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Cardiac surgery has the largest consumption 
of blood products of any field in medicine 

(10% to 15% of the US blood supply),

Overall 48% patients received at least 1 unit 
of RBCs ranged from 33% to 74%, 

Overall major infections (5.8%), Over 40% of 
major infections occurred after hospital 

discharge

More than 90 % of 
patients received PC 

and 54.9% transfused 
FFP during or after 

surgery. 

Most of the 
transfusions were 

done after operation in 
intensive care unit 

(ICU). 

Also, 20% and 17% of 
the patients 

underwent transfusion 
of more than 6 units of 

PC and FFP, 
respectively 



Causes of Excessive Blood Transfusion

Patient-Related Causes

Drug-Related Causes

Physician-Related Causes
("Transfusion Triggers")



In some hospitals more than 25% of all blood products
are dedicated to OH units



Basic Information

In some hospitals 
more than 25% of 
all blood products 
are dedicated to 

OH units

The incidence of 
reoperation for 

hemostasis varies 
in the literature, 

ranging from 3% to 
14%,with an 

average of 6.2%

Approximately 
5%to 7%of patients 
undergoing cardiac 
surgery lose more 
than 2 L of chest 

tube drainage 
during the first 24 

hours 
postoperatively 

Up to 5-10% 
require re-

exploration for 
bleeding, resulting 

in an increased 
length of stay and 
higher mortality.
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Excessive bleeding after cardiac surgery can 
result in increased morbidity and mortality 

related to transfusion- and hypoperfusion-related 
injuries to critical organ systems

Why the PBM is Important?



Excessive microvascular bleeding after cardiac surgery can result in re exploration, 
which has been shown to be associated with a variety of negative outcomes such as:

A 3- to 4-
fold increase 
in mortality, 

renal failure, sepsis,
atrial 

arrhythmias,

prolonged 
mechanical 
ventilation 

longer 
length of 

stay

Stroke, short-term or long-term mortality 
may be increased in cardiac surgical patients who receive transfusion
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platelets

Von 
Willebrand 

factor (VWF)

Coagulation 
factors

fibrinolytic 
factors

Blood vessel 
wall

The hemostatic system limits hemorrhage when vascular integrity is compromised and 
includes several major components:



Hereditary

Acquired with Extracorporeal circulation



Activation of 
the coagulation 

Fibrinolytic 
pathway

Inflammatory 
pathways 

Dilutional 
changes

Hypothermia

Perioperative use of various 
anticoagulants, and platelet 

inhibitors
Postopertaive needs



Platelet count and platelet aggregation are reduced 
during CPB. Our results emphasized the effect of 
platelet dysfunction on increased postoperative 

bleeding and transfusion requirements. 

Perioperative monitoring of platelet function can 
be considered as a bleeding management strategy 

for implantation of PBM programs



Mechanisms for excessive bleeding after cardiac surgery

 Disseminated intravascular coagulation (DIC)
 Excessive fibrinolysis because of either primary or secondary fibrinolysis
(i.e. as related to CPB-mediated DIC and/or reduced fibrinolysis
inhibitors such as PAI1, a-2 antiplasmin)

 Decreased or denatured coagulation factors
 Platelet-related

Thrombocytopenia
Platelet activation/desensitization
Prolonged bleeding time
Decreased platelet reactivity to one or more platelet agonists
Loss of platelet glycoprotein receptors
Fibrinogen (Gp IIb/IIIa)
von Willebrand Factor receptor (Gp Ib)
Platelet Degranulation (i.e. as demonstrated by release of BTG,
PF4, ADP)
Changes in platelet signaling/adhesion molecule expression
Hypothermia-related effects
Heparin-related inhibition
Heparin-related activation
Protamine-related platelet dysfunction



0: insignificant, 1: mild, 2: moderate, 3: severe, 4: massive

Severe:  when sternal closure is delayed (left open or packed for hemostatic issues), or five to ten units of RBC or fresh frozen plasma 
(FFP) have been transfused the patient after chest closure, to or the chest drains exceed 1,000 ml/12h or surgical re-exploration has 
already been applied. 

Massive bleeding occurs when more than ten units of RBC or FFP have been transfused, or drains exceed 
2,000 ml/12h or when the administration of recombinant activated factor VII (rFVIIa) was judged 
compulsory to stop bleeding

The universal definition of perioperative bleeding in
cardiac surgery (UDPB).



