European Journal of Trauma and Emergency Surgery (2019) 45:719-726
https://doi.org/10.1007/s00068-018-0974-z

ORIGINAL PAPER

@ CrossMark

Benefits of the tranexamic acid in head trauma with no extracranial
bleeding: a prospective follow-up of 180 patients

Olfa Chakroun-Walha'® - Amal Samet' - Mouna Jerbi' - Abdennour Nasri' - Aziza Talbi' - Hassen Kanoun' -
Basma Souissi? - Kamilia Chtara3 - Mounir Bouaziz® - Hichem Ksibi' - Noureddine Rekik’

Received: 15 March 2018 / Accepted: 12 June 2018 / Published online: 19 June 2018
© Springer-Verlag GmbH Germany, part of Springer Nature 2018

Abstract

Introduction Tranexamic acid (TXA) is one of the debated therapies in the management of traumatic brain injury (TBI). We
conducted this study to evaluate the benefits of TXA in TBI on the mortality and its safety in these patients.

Methods This was a prospective randomized open-label trial including all patients, aged at 18 years or older, hospitalized
in the emergency room during a 13-month period, for TBI. After the realization of the body CT scan, the patients were
included if they had intracranial bleeding, and were then randomized according to their medical file number to receive or
not the TXA. The eligibility criteria were based on the uncertainty principle, patients with significant extracranial bleeding
were excluded since there was evidence that TXA improve their outcome.

Results We enrolled 180 patients aged at 42 + 20 years, with an 88% men-proportion. Subarachnoid haemorrhage was the
most frequent lesion in the brain CT-scan (67.5%). After randomization, 96 patients were in the TXA group (53%). Demo-
graphic data, clinical, biological and radiological features were statistically comparable in the two groups of patients (“TXA’
and ‘noTXA’). The needs of transfusion or neurosurgery, the mortality rate, the in-hospital length of stay and the dependency
at 28-post-traumatic day were similar in the two groups of patients. However, pulmonary embolism was statistically more
frequent in “TXA’ group (11.5 versus 2.4%, p=0.02).

Conclusion TXA is an interesting treatment in haemorrhagic shock. Its efficiency in head trauma is still debated and con-
troversial. Its impact on the mortality and the needs of transfusion or surgery were not demonstrated in this study. Neverthe-
less, its safety worth to be studied in larger samples as we found a higher rate of pulmonary embolism in the treated group.

Keywords Tranexamic acid - Traumatic brain injury - Management - Prognosis - Emergency department - Pulmonary
embolism

Introduction and the secondary injuries. One of the challenges in their

management is the early control of the hypercoagulabil-

Traumatic brain injuries (TBI) are a public health problem
around the world [1-5]. They are a major cause of mortality,
disability and huge costs to the society. The target of their
acute management is to prevent or to reverse the primary
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ity and the excessive hyperfibrinolysis. The effectiveness
of tranexamic acid (TXA) in severely injured patients with
bleeding was demonstrated in several studies [6—8]. How-
ever, its benefits in TBI without extracranial haemorrhage
are still debated in recent studies [5, 9-19].

The aims of the present study were to compare the 28th-
day mortality and blood transfusion and neurosurgery
needed among TBI patients without extracranial bleeding
who did or did not receive TXA. We also aimed to compare
thromboembolic complications in the two groups of patients.
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Methods
Clinical setting

This is a prospective study conducted over a period of
13 months (from 1st August 2016 to 30th September
2017). The study population consisted of consecutive
patients admitted in the emergency room (ER) of the emer-
gency department of Habib Bourguiba University Hospi-
tal, in Sfax, for TBI. This hospital is the unique academic
trauma centre in the south of Tunisia. Patients with life-
threatening pathologies or requiring continuous monitor-
ing are admitted in the ER, a 10-bed unit where monitors
and invasive therapies (mechanical ventilation, vasoactive
therapies) are available. Patients with no disturbance in
vital signs are managed in the non-vital area of the emer-
gency department.

