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count in this study1. Karkouti et al consider the adminis-
tration of more than five units of RBC within 24 hours 
as the cutoff point for identifying massive bleeding and 
confirmed this transfusion to correspond to one blood 
volume substitution (considering a normal preoperative 
Hb concentration of 16 g/dL, a blood volume of 70 ml/kg 
and a trigger of 8 g/dL of Hb to transfuse RBC)43. Some 
studies identify massive bleeding in the transfusion of 
four or more RBC during hospitalization33 while others 
as a chest tube drainage of more than 1,000 ml either at 
discharge from ICU or until removal of drains26.

What is massive transfusion?
Despite the fact that huge amounts of blood prod-

ucts can be transfused in complex cardiac surgery [for 
instance 29.4 RBC units, 27.7 FFP units and 39 platelet 
(PLT) units in patients undergoing heart transplant or im-
plantation of heart/lung support devices]44, current defini-
tions of massive transfusions are far less impressive. In a 
transfusion cohort of 104 cardiothoracic surgery patients 
who received massive transfusions per three different 
definitions (5/4h, 6/6h, 10/24h, meaning the administra-
tion of equal or more than five, six or ten units of RBC 
within any four-, six- or 24-hour-period) found that those 
in the 5/4h definition had significantly better survival 
rates compared to those who met 6/6h and 10/24h defini-
tions (88.4 % vs 71.1 % respectively)45.  The BART study 
used the 10/24h criterion as an indication for massive 
transfusion37. 

The most recent European Society of Anesthesiolo-
gists (ESA) guidelines on severe perioperative bleeding, 
the Society of Thoracic Surgeons (STS) blood conserva-
tion clinical practice guidelines and the American Soci-
ety of Anesthesiologists (ASA) practice guidelines for 

perioperative blood management recommend the incor-
poration of indices that reflect oxygen availability in the 
mixed venous blood (mixed venous oxygen saturation) 
and the cerebral tissue (near infrared spectrometry) into 
the decision making for RBC transfusion but detail nei-
ther cutoff values nor appropriate combinations of them 
with other indices38-40. 

Predictors of massive bleeding and transfusion
There are quite many transfusion prediction scores 

available in the literature. Most of them have been pro-
duced in the last decade, have been validated accordingly 
and possibly predict even massive transfusion events (Ta-
ble 1, supplementary Table 2S)1,33,46-49.

Age, female gender, somatometric data [weight, 
height or Body Mass Index (BMI)], and renal function 
(mainly as serum creatinine levels), left ventricle ejec-
tion fraction, a preoperative shock state [defined either 
clinically or with the use of intra-aortic balloon pump 
(IABP)], logistic EuroSCORE (European System for 
Cardiac Operative Risk Evaluation), preoperative hemo-
globin, cardiopulmonary bypass time, emergency status 
of the operation, recent cardiac catheterization, other co-
morbidities [recent myocardial infarction (MI), conges-
tive heart failure, non-smoker, New York Heart Associa-
tion (NYHA) classification], coagulation defect [elevated 
international normalized ratio (INR), elevated bleeding 
time], preoperative heparin, preoperative antiplatelet 
drugs, lowest temperature during cardio pulmonary by-
pass (CPB), protamine insufficiency or excess, the use 
of antifibrinolytic drugs, large volumes of intraoperative 
salvaged cells transfused, multiple coronary anastomo-
ses, special types of surgery (namely heart transplant or 
the implantation of mechanical circulatory support devic-

Table 1: Factors contributing to the bleeding prediction models, found in the literature.

Variable Any RBC Transfusion 
model33 BRiSc1 TRACK46 TRUST47 TRS-CABG49

Age + + + + +
Gender + - + + +
Weight, height, BMI + + + + +
Preoperative Hb + - + + +
Previous cardiac surgery + - - + +
Type of operation + + + + -
Status of operation - + - + +
Serum Creatinine + - - + +
LV EF% + - - - +
Shock state + - - - +
Previous stroke + - -
Diabetes mellitus + - - - +
Previous MI + - - - -
Use of CPB + - - - -
Peripheral vascular disease - - - - +
Preoperative albumin - - - - +

RBC: Red Blood Cells, BRiSc: Papworth Bleeding Risk Score, TRUST: Transfusion Risk Understanding Scoring Tool, BMI: Body Mass 
Index, Hb: Hemoglobin, LV EF: Left Ventricle Ejection Fraction, MI: Myocardial Infarction, CPB: Cardio Pulmonary Bypass.




