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Definitions



Haemostasis

 Critical & normal 
sequential process 

to stop bleeding 
and prevent blood 

loss following 
vascular injury



Coagulopathy A pathologic condition that affects the ability of the 
blood to coagulate | clot
            Mosby's Medical Dictionary, 8th edition. © 2009, Elsevier.



Blood Transfusion
Process of transferring blood 
into another’s circulation, 

to replace and resupply the 
properties and functions lost 





Transfusion is underpinned by

Patient Safety 

Te haumaru o te tūroro

 

Traceability 

Te whai i te whai

Custodianship

 Kaitiakitanga



Fundamentals of Haemostasis



Haemostasis- the major forces

Tissue Injury 
exposes collagen

1. 

Vasoconstriction

2. 

Platelet 
Activation

3. 

Coagulation 
Cascade 

Activation

4. 

Fibrinolysis

Primary 
Haemostasis Secondary 

Haemostasis

Image. Johns Hopkins Medicine. 2024.

https://www.hopkinsmedicine.org/health/conditions-and-diseases/what-are-platelets-and-why-are-they-important


Trigger → tissue injury → exposes collagen



1. Vasoconstriction
    = Primary Haemostasis



1; slows the bleed, temporary measure



2. Platelet Activation 
     = Primary Haemostasis 

Image Credit (magnification x 7000 @ 10cm wide)
STEVE GSCHMEISSNER / SCIENCE PHOTO LIBRARY

https://www.sciencephoto.com/contributor/sgs/
https://www.sciencephoto.com/contributor/sgs/
https://www.sciencephoto.com/contributor/sgs/


Mechanism of platelet adhesion and thrombus formation at sites of... | Download Scientific Diagram (researchgate.net)

https://www.researchgate.net/figure/Mechanism-of-platelet-adhesion-and-thrombus-formation-at-sites-of-vascular-injury_fig1_260000831


Exposure of sub-endothelial collagen + Platelet Rolling

Platelet Adhesion via vWF

Platelet Release Reaction: Activation

 Thromboxane A2                                                                  Platelet phospholipid                                         

         ADP

                                  Thromboxane A2

  

Increased                                                    Clotting cascade

Vasoconstriction                                                  enhanced

Further clumping/aggregation

Clot stabilized

https://www.sciencedirect.com/science/article/abs/pii/S1472029915002702



2. Forms the plug, not 
the final action



3.Coagulation Cascade Activation 
   = Secondary Haemostasis

Source: Human Blood Cells and Fibrin Network › Micronaut: The fine art of microscopy by science 
photographer Martin Oeggerli



Accelerators 

(pro-coagulants) 

& 

Brakes 

(anti-coagulants)





12 factors, whom identify as Roman
Calcium (FIV | factor 4) required to activate factors → II, VII, IX, X*

a lack of calcium directly impacts the cascade, (consider MTP/MHPs)

*Factors 2, 7, 9, 10 are the vitamin K dependent factors, 

  aka, the prothrombin complex factors

Factor X  (10) is the crossroads of the two paths

Prothrombin (FII or 2) activates Thrombin (FIIa or 2a)

Thrombin (FIIa) further activates factors:

•  V (5), VII (7), VIII (8), XI (11), XIII (13)

Fibrinogen (FI or 1) activates Fibrin (FIa), crosslinks form, form a net



Coagulation factors activated to produce pieces of fibrin

Strands of fibrin form a fibrin net to consolidate the primary platelet plug 



Activated Platelets 
and RBC in a Fibrin 
Mesh, [coloured 
scanning electron 
micrograph (SEM)]

Image Credit (magnification x 1150 when printed @10cm wide) ANNE WESTON, EM STP, THE FRANCIS CRICK INSTITUTE / SCIENCE PHOTO LIBRARY

3. Builds a fibrin net forms a stable clot,              
to stop a bleed

https://www.sciencephoto.com/contributor/fcr/
https://www.sciencephoto.com/contributor/fcr/
https://www.sciencephoto.com/contributor/fcr/


Balancing act,

halt clot to emboli



4. Fibrinolysis

• D-Dimers & fibrin(ogen) degradation products 



4, cleans up the clot



Haemostasis- the major forces

Tissue Injury 
exposes collagen

1. 

