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THE PRE-REQUISITE: A BLEEDING PATIENT

• The PPV of point-of-care or standard coagulation
tests is very poor (< 10%) for prediction of bleeding

• Therefore, routine application of these tests and 
the consequent algrothms should be avoided

• Tests and algorithms should be applied only in:
a) Patients at very high risk of bleeding due to their

characteristics (drugs on board; low platelet count; 
known coagulopathy) or to the procedure (aortic
dissection, very complex surgery)

b) Evidence of microvascular bleeding in the OR
c) Evidence of excessive chest drain blood loss in the 

ICU



THE CORRECT WAY: A STEP-BY STEP RULE OUT

• The NPV of point-of-care tests is very high: > 95%
• Therefore, instead of ruling in the different 

bleeding causes, a ruling-out approach should be 
followed

• Vertical algorithms run better than horizantal ones
• The order of approach to the different bleeding 

causes is important, and depends on (a) the easiness 
of the therapeutic approach and (b) the probability 
of the different causes (i.e. platelet dysfunction 
more likely than low coagulation factors) 



BLEEDING PATIENT

Viscoelastic and standard coagulation tests

Check residual
heparin (difference
in reaction times)

Additional
protamine

Check platelet
count and function

Platelet transfusion
Desmopressin

Check fibrinogen
level (FF or 

FIBTEM or Clauss

Fibrinogen
concentrate or 

cryoprecipitate or 
FFP

Check thrombin
generation 

(reaction times)

PCCs or FFP or 
rFVIIa in extreme

cases

Exclude
hyperfibrinolysis
(clot lysis index)

Tranexamic acid 
Ε-aminocaproic

acid







A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Rule-out
residual 
heparin

Yes
Protamine 

supplementation

No

Proceed to step 2



Heparinase cup

Standard cup

FORGET THE ACT



A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Yes
Platelet 

concentrate 
transfusion and/or

DDAVP

No

Proceed to step 3

Rule-out
low platelet 

count/function



Cardiac Surgery Intraoperative Targeted Transfusion Algorithm 
Non‐TEG/ROTEM directed 

Excessive microvascular bleeding in the field 

Consider: Anti‐fibrinolytics, ANH, mini‐circuits, retrograde autologous priming, or ultrafiltration and the use of red cell 
salvage using centrifugation
Before coming Off CPB: measure Hb, platelet count, fibrinogen level and heparin‐corrected INR

Re‐send labs:
ACT, Hb, PLT, INR, Fibrinogen

Surgical re‐exploration
or rFVIIa (20‐40mcg/kg)

If excessive bleeding persists

Transfuse RBC to Hb
7.5 g/dl

Transfuse PLT to PLT > 
50,000 μ/L

or hemostasis

Transfuse FFP 10‐15 ml/Kg
or “low dose” PCC*

Consider DDAVP 
0.3 mcg/kg, if poor 
kidney function or 
PLT dysfunction

Transfuse cryoprecipitate 
to fibrinogen > 200 mg/dl 
or fibrinogen concentrate**

Transfuse to hemostasis
goal: Hb > 7.5 g/dL
PLT >100.000 μ/L

Fibrinogen > 200 mg/dl
INR < 1.5

Check heparin level 
to guide additional 

protamine

Hb < 7.5 g/dL PLT< 50,000 μ/L INR > 1.5 Fibrinogen < 200 mg/dl ACT > baseline 

Abnormal Labs 
Normal 
Labs

Check and optimize:
T > 360 C
pH> 7.2
iCa > 1.0 mmol/L
Hb > 7.5 g/dl 

Check and optimize:
T > 360 C
pH> 7.2 
iCa > 1.0 mmol/L
Hb > 7.5 g/dl 

If INR > 2 and/or  
RV failure, 

consider PCC**

* Exact dosage has not 
been defined
** Where available and 
approved for use

Blood Conservation CPI Committee

JUST COUNT!

DYSFUNCTION?





NO CUT-OFF
VALUES



ONLY COUNT





COUNT ONLY
NO CUT-OFF

VALUES





Normal reference for TEG

Standard TEG

Functional fibrinogen



Standard TEG

Functional fibrinogen
Normal reference for FF

Platelet 
Contribution?

FALSE: roughly indicative of count, not of function
because thrombin (kaolin-dependent) always activates platelets



MCF 49
Range (50-72)

MCF 6
Range (9-25)

EXTEM

FIBTEM



ROTEM EXTEM



A normal Rotem-Fibtem









MULTIVARIABLE ANALYSIS

Platelet count and ADP-dependent platelet
function are independently associated with
PCSel

Platelet count explains 36% of the PCSel 
variance, Platelet function explains 14%

Overall, the model explains 50% of the 
PCSel variance



DISCRIMINATION (AUC) FOR LOW PLATELET COUNT (< 100,000)
OR FUNCTION (ADPtest<12 U) IS VERY GOOD (0.837)



QUANTRA Hemostasis Analyzer
Point-of-Care Coagulation Monitoring

Dr. Ekaterina Baryshnikova, Biol.PhD

San Donato Milanese, Italy



Results display: the dial view



Our study

30 patients undergoing cardiac surgery (any kind)

QUANTRA compared with ROTEM, Multiplate and standard lab

2 time points:

PRE (after induction, before incision)

