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Abstract: Objective: To summarize current literature 
and guidelines on the use of point-of-care coagulation 
tests (POCCT) in the treatment and prediction of peri-
operative bleeding during cardiac surgery and its impact 
on transfusion rate and patient outcome.
Background: Bleeding complications after cardiac 
surgery are common and can lead to postoperative 
anemia and allogeneic blood transfusions (ABT), they 
often require surgical re-exploration, prolong mechanical 
ventilation and ICU length of stay, increase health-care 
costs and can even cause death. Recent guidelines on 
patient blood management suggest that a timely diagnoses 
of underlying coagulation abnormalities is of paramount 
importance with the aim of only administering selectively 
those blood products or pro-hemostatic components that 
are actually needed and thereby reducing unnecessary 
ABT.
Discussion and conclusion: The cause of bleeding 
in the perioperative period during cardiac surgery is 
multifactorial. Preoperative antiplatelet or anticoagulant 
therapy can influence perioperative bleeding. The hemo-
static changes induced by cardiopulmonary bypass can 
result in consumptive coagulopathy and hyperfibrinolysis. 
Therefore, finding the specific origin of the bleeding and 
the hemostatic derangement is of paramount importance. 
Conventional coagulation tests are not equipped to give 
this information in a timely manner in the setting of an 
acute bleeding. POCCTs have low predictive value for 
postoperative bleeding. However, evidence shows that 
individualized implementation of an algorithm with 
POCCTs can reduce ABT to the absolute essential, 
improve patient outcome and reduce health-care costs in 
the management of bleeding after cardiac surgery.

Keywords: Whole blood coagulation time’ (Mesh); 
‘Cardiac surgical procedures’ (Mesh); ‘Point-of-care 
testing’ (Mesh).

IntroductIon

Bleeding complications after cardiac surgery 
are common and can lead to postoperative anemia 
and allogeneic blood transfusions (ABT), they often 
require surgical re-exploration, prolong mechanical 
ventilation and ICU length of stay, increase 
health-care costs and can even cause death (1-3). 

Incidences of excessive bleeding have been reported 
in up to 15% of patients undergoing cardiac surgical 
procedures leading to surgical re-exploration 
in 2 to 5% of patients (4-8). Approximately 15-
20% of all blood products are used for complex 
cardiac surgery (2). The underlying etiology of 
those bleeding complications is a combination of 
surgical causes (i.e. inadequate surgical hemostasis 
at the end of surgery), pre-existing or acquired 
coagulation disorders and metabolic derangements 
(9). However, when emergency re-exploration is 
performed, only in a small portion of patients a 
surgical cause is found (5).

Coagulopathic bleeding after cardiac surgery 
often requires treatment by the administration 
of allogeneic blood products and pro-hemostatic 
components. Moreover, untreated coagulopathic 
bleeding can lead to further deterioration of the 
patient’s hemostatic system, thereby worsening the 
coagulopathic status. Unfortunately, anemia and 
transfusion of allogeneic blood products including 
packed red blood cells (PRBCs), fresh frozen plasma 
and platelet concentrates have been identified as 
independent risk factors for worse patient outcome 
(10). Even transfusion of 1 or 2 units of PRBCs 
has been associated with increased morbidity and 
mortality in patients undergoing coronary artery 
bypass grafting (11-13). Risks associated with 
allogeneic blood transfusions are numerous and can 
grossly be subdivided into infectious (i.e. viral or 
bacterial contamination) and non-infectious adverse 
reactions (14-16). Nowadays, non-infectious com-
plications are responsible for the majority of adverse 
events associated with transfusions in the developed 
countries with transfusion-related acute lung injury 
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which can expose the patient to circulatory 
overload, transfusion-related immunomodulation, 
nosocomial infections, sepsis and increase mortality 
(2, 28, 29). Point-of-care (POC) coagulation testing 
devices could be a crucial tool for early diagnosing 
coagulopathic bleeding and the administration of 
those specific components that are actually needed 
in the right dose for the right patient (28, 30-33). 
This translates in a reduction of adverse events 
and postoperative complications and therefore a 
reduction in health care cost after cardiac surgery 
(34).

