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Effect of Tranexamic Acid for Traumatic Brain Injury: A Case Report
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Traumatic brain injury (TBI) often results in coagulopathy, which increases mortality risk. The Clinical
Randomization of an Antifibrinolytic in Significant Head injury (CRASH)-2 and CRASH-3 trials con-

firmed that tranexamic acid (TXA) was effective after trauma. Herein, we report a unique coagulation

change in a patient with TBI given TXA after point-of-care assessment. Coagulation functions were im-

paired on admission. At 1 hour after TXA administration, clotting time was further prolonged in the ex-

trinsic coagulation pathway but shortened in the intrinsic coagulation system. The results of a test of

the total thrombus-formation analysis system showed improved blood clot formation ability. Intrinsic

coagulation and clot formation improved after TXA administration in a TBI patient with coagulopathy.

(J Nippon Med Sch 2020; 87: 227-232)
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Introduction

Coagulopathy is related to poor prognosis in trauma pa-
tients'. Traumatic brain injury (TBI) frequently causes co-
agulopathy’, which is associated with increased mortality
and worse neurological outcomes’. The Clinical Ran-
domization of an Antifibrinolytic in Significant Head in-
jury (CRASH)-2 trial confirmed the effectiveness and
safety of tranexamic acid (TXA) for trauma patients’, and
the CRASH-3 trial showed that mortality risk related to
head injury was reduced after TXA administration in pa-
tients with mild-to-moderate head injury’.

TXA inhibits fibrinolysis by binding to plasminogen
and plasmin, thus preventing collapse of the hemostasis
mechanism. In addition to its use in trauma patients,
TXA has been used in cardiovascular surgery’, orthope-
dic surgery’, pediatric surgery’, and obstetrics/gynecol-
ogy’ and was reported to be effective in controlling in-
traoperative bleeding. Despite evidence regarding the ef-
fect of antifibrinolytic agents on hemostasis, such as that
reported in CRASH-2 and CRASH-3, the mechanism by
which TXA induces hemostasis is not well understood.
No study has reported that hyperfibrinolysis is present in
all patients with successful clinical outcomes after TXA
administration. Moreover, a previous study utilizing an
animal model of TBI did not show that TXA affects in-

trinsic or extrinsic coagulation functions”. Herein, we re-
port a newly discovered coagulation change in a TBI pa-

tient given TXA after point-of-care assessment.

Case Presentation
While cycling, a healthy 87-year-old Japanese man was
struck by a car traveling at a speed of 40 km/h. A doctor
at the accident scene was unable to intubate the trachea
and therefore performed cricothyroidotomy and inserted
an intravenous line. The patient was transported to the
hospital by ambulance, and his Glasgow Coma Scale
score on admission was 3 (1 = eye opening, T = verbal, 1
= motor). He presented with anisocoria (right > left), and
his cardiopulmonary status was physiologically stable, as
there were no severe injuries other than head trauma. Af-
ter a blood sample was collected, TXA 1 g was adminis-
tered by intravenous bolus injection 1 hour after the in-
jury, after infusion of 100 mL of Lactated Ringer’s solu-
tion. A cranial CT scan revealed acute subdural hema-
toma, diffuse brain injury, and severe secondary brain in-
jury caused by hypoxia and intracranial hypertension
(Fig. 1). The patient was taken to the operating room for
emergency surgery. Another blood sample was collected
at 1 hour after TXA administration, and before surgery,

when the patient received about 300 mL of intravenous
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Lactated Ringer’s solution. No blood-derived products
were given to the patient during this interval. Craniot-
omy was performed for removal of hematoma and cere-
bral decompression; however, overwhelming brain
edema resulted in death, which was confirmed at 30
hours after the injury.

Past History and Medication

Gastric ulcer treated with rabeprazole sodium; no
other significant medical history.

Results of Blood Testing

Blood collected from the patient on admission showed
a low fibrinogen level, normal platelet count, and abnor-

mally high levels of some biological markers, including

Fig. 1 Cranial computed tomography scan showing acute
subdural hematoma with a midline shift and brain
contusions.

metabolites produced by the activated coagulation/ fibri-
nolysis system (Table 1).

Rotational Thromboelastometry

Rotational thromboelastometry (ROTEM delta; Tem In-
ternational GmbH, Munich, Germany) is a point-of-care
test used to evaluate blood viscosity". Data obtained
from the ROTEM channels INTEM, EXTEM, and FIBTEM
reflect the intrinsic coagulation system, extrinsic coagula-
tion system, and fibrin polymerization ability, respec-
tively; APTEM can be used to identify hyperfibrinolysis.
The results of ROTEM analysis of blood samples col-
lected immediately before and 1 hour after TXA admini-
stration are shown in Figure 2. At admission, intrinsic
and extrinsic coagulation were impaired, and fibrin po-
lymerization ability was greatly impaired. At 1 hour after
TXA administration, EXTEM showed further prolonga-
tion of clotting time and diminished clot firmness. IN-
TEM showed shortening of clotting time but no change
in clot firmness. There was little change in APTEM, as
compared with EXTEM, which suggests the absence of
hyperfibrinolysis.

