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But what really happens?





Examples of immune consequences

• Increased plasminogen

• Decreased plasmin (and downstream mediators)

• Tranexamic Acid independent effects (lysine)

Acknowledgements for slides:
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HEADING

Plasmin, a potent modulator of immune function

Draxler et al., Semin Thromb Hemost. 2017 Mar;43(2):143-153.
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TXA effects in healthy volunteers

Oral application of 1g TXA

Blood drawn preTXA, 2h, 4h, and 24h after TXA intake

Evaluation of plasma cytokines and flowcytometry
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Data expressed as mean±SEM, n=7 * - 1way ANOVA with Tukey’s multiple comparison

Baseline expression of CD83 is enhanced on various 

antigen-presenting cells by TXA
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Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.

CD83 –
activates DCs 
and regulates T 
cells
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Data expressed as mean±SEM, * - 1way ANOVA with Tukey’s multiple comparison, n=10

Baseline levels of pro-inflammatory cytokines are 

significantly reduced by TXA

Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.
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Data expressed as mean±SEM, * - 1way ANOVA with Tukey’s multiple comparison, n=10

TXA modulates the immune system at baseline

Baseline expression of CD83 is enhanced on various 

antigen-presenting cells by TXA

Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.
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Immune effects of TXA in elective surgery
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RCT, 4662 patients undergoing coronary artery 

bypass surgery, randomised to TXA 

(100mg/kg, later 50mg/kg) or placebo

post-surgery 24 hours 72 hourspre-surgery

Flowcytometry to evaluate myeloid and lymphoid cell populations and assessment of 
plasma proinflammatory and immunosuppressive cytokines

Single center analysis of immune/infection outcomes in cardiac surgery
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Immune effects of TXA in cardiac surgery

Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.
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Immune effects of TXA in cardiac surgery



17Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.

Immune effects of TXA in cardiac surgery
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TXA reduces post-surgical infection rates 
indpendent of its blood-sparing effect
(in patients without diabetes)



19Draxler et al., Blood Adv. 2019 May 28;3(10):1598-1609.
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Site of 

impact

TXA administration

• 100mg/kg

• i.v. 20min after sham/TBI

• i.p. twice daily for 3 days

TXA effects in a mouse model of TBI

Draxler et al., J Thromb Haemost. 2019 Dec;17(12):2174-2187.
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TXA facilitates increased cellularity involving resident 

cDC as well as cytotoxic T cells in the cervical lymph 

nodes (cLN) 1 week post TBI 
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cLN:

draining lymph node system 

of the brain

Draxler et al., J Thromb Haemost. 2019 Dec;17(12):2174-2187.
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potential immune-dampening effect of plasmin generated

at the injury site, inhibited by TXA

Draxler et al., J Thromb Haemost. 2019 Dec;17(12):2174-2187.

TXA facilitates increased cellularity involving resident 

cDC as well as cytotoxic T cells in the cervical lymph 

nodes (cLN) 1 week post TBI 

cLN:

draining lymph node system 

of the brain



Sex-dependent effects on immune function



Trauma Patient Plasma Primes PMN for 
Extracellular ROS in C5a-Dependent Manner

Reduction in PMN Extracellular 

ROS by C5aR Inhibition 

Barrett et al. Clin Exp Immunol. 2018;194(1):103-117



Hyperfibrinolysis Appears to be Associated 
with Complement Activation (N=56)

Barrett lab, unpublished



tPA-mediated fibrinolysis promotes pro-inflammatory 

complement activation that primes PMN for ROS Generation

Can inhibit PMN ROS with TXA 

or C5aR1 inhibition (or target 

PI3K P110B or PLD1)!!
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TXA paradoxically augments plasmin-mediated complement 

activation when uPA is the plasminogen activator

Barrett et al. J Trauma Acute Care Surg. 2019;86(1):101-107

With respect to uPA + TXA leading 

to C5 cleavage (i.e. plasmin 

generation), this phenomena is 

largely fibrin-independent!

READ MORE:
Page S11 of the Transfusion
supplement in front of you!





Summary

• Tranexamic acid is an immunomodulating 
pro-hemostatic agent

• Plasmin, plasminogen, TXA specific effects

• Hard to uncouple immune/hemostatic 
effects

• Immunothrombosis

• Differential effects based on indication
for use (cardiac, trauma, etc)

Inflammation

Immune 
System 

Activation

Activation of 
Coagulation 

System

Coagulation



STILL

Even considering the immune 
effects….



YOU!!



Questions?

•nealm2@upmc.edu

•@macky_neal

•Cell: 412 848 2134

Neal lab funding
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Combat Casualty Care Research Program

• Department of Defense CDMRP JPC-6 
Combat Casualty Care Research Program

• Department of Defense W81XWH21107810
• DARPA N66001-23-9-4005
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