In this review we will focus on the use of POC 
coagulation devices in cardiac surgery. We will 
summarize the etiology of coagulopathic bleeding 
after cardiopulmonary bypass, review the different 
commercially available POC devices and discuss 
their role in both the prediction and treatment of 
bleeding complications after cardiac surgery.

Why do patIEnts BlEEd aftEr cardIac surgEry? 

As mentioned before, the underlying etiology 
of bleeding complications after cardiac surgery 
is multifactorial and often related to coagulation 
disorders. Indeed, multiple factors might contri-
bute to coagulopathic bleeding after cardiac opera-
tions including preoperative administration of 
anticoagulant drugs, incomplete heparin-reversal 
at the end of surgery, protamine overdosing and 
the specific hemostatic derangements that have 
arisen during cardiopulmonary bypass (CPB). 
Furthermore, also metabolic derangements like 
hypocalcemia, acidosis and hypothermia can signi-
ficantly reduce the quality of clot formation (2, 5, 
35-38)

Drugs affecting the hemostatic system

Patients scheduled for cardiac surgery are 
frequently treated preoperatively with drugs that 
interact with the hemostatic system. Antiplatelet 
therapy with acetylsalicylic acid and/or P2Y12-
inhibitors (clopidogrel, prasugrel or ticagrelor) 
is commonly used, especially in those patients 
undergoing coronary artery bypass grafting. Also, 
oral anticoagulants like vitamin-K-antagonists 
(warfarin or coumarin derivates) or the newer 
direct oral anticoagulants (rivaroxaban, edoxaban, 
apixaban and dabigatran) are being used in 
a large number of patients (e.g. patients with 
atrial fibrillation or at risk for venous thrombo-
embolism). Additionally, some patients are treated 
with low-molecular-weight heparin, unfractionated 

often being referred to as the most common cause 
of death related to transfusion worldwide (17-19). 
Moreover, multisystem organ failure, stroke, renal 
impairment, venous thromboembolism, increased 
hospital length of stay and ICU length of stay 
were all identified as independent transfusion risks 
in cardiac surgical patients (1, 2). In addition to 
ABT, the administration of pro-hemostatic com-
ponents like prothrombin complex concentrate, 
recombinant factor VII and fibrinogen concentrate 
or cryoprecipitate has been associated with adverse 
thrombotic events and consequently its safety is still 
controversial (20, 21)

By the end of the nineties, scientists launched 
a concept named “Patient Blood Management” 
(PBM) which subsequently emerged worldwide 
with the aim of reducing ABT and thus improving 
patient outcomes (22). Blood management would 
become the standard of care and transfusion the 
alternative. This new way of thinking was driven 
by many reports of successful major surgery 
and even cardiac surgery in Jehovah’s Witnesses 
patients together with the emergence of blood-
borne diseases like hepatitis and acquired immune 
deficiency syndrome (AIDS) and further supported 
by the increasing numbers of reports on the adverse 
events of ABT (14). In fact, a paradigm shift took 
place from a product-centered approach to a patient-
centered approach. Since then, many PBM programs 
have been evolved and nowadays PBM consists of 
three pillars, namely preoperative optimization of 
the patient’s own red cell mass, the intraoperative 
minimization of surgical blood loss and finally the 
optimization of the patient’s physiological tolerance 
of anemia. Of note, these measures might be most 
successful when being combined or used as bundles 
of care (23).

Recently, both European and American 
Societies published PBM-guidelines for adult and 
pediatric cardiac surgery (24-26). In the light of 
coagulopathic bleeding during and after cardiac 
surgery, guidelines suggest that a timely diagnosis 
of the underlying coagulation abnormality and 
subsequent intervention is of paramount importance 
with the aim of only administering selectively those 
blood products or pro-hemostatic components 
that are actually needed and thereby reducing un-
necessary ABT. Without coagulation testing, blood 
products and hemostatic components are often 
administered empirically as “educated guesses” to 
prevent and/or treat severe perioperative bleeding 
and coagulopathy (27). These practices inevitably 
lead to under- or overdosing of procoagulants 
and a large amount of unnecessary transfusions, 
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and the intrinsic and extrinsic coagulation pathways 
(36). 