Inclusions and exclusions

Patients were eligible for the study when aged 18 years
or over, admitted in the ER for TBI, and who satisfied all
of the following criteria: intracranial bleeding in the first
or the second brain CT-scan, and with a delay of manage-
ment in the study centre under 24 h after trauma. Patients
with significant extra cranial bleeding (that is, not in need
of immediate blood transfusion) or with evidence that
TXA improve outcome, were excluded. In our institution,
each time the GCS on admission is under 13 or if there is
any neurological deterioration with a normal imaging on
admission, a second brain CT-scan is performed after 6 h.

Patients were not included with known renal failure, a
history or current evidence suggestive of venous or arterial
thrombosis (including deep vein thrombosis, pulmonary
emboli, cerebral vein thrombosis, cerebrovascular acci-
dent), or a congenital or acquired coagulopathy. Pregnant
women were also not eligible for the study.

Patients’ enrolment and follow-up

This was a prospective randomized open-label trial. The
eligibility criteria were based on the uncertainty principle.
When the body computerized tomography scan (CT-scan)
was performed, the eligibility of the patient for the study
was verified by the responsible clinician. Adults with trau-
matic brain injury, who were within 24 h of injury and
had any intracranial bleeding on CT-scan were eligible if
the responsible doctor was substantially uncertain as to
whether or not to use TXA. Included subjects were rand-
omized according to their medical file number to receive
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or not the TXA: patients in ‘TXA’ group were those hav-
ing an even medical file number during the first 6 months
and those having an odd medical file number during the
last 6 months of the study.

In the intervention group, intravenous TXA was admin-
istered as soon as possible after randomisation, with a first
dose of 1 g in 100 mL of normal saline in 10 min and then
with a maintenance dose of 1 g per 500 mL of normal saline
for 8 h [13].

No other changes in the management were indicated.
No extra tests were required for the trial. All of the clini-
cal, radiological and biological data were recorded. During
the first 24 h of admission, we assessed the severity of the
patients using the Injury Severity Score (ISS) and the sim-
plified acute physiologic score (SAPS II). The sequential
organ failure assessment score (SOFA score) was calculated
at day-1, day-3 and day-7 of hospitalization.

The primary study endpoints were the benefits of TXA
in reducing the needing of surgery or transfusion and the
mortality rate up to 28 days after trauma. The secondary
endpoints of this study included the safety of TXA in TBI—
including pulmonary embolism or deep vein thrombosis—
and disability assessed by one investigator using the Glas-
gow Outcome Scale (GOS) at day-28 post trauma. The GOS
score varied from 1 to 5 points on the basis of the patient’s
functional status. A higher score indicates better recovery
[20].

The diagnosis of pulmonary embolism (PE) is usually
suspected in patients with unexplained hypoxemia and/or
shock and arterial hypotension. In our institution, a daily
assessment of hospitalized patients is performed by expert
staff in the ER and in the intensive care unit. The diagnosis
of PE was suspected in the presence of clinical or biological
disorders (unexplained hypoxemia and/or shock and arterial
hypotension). PE was then confirmed by a spiral computed
tomography (CT) scan showing one or more filling defects
or obstructions in the pulmonary artery or its branches. In
all cases, the CT-scan classification was performed by expe-
rienced university radiologists. The local institutional ethics
committee approval was obtained.

Statistical analysis

Normal distribution of the data was verified. Data reported
in the text and tables indicate the mean + standard deviation
for numeric variables and percentages or ranges for dichoto-
mous variables. To compare qualitative variables, we used
the Pearson’s Chi-square test and the Fisher’s exact test. To
compare quantitative variables, we used the student’s ¢ test.
Receiver-operating characteristic (ROC) curve was used to
analyse the correlation between the delay of TXA adminis-
tration and the risk of pulmonary embolism. The area under
the ROC curve was estimated by the method of Hanley and
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McNeill [21]. In addition, Kaplan—Meier survival curve
(log-rank method) was used for survival analysis. The sig-
nificance level was a two-sided p <0.05.

