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The mass effect

“The cranium and its constituents create a state of volume equilibrium, such that 
any increase in volume of one of the cranial constituents must be compensated 
by a decrease in volume of another.” The Monro-Kellie hypothesis

– Brain tissue 85%
– Cerebrospinal fluid 10% 

(approx. 150 ml)
– Blood 5% 

(50–75 ml)
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Hemostatic options in neurosurgery

LIMITED

– Mechanical (unavailable when dealing with microvasculature)

– Thermal (limited as damage to the adjacent brain tissue and vasculature
is undesirable) 

– Bioactive topical hemostatic agents
• Oxidized cellulose polymers, gelatin sponges, fibrin glue, etc.

– Physiological clot formation
• Hemostatic success is highly dependant on the physiological blood clotting

capability in the area of lesion



• Blood loss > 1000 ml
• FIB < 2 g/L
• Platelet dysfunction
• ROTEM MCF < 50 mm

38 YO male (GCS 5) 
Isolated severe TBI (SDH)
Initial labs: 

• Hb 130 g/L
• PLT 117 x 109/L
• INR 1,03
• APTT 41 s

• TXA
• FC
• Pooled platelets

Real-life scenario...



AfterBefore

Outcome: chronic vegetative state, tracheostomy, gastrostomy, etc.



TBI, coagulopathy and mortality

Maegele M et al. The Lancet Neurol 2017; 16(8): 630–47.

• Prevalence of 
coagulopathy 

approx. 30%

• Mortality in presence of 
coagulopathy 

approx. 50%

• Odds of mortality in 
presence of coagulopathy 
increases 

up to 10-fold

Association 
IS NOT 

Causation



TBI, coagulopathy and mortality

Maegele M et al. The Lancet Neurol 2017; 16(8): 630–47.

Definitions of coagulopathy across studies...
INR > 1.1, > 1.2, > 1.3, > 1.4, > 1.5...?
PT < 70...?
APTT > 34, > 35, > 36, > 38, > 40, > 60, 1.5x ...?
PLT < 120, < 100, < 80, < 50...?
Fibr. < 2, < 1.5...?

Definitions of TBI across studies...
Heterogeneous...

A call for consensus among researchers!



Traumatic brain injury induced cogulopathy

Maegele M et al. Coagulopathy and haemorrhagic progression in traumatic brain injury: advances in mechanisms, diagnosis, and management. The Lancet Neurol 2017; 16(8): 630–47.



Consumptive nature of the coagulopathy?...



Coagulopathy in TBI – are we sure it is unique?

“Most likely, it is not high prevalence of abnormal coagulation, but 
the approach to laboratory testing and test results accompanied by 
the fear of failed intraoperative surgical hemostasis, postoperative 
bleeding, and high reliance on physiological clot formation, lead to 

many challenges and difficult decision-making in coagulation
management of a neurosurgical patient for the anesthesiologist.”

Rimaitis M, 9th International Baltic Congress of Anaesthesiology, Intensive care and Pain Management, 
2018



Traumatic brain injury induced coagulopathy 

Maegele M et al. Coagulopathy and haemorrhagic progression in traumatic brain injury: advances in mechanisms, diagnosis, and management. The Lancet Neurol 2017; 16(8): 630–47.
Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al. The European guideline on management of major bleeding and coagulopathy following trauma: fifth edition. Crit Care 2019 Mar 27;23(1):98-019-2347-3. 



McQuilten ZK, Wood EM, Bailey M, Cameron PA, Cooper DJ. Fibrinogen is an independent predictor of mortality in major trauma patients: A five-year statewide cohort study. Injury. 2017 May;48(5):1074-1081.

3,2x

2x

1,4x

> 4700 trauma patients (ISS > 15, ICU 
admission, urgent syrgery)

FIB ≤ 2 g/L – 21 %

Significant fibrinogen-associated relationship
between hypofibrinogenemia and in-hospital
mortality



Horsti J. Agreement of Owren and Quick Prothrombin Times: Effects of Citrate and Calcium Concentrations and International Sensitivity Index Correction. Clinical Chemistry 2001;47(5):940–944. 
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Current understanding of hemostasis

Vascular wall injury

vasoconstriction platelet activaion coagulation 
cascade antithrombotic 

control 
mechanisms

fibrinolysis 
and clot 

dissolution

tissue factorcollagen

thrombin

fibrinogen fibrin

vWF, fibrinogen

plasmin

blood clot

https://healthjade.net/hemostasis/

platelet plug

primary hemostasis secondary hemostasis



Management of coagulopathy –
Coagulation parameters should be measured in the emergency department

(ED) in all patients with severe TBI, and efforts to correct any identified 
coagulopathy should begin immediately.



What are the recommendations?

