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• Highest metabolism rate of all organs

• Entirely dependant on constant supply of
metabolic substrates

• Weight approx. 1400 g, i.e. 2% TBW

• Receive 12–15% of CO (500–700 ml/min) 

• Extremely intense circulation:
– Cerebral blood volume

3,5–4,5 ml/100g 
– Cerebral blood flow

45–55 ml/100g/min

Henry Gray (1918) Anatomy of the Human Body

The brain
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Traumatic brain injury

Maas AIR et al. Traumatic brain injury: progress and challenges in prevention, clinical care, and research. Lancet Neurol 2022; 21: 1004–60.
Evans LR et al. Prognosis of acute subdural hematoma in the elderly: a systematic review. J Neurotrauma. 2019;36:517-522.

Rosenfeld JV, Maas AI, Bragge P, Morganti-Kossmann MC, Manley GT, Gruen RL. Early management of severe traumatic brain injury. Lancet (2012) 380:1088–98.

✓ Approx. 10% of TBI are severe

✓ Mortality rate in severe TBI 40% 
(in acute SDH: 27% to 70%)

✓ Unfavourable outcome on the 
Glasgow Outcome Scale is 60%



Significance of 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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Intracranial volume

Mokri B. The Monro-Kellie hypothesis: applications in CSF volume depletion. Neurology 2001; 56: 1746–8
Miller RD et al., Miller's Anesthesia, 7th ed. Philadelphia: Churchill Livingstone, 2009.

Tameem A, Krovvidi H. Cerebral physiology. Continuing Education in Anaesthesia, Critical Care & Pain, 2013
Henry Gray (1918) Anatomy of the Human Body

Volume-pressure curve in the 
intracranial compartment

100-120 ml

Epidural
hematoma

Subdural
hematoma
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• May be massive
• Massive bleeding management protocols apply

• Often does not meet critieria for massive bleeding, but is life threatening

• Relatively low volumes of blood in critical areas may lead to devastating
outcomes

Bleeding in neurosurgical patients

• Initial compensation:

• Transloction of venous

blood to extracranial veins

• Translocation of

cerebrospinal fluid to the

spinal canal

• To prevent further
damage in case of
intracranial mass:
• Maintain adequate CPP 

(MAP–ICP)
• Avoid cerebral 

herniation
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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
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Bleeding source control

Homeostasis

Hyperfibrinolysis

Hypofibrinogenemia

thrombin generation deficits

Platelet deficit/dysfunction



“Just open the skull before it is 
too late”



Homeostasis

Hyperfibrinolysis

Hypofibrinogenemia

Thrombin generation deficits

Platelet deficit/dysfunction

“Diamond” 
of death

Traumatic bleeding

Hypothermia

AcidosisCoagulopathy

hypocalcemia

Wray JP ir bendr. The diamond of death: Hypocalcemia in trauma and resuscitation. Am J Emerg Med. 2021 Mar;41:104-109. 



J Trauma Acute Care Surg. 2015;79:295-300. 

Journal of Clinical Neuroscience 29 (2016) 64–69 

Biomed Res Int. 2015;2015:261825.

Surgery 2015 Sep;158(3):655-661. 

J Neurotrauma 2016; 33 (14) 1279-1291 



TBI, coagulopathy, PHI 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



• Intubate if GCS ≤ 8 to prevent hypoventilation and hypoxemia (Grade 1B)

• In severe TBI, maintain MAP ≥ 80 mmHg, do not tolerate hypotension
(Grade 1C)

• Avoid hypotonic resuscitation fluids (e.g. Ringer‘s lactate) (Grade 1C)

• Target Hb of 70–90 g/L in bleeding patients (Grade 1C)
• Data is inconclusive, may be individualized according to multimodal neuromonitoring

• Detect and treat coagulopathy using goal-directed strategy (Grade 1B)

General guidelines in severe TBI



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.



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!

Association 
IS NOT 

Causation



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. 