Secondly, the contact of whole blood with 
the tubing of the extracorporeal circuit induces a 
systemic inflammatory response with activation 
of procoagulant and anticoagulant factors which 
leads to thrombin generation and consumption 
of coagulation factors (5, 43, 44). The contact of 
fibrinogen with the non-endothelial surface activates 
and consumes platelets. Additionally, factor XIIa 
is activated and starts the intrinsic pathway. Both 
pathways induce excessive thrombin generation 
which accelerates the consumption of coagulation 
factors and results in consumptive coagulopathy. To 
prevent this process, heparin is administered (36). 
It makes sure no immediate clotting arises as soon 
as the blood makes contact with the circuit. These 
inflammatory responses after contact activation 
with the non-endothelial surfaces will decrease 
when the surface becomes more biocompatible 
(44). The priming of the extracorporeal circuit 
with a crystalloid solution (40, 45) can result in a 
dilutional coagulopathy. Reducing priming volume 
from 1500ml to 1100ml can significantly reduce 
the need for ABT. These dilutional coagulopathic 
changes can be confirmed with rotational thrombo-
elastometry (ROTEM) (29, 44).

Thirdly, CPB induced hyperfibrinolysis can 
diminish coagulation further. Initial activation of 
the intrinsic pathway forms active kallikrein that 
enhances the formation of bradykinin. When on 
cardiopulmonary bypass the pulmonary circulation 
is taken over by the bypass and bradykinin is not 
deactivated which leads to an accumulation. This 
enhances the formation of plasmin that breaks 
down the newly formed clot by cleaving the 
fibrinogen and fibrin. To prevent hyperfibrinolysis 
during cardiopulmonary bypass tranexamic acid 
or aprotinin can be administered (5, 36, 45). Tran-
examic acid is a synthetic lysine analogue which 
inhibits plasmin and is recommended by guidelines 
to reduce ABT and reoperation for hemorrhage in 
cardiac patients (25). Aprotinin is a natural serine 
protease inhibitor and has been shown to be more 
effective in the reduction of blood loss during high 
risk cardiac surgery (46). However in the BART 
trial (47), it revealed a significantly higher mortality 
rate and subsequently aprotinin became no longer 
available in Europe. Afterwards, multiple RCT’s 
proved aprotinin to be effective  and Walkden and 
his colleagues performed a retrospective case-
control study on more than 8000 patients (48) which 
revealed no causal relationship between the use of 
aprotinin and adverse events. A Cochrane review 

heparin (UFH) or even bivalirudin preoperatively. 
When the discontinuation of dose drugs before the 
beginning of surgery is not adequately managed, 
patients may suffer from prolonged drug effect in 
the perioperative period contributing to an increased 
risk for coagulopathic bleeding after surgery. For 
each of dose drug classes, guidelines have suggested 
well-defined cessation times in order to significantly 
reduce unnecessary large amounts of perioperative 
blood losses and ABT (25, 39).

During cardiac surgical procedures high doses 
of UFH (typically loading doses of 300 to 500 U/
kg supplemented by further bolus doses during 
the procedure) are traditionally administered to 
prevent thrombin generation and clot formation 
while on CPB (40). Even off-pump procedures 
require significant anticoagulation therapy with 
UFH although lower doses seem acceptable. After 
weaning from cardiopulmonary bypass, protamine 
sulfate is administered to antagonize heparin by 
dissociation from the antithrombin III-heparin 
complex. Ideally, the protamine dose should be 
titrated in such a way that all the residual heparin 
molecules become neutralized. However, when 
given in more than 1:1 dosing ratio with the initial 
heparin dose, it reduces platelet aggregation and 
enhances fibrinolysis. Even when given in a 1.3:1 
dosing ratio it can impair thrombin regeneration 
and platelet aggregation (37, 38) and prolong the 
ACT (5). Therefore dosing protamine should not 
exceed the 1:1 ratio based on the initial heparin dose 
(38). Unfortunately, there is always the possibility 
of incomplete heparin antagonization and residual 
heparinization or heparin rebound is common after 
surgery.