Thromboelastography

Thromboelastography (TEG6s; Haemoscope Corpora-
tion, Niles, IL, USA) is a point-of-care device that, like
ROTEM, can evaluate the viscosity of whole blood. The
TEG6s device can be used to measure kaolin (CK: cit-
rated kaolin), rTEG (CRT: citrated rapid TEG), functional
fibrinogen (CFF: citrated functional fibrinogen), and kao-
(CKH:

heparinase). CK is influenced by the intrinsic coagulation

lin with heparinase citrated kaolin with

system, CRT reflects intrinsic and extrinsic coagulation

function, CFF represents fibrin polymerization ability,

Table 1 Laboratory findings

Test

Hematocrit

Lactate

Platelet

Fibrinogen

Prothrombin time

Partial thromboplastin time
FDP

D-dimer

PIC

TAT

Result Normal value
375 36.0-48.0%
2.3 0.5-1.6 mmol/L
233 131-362 103/ mm
0.69 2-4¢g/L
62 70-130%
93.9 70-130%
735.4 0-5 ug/mL
326.4 0-1 pg/mL
59.4 0-0.8 ug/mL
2,373 <3.0ng/mL

Low fibrinogen level and abnormally high levels of biologi-

cal markers.

FDP: fibrin degradation product

PIC: plasmin-o2-plasmin inhibitor complex

TAT: thrombin-antithrombin complex
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Fig. 2 Rotational thromboelastometry measurement
Time-course (x-axis) and clot firmness (y-axis). The graphs show the results of measurements before (blue
line) and after (red line) TXA administration. INTEM showed that TXA shortened clotting time; no signif-
icant changes were seen in other parameters.
TXA: tranexamic acid

Table 2 Thromboelastography measurement

R K Angle  MA  LY30
TEG6s (min)  (min) (degg) (mm) (%)
CK (Pre TXA) 6.8 33 40 503 0
CK (Post TXA) 37 6 38 482 0
CRT (Pre TXA) 14 29 57.8 491 0
CRT (Post TXA) 21 33 622 459 0
CKH (Pre TXA) 7.6 3.1 447 492
CKH (Post TXA) 3 62 36.9 4838
CFF (Pre TXA) 10.7
CFF (Post TXA) 126

Clotting time of CK was shortened after TXA administration. There
was a gradual decline in clot firmness of CK.

TXA: tranexamic acid CK: citrated kaolin

CRT: citrated rapid TEG CKH: citrated kaolin with heparinase

CFF: citrated functional fibrinogen

and CKH is used to exclude the possible effects of hepa-
rin and heparinoid. CRT testing showed prolongation of
clotting time and decreased clot firmness after TXA ad-
ministration (Table 2). However, the clotting time of CK
was shorter after TXA administration, as indicated by the
INTEM channel of ROTEM. The decline in clot firmness
of CK was gradual. CKH testing, in which heparinase is
added to the sample, yielded results similar to those ob-
tained for CK.

The Total Thrombus-formation Analysis System

The total thrombus-formation analysis system device
(T-TAS; Fujimori Kogyo Co., Ltd., Japan) allows whole
blood to flow through collagen and artificial blood ves-
sels coated with tissue factor and measures pressure from

the start of thrombus formation until occlusion. A pump
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is used to force blood into the artificial vessel. The proc-
ess of thrombus formation is similar to that present in
vivo, and the T-TAS device is better than other devices
for investigating the process of thrombus formation. T-
TAS results before and after TXA administration are
shown in Figure 3. The time until the start of occlusive
thrombus formation decreased from 573 seconds to 410
seconds, and thrombotic occlusion time decreased from
689 seconds to 508 seconds.

Discussion
After a head injury, breakdown of the blood-brain barrier
causes an influx of brain tissue factor into the blood
stream, which results in activation of factor VII and over-

reaction of the coagulation cascade®”. Depletion of coagu-
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Fig. 3 Measurement of thrombus formation with a total thrombus-formation analysis system
Time-course (x-axis) and pressure measurements (y-axis). The graph shows measurements before
(blue line) and after (red line) TXA administration. Thrombotic occlusion time was decreased
from 689 seconds to 508 seconds by TXA administration, suggesting that TXA improved clot for-

mation ability.
TXA: tranexamic acid

Table 3 Characteristics of patients who underwent ROTEM measurement before and after TXA administration

Severity Clotting time Percentage
Case Situation Cr.amg 1CT GCS of head of INTEM Cha?‘ g€ mn Outcome
findings trauma (Before TXA — Clotting time
After TXA) of INTEM
1 Traffic Brain contusion E1VTM1 severe 440 — 196 56% Dead
accident (sec)
2 Fall Brain contusion E3V3M5 moderate 130 — 116 11% Survived
(sec)
3 Traffic Traumatic-SAH E4V4AM6 mild 309 — 285 8% Survived
accident AEDH (sec)

Case 1 is the present patient. The clotting time of the intrinsic coagulation system was also shortened in two previously

reported cases (cases 2 and 3).
CT: computed tomography GCS: Glasgow coma scale

SAH: subarachnoid hemorrhage AEDH: acute epidural hematoma

TXA: tranexamic acid

lation factor, caused by the excessive coagulation reaction
and subsequent platelet dysfunction”, results in progres-
sive hemorrhagic injury and worse outcomes".

