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•  Coagulation Disorders Unit, Helsinki 

•  Coagulation disorder 
– Hemostasis & Thrombosis 
– Clinical investigation 
– Laboratory investigation 



Coagulation Disorders 

24/7 consultations 
bed-side consulations 
out-patient clinic 
preoperative assessment 
 
 
interpretation, decisions 

   
 
bleeding: hemophilia A and B, VWD 
thrombophilias 
anticoagulation 

 

24/7 tests, point-of-care 
routine tests,  
test panels (thrombophilia, bleeding), 
platelet function  
 
 
interpretation, Rotem, blood bank 

  
 
replacement monitoring: FVIII, FIX, VWF 
anticoagulation: INR, APTT, Anti-FXa, Dabi, 
Riva, Apixa 
 

 

DIAGNOSTICS: ACUTE & ELECTIVE 
 

TREATMENT: ACUTE & ELECTIVE 
 

MONITORING OF TREATMENT: ACUTE & ELECTIVE 

CLINIC                       LABORATORY 



Coagulation Disorders Unit, Helsinki  
EUHANET CCC center 

HUSLAB & HUS Hematology 

•  Lotta Joutsi-Korhonen, MD, PhD 
•  Jari Leinonen, chemist 
•  Timea Szanto, MD, PhD 
•  MD / chemist in training 
•  specialised lab technicians: 

 Liisa Tulikallio, Jaana Perholehto, Marja 
Lemponen, Kirsi Karjalainen, Juulia Toikka 

•  routine and on-call analytics 

•  Riitta Lassila, prof  
•  Elina Armstrong, MD, PhD 
•  Kirsi Laasila, MD 
•  MD in training 
•  Anne Mäkipernaa, pediatrician 
•  Heidi Asmundela, nurse 
•  Maria Patronen, nurse 
•  Research nurse 

CLINIC                      LABORATORY 



LABORATORY 
BLOOD BANK 

Pediatrics 

 
Anesthesiology 

 

Orthopedics 
Physiatry 

Physiotherapy 

Emergency 

Surgery 

Gyn 
Obstet 

 
Oncology 

 

Hematology 

COAGULATION 
CLINIC 

Coagulation Disorders  
TEAM WORK between CLINIC & LABORATORY  

Cardiology 

Neurology 



•  Coagulation Disorders Unit, Helsinki 

•  Coagulation disorder 
– Hemostasis & Thrombosis 
– Clinical investigation 
– Laboratory investigation 



Hemostasis & thrombosis 

blood cells 
and components 

flow 

vessel 
wall 

•  Local pathological process 
–  Endothelium 
–  Platelet count and function 
–  Coagulation factors 
–  Fibrinolysis 

•  ACUTE and CHRONIC 
(ELECTIVE) 

•  Preanalytical factors 



PRIMARY HEMOSTASIS 
platelets, 
von Willebrand factor,  
red blood cells 

COAGULATION 
factors 

FIBRINOLYSIS 

fibrin 

collagen 
endothelium 

prothrombin thrombin 

fibrinogen 

FIX 
FVIII 

FVa 

Plasminogen 

Hemostasis 

fibrin 



Therapies affecting coagulation 

 
 

fibrin 

collagen 
endothelium 

prothrombin thrombin 

fibrinogen 

FIX 
FVIII 

FVa 

plasminogen 
 

ASA 
ADP receptor blockers 
dipyridamole 

warfarin 

UFH 
LMWH 
danaparoid 
fondaparinux 
rivaroxaban 
apixaban 

tPA 
streptokinase 

lepirudin 
bivalirudin 
(argatroban) 
dabigatran 

AT 
PC 

Platelets 
Red blood cells 

desmopressin 
VWF 

Fresh frozen plasma 
PCC 

Vitamin K 

FVIII 
FIX 
Feiba 
FVIIa 
 

Tranexamic acid 

FXIII 



PRIMARY HEMOSTASIS 
Platelet count & function 
(PFA, Multiplate)  
Red cells (Hb) 
 
VWF (activity, antigen) 

COAGULATION 
TT / INR, APTT, 
thrombin time 
Fibrinogen, VIII, FIX 
II, V, VII, X, XI, XII, XIII 
AT, PC, PS 
FV and FII mutations 
 
 
 