INR

Fibrinogen 
concentration

APTT

Blood clot

Blood cells

+

Classic coagulation cascade and coagulation tests
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Hemostasis and fibrinolysis

Vascular injury

Vasoconstriction
Platelet activation Coagulation 

cascade Antithrombotic control 
mechanisms

FIBRINOLYSIS 
and clot breakdown

Tissue factorCollagen

Thrombin

Fibrinogen Fibrin

vWF, Fibrinogen

Plasmin

Clot

adapted according to: https://healthjade.net/hemostasis/

Platelet plug

PRIMARY HEMOSTASIS SECONDARY HEMOSTASIS

Plasminogen

t-PA

Fibrin 
breakdown 

to FDP

FDP
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Schöchl H, Schmitt FCF, Maegele M. Pathophysiology of Trauma-Induced Coagulopathy. Hamostaseologie. 2024 Feb;44(1):31-39.

Trauma induced coagulopathy – pathophysiology



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.



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 
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Consumptive nature of the coagulopathy?...
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How do we assess coagulation status and
the risk of bleeding?



“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. 



Loss of substrates and factors

Dilution

Consumption + hyperfibrinolysis

Dysfunction (acidosis, 
hypothermia)

McLoughlin TM, Fontana JL, Alving B, Mongan P, Bunger R. Profound Normovolemic Hemodilution, Anesth Analg. 1996;83(3):459-465.
Hiippala ST, Myllyla G, Vahtera EM Hemostatic factors and replacement of major blood loss with plasma-poor red cell concentrates. Anesth Analg 1995;81:360-5) 

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. 

Severe traumatic coagulopathy



• Most of patients with severe TBI are unconscious
• No reliable history

  

• Lack of time for detailed physical examination and instrumental investigations

• Ongoing changes in patient population:

Do we still need laboratory testing?

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
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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



Trauma induced endotheliopathy and hyperfibrinolysis

Shock | Hypoperfusion | Tissue hypoxia | Low-flow | 
Inflammatory response

Glycocalyx damage

Catecholamine, thrombomodulin and other biologically active substance release

Increased capillary permeability

Thrombomodulin-
thrombin complex

Protein-C activation

HYPERFIBRINOLYSIS

Tissue plasminogen activator 
inhibitor-1 (PAI-1) 

supression

Increased 
tPA activity

Endothelial cell 
activation

tPA release from 
endothelium

↑↑↑ Thrombin 
generation
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“From an evolutionary point of view, 
hyperfibrinolysis counteracts shock-related 

microvascular stasis, 
microthrombosis, 

tissue hypoperfusion, 
and hypoxemia 

to maintain blood flow, 

even at the cost of an increased bleeding rate due 
to the dissolution of already established clots”

Johansson PI, Ostrowski SR. Acute coagulopathy of trauma: 
balancing progressive catecholamine induced endothelial activa- tion and damage by fluid phase anticoagulation. Med Hypotheses 2010;75(06):564–567 



Hiperfibrinolysis

Antifibrinolytic ≠ Antihemorrhagic effect

Lam, T., Medcalf, R.L., Cloud, G.C. et al. Tranexamic acid for haemostasis and beyond: does dose matter?. Thrombosis J, 2023;21:94.

TXA – tranexamic acid, TAFI – thrombin activated fibrinolysis inhibitor 
(endogenous), tPA – tissue plasminogen activator, PAI – plasminogen activator 
inhibitor 

Mechanism of action of tranexamic acid



CRASH-2 trial collaborators. Effects of tranexamic acid on death, vascular occlusive events, and blood transfusion in trauma patients with significant 
haemorrhage (CRASH-2): a randomised, placebo-controlled trial. Lancet. 2010;376(9734):23-32.