Give: 

TXA <3 h from impact (1A)

Treat:

PLT < 100 (2C)

FIB < 1,5 (2?) (1C)

APTT > x 1,5 (1C)

INR > 1,5 (1C)

Reverse:
Anticoagulants
Antiplatelets



The „grey“ zone...

Rimaitis M et al. Implementation of thromboelastometry for coagulation management in isolated traumatic brain injury patients undergoing craniotomy. Medical Science Monitor 2020;26:e922879.



Young and high energy trauma

Elderly and low energy trauma

• Poor functional reserves and rehabilitation capabilities
• Comorbidities (hepatic, renal, hematologic, oncology, etc.)
• Polypharmacy (anticoagulants, antiplatelets, etc.)
• Alcohol, drug abuse
• Alimentary deficits

Ongoing changes in demography and pharmacology...



vs.

The importance of clinical awareness...



“Treating laboratory numbers without correlation with the clinical 
status is fundamentally contrary to good medical practice and 
transfusion medicine is no exception”

Miller RD, editor. Miller's Anesthesia. 8th ed. Philadelphia: Churchill Livingstone; 2015. 



Wikkelsø A. et al. Thromboelastography (TEG) or thromboelastometry (ROTEM) to monitor haemostatic treatment versus usual care in adults or children with bleeding. Cochrane Database Syst Rev 2016 Aug 22;2016(8): CD007871. 

Metaanalysis:
• 17 studies
• 1500 patient data

Conclusion: There is growing evidence that application 
of TEG- or ROTEM-guided transfusion strategies may 
reduce the need for blood products and improve 
morbidity in patients with bleeding. <<…>>

VHA and goal-directed coagulation management



Goal-directed hemostatic management

Görlinger K, Pérez-Ferrer A, Dirkmann D, Saner F, Maegele M, Calatayud ÁAP, Kim TY. The role of evidence-based algorithms for rotational thromboelastometry-guided bleeding management. Korean J Anesthesiol. 2019. 72(4):297-322.
Rimaitis M et al. Implementation of thromboelastometry for coagulation management in isolated traumatic brain injury patients undergoing craniotomy. Medical Science Monitor 2020;26:e922879.

Homeostasis

Hyperfibrinolysis (TXA 15 mg/kg)

Hypofibrinogenemia (FC ar Cryo)

Thrombin deficit (PCC or Plasma)

Platelet deficit / dysfunction (PLT)



Two currently coexisting 
strategies



Rimaitis M et al. Implementation of thromboelastometry for coagulation management in isolated traumatic brain injury patients undergoing craniotomy. Medical Science Monitor 2020;26:e922879. 



Early fibrinogen-related coagulation disorders were associated 
with mortality of patients with TBI undergoing major 
neurosurgical procedures. 

Time course of coagulation in patients with TBI



Prophylaxis of venous thromboembolism

• 5000 neurosurgical pts in 300 trauma centers
• Craniotomy / craniectomy
• Median prophylaxis delay 3 days
• VTE rate 8%, reintervention 6%

Ng IC, Barnes C, Biswas S, Wright D, Dagal A. When is it safe to resume anticoagulation in traumatic brain injury? Curr Opin Anaesthesiol. 2022;35(2):166-171.
Byrne JP, Witiw CD, Schuster JM et al. Association of Venous Thromboembolism Prophylaxis After Neurosurgical Intervention for Traumatic Brain Injury With Thromboembolic Complications, Repeated Neurosurgery, and Mortality. JAMA Surg. 2022;157(3):e215794.



Coagulation management as a component of multimodal 
treatment of TBI



Persisting headaches for the researcher...

Poor outcome of TBI is often determined by the severity of primary injury

Full extent of injury may not be visible on initial CT scans and may be falsely 
considered as progressive injury even if it could not have been prevented

Association between coagulopathy and mortality 
≠

Coagulopathy causes mortality

It is still not clear whether coagulopathy is a reversible source of secondary damage, 
or a marker of severe irreversible brain damage



Conclusions

• The uniqueness of TBI-associated coagulopathy may be overestimated
(a topic for a pro- con- debate?)

• Initial hemostatic management of patients with traumatic brain injury is based on
fundamental knowlegde and contemporary guidelines

• There is no perfect blood coagulation test and clinical awareness remains of major
importance in decision-making

• Goal-directed coagulation management of TBI patients is promising but not yet proven to 
affect outcomes

• Coagulation management is an integral component of multimodal treatment of patients
with TBI and should include not only procoagulant, but also consider antithrombotic
measures



Directions for future research...

• Reach consensus on the definition of coagulopathy and TBI severity

• Stratify patients carefully with regard to intracranial lesion characteristics and clinical
presentation
• Develop prediction tools to select patients who have the potential to benefit from

treatment

• Challenge current evidence as their quality is low

• Investigate the effect of early coagulation support on clinical outcomes (proper study
design is a must)



Thank you!