   VIII, IX 

FIBRINOLYSIS 

fibrin 

collagen 
endothelium 

prothrombin thrombin 

fibrinogen 

FIX 
FVIII 

FVa 

Plasminogen 
 

D-dimer 

Laboratory tests of hemostasis 

fibrin 

FXIII 

TEG/ROTEM 



•  ACUTE:  D-dimer 

•  ELECTIVE: thrombophilia testing if  
 young VTE (venous thromboembolism) patient (<50 yrs), recurrent or 
 unprovoked VTE, VTE in unusual site, both arterial and venous thrombosis, 
 strong family history, recurrent miscarriages  

 
   Thrombophilia panel (inherited or acquired): 

–  FV (FV Leiden) and prothrombin gene (F2G20210A) mutation  
–  deficiency of antithrombin, protein C, protein S 
–  phospholipid antibodies: lupusanticoagulant, anticardiolipin, 

anti-B2GPI antibodies 
–  elevated FVIII activity 
–  dysfibrinogenemia  

Laboratory evaluation of  
the thrombotic risk 

Palareti et al, Circulation 2003. Bruinstroop et al, J Thromb Haemost 2009. 
Favaloro, Sem Thromb Hemost 2010.  



Evaluation of the bleeding risk 

Bleeding history questionnaire 
 
Other diseases: 

•  renal dysfunction 
•  liver function 
•  alcohol consumption 
•  vit K def 
•  hypertension 
•  vascular defects 

 
Drugs: anticoagulation, 
antithrombotics, NSAID, SSRI  
 
 

Screen / exclude: 
•  Anemia: Hgb, Hkr 
•  Thrombocytopenia: Platelet count 
•  Renal dysfuntion: Crea, GFRe 
•  Liver disease: PT, ALAT, AFOS, Bil 
•  Coagulation defect: PT, APTT, Fibr, 

Thrombin time 
•  anticoagulation: INR, APTT, Anti-FXa, 

Trombai, Dabi, Riva, Apixa 
•  platelet defect: PFA, Multiplate 
•  antiplatelet therapy: PFA, Multiplte, 

VerifyNow 

Bleeding panel: 
vWF:Act, vWF:Ag, coag factors (Fibr, V, 
VII, VIII, IX, X, XI, XII, XIII) 

CLINICAL         LABORATORY 
 

Bleeding assessment tool, ISTH (Tosetto).  Bleeding risk index. Aspinall, J 
Gen Intern Med 2005. Gaarder et al, Scand J Surg 2008; Levi et al, 2011.  





Laboratory tests of the bleeding disorder 
(NASCOLA: North American Specialized Coagulation Laboratory Association) 

-  aim: to assess diagnostics of 
bleeding disorders in different 
labs  

- survey for 81 labs, participated 
31/81 (38%) 

- all labs: 
•  PT/INR  
•  APTT 
•  II, V, VII, VIII, IX, X, XI 
- other tests:  
•  Fibrinogen 
•  Thrombin time 
•  VWF:Ag 
•  D-dimer 
•  platelet aggregation 
•  vWF:Act 
•  XIII 
•  PFA… 

Hayward C et al. Am J Hematol 2012 



Hereditary and acquired bleeding disorders 
Clinical and laboratory diagnostics 

HEREDITARY  
von Willebrand disease (VWD) 
3 different types (type 2 subtypes) 
•  vWF activity (low) and antigen, FVIII activity  
•  platelet count, PFA (bleeding time), VWF multimers, ristocetin-induced 
platelet aggregation, genetics 
 
Platelet defects 
•  platelet count, morphology, platelet function 
•  genetics 
 
Hemophilia A and hemophilia B 
severe – moderate - mild   
•  APTT, FVIII or FIX activity low, genetics 
•  platelet count , PT and PFA normal 
 
 
ACQUIRED 
• Diseases: hepatic or renal disease, infection, hematological disease, hypertension, 
anemia, DIC, malignancy, autoimmune disease, vascular disease…  

• Drugs: warfarin, heparins, dabigatran, rivaroxaban, apixaban, anti-platelet drugs 
(ASA, ADP receptor blockers), NSAID, SSRI, omega-3... 