The concept has been developed with more emphasis on preventative
measures and improving patient outcome. 

PBM relies on three key strategies to achieve its goals:

Therefore, PBM requires a multidisciplinary, multimodal, individualized strategy 
for avoiding and controlling blood loss, and to systematically identify, evaluate, 
and manage anaemia

Patient blood management

Optimize the 
patient’s 
own RBC 

mass

Minimize 
blood loss

Optimize 
physiological 
tolerance of 

anemia



Even the transfusion of 1 or 2 units of packed red blood cells (PRBCs) 
has been associated with a dramatic increase in morbidity, mortality 
and costs in patients undergoing coronary artery bypass grafting 
(CABG)



Predictors of bleeding, transfusion and reoperation in cardiac surgery 

Advanced age

Preoperative 
dual antiplatelet 
therapy (DAPT) 

use

Poor platelet 
function

Preoperative 
anaemia

small body 
surface area

The female 
gender



Non 
elective 

surgeries

Non 
isolated 
surgery

Non-
CABG 

surgery

Redo 
surgery 

Surgeries associated with an increased risk of bleeding, 
transfusion and reoperation



Patients blood 
management levels

Preoperative
Intraoperati

ve
Post 

operative







Class I

Class IIa

Class III



Class I

Class IIa

Class III



Class I

Class IIa

Class III



Severe or massive hemorrhage in cardiac surgery is an infrequent but 
clinically significant event. Estimations vary considerably (2-10 %)

Depending on the definition of massive hemorrhage but are 
nevertheless associated with high mortality

Failed or delayed treatment of a massive bleeding can result in 
irreversible end-organ damage and MACCE

Mortality and significantly increased costs

Massive Bleeding ?!



What is massive bleeding?

Intraoperative massive 
hemorrhage is present when 

operating field blood loss 
exceeds 600 ml/h 

The intermittent application 
of packing

When the chest drains poor 
out >300 mL/h of blood for 
two hours postoperatively

Excessive bleeding as abnormal diffuse or microvascular bleeding that 
cannot be controlled by compression and electrocoagulation, necessitates 
>two or three units of RBC transfusion or >400 or 600 mL of cell salvage 
blood depending on patient’s weight 

A postoperative drain output of >1.5 mL/kg/h for at least three hours or a 
need for surgical reexploration for hemostasis during the first 48 hours.

According to the Hemostasis 
Score,

The PLASMACARD study defined



1- Dx & Tx of underline disease

Chronic Anemia

Coagulopathies

2-Rreduce Blood loss

Meticulous hemostasis

Antifibrinolytic

3- Protocol based Transfusion

Threshold of transfusion

Point of care

4- Autologous blood saving

Cell Saver

ANH

Basic strategies for PBM
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Surgeons should enthusiastically adopt available therapies that help to avoid transfusions and their 
accompanying risks, conserve blood, and treat preoperative anemia, with the goal of improving surgical 

outcomes.

recombinant human erythropoietin (rHuEPO)

Reduces 
transfusion 

requirements

facilitates 
collection of 
preoperative 
autologous 

blood

is effective 
alone or with 
other blood 
conservation 
strategies in 

severe anemia



pre-existing coagulopathy in patients 
undergoing open-heart surgeries, if not 
recognized and appropriately managed, 

can cause serious complications.

Management of patients undergoing cardiac 
procedures should include a routine 

coagulation work-up and a thorough past 
medical history examination. If any of the 

foregoing is abnormal, further evaluation is 
warranted.

FACTOR XII DEFICIENCY

HEMOPHILIA

IDIOPATHIC THROMBOCYTOPENIC

PURPURA (ITP)

PROTEIN S DEFICIENCY

SICKLE CELL DISEASE

PLATELET GLYCOPROTEIN (GP)IIB/

IIIA INHIBITION

ANTITHROMBIN III (AT III) DEFICIENCY

HEPARIN-INDUCED

THROMBOCYTOPENIA (HIT)

CANCER





Intraoperative considerations
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It is a team approach to “getting clots together” by all specialties who must be
diligent in their tasks at all stages of the cardiac surgical patient’s care and
recognize that hemodilution not only affects hemoglobin but also the factors,
fibrinogen, and platelets of the coagulation system.

