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Abstract

Introduction: The Tranexamic acid for IntraCerebral Haemorrhage-2 (TICH-2) trial reported no significant improvement
in death and dependency at day 90 despite reductions in haematoma expansion, early neurological deterioration and
early death. However, significant recovery after stroke, particularly intracerebral haemorrhage (ICH), may take more
than 3 months. Here we report the participant outcomes at | year after stroke.

Patients and methods: TICH-2 was a prospective randomised controlled trial that tested the efficacy and safety
of tranexamic acid in spontaneous ICH when given within 8h of onset. Patients with ICH on anticoagulation were
excluded. Centralised blinded telephone follow up was performed for patients from the United Kingdom at | year. The
primary outcome was modified Rankin Scale at | year. Secondary outcomes included Barthel index, Telephone Interview
Cognitive Status-modified, EuroQoL-5D and Zung Depression Scale. This was a prespecified secondary analysis of the
TICH-2 trial.

Results: About 2325 patients were recruited into the trial (age 68.9 = 13.8years; 1301 male, 56%). About 1910
participants (82.2%) were eligible for day 365 follow up. 57 patients (3.0%) were lost to follow up. Tranexamic acid did
not reduce the risk of poor functional outcome at | year (adjusted OR 0.91 95% CI 0.77-1.09; p=0.302). However, Cox
proportional hazard analysis revealed significant survival benefit in the tranexamic acid group (adjusted HR 0.83, 95% ClI
0.70-0.99; p=0.038).

Conclusion: There was no difference in functional outcome at | year after ICH. Tranexamic acid may reduce mortality
at | year without an increase in severely dependent survivors. But this should be interpreted with caution as this is a
result of secondary analysis in a neutral trial.
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Introduction

Acute intracerebral haemorrhage (ICH) accounted for
approximately 3.2million cases of stroke! and 2.89 million
deaths in 2019.2 In terms of disability-adjusted life years
(DALYs), ICH accounted for 4.4% of all stroke-related
DALYs in 2019.2 ICH carries a high morbidity and mortal-
ity rate due to complications such as haematoma expansion,
neuroinflammation and brain oedema as well as few suc-
cessful treatment options. Haematoma expansion occurs in
38% of patients with acute ICH within the first few hours of
onset and leads to higher mortality and worse functional
outcome.>* Hence, limiting haematoma expansion with
haemostatic therapy is an important therapeutic target. The
Tranexamic acid for IntraCerebral Haemorrhage-2 (TICH-
2) trial tested the efficacy and safety of tranexamic acid, an
anti-fibrinolytic agent, in acute spontaneous ICH, within
8h of symptom onset.’ There was no significant improve-
ment in death and dependency at day 90 despite small but
significant reductions in haematoma expansion, early neu-
rological deterioration, early death and serious adverse
events.’ One possible explanation is the modest reduction
in haematoma volume of 1.4mL may be insufficient to
translate into improvement in functional outcome.® The pri-
mary outcome of modified Rankin Scale (mRS) was
assessed at 90days, which corresponds to the period of
greatest motor recovery after stroke.® However, motor
functions of people with stroke due to ICH may continue to
improve beyond 3months’. The prevalence of recurrent
ICH, ischaemic stroke and other vascular events are cumu-
lative over the years especially in the older ages groups
(55-94).% Recent literature supports avoiding early prog-
nostication as it is a poor indicator of long-term recov-
ery."”13 Prognostication and morbidity amongst ICH
patients with co-morbidities such as diabetes is worse and
not always accounted for in trials.'? It has also been shown
that reduction of haematoma volume in the first month has
a positive impact on recovery at 1year.!”> Language and
cognitive function may also continue to improve up to
2 years after stroke.'* In addition, stroke complications are
common with approximately 46% of the trial patients expe-
riencing serious adverse events in the first 90days, thus
impairing the recovery process.’

Here, we report on outcomes at 1year after stroke to
explore the possibility of a delayed effect of tranexamic
acid on improving functional recovery after [CH. We tested
the hypothesis that intravenous tranexamic acid given
within 8 h of spontaneous ICH reduces death and depend-
ence at 1 year.