274 hospitals, 40 countries worldwide

➢ Multicenter, double-blind RCT
➢ Bleeding (ABP < 90 mmHg and/or HR > 110 bpm) or 

considered high bleeding risk patient
➢ Primary endpoint – 4 week post-trauma mortality
➢ From 2005 to 2010 – 20211 hospitalized patients within 

8 h post-trauma: TXA vs. placebo (1 g bolus, followed 
by 1 g in 8 h)

CRASH-2 collaborators: 
Albania (115) Argentina (51) Australia (17) 
Bangladesh (12) Belgium (51) Cameroon (124) 
Canada (2) China (51) Colombia (2940) Cuba 
(575) Czech Republic (17) Ecuador (1198) Egypt 
(2234) El Salvador (84) Georgia (1783) Ghana 
(136) India (4768) Indonesia (706) Iran (134) 
Iraq (392) Italy (57) Jamaica (11) Japan (9) Kenya 
(31) Malaysia (216) Mexico (479) Nigeria 
(2053) Peru (452) Saudi Arabia (70) Serbia (1) 
Singapore (2) Slovakia (38) South Africa (76) Spain 
(23) Sri Lanka (103) Tanzania (64) Thailand (903) 
Tunisia (36) UK (135) Zambia (62)



CRASH-3 trial collaborators. Effects of tranexamic acid on death, disability, vascular occlusive events and other morbidities in patients with acute traumatic brain injury (CRASH-3): a 
randomised, placebo-controlled trial. Lancet. 2019;394(10210):1713-1723. 

175 hospitals, 29 countries

➢ Multicenter, double-blind RCT
➢ TBI, hospitalized within 3 h, GCS <13 or any intracranial 

bleed on head CT
➢ Primary endpoint – mortality from TBI within 4 weeks 

post trauma
➢ From 2012 to 2019 – 12737 hospitalized patients: TXA 

vs. placebo (1 g bolus, followed by 1 g in 8 h)

CRASH-3 collaborators: Pakistan (4567) UK (3143) Malaysia 
(1567) Georgia (771) Spain (425) Nigeria (409) Colombia 
(335) Nepal (255) Albania (214) Japan (165) UAE (126) 
Myanmar (121) Cameroon (116) Afghanistan (87) Mexico (79) Italy 
(72) Iraq (55) Cambodia (45) Zambia (44) Romania (35) El Salvador 
(28) Egypt (20) Slovenia (15 Ireland (12) Papua New Guinea (10) 
Canada (7) Jamaica (7) Indonesia (6) Kenya (1)

In 2016 decision to include 
only patients who were 
admitted within 3 h post 
trauma i.e. 3500 entries 
excludedFinal analysis: 9200 patients

Mortality from TBI: TXA 855 (18,5%) vs. 892 (19,8%) NS

- Excluded patients with initial GCS 3 or ono-reactive pupils:
Mortality from TBI: TXA 485 (12,5%) vs. 525 (14%) NS

- Only patients with GCS > 8 included:
Mortality from TBI: TXA 166 (5,8%) vs. 207 (7,5%) p<0,05



PATCH-Trauma Investigators and the ANZICS Clinical Trials Group. Prehospital Tranexamic Acid for Severe Trauma. N Engl J Med. 2023;389(2):127-136.



Fouche PF et al. Tranexamic Acid for Traumatic Injury in the Emergency Setting: A Systematic Review and Bias-Adjusted Meta-Analysis of 
Randomized Controlled Trials. Annals of Emergency Medicine. 2024;83(5):435–45.

> 33000 trauma patients: TXA vs. placebo



Ubiquitous, generous, liberal, and indiscriminate 
application following outdated “one-size/dose-fits- all” 
concepts is not reasonable and not supported by the data 
currently available.”

“TXA should not replace another effective intervention” 
and “results do not support the prophylactic use of 
tranexamic acid.”98 Potential adverse effects also need to be 
considered for the prophylactic use of TXA in settings of 
elective and emergency surgeries 

Lier H, Maegele M, Shander A. Tranexamic Acid for Acute Hemorrhage: A Narrative Review of Landmark Studies and a Critical Reappraisal of Its Use Over the Last Decade. Anesth Analg. 2019 Dec;129(6):1574-1584. 



