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Objectives

1. Define various thrombelastography (TEG) parameters
2. Explain the significance of coagulopathy in the critical care 

population
3. Utilize TEG to benefit Neuro ICU patients



CLOT TIME
Activity: 
Thrombin generation, 
fibrin formation

Components:
Coagulation pathways

Hypocoag: ↑R
Hypercoag: ↓R



CLOT RATE
Activity: 
Fibrin cross-linking, 
platelet interactions

Components:
Coagulation pathways, 
platelets

Hypocoag: ↑K, ↓α
Hypercoag: ↓K, ↑α



CLOT STRENGTH
Activity: 
Platelet-fibrin 
interactions

Components:
Platelets (~80%)
Fibrin (~20%)

Hypocoag: ↓MA
Hypercoag: ↑MA



CLOT STABILITY
Activity: 
Reduction in clot 
strength

Components:
Fibrinolysis

Hyperfibrinolysis: 
↑Ly30 (>8%)



Delta

• Time to maximum rate of thrombin generation
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TEG in the Neuro ICU

Ettinger MG. Stroke 1970.
Ettinger MG. Stroke 1974.



AIS

• 49 AIS patients presenting within tPA window (3 hours) 
• Confirmed presence of hypercoagulable state compared 

with controls
• Shorter R: 4.8 vs 6 (p=0.0004)
• Greater α: 65 vs. 61.5 (p=0.01)
• Shorter K: 1.7 vs. 2.1 (p=0.002)

• 10 minutes post tPA
• Significant changes in MA, G, and LY30

Elliott et al. Int J Stroke 2012.



    Normal  Fibrinolysis



• 184 patients with 1 year follow-up
• MA independent predictor of mRS ≥2 (OR 1.192, 95% CI 1.067-1.331, 

p=0.002)
• Other predictors: age, DM, prior TIA/stroke, admission NIHSS

Yao et al. Cerebrovasc Dis 2014.



ICH and TEG

• 64 patients
• ICH vs. controls

• Baseline: shorter R, delta
• 36h: increased MA, angle, G

• Hematoma expansion
• Slower clot formation compared 

with non-expanders

Kawano-Castillo et al. Stroke 2014.



Hematoma location

• Deep 154 (74%) vs lobar 53 (26%)
• Deep location associated with longer R time 
• No significant differences in conventional coagulation studies

Roh et al. Neurosurgery 2020.



SAH

Hypercoagulability 
compared with controls 
(animals and humans)

Larsen et al. Acta Neurochir 2010.
Frontera et al. J Thromb Haemost 2012.
Ramchand et al. World Neurosurg 2016.



SAH outcomes
• High grade SAH (HH 4-5) reported to have higher MA 

during the acute period than low grade (HH 1-3)

• MA associated with poor mRS at discharge

• Unknown
• Aneurysm re-rupture
• Vasospasm/DCI

Larsen et al. Acta Neurochir 2010.
Frontera et al. J Thromb Haemost 2012.
Ramchand et al. World Neurosurg 2016.



Which TEG pattern are you most likely to find 
in a trauma patient?
A. Hypocoagulability
B. Hypercoagulability
C. Hyperfibrinolysis
D. Mixed coagulation disturbance
E. Normal



Which TEG pattern are you most likely to find 
in a trauma patient?
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C. Hyperfibrinolysis
D. Mixed coagulation disturbance
E. Normal

Kaufmann et al. J Trauma 1997.
Schreiber et al. J Trauma 2005.



Traumatic injury: 
TEG markers of severity

Hypocoagulability: 25-35%
• Elevated PT/PTT, low platelets, low fibrinogen

• TEG: abnormalities in clotting time (R), kinetics (α), and strength (MA)

Hyperfibrinolysis: 2-6%
• Elevated D-dimer, FDP
• TEG: increased Ly30

Increased injury severity, transfusion requirements, and mortality

Johansson et al. Scand J Trauma Resusc Emerg Med 2009.
Johansson et al. Transfusion 2013.



• Trauma stimulates tissue factor release→ 
activation of extrinsic pathway → consumptive 
coagulopathy and fibrinolysis

• Associated with severity of injury
• Isolated TBI: up to 33% of patients
• Severe TBI: 60%

• Strong association with worse outcomes

Harhangi et al. Acta Neurochir 2008.
Kunio et al. Am J Surg 2012.

Acute traumatic coagulopathy



TBI

• 69 patients with TBI and ICH on admission CT

• R time > 9 min
• Increased hospital mortality
• Also increased ISS, admission ICH volume, and MAP

• MA < 55 mm also associated with increased mortality
• 33% vs. 9.8% (p=0.04)

Kunio et al. Am J Surg 2012. 