When the administration of UFH in cardiac 
surgical patients is contraindicated due to known 
allergy for heparin or protamine or because the 
patient developed heparin-induced thrombocy-
topenia (HIT), the direct trombin-inhibitor biva-
lirudin seems a valid alternative (41). However, 
its anticoagulant effect is prolonged up to about 40 
minutes after discontinuation and no antidote exists 
for immediate reversal of its drug effect (41, 42)

Hemostatic effects of CPB

The etiology of postoperative bleeding after 
cardiac surgery is often complex and related to the 
hemostatic changes caused by CPB and cardiac 
surgery. 

First of all, the major surgical trauma on itself 
induces platelet aggregation and the release of tissue 
factor. This activates the formation of a platelet plug 
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same information on clot formation and firmness, 
the results of the two are not interchangeable(50). 
(Table 1).

Sonoclot Analyzer® (Sienco Inc, Arvada, CO, USA)

The Sonoclot Analyzer was first described in 
1975 by von Kaulla as a device that measures the 
changing impedance to movement imposed by the 
developing clot on a small probe vibrating at an 
ultrasonic frequency in a coagulating blood sample 
(51). It has been described extensively (51), but 
briefly it detects the viscoelastic changes in viscosity 

on 252 RCTs (49) couldn’t establish an increase 
in mortality, myocardial infarction, stroke or renal 
dysfunction either, which ultimately led to the 
reintroduction of aprotinin. Nowadays, the use is 
mainly considered off-label in high-risk surgeries. 

summary of aVaIlaBlE poInt-of-carE dEVIcEs

Viscoelastic tests 

Thromboelastography 

Thromboelastography (TEG®; Niles, IL, 
USA) is first described in 1948 by Hartert and 
determines clot stiffness during coagulation. Whole 
blood needs to be manually pipetted in a cup, which 
oscillates around a fixed, suspended pin. After clot 
formation is activated by a stimulant (tissue factor 
for rapidTEG or a contact-activator for kaolinTEG), 
the viscoelastic changes create an increasing torsion 
that is detected by an electromagnetic transducer 
(29,50). The effect of heparin can be counteracted 
by heparinase (HTEG) and with the functional 
fibrinogen test for TEG the interaction between 
fibrin and platelets can be withheld (Functional 
Fibrinogen). Results are given by a specific TEG 
output and their derived parameters (Table 1).

Thromboelastometry 

Rotational thromboelastography (ROTEM®; 
Munich, Germany) is a modern modification of the 
TEG technology. In ROTEM the oscillation of a pin, 
in a fixed cup filled with whole blood, is optically 
detected by a charged coupled device (43,50). 
Coagulation activators, such as tissue factor for 
EXTEM and contact-activator for INTEM, are added 
to the cup. In HEPTEM heparinase is added and for 
FIBTEM cytochalasin D is added to the EXTEM 
test which inhibits the binding of fibrin to platelets. 
The test also results in specific shape recognition 
curves (Fig. 1). Although, they both offer the 

ROTEM TEG Quantra

Contact activation INTEM CT (s) Kaolin R (min) CT (s)

Neutralizing unfractioned heparin HEPTEM CT (s) Heparinase Kaolin R (min) CTH 

Tissue factor activation EXTEM MCF (mm) RapidTEG MA (min) CS (hPa)

Block platelet contribution to clot formation FIBTEM MCF (mm) Functional Fibrinogen MA (mm) Fibrinogen Contribution = FCS (hPa)

Block fibrinogen contribution to clot formation / / Platelet Contribution = PCS (hPa) 

Table 1

Comparison of viscoelastic test results

 
 

Fig. 1. — ROTEM: parameters and shape recognition curves 
A. INTEM (contact-activator); B. EXTEM (tissue factor); C. 
HEPTEM (heparinase); D. FIBTEM (cytochalasin D added to 
EXTEM).
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Quantra® Hemostasis Analyzer (HemoSonics, 
LLC, Charlottesville, VA, USA)