What are the other 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.
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vs.

The importance of clinical awareness...
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The potential of goal-directed hemostatic 
management in patients with TBI



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



General principles of goal-directed hemostatic
management algorithms

Homeostasis

Hyperfibrinolysis (TXA 15 mg/kg)

Hypofibrinogenemia (FC ar Cryo)

Thrombin deficit (PCC or Plasma)

Platelet deficit / dysfunction (PLT)

©Dr. Marius Rimaitis



Goal-directed hemostatic management 
in TBI patients during craniotomy

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.©Dr. Marius Rimaitis



• 65 yo Male

• 175 cm / 78 kg

• Severe isolated TBI – SDH

• GCS 4

Goal-directed hemostatic management in practice

Laboratory analyses:  
Hb 115 g/L
Plt 149*109/L
PTI 68 %

INR 1.20
APTT 34.3 s
Fib. 1.86 g/L

• Surgeons note diffuse bleeding
• Prolonged clotting time (CT) on EXTEM
• FFP was administered
• Hematoma was removed and adequate 
hemostasis was achieved

©Dr. Marius Rimaitis



• 46 YO Male
• Acute SDH, GCS 12
Laboratory analyses:
• Hb 147 g/l
• Plt 62 x 109/l
• PTI 150 %
• INR 0.86
• APTT 30.9 s

Following 1U of pooled platelets

Clinically significant thrombocytopenia

Initial ROTEM

©Dr. Marius Rimaitis



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

• Prospective case-control study, N=134
• Management of coagulopathic pts: ROTEM-based vs. CCT
• Protocol adhesion rate 85%
• ↑Clot quality
• ↓PHI and re-intervention
•  GOS and mortality
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Postoperative day 1 Day 2 Day 3

Lab
Hb 88 g/l
Plt 122*109/L
PTI 64 %
INR 1.21
APTT 38 s
Fibrinogen 2.05 g/L

Hb 86 g/l
Plt 103*109/L
PTI 44 %
INR 1.48
APTT 42.1 s
Fibrinogen 3.29 g/L

Hb 99 g/l
Plt 96*109/L
PTI 66 %
INR 1.20
APTT 46.4 s
Fibrinogen 5.83 g/L

I/V Crystalloid: 3000 mL
Colloid: 1000 mL
Other: RBC 2 units

Crystalloid: 1000 mL
Colloid: -
Other: RBC 2 units, enteral 
fluids

Crystalloid: -
Colloid: -
Other: enteral fluids

ROTEM

Dynamic coagulation changes in patients with TBI

©Dr. Marius Rimaitis



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

Rimaitis M et al. Dynamic Changes of Hemostasis in Patients with Traumatic Brain Injury Undergoing Craniotomy: Association with in-Hospital Mortality. Neurocrit Care. 2023 Jun;38(3):714-725.©Dr. Marius Rimaitis



Analysis of the coagulation parameters associated with in-hospital mortality 

Coagulation markers of poor prognosis in patients with TBI

Fibrinogen concentrations necessary to achieve cut-off 
FIBTEM values 

Rimaitis M et al. Dynamic Changes of Hemostasis in Patients with Traumatic Brain Injury Undergoing Craniotomy: Association with in-Hospital Mortality. Neurocrit Care. 2023 Jun;38(3):714-725.

Optimal triggers for early 
coagulation support in patients 
with severe TBI require further 

investigation
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Hypofibrinogenemia in trauma

HYPOFIBRINOGENEMIA

LOSS with blood

HEMODILUTION with 
crystalloids and blood 

products with no firbinogen
HYPERFIBRINOLYSIS

CONSUMPTION due to 
upregulated thrombin 

generation

Impaired SYNTHESIS 
due to 

hypothermia

Increased 
BREAKDOWN due to 

acidosis

Schöchl H, Schmitt FCF, Maegele M. Pathophysiology of Trauma-Induced Coagulopathy. Hamostaseologie. 2024 Feb;44(1):31-39.



