182

PETROU A

Table 2: Factors contributing to the massive perioperative bleeding prediction models, found in the literature.
Variable
Age
Somatometric data
Preoperative shock
Preoperative platelet count
Preoperative Hb
Type of surgery
Status of operation
Surgeon
Previous cardiac surgery
DHCA duration
Duration of CPB
Lowest Hct in CPB
Gender
Renal function
Previous neurological accident
Diabetes mellitus
LV ejection fraction
Preoperative MI

Karkouti et al25

LVBT33

Williams et al19

BRS55

+
+
+
+
+
+
+
+
+
+
+
+
-

+
+
+

+
+
+
-

+
+
+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+

+
+
+
+

LVBT: Large Volume Blood Transfusion score, BRS: Bedside Risk Score, Hb: Hemoglobin, DHCA: Deep Hypothermic Circulatory Arrest,
CPB: Cardio Pulmonary Bypass, LV: Left Ventricle, MI: Myocardial Index.

es), prior cardiac surgery with significant blood loss and
the lactate levels when admitted to the intensive care unit
(ICU) postoperatively, have all previously been associated with an increased risk of postoperative bleeding in
general or for severe postoperative bleeding2,25,26,2250-53. In
one study, recent intake of clopidogrel or dual antiplatelet therapy led to increased incidence of re-exploration
(10.2 and 8.2 vs 3.9 %, p <0.005) and increased the probability of transfusion (54.2 % and 57.5 % vs 29.8 %, p
<0.0001)26.
In a few but important studies, BRiSc seems to perform poorly in severe bleeding1,54,55. while the Transfusion Risk Score (TRS) presented adequate discrimination ability [Area Under the Curve (AUC): 0.7827 at the
validation]49. The Transfusion Risk Understanding Scoring Tool (TRUST) score presented excellent calibration
(Hosmer-Lemeshow χ2 2.192, p =0.70 at external validation) whereas the LITMATHE and the TRS achieved
low discrimination indices (Hosmer-Lemeshow χ2 12.6,
p =0.049 and 21.8, p <0.001, respectively)46.
A few scores have been produced specifically for prediction of severe or massive perioperative bleeding (Table 2, supplementary Table 3S). The Karkouti et al score
has negative predictive value for low risk of transfusion
at 95 % and a positive predictive value for the high-risk
group over 60 %25. The large volume blood transfusion
score (LVBT) was developed and tested on a multicenter
study population (n =27,353)33. It presented excellent calibration and discrimination (AUC: 0.8 at validation) and
performed better that the other three, all transfusion category models (TRUST: AUC: 0.71, TRACK: AUC: 0.71,
BRiSc: AUC: 0.69)33, but it should be noted that multiple
parameters can distort prediction models calibration33.

Viscoelastic methods like the Sonoclot® test (Sienco
Inc., Arvada, CO, USA), performed after heparin reversal
can effectively identify bleeders (those with >800 ml/4h
drain output) in cardiac surgery12,14, whereas thromboelastometry guidance decreases the total number of blood
products transfused as well as the total number of patients
suffering massive transfusion20,34.
Given that surgeon’s skills (some surgeons perform
better than others in the average blood loss during a certain operation), contribute statistically significantly to
perioperative bleeding, it seems that the entire setting,
within which any procedure is carried out, affects considerably either clinical or investigational outcomes26,55.
Research has discovered significant correlation of genes
rs1799809 (related to protein C activity), rs27646 (related
to glycoprotein Ia) and rs1062535 (which codes for the alpha chain of the platelet collagen receptor integrin α2β1),
rs630014 (in the ABO gene), and rs6048 (which codes
for the coagulation factor IX pre-protein) with excessive
postoperative bleeding (defined either as drain output >2
ml/kg/h or according to the universal definition)56.
Independent predictors of mortality in massive bleeding
and transfusion
Perioperative transfusion (irrespective of its magnitude or kind of blood products transfused) was found to
be a significant contributor to short and long-term (one
to five years) postoperative mortality with a sharp effect
during the first six months (risk ratio of 2.4, 95 % confidence interval: 2.0 to 2.8; p <0.001)57,58. In another study,
each RBC unit increased the probability of death by 77 %
and the risk of infection by 23 %5,59. The TRACS study
found that the transfusion of more than six units of RBC