Quantra Hemostasis Analyzer is a recently 
developed viscoelastic test that uses ultrasound to 
determine the formation of a clot in vitro. Strong 
correlations between results from Quantra® and 
ROTEM® tests could be confirmed (56,57). 
Ultrasonic waves are used to establish changes in 
resonance as the clot is formed. The use of ultrasound 
can be beneficial since there is no mechanical 
interaction with the clot formation (58). It uses a 
multi-channel cartridge that is automatically filled 
with whole blood from a citrated blood sample. It 
gives numeric results on a display, rather than the 
specific curves from TEG® or ROTEM® (57,59)  
(Fig. 4). The results are described as Clot Time (CT, 
seconds), Heparinase Clot Time (CTH, seconds), 
Clot Stiffness (CS, hectoPascals), and Fibrinogen 
Contribution (FCS, hPa). A more complete overview 
is given elsewhere (60) (Table 1).

of a whole blood sample after reagents have been 
added to initiate the clotting process (51-53). As the 
clot forms and the viscosity in the cup changes, a 
Sonoclot signature is plotted or quantitative results 
are given by ACT (Activated Clotting Time), Clot 
rate and Platelet function (54). (Fig. 2).

Activated Clotting Time device (ACT Plus® 
system, Medtronic, Minneapolis, MN, USA).  

Activated clotting time or ACT can be measured 
separately via the whole blood coagulation test 
ACT. It is mostly used to detect therapeutic heparin 
effects during CPB. Although widely used, there 
is a poor correlation between measurement and 
heparin concentration when administered in low 
concentration (55). It is known to be more accurate 
before CPB and in higher heparin concentrations 
(5) (Fig. 3).

gure gna

     
 

 

Fig. 2. — Sonoclot machine and signature.
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Fig. 3. — ACT.
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Fig. 4. — Quantra® display.
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an independent predictor of postoperative bleeding 
and transfusion after cardiac surgery (25, 33, 70)

When perioperative or postoperative bleeding 
occurs, point-of-care coagulation tests (POCCT) can 
be very helpful in guiding therapeutical strategies 
and reducing the number of blood products that 
need to be transfused (71,72). In trauma patients and 
non-cardiac surgery patients the use of viscoelastic 
tests have shown to be beneficial in the treatment of 
bleeding (68, 73). Integrating ROTEM can increase 
the identification of acute traumatic coagulopathy 
with high sensitivity, however poor specificity (74). 
A large meta-analysis on the use of ROTEM in 
cardiac surgery could determine a number needed 
to threat of 9.4, which means that POC-guided 
transfusion in 10 patients can avoid transfusion in 
one patient (33). 

The role of POCCT in the prediction of bleeding in 
cardiac surgery

Predictive factors for bleeding after cardiac 
surgery are platelet dysfunction, low preopera-
tive fibrinogen concentration, reduced factor 
XIII activity, reduced thrombin generation, 
residual heparin effects, protamine overdoses or 
hyperfibrinolysis (2). Since a retrospective study 
(67) showed that thromboelastometry can be used to 
detect coagulation abnormalities prior to surgery, the 
possibility arose for preoperative POC coagulation 
analysis to predict postoperative bleeding. Evidence, 
however, shows that preoperative ROTEM or 
TEG analysis is not able to predict peri- and 
postoperative bleeding in cardiac surgery (75-77). 
Although a small retrospective analysis could find 
an association between preoperative CFT and MCF 
in ROTEM analysis and postoperative bleeding, 
possible explanation lies in the significant difference 
in preoperative platelet count between the two 
groups (67). In off-pump coronary bypass surgery 
retrospective analysis shows an association between 
abnormal ROTEM findings and an increased risk of 
perioperative bleeding (78). 

The adenosine diphosphate (ADP) test of 
the Multiplate analyzer can be used to predict 
postoperative blood loss and the need for platelet 
transfusion in high-risk patients. Patients on thieno-
pyridines undergoing cardiac surgery are at high risk 
for intra- and postoperative bleeding, in this group 
the ADP test can be helpful to predict the need for 
transfusion and postoperative bleeding (64). This 
has been confirmed by Ranucci and colleagues. 
They revealed an independent association between 
the ADP test and postoperative bleeding (p = 0,007) 

Platelet function testing

Platelet function is severely affected during 
cardiopulmonary bypass. This because of changes in 
pH, platelet count due to consumptive coagulopathy, 
administered drugs, priming solutions and release 
of proinflammatory cytokines (61). Postoperative 
platelet count can be normal, however it can take 
up to 3 to 6 hours for platelet function to normalize 
after CPB (40). Here we give a short description of 
the available platelet function tests, however a more 
detailed comparative review is discussed elsewhere 
(62, 63). 