Results

We enrolled 180 among 475 cases of severe trauma hos-
pitalized in the ER for severe trauma (Fig. 1). There were
77 patients aged over 60 years (42.8%), the mean age was
41+ 19 years (extremes: 18 and 87 years). Most patients
were men (163 men and 17 women). In 71.1% of cases, the
patients had no medical history. In the other cases, diabetes
and hypertension were the most common chronic patholo-
gies (10.0 and 5.6%, respectively). The leading mecha-
nism of trauma was road traffic accident (n=160; 88.9%)
(Table 1).

In 21.7% of cases (n=39), patients were referred from
other hospitals in the southern regions of Tunisia after sta-
bilisation of their vital signs. After CT-scan and randomi-
sation, 96 patients were enrolled in ‘TXA group’ and 84
patients were in ‘noT’XA’ group (Fig. 1). The median delay
of TXA administration was 8 h after trauma (1-20 h). TXA
was administered during the first 3 h of trauma in 10% of
cases. Two patients were included in the TXA group after
the second brain CT-scan, the delay of TXA infusion was at
10 and 12 h after trauma.

The two groups of patients had comparable demographic
and clinical features (Table 1). The rate of prothrombin on

admission was statistically more frequently lower than 60%
in the ‘noTXA’ group (p <0.001). There were no further
statistical differences in the laboratory or the CT-scan find-
ings in the two groups of patients (Table 2).

The needing of transfusion was comparable in the two
groups during the first 7 days of hospitalization (Table 3).
There was no evidence of any decreased needing of surgery
(Table 3). We found no decrease in the mortality rate and
the disability assessed by the GOS at the 28th post-traumatic
day (Fig. 2; Table 4). Oppositely, thromboembolic events
were approximately five times more frequent in the TXA
group. This event was not correlated to the delay of admin-
istration of TXA (Fig. 3).

Discussion

This study showed no significant improvement of clinical
outcome in TBI treated by TXA. After TBI, there is a mas-
sive release of thromboplastin followed by the activation of
the coagulation and fibrinolytic pathways [22, 23]. Increased
fibrinolysis, is the main cause of coagulopathy in TBI even
with no extra cranial bleeding. Many studies reported the
efficacy of TXA in the safe reduction of haemorrhagic
intracranial lesions [24, 25]. However, several others stud-
ies showed that TXA did not reduce significantly the growth
of haemorrhagic lesions [15, 16, 26, 27]. The differences
in timing of CT scanning, difference in measurement of
the volume and other diagnostic criteria can explain these
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Fig. 1 Flow-chart explaining the sample of the study
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Table 1 Comparison of

. o noTXA TXA P
demographic and clinical data =84 n=96
in ‘TXA’ and ‘noTXA’ groups
of patients Demographic data
Age, years (mean +DS) 39+18 44 +20 0.1
M/F sex-ratio 8.3 11 0.6
Living in Sfax city, n (%) 42 (50.0) 52 (54.2) 0.7
Medical history, n (%)
Hypertension 5(5.9) 5(.2) 0.8
Diabetes 6(7.1) 12 (12.5) 0.2
COPD 2(2.4) 6 (6.2) 0.2
Mechanism of trauma, n (%)
Road traffic accident 74 (88.1) 89 (95.8) 0.08
Assault 2(2.4) 2(2.1) 1
Domestic accidents 8(9.5) 2(2.1) 0.05
Injuries associated to head trauma at clinical examination, n (%)
Isolated traumatic brain injury 38 (45.2) 39 (40.6) 0.5
Chest trauma 36 (42.9) 32(33.3) 0.2
Abdominal trauma 5(6.0) 25 (26.0) <1073
Pelvic trauma 1(1.2) 5.2 0.2
Limb trauma 16 (19.0) 20 (20.8) 0.8
Vital signs and clinical disorders
Mean blood pressure, mmHg (mean +DS) 88.8+16.8 87.1+16.5 0.5
Heart rate, bpm (mean +DS) 86+ 19 87+16 0.7
Signs of shock, n (%) 5(6.0) 5(5.2) 0.8
Respiratory rate, cpm (mean +DS) 18+6 19+6 0.7
Tracheal intubation, n (%) 58 (69.0) 64 (66.7) 0.7
Glasgow Coma scale score, points (mean = DS) 10+5 9+5 0.5
Seizures, n (%) 1(1.2) 44.2) 0.4
Severity scores, (mean +DS)
1SS 23.5+25.6 21.8+23.2 0.6
SAPS I 193+154 242+17.7 0.05
SOFA at day 1 3527 3.8+29 0.5
SOFA at day 3 57+33 57+32 0.9
SOFA at day 7 52+3.1 5.8+£2.7 0.4

