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hemostasis

Vascular phase

Platelet phase

Coagulation phase

Fibrinolytic phase



Primary hemostasis
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Secondary hemostasis

Coagulation factors

Fibrinolytic pathway



hemostasis



hemostasis

DEPENDENT UPON:

 Vessel Wall Integrity

 Adequate Numbers of Platelets

 Proper Functioning Platelets

 Adequate Levels of Clotting Factors

 Proper Function of Fibrinolytic Pathway



hemostasis

 Endothelial and sub-
endothelial surface

 Platelet membrane and 
granules

 Tissue factor

 Contact activation

 Thrombin

 Fibrinogen

 Factor XIII

 Fibrinolysis
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coagulation testing

 Prothrombin Time

 Activated partial thromboplastin time (aPTT)

 Thrombin Time (Thrombin added to plasma, & 
time to clot measured)

 Fibrinogen

 Platelet Count

 D-dimer



Limitations of routine coagulation testing

• The number of platelets does 
not reflect the quality of 
platelet function

• Platelet function does not 
play a role in coagulation test

•PT/aPTT only evaluate the 
initiation of the clotting process

• Relatively long response time 

• No tests explore fibrinolysis

• Poor predictive power for 
bleeding during or after surgery

• Cannot assess the effect of 
hypothermia on hemostasis



Global tests of hemostasis

The long turn-around-time of the conventional coagulation assay
and the need of tests looking at the patient’s overall hemostatic
capacity, has prompted the development of ‘global assays’
including point-of-care tests (POCTs) which allow for a quick
bedside analysis of the patient’s coagulation condition.

 Viscoelastic assays
 Platelet function assays

Targets of POC coagulation management:

Time saving (Time is Life!)



Viscoelastic tests of hemostasis

• Thrombelastography was first described by Hartert (1948).

• The viscoelastic changes that occur during coagulation were
recorded, providing a graphical representation of the fibrin
polymerization process as well as the overall clot strength.

• Thrombelastograph (TEG) or thromboelastogram (ROTEM)
enable a complete evaluation of the process of clot initiation,
formation and stability, using whole blood or plasma.

• The advantage that the TEG/ROTEM offers is its bedside
capability to deliver within 30 min a representation of the sum
of platelet function, coagulation proteases and inhibitors, and
the fibrinolytic system.



Viscoelastic tests of hemostasis

TEG

ROTEM



Viscoelastic tests of hemostasis



Viscoelastic tests of hemostasis
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Viscoelastic tests of hemostasis
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Viscoelastic tests of hemostasis

Examples of (A) normal and (B) hypocoagulable ROTEM profile. 

A

B



Viscoelastic tests of hemostasis

Advantages Disadvantages
Bedside No information on primary hemostasis

Rapid, automated, and easy to perform 

(ROTEM® does not require pipetting)

No sensitivity for von Willebrand

disease

Whole blood, no requirements for sample 

preparation

No information for antiplatelet drugs

(aspirin/clopidogrel/anti GPIIb/IIIa)

Low sample volume (pediatric cups are also 

available)

No sensitivity for LMWH, fondaparinux, 

oral anticoagulants 

Quick results (5 minutes after the start) High inter-laboratory variability

Global and dynamic evaluation of coagulation 

process

Lacking of external quality control 

assessment

Different comparative analyses with multiple 

reagents and channels

No validated reference ranges for 

specific population

Rapid evaluation of the effects of 

replacement therapy

Reagents are quite expensive

Current general advantages and disadvantages of viscoelastic point-of-care tests 



Example of ROTEM-based perioperative algorithm

Annals of Cardiac Anaesthesia, 2014



Point-of-Care  Platelet  Devices

As the assessment of platelet function plays a crucial role in the management of severe 
bleeding, a masterfull ability to perform platelet function assays in a timely and efficient 
manner is mandatory. 