The platelet function analyzer (i.e. PFA-100®) 
simulates primary hemostasis on small volumes of 
whole blood. When platelet plugs are formed in the 
capillary arteries, the blood flow is slowed down or 
stopped. The seconds needed for the flow to stop 
are described as closure time (CT). The CT can be 
prolonged by thrombocytopenia and shortened by 
the platelet activation during surgery, which can 
make the results of the test difficult to interpret in 
the perioperative setting (63, 64). In Multiplate®, 
platelets will adhere to the sensors after adding a 
stimulant to the whole blood and create a change 
in impedance of the electrodes. This change in 
impedance is described as ‘Aggregation Units’ 
or AU. Results are obtained as aggregation in 
AU, velocity (AU/min) and AUC (AU x min). It 
measures the platelet function in a physiological 
state with whole blood (63). ROTEM® Platelet 
works similarly (65). Results are given by A6 or 
amplitude at 6 minutes (Ohm), which describes 
how well platelets aggregate, by MS or maximum 
slope of the aggregation curve (Ohm/min), which 
describes how fast aggregation is initiated, and AUC 
or area under the curve (Ohm.min), which gives 
information on the overall platelet aggregation (65)

thE rolE of poInt-of-carE coagulatIon tEsts In thE 
pErIopEratIVE pErIod of cardIac surgEry 

The hemostatic management during cardiac 
surgery and cardiopulmonary bypass requires 
delicate monitoring. Routine coagulation tests, 
such as prothrombin time (PT) or activated partial 
thromboplastin time (aPTT) are solid tests, however 
insufficient and time-consuming (30-60 min) (2, 
66) in the setting of an acute bleeding (43, 53, 66-
69). Additionally, these coagulation tests have low 
predictive values for postoperative bleeding and 
transfusion needs. Only the preoperative deter-
mination of fibrinogen has a positive predictive 
value (PPV) of less than 20% and has shown to be 
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function analyzer can be helpful in the screening 
for patients with abnormalities of the primary 
hemostasis (63). ACT has a weak correlation with 
postoperative coagulopathy (4)

Implementation of POC tests in clinical 
practice, we can conclude these three situations (75, 
76).

The role of POCCT within transfusion algorithms

Evidence shows that implementing an algo-
rithm with restrictive transfusion triggers, which 
may be assisted with point-of-care coagulation 
tests, can reduce transfusion need (83) and improve 
patient outcome (2, 84). Görlinger and colleagues 
looked into studies that used transfusion protocols 
in cardiac surgery based on POCCT in comparison 
to conventional tests. Overall, they showed a 
reduction in transfusion needs in the POCCT group 
(2). A systematic review looked into the effect of 
viscoelastic tests (ROTEM, TEG and Sonoclot) 
on separate transfusion needs. Perioperative use 
of these tests could reduce the transfusion of red 
blood cells, fresh frozen plasma and platelets in a 
significant manner, as well as reduce perioperative 
bleeding and re-exploration (68). This could be 
confirmed by other studies (34, 85). 

In 2017 elaborate guidelines in PBM during 
adult cardiac surgery became available after 
meticulous literature search by and discussion 
between task force members of the EACTS/EACTA 
(25). The introduction of POCCT’s has led to the 
development of specific intraoperative algorithms 
to reduce blood transfusion in the management of 
perioperative bleeding. Several algorithms have 
been provided for the treatment of bleeding after 
cardiac surgery (2, 32, 63, 86). Görlinger and 
colleagues (63) described algorithms for POC-
based coagulation management in cardiac surgery 
before and after weaning from cardiopulmonary 
bypass. They advise the use of vertical or horizontal 
algorithms in the treatment of perioperative 
bleeding. The use of vertical sequenced algorithm 
is recommended over the horizontal, since the 
vertical gives the benefit of gradually adjusting the 
treatment. Recently, the society of cardiovascular 
anesthesiologists have reviewed an improvement 

and may possible predict the postoperative need for 
transfusion of fresh frozen plasma and platelets (79). 
However, CPB and protamine have been described 
to have an inhibitory effect the ADP test, which in 
turn can impair the predictive value of the test on 
perioperative bleeding. The suggestion is made to 
perform multiple activator tests and not only ADP 
to activate the coagulation to increase the predictive 
value of platelet function analyzers on bleeding 
during cardiac surgery (65).