Vasoconstriction

2. 

Platelet 
Activation

3. 

Coagulation 
Cascade 

Activation

4. 

Fibrinolysis

Primary 
Haemostasis Secondary 

Haemostasis



In clinical practice



Give 'GOLD'
for haemostasis 

Give 'RED' 
for tissue 
oxygenation



Thrombocytopenia

Platelet dysfunction







Prepare at room temp
Swirl don’t shake

Don’t rely on muscle memory, follow the steps
Administered as IV injection – no mixers!

Blood traceability is needed



Testing Coagulation



Haemostasis 
Assessment 

Context!

Coagulation screen 
provides insight into haemostatic function

Consider in context with  full blood count and 

blood film (platelet number and appearance)





Prothrombin 
Time (PT)  

& INR

Essentially a test of the efficiency of the extrinsic 
path in addition to factors V, X, prothrombin 
and fibrinogen

• Blue top (citrate)

• Reference range  7.6 – 10 seconds
                                                                                                                           
Hoffbrand, et al, 2019

  = the PT value varies across labs, dependent on the  
reagents / test kits they use

To give consistent PT from laboratory to laboratory 

the WHO instituted the International 
normalized ratio (INR) 

• Normal INR = 1



PR= prothrombin ratio

Some labs use the PR, not 
measured in time but is a ratio of 
the persons PT against the labs 
normal value for a PT, this varies 
by lab

Where do you see it? 

In the national MHP as a value



APTT 
(Activated Partial 

Thromboplastin 
Time) Measures overall efficiency of the intrinsic path 

(factors VIII, IX, XI, XII) & factors X, V, 
prothrombin, & fibrinogen

• Blue top (citrate)

• Reference range 29.0 – 41 seconds
                                                                       Hoffbrand, et al, 2019



TCT or TT 
(Thrombin 

Clotting Time)
Measures rate of converting fibrinogen to fibrin 

• Blue top (citrate)  

• Reference range 11 – 18 seconds
                                                                                                                             
Hoffbrand, et al, 2019



Fibrinogen
Measures the amount of fibrinogen (Factor I) 

circulating in the blood

• Normal plasma fibrinogen level range of 2.0–4.5 g/L 

• The critical plasma fibrinogen level in haemorrhage is 

approximately 1 g/L 

•              obstetric haemorrhage, alarm at 2 g/L



D-Dimers
FDPs Measures fibrinolysis

•D-Dimers are released into the circulation when 

cross-linked fibrin is broken down by plasmin 

•FDPs [fibrin(ogen) degradation products] are parts of 

the non-cross-linked fibrin or fibrinogen molecules 
that have been broken down



Normal coag. function

Slowed coag. function



Common causes of abnormal coagulation tests

• Warfarin, liver disease, vit k deficiency, DIC

INR | PT | PR

• Heparin, haemophilia, vWD, DIC, liver disease

APTT

• DIC, liver disease, heparin

TT



APTT (Activated 
Partial 

Thromboplastin                                                  

The APTT is used commonly for routine monitoring of heparin

But, the ACT (activated clotting time) is a rapid point of care 
test in specialized scenarios requiring large heparin doses, to 

determine how well heparinised a patient may be 

        

Clinical setting: cardiac bypass surgery, angioplasty, dialysis.

Measured in seconds, noting the longer the time the 
higher the degree of anticoagulation

Reference range 

70- 120 seconds (normal, no heparin)

180-240 seconds (time to clot with heparin / therapeutic)

                                                                       Uni Rochester, 2023



Other Tests?

