in 86% of patients
• Severe bleeding was seen in 71% of admissions
• Top reason for admission was cardiovascular disease in 41.1%

• Then trauma 18.7%



Electronic Audit of Plasma Use in Ontario

Inappropriate dose or indication
77%

Under-dosing 
71%

Inappropriate indication
35% (25 to 40%)

Mean dose 2.5 ± 1.9 u 62% INR<1.5 + no/mild 
bleed or no procedure

Pre-transfusion INR <1.8 
in 53 to 86%



CONCOR-1

Hospitalized patients with acute COVID-19 
Age 16yrs and over

On supplemental oxygen

Convalescent Plasma Standard of Care

STOPPED AFTER INTERIM ANALYSIS FOR 
FUTILITY

OUTCOME – Intubation or Death at 30 days



Summary: Updates in Transfusion Medicine
• In patients with acute MI, RBC transfusion threshold of 80g/L is non-

inferior to 100g/L for cardiovascular morbidity and mortality
• Adoption of standard RBC transfusion guidelines, education, and active 

screening by TM MLTs can reduce inappropriate RBC use
• PCC may be a safe and effective alternative in patients bleeding during or 

after cardiovascular surgery
• In Ontario, up to 77% of plasma use may be inappropriate either due to 

under-dosing or given for prolonged INR without bleeding/procedure
• Convalescent plasma did not decrease intubation or death in hospitalized 

patients with COVID-19 illness on supplemental oxygen
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