Patients and methods

TICH-2 trial was a prospective multicentre randomised
placebo-controlled trial testing the efficacy and safety of
intravenous tranexamic acid in patients with acute sponta-
neous ICH presenting within 8 h of onset. Details of the trial

protocol were published.>!* In short, patients with acute
ICH were randomised in a double-blinded manner to
receive 2 g of intravenous tranexamic acid or matching pla-
cebo. Centralised, blinded assessor telephone follow up
was performed at 1year for patients from the United
Kingdom only (due to funding/logistical reasons). The pri-
mary outcome was modified Rankin Scale at 1year.
Secondary outcomes included death, Barthel index,
Telephone Interview Cognitive Status-modified (TICS-M),
EuroQoL-5D (EQ-5D) and Zung Depression Scale (ZDS).
Ethics approval was gained prior to the commencement of
the trial. Analysing these outcomes of participants at 1-year
was a pre-specified secondary analysis of the TICH-2
trial.'®

Statistical analysis

We followed a pre-specified statistical plan,'® and analysed
the outcome at 1year as a shift in the mRS, using ordinal
logistic regression, with adjustment for the stratification
and minimisation criteria. We tested the assumption of pro-
portional odds using the likelihood ratio test. We also per-
formed sensitivity analyses of the 1-year mRS and as a
binary outcome (split at 0—3 vs 4—6). All analyses followed
the intention-to-treat principle and kept participants in the
groups to which they were allocated by the minimisation
algorithm. We analysed prespecified subgroups using ordi-
nal logistic regression, with adjustment for the stratification
and minimisation criteria, to assess any variation of the
treatment effect on the primary outcome. We performed
Cox proportional hazard regression analysis to examine the
effect of tranexamic acid on hazard ratio for death.
Continuous variables such as EQ-5D Health Utility Score
(HUS) and EQ-5D Visual Assessment Score (VAS), Barthel
Index, ZDS and TICS-M used multiple variable regression
analysis at 1 year. In addition we analysed the difference in
mRS, using ordinal logistic regression, and continuous sec-
ondary outcomes, using multiple variable regression,
between 90days and lyear in the two treatment arms
separately.

Data are mean (standard deviation, SD), median [inter-
quartile range], odds ratios (OR), hazard ratio (HR) or mean
difference (MD) with 95% confidence intervals (CI).
Binary logistic regression (Odds Ratio, OR), multiple lin-
ear regression (Mean difference, MD) or Cox proportional
hazard regression (hazard ratio, HR). Analyses had adjust-
ment for age, sex, time from onset to randomisation, base-
line SBP, baseline NIHSS, presence of IVH, history of prior
antiplatelets. The analysis was undertaken by LIJW using
the SAS software 9.4 version.

Results

About 2325 patients were recruited into the TICH-2 trial (age
68.9, (*£)13.8years; 1301 male, 56%). Of these, 1910
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Randomised to TICH-2
N=2325

Excluded
N= 415
International patients

did not get followed up
at one year and were
excluded from this
analysis.

Randomised to TICH-2 One
Year Follow Up
N=1910

TXA
N=954 (100.0%)

Baseline form
Completed n=954 (100.0%)

Day 90 follow-up (primary)
Died n=209 (21.9%)
No vital status n=3 (0.3%)
MRS completed n=945 (99.1%)
mRS missing
»  Lost to follow-up n=3 (0.3%)
*  Withdrawn n=6 (0.6%)
«  Patient refused n=0 (0%)
+  Other n=0 (0%)

Day 365 follow-up (final)

Vital status completed n=933 (97.8%)
Died n=260 (27.3%)

Died between 90 and 365 n=51 (5.3%)

mRS completed n=891 (93.4%)
MRS missing
e Lost to follow-up n=29 (3.0%)
+  Withdrawn n=2 (0.2%)
+ Patient refused n=11 (1.2%)
+ Other n=21 (2.2%)

Figure |. Trial profile.

participants (82.2%) were eligible for 1year follow up. At
1 year, 57 patients (3.0%) were lost to follow up, 26 (1.4%)
withdrew consent (withdrawal from trial/refused at time of
follow-up) and 37 (1.9%) did not complete the follow-up for
other reasons, leaving valid 1-year mRS outcome available
in 1790 patients (93.7%) (Figure 1). Vital status was availa-
ble in 1873 patients (Figure 1). The mean age was 69.7 (13.7)
and 1041 (54.50%) participants were male. The median time