differences. For this reason, we decided to study the impact
of TXA use on the mortality rate, the transfusion and/or
surgery needs and the posttraumatic disability level at the
28th day of follow-up. Our results revealed that TXA did not
improve the outcome for patients after 28 days as there was
no significant difference in the number of patients who had
subsequently died or had neurosurgery between the ‘TXA’
and ‘noT’XA’ groups. Persistent vegetative state (GOS 2) at
the 28th day of follow-up was more reported in TXA group
(13.5 vs 4.8%; p=0.04) and this was the unique significant
finding. All other outcome measures were comparable in the
two groups of patients. These results concur with other stud-
ies [15, 16, 26, 27]. Oppositely, Valle et al. [28] reported that
TXA increased mortality in high injury acuity patients and
this finding was explained by the rapid availability of fluids
and emergency operative interventions at the trauma centers.
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In this study, the use of TXA was not as safe as reported
in literature [15, 26, 27, 29, 30]. The used doses of TXA
were as described in previous studies (a bolus and a con-
tinuous infusion) [10, 29] and the eligibility criteria meth-
ods of this study were similar to those of the CRASH-3
trial [10, 13]. We see our work as presenting a rather dif-
ferent view of the safety of TXA in TBI. Indeed, we found
a higher incidence of pulmonary embolism in TXA group
(11.5 vs 2.4%). This finding can be attributed to the open-
label randomisation, the assessment of this complication
was probably influenced by the TXA use. Nowadays,
the safety of TXA in TBI is still widely debated. Some
authors demonstrated the correlation between the late
administration of TXA and the risk of thromboembolic
complications; and its administration during the first 3 h
after trauma are thought to be the safest [31, 32]. These
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Fig.2 Survival analysis of “TXA’ (dashed line) and ‘noTXA’ (dotted line) groups of patients using the Kaplan—-Meier survival curve
-lr:l?olfaztors(:rrllg iﬁs ?T?zcan n(iféiA T)_(g() P
findings in “TXA’” and ‘noTXA’ " "
groups of patients Laboratory findings on admission
Haemoglobin < 10 g per dl; n (%) 12 (14.3) 15 (15.6) 0.8
Platelets rate < 100,000 per mm?>; n (%) 2(2.4) 44.2) 0.7
Prothrombin rate <60%; n (%) 4(4.8) 21 (21.9) <1073
Glucose (mmol/l); mean + SD 7.5+2.9 84+33 0.09
Urea (mmol/l); mean + SD 4.8+2.6 5.1+2.6 0.5
Creatinine (umol/l); mean +SD 7224955 65.9+40.2 0.9
Bilirubin (UI/L); mean +SD 11.7+12.4 11.5+10.0 0.9
Head CT scan findings
Subarachnoid haemorrhage; n (%) 51 (60.7) 67 (69.8) 0.2
Extradural hematoma; n (%) 24 (58.6) 23 (24.0) 0.4
Subdural hematoma; n (%) 30 (35.7) 43 (44.8) 0.2
Intracerebral haemorrhage; n (%) 41 (48.8) 55 (57.3) 0.3
Petechial haemorrhage; n (%) 14 (16.7) 20 (20.8) 0.5
Diffuse axonal injury; n (%) 5(5.9) 8(8.3) 0.5
Brain herniation; n (%) 12 (14.3) 10 (10.6) 0.4
Cerebral oedema; n (%) 14 (16.7) 13 (13.8) 0.6
The sum of cerebral lesions; mean +SD 23+13 25+13 0.3
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Table 3 Comparison of the