• Bleeding time: test for abnormal platelet function
• Controlled incision and observed time to stop bleeding

• Tests of platelet function
• special requests (blue top)

• Specialized clotting factor assay 
• special requests, lab specific  

• TEG (thrombo-elastography) or ROTEM
• hospital specific to access, require know-how to interpret



https://www.e-jnc.org/upload//thumbnails/jnc-190086f1.gif





Massive Haemorrhage 
& assorted coagulopathies



People who:

lose more than 30% of their blood volume 

and have 

rapid on-going blood loss 

are at an increased risk of 

haemorrhagic shock 

and 

coagulopathy 

with 

life-threatening  consequences



Know the EBV Rule               context: 30%

• 70kg male: 5.75 L

• 3kg neonate: 285 mL

Estimated Blood Volume (EBV) Calculator | Lab Tests Guide

https://www.labtestsguide.com/estimated-blood-volume-ebv-calculator




Advanced Trauma Life Support (ATLS)        
 

Classifications of Hypovolaemic Shock

American College of Surgeons (2008). Atls, Advanced Trauma Life Support Program for Doctors. 

Amer College of Surgeons.



Guard against 

https://www.jems.com/patient-care/trauma-s-lethal-triad-hypothermia-acidos/



Stop the TRIAD

RED CELLS 

TO MITIGATE ACIDOSIS

PLASMA & PLATELETS 

TO CORRECT COAGULOPATHY 

(& RESTRICT CRYSTALLOIDS)

WARM PATIENT & FLUIDS TO 

COMBAT HYPOTHERMIA

(& HASTEN SURGICAL REPAIR)





MHPs rapidly respond 
to blood loss, their 
‘recipe’ is underpinned 
by  haemostasis



Massive haemorrhage + shock

Initiate STAT PACK

Assess

Activate MHP

Haemostasis achieved → STOP

A ‘code sign’ to notify your local BB of a 
massive haemorrhage

The process to notify your BB can vary across 
Aotearoa – find out how you activate locally

MHPs provide an ingredient list to best suit 
(not tailored)

The pathway ‘recipes’ change according to:

-  the type of bleed (adult) or 
- weight | EBV of child (paed)





Dunedin 
Hospital 

examples



Complexity of Coagulopathies
→clinical assessment



Platelet-
related 

Coagulopathy



Thrombocytopenia

• Failure of bone marrow e.g. AML, AA

• Shortened life span e.g. ITP, drugs, DIC

• Sequestration e.g. CABG, hypersplenism

• Dilution e.g. massive transfusion

www.redcrossblood.org



Platelet 
Dysfunction

Consider if there are clinical symptoms & signs of 
thrombocytopenia in the presence of a normal or 
moderately reduced platelet count

• Inherited, e.g. vWD

• Acquired, e.g. medications (DAPT), OTC (ST Johns Wort), foods (garlic, 
chocolate), cRF, CABG



Induced Coagulopathy



Dilutional 
Coagulopathy

Multiple transfusion of red cells or 
crystalloid/colloid volume depletes available 
platelets and coagulation factors

• Red cell transfusion replaces red cells only 



Increases the 
destruction of 
platelets & 
coagulation 
factors



Hypothermia

Decreases platelet function & 
coagulation



Neoplasia

•Malignancy induced 
thrombocytopenia (e.g. 
leukaemia)

• Treatment (chemo) induced 
thrombocytopenia



Drug induced 
coagulopathy



Drugs that interfere with haemostasis

Those that alter 
platelet function e.g. 

aspirin, NSAID

Those that interfere 
with coagulation e.g. 

warfarin, heparin

Those that increase 
the rate of breakdown 

of stabilized fibrin  
e.g. t-PA, urokinase.  

Those that stabilize 
fibrin, e.g. TXA



Anti-Platelet Agents!

Aspirin 
• prevents the formation of 

thromboxane by binding 
irreversibly to the enzyme 
required

NSAIDs

Chocolate, garlic…..



