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Table 3: Factors contributing to the prediction models for mortality from massive perioperative bleeding, found in the literature.
Studies
Variable
2
15
Doussau et al
Karkouti et al43
Karkouti et al3
Dyke et al
Severity of bleeding
EuroSCORE
Preoperative INR
aPTT ratio
RBC transfusion
Age
Urgent status
Previous cardiac surgery
Duration of CPB
DHCA
Weaning for CPB
Re-exploration
Peri-operative shock
Neurologic status
Renal function
Pulmonary complications

+
-

+
+
+
+
-

+
+
+
+
+
+
+
+
+
+
+
+
+

+
+
+
+
+
-

pH before intervention

-

-

-

+

EuroSCORE: European System for Cardiac Operative Risk Evaluation, INR: International Normalized Ratio, aPTT: activated Partial Thromboplastin Time, RBC: Red Blood Cells, CPB: Cardio Pulmonary Bypass, DHCA: Deep Hypothermic Circulatory Arrest.

had a hazard ratio (HR) of 9.7 for mortality despite comparable mortality rates in the groups with restricted vs
liberal transfusion policies60. The coexistence of massive
bleeding (exceeding 900 ml/12h or undergoing surgical
revision for bleeding), RBC transfusions (of any amount)
and preoperative anemia (hematocrit <36 %) correlates
with significantly higher mortality (7.5 % adjusted, 24.2
% unadjusted) than any other combination of these three
variables and constitute the “deadly triad” in cardiac surgery that is associated with increased thromboembolic
events, postoperative infections, and re-exploration61.
There are only a few studies dealing with the prediction of mortality after a massive bleeding in cardiac
surgery (Table 3, supplementary Table 4S). EuroSCORE,
severity of transfusion and hemostatic indices [PLT, INR,
activated Partial Thromboplastin Time (aPTT) ratio]
seem to predict perioperative mortality after a massive
bleeding (supplementary Table 4S)2,25,43, but INR prolongation carries decreased specificity in identifying patients
with low factor VII activity and aPTT also has low positive predictive value for clotting factor deficiencies perioperatively62.
The risks of re-exploration
Multiple studies have proven that re-exploration for
bleeding carries an increased risk of morbidity and mortality, irrespective of the magnitude of accompanying
transfusion63-66. A very recent one describes a mean reexploration rate of 6 % for elective [4.5 % for coronary
artery bypass grafting (CABG), 5.5 % for single valve
surgery, 9.6 % for combined surgery and 7.9 % for the
rest of their cardiac surgery cohort] and 15 % for emergency surgery67. Re-exploration is significantly associ-

ated with increased mortality (7.6 % vs 2.4 % for those
without re-exploration, unadjusted rate) and more perioperative stroke, renal dysfunction, prolonged mechanical
ventilation and increased need for mechanical circulatory support63,67. Unfortunately, almost one-third to onehalf of all re-explorations fail to discover the source of
bleeding65,67. Low BMI, high EuroSCORE, low preoperative fibrinogen plasma concentration, long extracorporeal circulation time, combined heart valve and coronary
artery bypass operations, and dual antiplatelet therapy
within five days are considered independent risk factors
for re-exploration65,67.
The Bedside Risk Score accurately predicts the need
for re-exploration due to hemorrhage55. It reveals decreasing mortality from re-operation for bleeding over
time but predicts increasing rates for severe bleeding due
to the new oral anticoagulants administration55.
The economic impact of severe bleeding.
Perioperative bleeding seems to be quite costly,
independent of the costs of agents used to treat it68. In
complex cardiac surgery the cost of care for transfused
patients (receiving at least one unit of RBC, FFP, PLT or
cryoprecipitate) is 133.2 % greater compared with those
not transfused ($50,344 vs $21,590, for RBC, FFP, PLT
as well as fibrin sealants, tranexamic acid, protamine,
rFVIIa and cell saver use)68,69. One study attempted to
evaluate the economic impact of severe postoperative
bleeding7. It found that patients that bled severely (1,669
± 1,170 ml) required almost double the cost of treatment
compared with those without severe bleeding (€15,404 ±
€8,986 vs €8,027 ± €7,557). When adjusting for potential
confounding factors, the incremental costs of excessive