. nol’XA TXA p
need of transfusion or surgery n=84 n=96
in ‘TXA’ and ‘noTXA’ groups
of patients Packed red cells transfused at day 1 (units/day); mean=+SD 0.2+0.6 05+1.2 0.05
Packed red cells transfused at day 3 (units/day); mean +SD 0.3+0.6 04+1.0 0.6
Packed red cells transfused at day 7 (units/day); mean +SD 0.1+0.4 0.1+0.5 0.8
Fresh frozen plasma transfused at day 1 (units/day); mean+SD 03+1.6 0.8+1.9 0.05
Fresh frozen plasma transfused at day 3 (units/day); mean+SD 0.5+1.8 04+1.2 0.6
Platelets transfused at day 1 (units/day); mean+SD 0.0+0.0 03+1.4 0.05
Platelets transfused at day 3 (units/day); mean+SD 0.5+2.0 0.6+2.2 0.8
Platelets transfused at day 7 (units/day); mean+SD 0.0+0.0 02+1.4 0.4
Length of mechanical ventilation (days); mean+SD 6.7+9.4 8.2+10.7 0.3
Neurosurgery; n (%) 16 (19.0) 23 (24.0) 0.4
Extra cranial surgery; n (%) 3(3.6) 6(6.3) 0.5
Delay of surgery (h); mean=+SD 12.7+58.0 16.4+83.3 0.7
Table 4 Comparison of the outcome of “TXA’ and ‘noTXA’ groups of patients
noI'’XA TXA D
n=84 n=96
SOFA score at the 3rd day post-trauma; mean +SD 5.7+33 57+32 0.9
SOFA score at the 7th day post-trauma; mean + SD 52+3.1 5.8+2.7 04
Hypoxia at the 7th day post-trauma; n (%) 1(1.2) 1(1.0) 1.0
Shock at day the 3rd day post-trauma; n (%) 0(0.0) 6(6.2) 0.03
Shock at the 7th day post-trauma; n (%) 1(1.2) 0 (0.0) 0.6
Pulmonary embolism; n (%) 2(2.4) 11 (11.5) 0.02
Deep venous thrombosis; 1 (%) 3(3.6) 3.1 1.0
Length of ICU stay (days); mean+SD 12.5+13.8 16.9+16.8 0.1
Length of in-hospital stay (days); mean +SD 14.4+16.3 15.0+15.5 0.8
Mortality rate at the 28th day post trauma; n (%) 19 (22.6) 27 (28.1) 0.4
Persistent vegetative state (GOS 2) at the 28th day post trauma; n (%) 4 (4.8) 13 (13.5) 0.04
Severe disability (GOS 3) at the 28th day post trauma; n (%) 7(8.3) 10 (10.4) 0.5
Moderate or good recovery (GOS 4 and 5) at the 28th day post trauma; n (%) 54 (64.3) 50 (52.1) 0.09

practises are approved in patients with polytrauma or with
shock and are still controversial in intracranial bleeding. In
the study of Fakharian et al. [27], patients with TBI were
included up to 8 h after trauma and TXA was not asso-
ciated with an increased risk of thromboembolic events.
Long-term administration of TXA in patients with post-
traumatic chronic subdural hematoma was also studied; it
was safe and was associated to the decrease of the bleeding
[33]. In our study, almost half of our patients were admin-
istered TXA during the first 8 h. Nevertheless, there was
no association between the timing of the administration
of TXA and the risk of pulmonary embolism as shown
in Fig. 3.

There are some limitations that must be considered. This
study was an open-label trial as abovementioned, whereas
a double or triple-blinded trial would be more accurate to

@ Springer

assess the safety of TXA. Moreover, we did not perform a
power evaluation and the small sample size is due to the
monocentric type of this study. Further, markers of coagu-
lopathy were not measured to compare the two groups of
patients. Despite these limitations, we think that our work
will be interesting to medical practitioners, and to colleagues
who are focusing on TXA in TBI.

Conclusion

In summary, this study shows that the benefits of TXA in TBI
without significant extracranial bleeding are to be considered.
The timing and the indications of its use are still not defined
and the assessment of the outcome and the adverse effects are
still controversial.
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Fig.3 Receiver-operating characteristic curve (ROC curve) for the
correlation between the delay of administration of TXA and the risk
of pulmonary embolism. The area under the curve was 0.5 indicating
a poor correlation (p=0.2)
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