Some drugs inhibit the 
action of thromboxane 
and ADP on platelets

E.g. Ticlopidine, 
clopidogrel & dipyridimole 
(enhances aspirin)

DAPT- dual anti-platelet therapy 
- Two anti-platelet medications 
combined 

- Commonly combines aspirin with a 

P2Y12 inhibitor (clopidogrel, ticagrelor)



Chocolate, garlic



Anticoagulants
Oral

• Warfarin- vitamin K 
antagonist (VKA)

• Dabigatran – direct 
thrombin inhibitor (a 
DOAC)

• Rivaroxaban – direct FXa 
inhibitor (a DOAC)

IV

• (UF) Heparin – potentiates 
antithrombin III & anti FX This Photo by Unknown Author is licensed under CC BY-SA

https://askhematologist.com/new-oral-anticoagulants/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/
https://creativecommons.org/licenses/by-sa/3.0/


https://www.unboundmedicine.com/washingtonmanual/view/Washington-Manual-of-Medical-Therapeutics/602106/all/Hemostatic_Disorders



Anti-coagulants (courtesy Dunedin Pharmacy)

Anticoagulant Onset & duration of 
action

Pre-operative Renal impairment Antidote/reversal

Warfarin Onset: 36-72 hours
Duration: 48-96 hours

Varies, usually stop 
warfarin 5-7 days 
prior, may need to 
bridge w enoxaparin

No adjustment needed Vitamin K

4FPCC : Beriplex NZ

Dabigatran Onset: 30 minutes
Duration: 24-36 hours

Stop 1-2 days before 
surgery

Contraindicated if 
CrCl<30mL/min, reduce dose if 
CrCl 30-50mL/min

Idarucizumab 
(Praxbind) 

Rivaroxaban Onset: within 30 
minutes
Duration: 24 hours

Stop 1-2 days before 
surgery

Contraindicated if 
CrCl<15mL/min, see monograph 
for CrCl 15-50mL/min

Andexanet alfa (FDA 
approved - not on NZ 
schedule) 

4FPCC= second 
line option 



Warfarin 
coagulopathy

Vitamin K antagonist 
(VKA)

First introduced into 
commercial use in 1948, 
and licensed from 
medicinal use in the US 
in 1954

https://www.e-jnc.org/m/journal/view.php?number=306



Why is Vit K 
important?

Vitamin K used by liver as a              
co-enzyme in the manufacture of 
coagulation factors, specifically 
factors II, VII, IX & X

Warfarin affects the ‘manufacture’ 
of the prothrombin complex, vit K 
dependent, coagulation factors 

  →Slows fibrin net development

Multiple factors affect warfarin 
(diet, medications, age, liver 
function, gut absorption – with 
sudden changes transforming 
‘therapeutic’ to ‘toxic’



How do we reverse warfarin 
and correct an elevated INR?



Routine reversal



Acute warfarin reversal → 4FPCC
 Human product   →  all Transfusion & Traceability rules apply 



Tranexamic acid 
(TXA)

anti-fibrinolytic agent 
which blocks fibrinolysis 
(enzymatic clot breakdown) 

binds to fibrinogen and 
stops plasminogen binding 
and activators (e.g. t-PA)





Genetic coagulopathy



Haemophilia Bleeding disorder in which there 
is a deficiency or lack of:

• factor VIII (Haemophilia A) 
• factor IX (Haemophilia B or 

Christmas disease)



Von Willebrand Disease

Deficiency | dysfunctional von Willebrand 
Factor (vWF) impairs platelet actions 
during a bleed

clinical picture: slow “oozing” bleeding, 
especially mucosa, bruising tendency

In addition, FVIII circulates bound to vWF 
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Questions?
Thank you

suzi.rishworth@nzblood.co.nz

mailto:suzi.rishworth@nzblood.co.nz


Additional Know-How
Using your haemostasis knowledge to understand DIC



DIC



What is DIC?