•   Coagulation factor replacement therapy  
•  FVIII, FIX, VWF, FXIII 
•  On demand vs prophylaxis 

•   DDAVP (desmopressin)  
•  releases VWF from endothelium (FVIII increases) 
•  releases tPA – increased fibrinolysis 
•  individual differences in responses, response should be tested 

  
•  Antifibrinolytics, tranexamic acid 

•  often in combination with desmopressin or with coagulation factor  

•  blood management 

Hereditary bleeding disorders 
Management 



Patient management  
Preparing for BLOOD TRANSFUSIONS 

1.  Possible requirements for special blood products  
–  e.g. antibodies 
  

2.   Samples before transfusion – patient identification 
–  ABORh blood group (if not done earlier) 
–  crossmatching, antibody detection 

3.  Ordering for and issueing the blood components 
–  preparation times 

•  lab testing 
•  RBC: emergency release  
•  delivery  

 
Close communication with hospital blood bank 



 
Prothrombin time ! 
TT% " 
INR ! 
(Quick vs Owren) 
  

Coagulation screening tests 

 
APTT ! 
 
•  hemophilia (VIII, IX) 
•  acute severe bleeding 
•  severe VWD 
•  liver dysfunction 
•  heparin  
•  oral anticoagulants  
•  DIC 
•  lupus anticoagulant 

 
  
•  acute bleeding 
•  warfarin 
•  oral anticoagulants 
•  vit K deficiency 
•  liver dysfuntion 
•  factor deficiency 



Platelet function analyzer 
PFA® 

PFA® cartridge Vessel injury 

collagen 

agonist 

flow 

platelet plug 

Collagen/adrenaline: 82-150 s 
Collagen/ADP: 62-100 s 
 
Indications: 
Primary hemostasis and platelet function (in virto 
bleeding time): VWD, platelet defects, ASA (anti-platelet drugs)  



Multiplate®   
Multiple Platelet Function Analyzer 

 
•  platelet aggregation 
•  whold blood 
•  agonists: 

•  Ristocetin 0.77 and 0.2 mg/ml 
•  ADP 6.5 uM 
•  ASPI (aracidonic acid) 0.5 mM 
•  TRAP 32 uM 
•  collagen 3.2 ug/ml 

Indications: 
platelet defect, anti-platelet drugs, VWD 
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Toth et al. Thromb Haemost 2006;96:781-8. 
Scharbert et al. Anesth Analg 2006;102:1280-4. 
Seyfert et al. Platelets 2007;18(3):199-206. 



Trauma-associated coagulopathy 

Cut vessel 
Tissue trauma: 
     - plt & coagul factor consumption 
           -hyperfibrinolysis 

Pre-existing disorders: 
acquired, inherited  

BLOOD LOSS 

hypothermia, 
acidosis, 
hypocalcemia 

Hardy et al, Vox Sang 2005;  Kozek-Langenecker, 2007. 

Fluid resuscitation: 
dilution 



•  Coagulation defects 
–  Consumption 

§  Acquired: anticoagulation, liver disease, vit K def 
§  Inherited: VWD, hemophilia, other factor def 

•  Thrombocytopenia, platelet function defects 
–  Activation and consecutive exhaustion of platelets, consumption 

§  Acquired: antiplatelet drugs, renal or hepatic insufficiency 
§  Inherited  

 
•  Anemia, low hematocrit (<30%)  

–  RBCs contribute to the margination of platelets against the vessel 

Coagulopathy in surgery/trauma/
bleeding 

Gando ym., Crit Care Med 1992; Quaknine-Orlando et al., Anesthesiol 1999;  
Lynn ym., Intens Care Med 2002. Rohrer ym., Crit Care Med 1992. 



real-time, whole blood measurements  
⇒  measures clot formation and dissolution  
⇒  identifies coagulopathies secondary to dilution, 

consumption, deficiencies, hyperfibrinolysis 

Johansson P. Curr Opin Anesthesiol 2012.  

CT = Clotting Time (sec)

CFT = Clot Formation Time (Sec)

α- angle (°)

MCF = Maximum Clot Firmness (mm)

è Clot Quality

Maximum Lysis (%)

Clotting 
time    kinetics  strength        lysis 

Viscoelastic hemostatic assays 
Thromboelastography TEG® or rotation thromboelastometry ROTEM® 

 
 



Coagulation disorders: 
summary 

§  ACUTELY: Conventional coagulation labs (i.e. PT/INR, APTT, 
Fibr, Hb and platelet count) are useful - especially 24/7 

§  More global, real-time measurement of hemostasis (blood 
cells, coagulation, fibrinolysis) is desirable 

§  ELECTIVELY: Lab test panels (thrombophilia, bleeding) help to 
assess the risk  

§  Expertise is needed in order to diagnose, treat and manage 
patients – both in the clinic and lab 

§  Clinical and laboratory assessment as well as communication 
between with the clinic, the lab and the blood bank are 
needed 

blood cells 
and components 

flow 

vessel 
wall 



Thank you! 