In our patient, ROTEM showed declines in intrinsic
and extrinsic coagulation ability and fibrin polymeriza-
tion ability. The TEG6s assay revealed a decline in extrin-
sic coagulation ability and fibrin polymerization ability
and absence of effects by heparin and heparinoid. Levels
of fibrin/fibrinogen degradation products and D-dimer
were abnormally high, suggesting that blood clots had
formed in the vessel and that thrombolysis occurred
later. Thus, coagulopathy at admission was likely attrib-

utable to depletion of coagulation factor caused by over-
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reaction of the coagulation cascade. Abnormally high lev-
els of plasmin-02 plasmin inhibitor complex and
thrombin-antithrombin complex were confirmed in this
observation. At 1 hour after TXA administration, clotting
time for the extrinsic coagulation pathway was further
prolonged and intrinsic clotting time was shortened.

Two other TBI patients have undergone ROTEM analy-
sis, as shown in Table 3; one had mild TBI, and the other
had moderate TBI. The data showed a shortening of clot-
ting time in the intrinsic coagulation system in both
cases, without improvement in the extrinsic coagulation
system. TXA was given 1 hour after the injury, and blood

samples were collected at 1 hour after TXA administra-
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tion. The tendency—ie, shortening of clotting time in the
intrinsic coagulation system—was very similar to that in
severe cases. On the basis of these findings, we presume
that the improvement in intrinsic coagulation function by
TXA was reproduceable. However, the shortening of clot-
ting time in the intrinsic coagulation system is difficult to
explain, in light of the course of extrinsic coagulation.
TXA administration may improve intrinsic coagulation in
TBI patients after depletion of clotting factor. To our
knowledge, this finding has not been reported previ-
ously. TXA may have both a simple fibrinolysis suppres-
sant effect and an inhibitory effect on coagulation con-
sumption. Coagulation factors such as kallikrein, factor
XII, factor XI, factor IX, factor VIII, and von Willebrand
factor (which stabilizes factor VIII) have specific effects
on intrinsic coagulation. When factors are replenished or
depletion is suppressed, intrinsic coagulation is im-
proved. However, the direct effect of TXA on these fac-
tors has not been reported. Although several studies ex-
amined the antifibrinolytic effect of TXA", its effect on
coagulation factors is poorly understood. TXA has anti-
inflammatory effects believed to be caused by direct or
indirect inhibition of the kinin system'’, and a recent
study reported that TXA administration inhibited
bradykinin". Kallikrein, which activates factor XII, pro-
duces bradykinin by breaking down high-molecular-
weight kininogen. Therefore, TXA might suppress factor
XII activation by inhibiting kallikrein upstream of the
kallikrein-kinin system, thus resulting in reduced deple-
tion of intrinsic coagulation factor. The shortened clotting
time of the intrinsic coagulation system observed by the
TEG6s assay might be attributable to preservation of in-
trinsic coagulation factor.

Several previous studies demonstrated the utility of
point-of-care devices in trauma settings'®. Schochl et al re-
ported that depletion of intrinsic coagulation factor had
the best predictive value for mortality in TBI patients”.
Therefore, administration of TXA to improve the intrinsic
coagulation system might be a promising treatment op-
tion in improving clinical outcomes of patients with se-
vere TBI.

In this study, ROTEM and TEG revealed that intrinsic
coagulations systems, but not extrinsic pathways, were
improved by TXA administration. These findings have
not been reported previously. Therefore, the most impor-
tant mechanism in clot formation is difficult to identify.
Thus, we focused on the results of T-TAS because T-TAS
is a clot formation analysis device that incorporates artifi-

cial blood vessels in its system, as mentioned above. It
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can evaluate hemostasis ability itself by using whole-
blood samples, regardless of any related mechanisms in-
volved. Most importantly, although further studies of the
mechanism by which TXA administration induces throm-
bus formation are warranted, T-TAS clearly showed a
significant improvement in clot formation ability after
TXA treatment in a patient with TBL

Conclusions
The present report showed improvements in intrinsic co-
agulation functions and clot formation ability after TXA
administration in a TBI patient with coagulopathy, as

confirmed by multiple point-of-care testing devices.
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