Acute traumatic coagulopathy

• Severe TBI ± multisystem trauma

• Isolated TBI
• Less coagulopathy (12.5% vs. 30.5%)
• Shorter R at admission (5.57 vs. 8.17)
• All other TEG similar

• Isolated TBI with coagulopathy: mortality 66% (vs. 16.6%)



Blunt vs. penetrating TBI

• Penetrating
• Higher incidence of coagulopathy on admission

• Higher ACT, longer K, lower angle, lower MA, higher Ly30
• Transfused more RBC, FFP, and platelets
• TEG coagulopathy not detected on coags or PFA
• Coagulopathy more common in non-survivors

• Coagulopathy by TEG independently associated with mortality in all 
isolated TBI

• Consider group differences
Martin et al. Neurocrit Care 2018.

Folkerson et al. Am J Emerg Med 2018 



• D-dimer: significant negative prognostic indicator at all time points
• D-dimer at admission: independent risk factor for poor outcome (OR 1.2)

Poor outcome
Severe disability
Vegetative
Death

Nakae et al. J Neurotrauma 2016. 

Good outcome

Role of hyperfibrinolysis



Massaro et al. Neurocrit Care, 2015. 

MA increased by 2.6 mm daily TG increased by 31.9 mm/min daily 

Delayed hypercoagulability



Why not PT/PTT?

• Plasma based
• No interaction between clotting factors, tissue factor, and platelets

• Poor correlation with clinical bleeding and transfusion requirements

• Do not demonstrate the effect of novel anticoagulation agents or 
antiplatelet therapy

• No measurement of fibrinolysis



Windelov et al.
• 78 patients with ICH or isolated TBI
• Hypocoagulable by TEG=8, INR/PTT/platelets=16, both=2

Windelov et al. Blood Coagul Fibrinolysis 2011.



Antiplatelet agents
• Dual AP therapy

• Prolonged time to initiate clotting (↑R)
• Slower rate of clot formation (↓α)
• Reduced final clot strength (↓MA)

• Single AP therapy: no sig differences 
compared with no AP

• Platelet mapping: % inhibition
• AA: aspirin, NSAIDs
• ADP: clopidogrel, prasugrel

McDonald et al. J Intensive Care Med 2017.



Question

60 yo F with history of A fib, HTN, DM presents with acute onset of aphasia 
and R hemiparesis. She takes apixaban for A fib, but lives alone and family 
is unsure of when she last took the medication. What is the next 
appropriate step in management?

A. Check PT/PTT
B. Check TEG
C. Give FFP

D. Give PCC
E. Activated charcoal



Anticoagulation reversal
Agent Mechanism Half-life Reversal

Warfarin Reduction in vitamin 
K-dependent clotting 
factors (II, VII, IX, X)

20-60 h Vitamin K 10 mg IV
PCC 25-50 U/kg
FFP 10-15 ml/kg if PCC not 
available 

Dabigatran Direct thrombin 
inhibitor

13 h
22-35 h if ClCr 
<30

Idarucizumab 5 mg IV x2 doses
PCC if idarucizumab not available
Hemodialysis

Rivaroxaban, 
apixaban, edoxaban

Xa inhibitor Rivaroxaban 7-9 h
Apixaban 9-14 h

PCC 50 U/kg

Heparin Indirectly inhibits Xa 
and IIa via 
antithrombin

45-90 min Protamine 1 mg per 100 U heparin 
given within past 2-3 h

Enoxaparin Same as heparin but 
mainly Xa

4 h Protamine reverses ~60% of effect
<8 h: 1 mg per 1 mg enoxaparin
8-12 h: 0.5 mg per 1 mg 
enoxaparin

Guidelines for Reversal of Antithrombotics in 
Intracranial Hemorrhage. Neurocrit Care 2016. 



• All rTEG values predictive of significant bleeding

• α angle (<56º) superior in predicting massive RBC, FFP, 
platelet, and cryo transfusions

• All rTEG values independent predictors of 24 hour and 
30 day mortality

• Of CCT, only aPTT predictive

• Cost similar
• $317 rTEG vs. $286 for CCT

Correlations
ACT – INR, aPTT

K – aPTT
α angle – fibrinogen
MA – platelet count, 

fibrinogen



Holcomb et al. Ann Surg 2012.



Conclusions:
TEG in Neuro ICU
• Risk stratification 

• Hematoma expansion, IVH
• Transfusion requirements
• Surgical intervention
• Thrombotic complications

• Therapeutic interventions
• Product administration
• Antiplatelets/anticoagulants

• Mortality and outcome implications



Thank you!
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