Control
N=956 (100.0%)

Baseline form
Completed n=956 (100.0%)

Day 90 follow-up (primary)
Died n=213 (22.3%)
No vital status n=0 (0%)
MRS completed n=947 (99.1%)
mRS missing
« Lost to follow-up n=6 (0.6%)
*  Withdrawn n=3 (0.3%)
+ Patient refused n=0 (0%)
+  Other n=0 (0%)

Day 365 follow-up (final)

Vital status completed n=940 (98.3%)
Died n=276 (28.9%)

Died between 90 and 365 n=63 (6.6%)

MRS completed n=899 (94.0%)
mRS missing.
«  Lost to follow-up n=28 (2.9%)
+  Withdrawn n=1 (0.1%)
«  Patient refused n=12 (1.3%)
«  Other n=16 (1.7%)

from stroke onset to randomisation was 3.5h (IQR 2.6—4.8 h).
The mean baseline systolic blood pressure was 172.6 mmHg
(SD 27.6mmHg) and diastolic blood pressure was
92.3mmHg (SD 18.3mmHg). 543 (56.92%) participants’
haematoma location was supratentorial deep, 325 (34.07%)
supratentorial lobar and 61 (6.39%) infratentorial. Mean hae-
matoma volume was 25.3ml (SD 27.8 ml). There were no
baseline differences between the treatment groups followed



European Stroke Journal 00(0)

Table |. Baseline characteristics comparing participant from day 90 follow up and | year follow up.

Baseline variable Day 90 | year sub-study (all patients, TXA group and Placebo
(All patients) group)
All TXA Placebo
Participants randomised 2325 1910 954 956
Age (years)*, Mean (SD) 68.9 (13.8) 69.7 (13.7) 69.9 (13.5) 69.5 (13.9)

=70years (%)
Sex*, male (%)
Onset to randomisation (hours)*, median [IQR]
<3h (%)
<4.5h (%)
History of:
previous antiplatelet therapy*
statin use prior to admission
previous stroke or Transient Ischaemic Attack
Ischaemic Heart Disease
Pre-stroke mRS, median [IQR]
Glasgow coma scale, Mean (SD)
NIHSS score*, Mean (SD)
Systolic blood pressure*, Mean (SD)
Diastolic blood pressure, Mean (SD)
Intra-ventricular haemorrhage*, yes (%)
Haematoma location
Supra-tentorial lobar (%)
Supra-tentorial deep (%)
Infra-tentorial (%)
Combination (%)
Intracerebral haematoma volume (ml), Mean (SD)

1224 (52.65%)
1301 (55.96%)
3.6 [2.6, 5.0]
827 (35.57%)
1575 (67.74%)

611 (26.29%)
622 (26.96%)
329 (14.30%)
202 (8.79%)

0.0 [0.0, 1.0]
13.4 (2.1)
13.0 (7.5)

172.6 (27.1)
932 (18.1)
745 (32.04%)

738 (31.74%)
1371 (58.97%)
149 (6.41%)
67 (2.88%)

24.0 (27.2)

1057 (55.34%)
1041 (54.50%)
3.5 [2.6, 4.8]
718 (37.59%)
1360 (71.20%)

518 (27.13%)
556 (29.37%)
250 (13.24%)
171 (9.07%)

0.0 [0.0, 1.0]
13.5 (2.2)
13.0 (7.7)

172.6 (27.6)

92.3 (18.3)
636 (33.30%)

643 (33.66%)
1098 (57.49%)
120 (6.28%)
49 (2.57%)

25.3 (27.8)

536 (56.18%)
506 (53.04%)

3.5 [2.6, 4.8]
368 (38.57%)
672 (70.44%)

266 (27.91%)
287 (30.37%)
134 (14.26%)

90 (9.61%)

0.0 [0.0, 1.0]
13.4 (2.2)
13.2(7.7)

171.7 (28.1)

91.7 (18.6)
335 (35.12%)

325 (34.07%)
543 (56.92%)
61 (6.39%)
25 (2.62%)

26.0 (28.6)

521 (54.50%)
535 (55.96%)

3.5 [2.5,4.7]
350 (36.61%)
688 (71.97%)

252 (26.36%)
269 (28.38%)
116 (12.24%)
81 (8.54%)

0.0 [0.0, 1.0]
13.6 (2.1)
12.9 (7.7)

173.6 (27.0)
92.9 (18.0)
301 (31.49%)

318 (33.26%)
555 (58.05%)
59 (6.17%)
24 (2.51%)

24.6 (27.0)

Minimisation variables are highlighted with an asterix (¥).

up till 1-year and those who were followed up till 90days,
apart from country of origin (Table 1).