Death is Coming

Drapery Importing Company

Disseminated Intravascular 
Coagulopathy

Drunk in Charge



Disseminated intravascular 
coagulation (DIC)

a complex clinical syndrome 
where “chaos” rules; 

activation of coagulants & 
platelets occurs abnormally 
throughout (or parts of) the 

vasculature

widespread intravascular 
deposition of fibrin with the 
consumption of coagulation 

factors and platelets



Causes of 
Acute DIC, 
include:

Endotoxin: gram negative 
bacteria

Severe persistent shock 
causing widespread tissue 

injury

Malignancy- disseminated 
mucin secreting 

adenocarcinoma or acute 
promyelocytic leukaemia

Obstetric emergencies: e.g. 
amniotic fluid embolism

Hypersensitivity: e.g. 
anaphylaxis

Venom-induced consumptive 
coagulopathy, (VICC) , varying 
clinical opinion if true DIC or  

if VICC a differing entity. 
Venom activates the coag 

cascade 

https://pubmed.ncbi.nlm.nih.gov/25556574/

https://onlinelibrary.wiley.com/doi/full/10.1111/jth.13174



Types

Acute DIC:

• associated with fulminant 
(i.e. sudden in onset, rapid 
in course) haemorrhagic 
or thrombotic syndrome

Chronic DIC:

• subtle, slow & evidence of 
coagulation activation



Intravascular haemostatic response: 

• Explosive generation of thrombin → fibrin 
deposits in microcirculation & depletes factors

• Circulating fibrin → forms complexes with 
fibrinogen → forms dysfunctional fibrin net



Intense fibrinolysis stimulated → in the presence 
of  fibrin & thrombi on vascular walls

Fibrinolysis → further depletes fibrinogen, 
prothrombin, FV & FVIII

Thrombin → causes widespread platelet 
aggregation/deposits → depletes circulating 
platelets



Underlying disorder

Systemic activation of coagulation

Consumption of 

platelets & 

coagulation factors

Widespread 

intravascular 

fibrin deposition

Thrombosis & 

organ failure
Severe bleeding

Source. M Levi, et al.2001

Molecular Mechanisms of DIC

Fibrinolysis



Clinical 
Features

Dominated by bleeding

 oozing wounds & venepuncture sites 

 may also be generalised : including 
gastrointestinal, oropharynx, lung

Because→ dysfunctional fibrin net, depleted 
platelets & coagulation factors 

Normal haemostasis is failing



less frequently, microthrombi 
may cause:

→ skin lesions, renal failure,  
gangrene, cerebral ischaemia,  
irreversible organ damage



Skin necrosis 
secondary to 

micro-
thrombi/DIC

1.indurated & 
confluent 
purpura of arm

2. peripheral 
gangrene with 
swelling and 
discolouration

Source: Hoffbrand, et al, 
2001.



Diagnosis of DIC

Depends on lab demonstration of:

Falling coagulation factor/platelet levels in a patient with 
an associated disease known to cause DIC

Evidence of fibrinolysis: very high levels of FDP’s & / or  
D-dimers



Lab findings: 

• Reduced/falling platelet 
count

• Falling fibrinogen

• Rising FDP’s and D-dimers 
(shows fibrin breakdown)

• Later, prolonged INR & APTT

https://www.mdcalc.com/isth-criteria-disseminated-
intravascular-coagulation-dic#why-use 

https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use
https://www.mdcalc.com/isth-criteria-disseminated-intravascular-coagulation-dic#why-use


DIC Treatment

1. Cornerstone: 
Identify & 
treat 
underlying 
cause 



2. Supportive care:

Administer blood components 
guided by bleeding  & lab results

• Platelet replacement

• FFP to replace coagulation factors

• Cryoprecipitate to replace fibrinogen

• Red cells for anaemia from bleeding



• NOTE:

• Heparin & antiplatelet drugs to inhibit coagulation not 
usually indicated because can aggravate bleeding

• Antifibrinolytics, e.g. Tranexamic acid, usually 
contraindicated because of thrombotic risk 

• Protein C may have some clinical application. 