In patients where excessive hemodilution has occurred and the transfusion of
homologous red cells are required to maintain the hemoglobin, should
consideration be given to the effects the dilution has also had on the
coagulation system?







The high dose of tranexamic acid used in this 
trial was 30 mg/ kg/loading dose

and continuous infusion at 16 mg/kg/h.

High-dose tranexamic acid was more effective than the low 
dose in reducing blood loss.



300 adult CABG patients.

In conclusion, Caproamin Fides seems to be superior to TXA regarding
the blood saving effects in patients undergoing coronary artery
revascularization.



There was no 
significant 

difference in 
morbidity and 
mortality rates 

between patients in 
either drug group (P 

. 0.05). 

Our study shows 
that aprotinin is 

more effective at 
controlling 

operative site 
bleeding than 

aminocaproic acid

Aminocaproic acid 
remains a safe and 

cost-effective 
option for 

antifibrinolytic 
prophylaxis because 
of unavailability of 

aprotinin



EACA is a good choice for the prevention of postoperative blood 
transfusion following pediatric cardiac surgery.

5 RCT



To evaluate the efficacy of acute normovolemic hemodiliuton
(ANH) and intraoperative cell salvage (ICS) in blood-conservation

Both ANH and ICS were safe and reduced the allogeneic blood 
requirement in patients undergoing elective infrarenal aortic surgery.



Conclusion

Our preliminary data support a proposal that intra-operative Cell Salvage 
could impair blood coagulation in the scenario of high-risk-bleeding cardiac 
surgery with CPB.



In conclusion, intraoperative cell salvage and autotransfusion in OPCAB surgery is 
associated with a modest clinical benefit, without increased risk to patients or 
significantly increased costs.

As homologous blood becomes more expensive, the relative cost-effectiveness of this 
technique will increase.

Sixty-one patients undergoing OPCAB surgery were prospectively randomdize to 
autotransfusion (n  30; receiving autotransfused washed blood from intraoperative cell 
salvage) or control (n  31 receiving homologous blood only as blood-replacement 
therapy)





Conclusion: Intra-operative CS in high-bleeding-risk cardiac surgery with CPB is 
effective, generally safe, and cost-effective in developed countries but not in 
China



Autotransfusion management during and after CPB suppresses early 
postoperative fibrin degradation



Mini-extracorporeal circulation (MECC) constitutes a novel miniaturized cardiopulmonary bypass (CPB) 
circuit, heparin-coated and primed with aprotinin. Its membrane oxygenation is similar to conventional 
cardio-pulmonary bypass (CCPB), but it is a completely closed-volume system due to the lack of the 
venous reservoir which has been removed.

In a mini circuit, the reservoir is the patient himself. Consequently, air entering the venous cannula is 
avoided. Nevertheless, the capabilities of MECC have been expanded either by the inclusion of a suction 
device that is only activated on direct contact with liquid in some circuits or by postoperative 
autotransfusion of the wrecked erythrocytes by a separate suction device with a cell-saver. 

Although the tubing diameter is similar between the two systems, the tubing length of the MECC is 
around half that of the CCPB, resulting in the restriction of priming volume 



MECC circuits, despite their accompanying 
risks, provide a safe procedure to perform 
CABG, decreasing the postoperative CPB-
associated morbidity thanks to the 
restriction of SIRS, with potential 
improvement in clinical outcomes.

The endothelial damage, the granulocyte 
sequestration, and its activation are much 
lower since the artificial surface is smaller .

Furthermore, a miniaturized circuit leads to 
less hemodilution and less bloodloss than 
conventional CPB and as a result, less blood 
and blood products requirements . 

Nevertheless, similar quantities of air in the 
MECC circuit, entering the venous line 
through suture holes at the venous 
cannulation point , are able to stop the 
function of the pump or induce 
embolization . 



The relationship 
between deep 
hypothermia 
duration and 
perioperative 

bleeding is 
dependent on CPB 

time. 

For surgeries with 
short CPB times 

(120 to 180 
minutes), 

prolonged deep 
hypothermia is 
associated with 
increased post-

operative bleeding, 
as estimated by 
RBC transfusion. 

For cases with 
longer CPB times 

(300 to 360 
minutes), there 

appears to be no 
relationship.