The primary outcome was assessed in 1790 partici-
pants. There were no significant differences in death and
dependency (mRS 4-6) in both the ordinal logistic regres-
sion analysis at 1year (adjusted OR 0.91 95% CI 0.77-
1.09, p=0.302) (Table 2) or the ordinal shift analysis
(Figure 2). We undertook sensitivity analysis of the death
and dependency outcome by splitting the mRS scale into
dichotomy variables (mRS > 3), however the results were
still insignificant (adjusted OR 1.00, 95% CI 0.78-1.29,
p=0.97) (Table 2). When we examined the primary out-
come within predetermined subgroups (Figure 3), we
found that the only significant interaction occurred
between mRS and baseline systolic blood pressure (inter-
action p=0.037). This indicated that participants with a
baseline systolic blood pressure of 170mmHg or lower
experienced a beneficial improvement in mRS when
treated with tranexamic acid, compared to those with a
systolic blood pressure higher than 170 mmHg. There was
no heterogeneity of treatment effect by onset of randomi-
sation (Figure 3), whether dichotomised as less than 3h

versus 3 h or longer (interaction p=0.13) or as less than
4.5h versus 4.5h or longer (interaction p=0,92); similarly,
there was no interaction age <70 versus >70 (p=0.92), sex
(p=0.73), NIHSS; <15 versus >15 (p=0.80), presence of
intraventricular haemorrhage (p=0.42), history of anti-
platelet therapy (p=0.82), spot sign positive (p=0.62),
haematoma location; supratentorial deep versus supraten-
torial lobar (p=0.41), haematoma volume; <30 ml versus
30-60ml versus >60 ml (p=0.73) and ethnicity; white ver-
sus other (p=0.73) (Figure 3).

The majority of deaths occurred before day 90 with
only 51 (5%) and 63 (7%) deaths occurring between day
90 and 1 year in the tranexamic acid and placebo group,
respectively (Table 2). Cox proportional hazard regres-
sion showed significant improvement in survival in the
tranexamic acid group (adjusted HR 0.83, 95% CI 0.70—
0.99; p=0.037 (Table 2 and Figure 4(a)). Cox propor-
tional hazard regression also showed a statistically
significant survival in the tranexamic acid group when
analysing the difference in death between day 90 and
1 year (adjusted HR 0.66 (0.45, 0.96 [p=0.031]) (Table 2
and Figure 4(b))).There were no significant differences in
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TXA H 103 (12%) 122 (14%) 157 (18%) 276 (29%) OmRSO
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Figure 2. Functional outcome on the modified Rankin Scale (mRS) at 365 days after randomisation.

An mRS score of 0 represents no symptoms, | represents no disability despite symptoms, 2 represents slight disability but able to look after own
affairs, 3 represents moderate disability but able to walk without assistance, 4 represents moderately severe disability (unable to walk or attend to
own bodily needs), 5 represents severely disabled (bedridden and requiring constant nursing care), and 6 represents death.

mRS =modified Rankin Scale.

quality of life, independency, cognition, and depression
at 1year between groups when assessed using Barthel
index, TICS-M, EQ-5D HUS, EQ-5D VAS and ZDS
(Table 2).