POST (after heparin reversal)

 NO/weak correlation of Qplus CT and INTEM CT/aPTT











Platelet Contribution related to ADP platelet function?

independently associated at multivariable analysis



PLATFORM
• Prospective cohort study
• Registered at Clinicaltrials.gov
• Adult patients
• 1-year data collection
• Exclusion: emergency surgery; unwillingness 

to participate; unavailability of reagents; 
unavailability of study staff

• Externally funded by Roche Diagnostics



PLATFORM

PATIENT POPULATION:
494 subjects

DEFINITIONS:
Bleeding: chest drain blood loss 12-hours
Excessive Bleeding: according to the 
UDPB, > 1,000 mL/12 h and/or surgical 
revision



Measurements
• aPTT, INR, Platelet count the day before 

surgery
• aPTT, INR, fibrinogen (Clauss), Platelet count 

at the arrival in the ICU
• ADPtest and TRAPtest MEA (Multiplate) 

preoperatively, in the OR
• ADPtest and TRAPtest MEA (Multiplate) 

post-protamine, in the OR





EXCESSIVE BLEEDING



EXCESSIVE BLEEDING



AUC ADP: 0.716
AUC TRAP: 0.630



CUT-OFF 
VALUE

(U)

PPV NPV

4 27.7 88.2
6 33.8 89.4
8 41.7 89.6

10 36.0 90.4
12 34.7 92.2
14 30.6 92.8
16 27.9 93.8
18 23.2 94.0
20 20.7 93.9

POST-PROTAMINE ADPtest
Rate of events: 8.3%



A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Yes
FIBRINOGEN

CONCENTRATE
SUPPLEMENTATION

No

Proceed to step 4

Rule-out
low fibrinogen 

levels



POSTOPERATIVE

• Should we supplement with fibrinogen the 
patient after CPB?

• If yes, when (trigger value?)
• If yes, to reach what level (target value?)
• If yes, how much?



Fibrinogen deficiency

• Due to dilution and consumption
• Rare in routine cardiac surgery
• Factor activity becomes critical below 30%
• More common in long (> 2 hours) pump run
• Associated to extensive use of cell-saver
• Common in aortic surgery 
• Common in aortic dissection
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Fibrinogen ICU (mg/100 mL)
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FIBTEM post-dosing (mm)
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Fibrinogen
0.77

FibTEM
0.73

PREDICTION FOR SEVERE BLEEDING (> 1,000 mL)

CUT‐OFF VALUES:  Fibrinogen 285 mg/100 mL  Sensitivity 80%, Specificity 65%
FIBTEM 13.5 mm Sensitivity 80%, Specificity 72%







Trigger

Target



Fibtem 4

Fibtem 14

FIBTEM INCREASE: 10 mm



Fibtem 6-7

Fibtem 14

IN THE BLEEDING PATIENT……





A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Yes
PCC supplementation 
(better 4-factors)

rFVIIa (life-
threatening bleeding)

No

Proceed to step 5

Rule-out
low soluble 
coagulation 

factors levels



Factors deficiency

• Due to dilution and consumption
• Rare in routine cardiac surgery
• Factor activity becomes critical below 30%
• More common in long (> 2 hours) pump run
• Associated to extensive use of cell-saver
• Common in aortic surgery 
• Common in aortic dissection







Factors deficiency

• LEADS TO DECREASED THROMBIN 
GENERATION



FACTORS ACTING BEFORE 
THE GEL POINT

Everything acting before the GEL POINT is directly
or indirectly related to a poor thrombin generation or
direct thrombin inhibition

• Congenital coagulation disorders

• Poor liver synthesis/consumption

• Heparin

• Warfarin

• Direct thrombin inhibitors





FACTORS ACTING BEFORE 
THE GEL POINT

Everything acting before the GEL POINT is directly
or indirectly related to a poor thrombin generation or
direct thrombin inhibition

• Congenital coagulation disorders

• Poor liver synthesis/consumption

• Heparin

• Warfarin

• Direct thrombin inhibitors





FACTORS ACTING BEFORE 
THE GEL POINT

Everything acting before the GEL POINT is directly
or indirectly related to a poor thrombin generation or
direct thrombin inhibition

• Congenital coagulation disorders

• Poor liver synthesis/consumption

• Heparin

• Warfarin

• Direct thrombin inhibitors



WARFARIN



Warfarin 36 
hours



PCCs 25IU/Kg



FACTORS ACTING BEFORE 
THE GEL POINT

Everything acting before the GEL POINT is directly
or indirectly related to a poor thrombin generation or
direct thrombin inhibition

• Congenital coagulation disorders

• Poor liver synthesis/consumption

• Heparin

• Warfarin

• Direct thrombin inhibitors











A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Yes
TRANEXAMIC ACID

FIBRINOGEN 
CONCENTRATE

No

Proceed to step 6

Rule-out
hyperfibrinolysis





320 U/ml

160 U/ml
80 U/ml

UKIF-TEG
our experience

UKIF-TEG MA not comparable to C - MA

low susceptibility

Application to clinical setting is to be determined



A VISCOELASTIC TESTS-BASED ALGORITHM (TEG-ROTEM)

Yes
GO-ON WITH 
HEMOSTASIS

RE-EXPLORATION

No

Other causes

Rule-out
surgical 
sources