Postoperative Care





Conclusion. 
Following algorithms based on point of care tests or on structured clinical practice 
with standard laboratory tests does not decrease blood loss, but reduces the 
transfusion of PRBCs and blood components after routine cardiac surgery, when 
compared with clinician discretion.



There are five parameters to the TEG tracing that measure different stages of 
clot development:

R, K, a angle, maximum amplitude (MA), and MA60.

In addition, clot lysis indices are measured at 30 and 60 min after MA (LY30 and 
LY60). Normal values vary depending on the type of activator used. 



-The R value is a measure of clotting time (CT) which is the period of time from the start of the 
test to the initial fibrin formation. 

-The K value is the clot kinetics measurement of the speed to reach a specific level of clot 
strength: the time from beginning of clot formation (the end of R time) until the amplitude 
reaches 20 mm.

-The a angle is the angle between the horizontal line in the middle of the TEG tracing and the 
line tangential to the developing ‘body’ of the TEG tracing at 2 mm amplitude. The a angle 
represents the acceleration (kinetics) of fibrin build up and cross-linking (clot strengthening). 

-The MA reflects the ultimate strength of the clot which depends on the number and function of 
platelets and their interaction with fibrin. The MA is the parameter most frequently measured 
because it correlates with platelet dysfunction in cardiac surgery.

-LY30, or the lysis index at 30 min after MA, is increased with fibrinolysis.

TEG graph 
detail



In the last decade, viscoelastic point-of-care (POC) coagulation instruments such as the 
thromboelastograph (TEG), the thromboelastometer (RoTEM) and the Sonoclot have 
been increasingly used in clinical practice for perioperative monitoring of excessive 
bleeding in cardiac surgery.

These POC instruments provide information about the quality and dynamics of the clot, 
are relatively simple to operate and can be used close to the patient. The results are 
usually ready for interpretation within 15–30 minutes.

Conclusions

In conclusion, TEG and RoTEM can be used to detect postoperative hemostatic 
changes following cardiac surgery, whereas the Sonoclot seems to be less suitable, 
at least in patients without grave hemostatic changes. 

Variables from TEG, RoTEM and Sonoclot may be useful to monitor fibrinogen levels.



Conclusion: Blood loss via chest tube 
drainage and transfusion amounts were 
not different comparing PoC- and central 

lab-driven transfusion algorithms in 
subjects that underwent high-risk cardiac 

surgery. 

Routine PoC coagulation diagnostics do 
not seem to be beneficial when actual 
blood loss is low. High risk procedures 

might not suffice as a sole risk factor for 
increased blood loss



Four hundred patients (296 males and 104 
females, mean age 60.89 years) scheduled 
for first-time coronary artery bypass graft 

surgery were prospectively enrolled. 

Blood samples were obtained for ROTEM 
testing before surgery and 30 min after 

heparin reversal.

The patients were divided into 2 groups: 
group 1 was patients with no abnormal 
postoperative bleeding and group 2 was 
patients who required reexploration for 

abnormal  postoperative bleeding. 

Conclusion: Measuring coagulation factors by ROTEM both before surgery and after heparin reversal can 
identify patients at increased risk of postoperative bleeding.



Thromboelastometry does not predict which patients are at risk for 
major postoperative bleeding 

Two studies found a good predictive value, whereas the other 9 studies showed a 
poor predictability for major postoperative bleeding after cardiac surgery. The 
overall negative predicting value was high. 

11 study





Intotal,681patients were identified, 370 in the 
pre-TEG period and 311 patients post-TEG



Mean units of red blood cells, plasma, 
and cryoprecipitate were significantly 
reduced after TEG was implemented 

(all, p < .0001)

Use of platelets was reduced but did 
not reach significance. 

Mean units of all blood products in the 
perioperative period and over the 

entire stay were reduced by 
approximately 40% (both, p < .0001). 



Conclusion The potential for bleeding in patients undergoing cardiac 
surgery represents an ongoing problem for clinicians.

The increasing use of anticoagulation and antiplatelet agents 
creates a need for multiple pharmacologic approaches and are  
potential problems in managing surgical patients.

Meticulous surgical hemostasis has a crucial role in PBM 

Multidisciplinary protocol based individualized blood product 
transfusion seems mandatory

Antifibrinolytics may have an important role in hemostasis and 
limitation of transfusion

Point of care (POC) tests of hemostatic function can facilitate 
the optimal management of excessive bleeding and reduce 
transfusion
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