The role of POCCT in the evaluation for peri-
operative coagulopathy 

Point-of-care coagulation tests have a high 
negative predictive value (NPV) and a low PPV in 
determining coagulation abnormalities (65, 75, 76). 
The high NPV indicates that perioperative coagulo-
pathy can be excluded as a reason for postoperative 
bleeding during cardiac surgery when POCCTs 
show no abnormalities. In that case the treatment 
plan is surgical reintervention and not ABT. A low 
PPV, on the other hand, indicates that in the presence 
of coagulation abnormalities postoperative bleeding 
doesn’t automatically coincides. Nevertheless, 
when microvascular bleeding is accompanied by 
abnormalities in POCCT’s, the bleeding may be 
due to hemostatic impairment and individualized 
substitution of coagulation factors should be 
administered (Table below) (79, 80). 

More specifically, evidence shows that the 
post bypass alpha angle has as a high NPV of 
82% and a PPV of 41% for excessive blood loss 
at 6 hours postoperatively (76). Clinical relevancy 
of the Quantra analyzer confirms a high negative 
predictive value for coagulation abnormalities and 
a low positive predictive value for postoperative 
bleeding (59). Other studies were not that conclusive. 
Lee and colleagues could find no predictive value 
of ROTEM in the prediction of chest drainage 
output (81). A systematic review by Corredor and 
colleagues found that TEG is poor in predicting 
postoperative bleeding, ROTEM has poor positive 
predictive values and for Sonoclot no correlation 
between the test results and postoperative blood loss 
could be found. Platelet mapping was only helpful 
in patients on aspirin and clopidogrel (82). Platelet 

Microvascular 
bleeding

Viscoelastic 
test

Evidence Action

No Impaired Low PPV No action required (No need for performing POC coagulation test)

Yes Normal High NPV Surgical reintervention necessary 

Yes Impaired Substitute coagulation factors or transfuse blood products according to ROTEM results
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advisory with and without the implementation of 
POC devices in the management of perioperative 
bleeding in cardiac surgery patients (86). Every 
hospital with a cardiac surgery program should 
acquire their own protocols based on existing 
algorithms, dependent on available tests in their 
respective centers.

Notably, TEG may also be helpful in 
establishing tailored discontinuation time for 
antiplatelet therapy. A small retrospective study 
found that more than half of the patients could 
undergo surgery sooner. This way, it is possible 
to reduce the days of inadequate prophylaxis (87). 
Evidence summarized by Petricevic and colleagues 
could confirm the possibility of using TEG platelet 
mapping to reduce waiting times before surgery in 
patients taking clopidogrel. They also propose an 
perioperative algorithm  using viscoelastic tests to 
guide perioperative management of bleeding for 
patients on antiplatelet therapy (88). 

The impact of the use of POCCTs in transfusion 
algorithms on mortality has not yet been confirmed. 
Although a meta-analysis and Cochrane analysis 
could not confirm a reduction on mortality (32, 
71, 89), a randomized controlled trial by Weber 
and colleagues could find a reduction in mortality. 
Hereby mentioning that their study was not powered 
to draw any conclusions on mortality (34). 

summary 

Since the cause of perioperative or postopera-
tive bleeding in cardiac surgery patients is multi-
factorial, the treatment should be individualized 
and goal-directed to substitute the right components 
in the right patients (92). Although evidence shows 
that implementing an algorithm with restrictive 
transfusion triggers and point-of-care coagulation 
tests to guide transfusion can reduce ABT to the 
absolute essential, improve patient outcome and 
reduce health-care costs (32, 34, 68, 93) in the 
management of bleeding after cardiac surgery, 
routine use of POCCTs is not recommended (90). 
When perioperative blood loss is low, routine use of 
POCCT is not beneficial (91)
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