Indeed, the growing number of patients on antiplatelet drugs with the correlated increased 
bleeding risk, mainly during trauma or surgical procedures, has prompted the use of 
platelet function POCTs in perioperative settings to predict hemorrhages and manage 
prohemostatic therapies.

Platelet POCTs devices are based on different operating systems but the driving principle
remains the same. 

ROTEM plateletMultiplateVerifyNowPlateletworks PFA100



Point-of-Care  Platelet  Devices



Point-of-Care  Platelet  Devices

A B

C D

Examples of multiple electrode aggregometry (MULTIPLATE) platelet aggregation profiles: A: 
normal profile; B: subject taking aspirin; C: hyperaggregation profile; D: hypoaggregation profile. 



Patient blood management

The aim of patient blood management is to preoperatively
identify patients at risk and offer individualized therapy to
decrease the likelihood of transfusion, thereby improving
outcome, reducing side effects and overall costs.



Example of ROTEM- and Multiplate-
based perioperative algorithm in cardiac surgery



Complications of blood transfusion



Clinical applications of POCTs: assessing the evidence

 Cardiac Surgery

 Liver transplantation

 Trauma

 Post-partum Hemorrhage (PPH)



POCT and cardiac surgery

Coagulopathy in cardiac surgery



POCT and cardiac surgery - PROS



POCT and cardiac surgery - PROS



POCT and cardiac surgery - CONS



POCT and cardiac surgery - CONCLUSIONS

POCTs use in cardiac surgery significantly reduces overall transfusion rates, even

though evidence of a clear association between POCTs and reduced blood losses and

reduced morbidity/mortality has not been well established.

Despite a positive global recommendation by NICE (2014) on the monitoring of

hemostasis with POCTs in cardiothoracic surgery, a universally applicable transfusion

algorithm including optimal thresholds for the viscoelastic and platelet test

parameters, timing and relationship with conventional laboratory assays is not

available yet



POCT and cardiac surgery - CONCLUSIONS1
2



POCT and liver transplantation

Coagulopathy during liver transplantation



POCT and liver transplantation -PROS

Conclusion. Thromboelastography-guided transfusion decreases transfusion of FFP in 
patients undergoing orthotopic liver transplantation, but does not affect 3-year survival.

Material and Methods. Twenty-eight patients
undergoing OLTs were recruited over 2 years.
Patients were randomized into 2 groups: those
monitored during surgery using point-of-care
TEG analysis, and those monitored using
standard laboratory measures of blood
coagulation.



POCT and liver transplantation -PROS



POCT and liver transplantation -CONS

 A Cochrane review which included 33 trials involving 1913 patients concluded that
thromboelastography groups may potentially reduce blood loss and transfusion
requirements during liver transplantation.

 Evidence is based on clinical trials that are small sized and with high risk of bias (only 2
trials assessed the outcome of thromboelastography-versus non
thromboelastography-driven, 31 vs 31 patients).

 Only a borderline significant lower allogeneic blood transfusion requirement in POCTs
driven-group. There were no significant differences in the blood losses, hospital or
intensive care unit stay and mortality in the comparison.



POCT during liver transplantation- CONCLUSIONS

In end-stage liver disease, viscoelastic tests have shown a better correlation with the

bleeding tendency than classical coagulation tests and have been proven to

adequately predict severe thrombocytopenia and hypofibrinogenemia.

ESA Guidelines recommend perioperative coagulation monitoring using ROTEM/TEG

for a targeted management of coagulopathy during liver transplantation with a grade

1C. Implementation of TEG/ROTEM-based transfusion and coagulation management

algorithms can reduce transfusion rates and transfusion-associated costs.



POCT and trauma

Coagulopathy in trauma



POCT and trauma - PROS

The ECS protocol must be considered as part of a comprehensive damage resuscitation control
strategy.
The introduction of the ECS protocol in two Italian trauma centers was associated with a
marked reduction in blood product consumption, reaching statistical significance for plasma
and PTL, and with a non-significant trend toward a reduction in early and 28-day mortality. The
overall costs of transfusion and coagulation support (including POC tests) decreased by 23%



POCT and trauma - PROS



POCT and trauma - CONS

There is currently insufficient evidence to recommend the routine adoption of
viscoelastometric point-of-care testing to help detect, manage and monitor hemostasis
in the emergency control of bleeding after trauma and during postpartum hemorrhage.