Two currently co-existing strategies 
for initial management



Lancet Haematology, 2017-06-01, Volume 4, Issue 6, Pages e258-e271

• RCT, ROTEM based goal-directed therapy
• CFC (n=44) and FFP (n=50) groups
• > 50% need for rescue therapy in FFP group
• 3x more need for massive transfusion in FFP group
• Study was terminated at interim result analysis

P.S. No differences in primary outcome 



• RCT, FC 50 mg/kg (n=28) vs Placebo (n=25)

• Early fibrinogen concentrate administration 
improved fibrinogen levels

• No increase in thromboembolic complications at 
day 7

• Clinical outcome data not yet reported.

Ziegler B. et al. Efficacy of prehospital administration of fibrinogen concentrate in trauma patients bleeding or presumed to bleed (FIinTIC): A multicentre, double-blind, placebo-controlled, randomised pilot study. Eur J Anaesthesiol. 2021 Apr 1;38(4):348-357. 



Davenport R, Curry N, Fox EE, Thomas H, Lucas J, Evans A, Shanmugaranjan S, Sharma R, Deary A, Edwards A, Green L, Wade CE, Benger JR, Cotton BA, Stanworth SJ, Brohi K; CRYOSTAT-2 Principal Investigators. Early and Empirical High-Dose Cryoprecipitate 
for Hemorrhage After Traumatic Injury: The CRYOSTAT-2 Randomized Clinical Trial. JAMA. 2023 Nov 21;330(19):1882-1891. 



Bouzat P ir bendr. PROCOAG Study Group. Efficacy and Safety of Early Administration of 4-Factor Prothrombin Complex Concentrate in Patients With Trauma at Risk of Massive 
Transfusion: The PROCOAG Randomized Clinical Trial. JAMA. 2023 Apr 25;329(16):1367-1375.

Hannadjas I, James A, Davenport R, Lindsay C, Brohi K, Cole E. Prothrombin complex concentrate (PCC) for treatment of trauma-induced coagulopathy: systematic review and meta-
analyses. Crit Care. 2023 Nov 2;27(1):422.



• 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

Not so easy to prove good...

©Dr. Marius Rimaitis



AfterBefore

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

©Dr. Marius Rimaitis



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

©Dr. Marius Rimaitis



A trend towards a hypercoagulable state following initial 
hypocoagulability was observed. 

Time course of coagulation in patients with TBI

Rimaitis M et al. Dynamic Changes of Hemostasis in Patients with Traumatic Brain Injury Undergoing Craniotomy: Association with in-Hospital Mortality. Neurocrit Care. 2023 Jun;38(3):714-725.©Dr. Marius Rimaitis



• 5000 neurosurgical pts in 300 USA trauma centers
• 74% males, median age 50 YO.
• Craniotomy / craniectomy

• Median prophylaxis delay – 3 days (IQR 1-5)

• VTE rate – 8%, reintenrvention – 6%

• Earlier prophylaxis decreases VTE rate, but at the cost 
of increased rebleeding risk 

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.

Prophylaxis of venous thromboembolism

Pharmacological prophylaxis following TBI may be 
started during the first 3 days following trauma, if 
stable lesion is confirmed by head CT.
*72 hours after craniotomy, and other high-risk cases



VTE risk vs. Reintervention

“These findings suggest that although timely initiation of prophylaxis should be prioritized, caution should be 
used particularly during the first 3 days after the index procedure, when this risk appears to be highest.” 

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



Conclusions

• TBI-associated coagulopathy is prevalent and associated with progressive
hemorrhagic injury and mortality

• Coagulopathy could be one of candidates to optimize TBI treatment and affect 
outcomes

• ROTEM based, goal-directed management of TBI patients is promising but
well-organized studies are still needed

• Coagulation management is an integral component of multimodal treatment
of patients with TBI

©Dr. Marius Rimaitis



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)

©Dr. Marius Rimaitis



Thank you!
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