Protein C in 
DIC ?

Interacts on FV & FVIII. 

Essentially it is an anticoagulant, 
breaking down activated FV & FVIII.

Trials: 

variable success/little consensus

Very high cost. 

Case by case, specialist request.



Management of DIC

Diagnose accurately 
so that appropriate 
treatment to stop 
the DIC

1

Evaluate severity of 
DIC

2

If bleeding: 
appropriate blood 
components & 
specialist 
consultation

3



Thank you

suzi.rishworth@nzblood.co.nz

mailto:suzi.rishworth@nzblood.co.nz


Light Reading Supplements



Transfusion Medicine Handbook | New Zealand Blood Service

https://www.nzblood.co.nz/healthcare-professionals/transfusion-medicine/transfusion-medicine-handbook


Haematological management 
of major haemorrhage

https://b-s-h.org.uk/guidelines/guidelines/haematological-management-of-major-haemorrhage-2022
https://b-s-h.org.uk/guidelines/guidelines/haematological-management-of-major-haemorrhage-2022
https://b-s-h.org.uk/guidelines/guidelines/haematological-management-of-major-haemorrhage-2022


New ESICM Guideline on Circulatory Shock and Haemodynamic
Monitoring - ESICM

https://www.esicm.org/esicm-guideline-circulatory-shock-haemodynamic-monitoring/
https://www.esicm.org/esicm-guideline-circulatory-shock-haemodynamic-monitoring/
https://www.esicm.org/esicm-guideline-circulatory-shock-haemodynamic-monitoring/
https://www.esicm.org/esicm-guideline-circulatory-shock-haemodynamic-monitoring/
https://www.esicm.org/esicm-guideline-circulatory-shock-haemodynamic-monitoring/


https://www.ncbi.nlm.nih.gov/books/NBK470382/ 

https://www.ncbi.nlm.nih.gov/books/NBK470382/


Patient Blood Management Guidelines | National Blood Authority

https://www.blood.gov.au/patient-blood-management-guidelines


• https://onlinelibrary.wiley.com/d
oi/full/10.1111/bjh.16776 

https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.16776
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.16776
https://onlinelibrary.wiley.com/doi/full/10.1111/bjh.16776


https://www.thanz.org.au/resources/thanz-guidelines 

https://www.thanz.org.au/resources/thanz-guidelines
https://www.thanz.org.au/resources/thanz-guidelines
https://www.thanz.org.au/resources/thanz-guidelines


2025 Guidelines for direct oral anticoagulants: a practical 
guidance on the prescription, laboratory testing, peri‐operative 
and bleeding management

https://www.thanz.org.au/wp-content/uploads/2025/06/2025-Guidelines-for-direct-oral-anticoagulants-a-practical-Internal-Medicine-Journal-2025-Tran.pdf
https://www.thanz.org.au/wp-content/uploads/2025/06/2025-Guidelines-for-direct-oral-anticoagulants-a-practical-Internal-Medicine-Journal-2025-Tran.pdf
https://www.thanz.org.au/wp-content/uploads/2025/06/2025-Guidelines-for-direct-oral-anticoagulants-a-practical-Internal-Medicine-Journal-2025-Tran.pdf


BSH, 2023



NZ_National_Guidelines_for_the_
Management_of_Haemophilia.pdf

https://media.starship.org.nz/nz-national-guidelines-for-the-management-of-haemophilia/NZ_National_Guidelines_for_the_Management_of_Haemophilia.pdf
https://media.starship.org.nz/nz-national-guidelines-for-the-management-of-haemophilia/NZ_National_Guidelines_for_the_Management_of_Haemophilia.pdf
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