Research is recommended into the clinical benefits and cost effectiveness of using
viscoelastometric point-of-care testing to help in the emergency control of bleeding
after trauma or during postpartum hemorrhage.



POCT and trauma - CONS

Three studies were included in the final analysis. All three studies used ROTEM as the 
test of global hemostatic function, and none of the studies used TEG. 



POCT in trauma - CONCLUSIONS

The current best strategy recommended for the management of bleeding and

coagulopathy in trauma is the early and repeated monitoring of coagulation, using

either a traditional laboratory determination and/or a viscoelastic method.

Moreover, resuscitation should be continued using a goal-directed strategy guided by

standard laboratory coagulation values and/or viscoelastic tests. The POCTs benefit in

trauma is currently unclear. Their use significantly reduces transfusion requirement

and costs but impact on reducing bleeding, morbidity and mortality is still

controversial.



POCT in trauma - CONCLUSIONS



POCT and in post-partum hemorrhage

Coagulopathy in post-partum hemorrhage



POCT and PPH- CONCLUSIONS

Thromboelastometry allows for close monitoring of fibrinogen levels in plasma over

the course of a major obstetric hemorrhage.

However, although viscoelastic assays appropriately depict coagulation changes and

may allow early goal-directed decisions, there have been very few studies assessing

the benefit of using TEG/ROTEM to guide hemostatic resuscitation during PPH,

rendering an evidence-based recommendation about their use in this setting

premature.



Thrombin generation test

Plasma

TF / phospholipids

CaCl2 / fluorogenic (chromogenic) substrate
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WHOLE BLOOD 

ROTEM –TEG

WHOLE BLOOD 

AGGREGOMETRY

WHOLE BLOOD 

THROMBIN 

GENERATION

EQUIPMENTS AVAILABLE AVAILABLE NOT AVAILABLE

STANDARDI

ZATION

NO NO NO

LEVEL OF 

EVIDENCE 

FROM THE 

LITERATURE

STILL LOW 

(case series, 

retrospective studies, 

no RCT)

VERY LOW 

(case series)

NO

RATIONALE FOR 

USE

YES YES YES

DIFFUSION IN 

ICU, ER, OT

(EUROPE)

INCREASING LIMITED NO

MAIN USERS ANESTHESIOLOGISTS

, SURGEONS, 

HEMATOLOGISTS

ANESTHESIOLOGISTS

HEMATOLOGISTS

COAGULOLOGISTS

HEMATOLOGISTS

POCs IN THE MANAGEMENT OF SEVERE BLEEDING



CONCLUSIONS -PROS

 Our understanding of the pathophysiology of the complex world of
coagulopathy in different clinical settings as well as the bleeding-related
coagulopathy has improved greatly in recent years.

 Currently, a POCTs-based bleeding management strategy using ROTEM or
TEG devices has proven more effective in reducing red blood cells, platelet
and fresh frozen plasma transfusions than traditional coagulation tests-
based.

 Moreover, cost-effectiveness analyses indicated that POCTs are cost-saving
compared with classical coagulation tests or blinded management.

 The importance of POCTs for coagulation monitoring in bleeding is evident
and recommended by current guidelines.



CONCLUSIONS -CONS

 Conversely, the currently available data do not show an improvement of
clinical outcomes such as actual blood loss containment, re-operation,
length of hospital or intensive care unit stay and overall mortality related to
POCT use.

 Evidence needs to be corroborated through large clinical trials to find a
consensus on the appropriate tests, the optimal moment to perform them
and the cut-off considered for corrective measures.

 Finally, reference ranges need to be validated and internal and external
quality controls implemented.
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