We further analysed the data with the two treatment
arms as seperate subgroups, looking at the outcome differ-
ences between day 90 and 1-year (Table 3). We saw no
difference in mRS in between day 90 and 1 year in the pla-
cebo group or tranexamic group (adjusted OR 1.00, 95% CI
0.85-1.19, p=0.97, adjusted OR 1.10, 95% CI 0.93-1.31,
p=0.25 respectively) (Table 3). We also reviewed the con-
tinuous secondary outcomes between 90days and 1 year.
Neither placebo nor tranexamic acid group showed any sta-
tistically significant difference in the EQ-5D HUS score
(MD —0.00, 95% CI —0.04 to —0.03, p=0.76), (MD —0.02,
95% CI —0.05 to 0.01, p=0.16), EQ-5D VAS score (MD
1.93, 95% CI —0.65 to —4.52, p=0.14), (MD 2.44, 95% CI
—0.35 to 5.23, p=0.09), or Barthel index (MD —0.36, 95%
CI —3.37 to —2.65, p=0.81), (MD —0.03, 95% CI —3.16 to
3.10, p=0.98) (Table 3). However, there was a significant
worsening between 90days and 1year in the TICS-M and
ZDS scores in the placebo group (MD 1.12, 95% CI 0.06 to
2.16, p=0.04 and MD —3.12, 95% CI —5.75- —0.49, p=0.02
respectively), which was not observed in the tranexamic

acid group (MD 0.42, 95% CI —0.66—-1.50, p=0.44, MD
—2.26,95% CI —4.92-0.40, p=0.10 respectively) (Table 3).

Discussion

In this pre-specified sub-study, tranexamic acid did not
improve functional outcome compared to placebo 1 year
after ICH. There was no difference in other secondary out-
comes between treatment groups at | year.

Cox proportional hazard regression showed significant
improvement in survival in the tranexamic acid group at
1-year and the benefit appeared to be cumulative. However,
this was a secondary analysis, in a neutral trial, therefore
this result may be due to chance. Contrary to the reduction
in early death (<7days) in the primary TICH-2 analysis,
the survival curves converge till day 100 before diverging.
Possible physiological reasons for a delayed effect on mor-
tality could be the reduced haematoma volume or fewer
serious adverse events (SAEs) up until 90 days post stroke
in the tranexamic acid group which may have improved the
recovery trajectory. However, we cannot draw conclusions
on this as SAEs or fatal SAEs were not collected past 90 day
and the primary TICH-2 analysis on survival at 90 days was
conducted on a larger cohort.
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Table 2. Primary and secondary outcomes of the | year follow up analysis.

Adjusted
N All TXA Control OR/MD/HR (95% Cl) p
Total number of participants 1910 954 956
randomised
Primary outcome
Total number of participants with 1790 891 899
outcome (mRS /6)
mRS 0 1790 44 (2.46%) 25 (2.81%) 19 (2.11%) 0.91 (0.77, 1.09) 0.3020
mRS | 1790 227 (12.68%) 103 (11.56%) 124 (13.79%)
mRS 2 1790 252 (14.08%) 122 (13.69%) 130 (14.46%)
mRS 3 1790 314 (17.54%) 157 (17.62%) 157 (17.46%)
mRS 4 1790 254 (14.19%) 140 (15.71%) 114 (12.68%)
mRS 5 1790 163 (9.11%) 84 (9.43%) 79 (8.79%)
mRS 6, death 1790 536 (29.94%) 260 (29.18%) 276 (30.70%)
Sensitivity analysis, day 365
mRS, median [IQR] 1790 4.0 [2.0, 6.0 4.0 [2.0, 6.0 4.0 [2.0, 6.0 .
mRS, mean (SD) 1790 3.75 (1.87) 3.77 (1.85) 3.74 (1.89) —0.05 (-0.18, 0.07) 04118
mRS > 3, n (%) 1790 1267 (70.78%) 641 (71.94%) 626 (69.63%)  1.00 (0.78, 1.29) 0.9733
Secondary outcomes
Day 365 . .
Death by day 365 (Cox Hazard 1873 536 (28.06%) 260 (27.25%) 276 (28.87%)  0.83 (0.70, 0.99) 0.0367
Ratio), n (%)
Death between 90 & 365 (Cox 1451 114 (7.86%) 51 (7.04%) 63 (8.67%) 0.66 (0.45, 0.96) 0.031
Hazard Ratio), n (%)
EQ-5D HUS (/1), mean (SD) 1741 0.33 (0.40) 0.32 (0.40) 0.34 (0.39) —0.01 (-0.04, 0.03) 0.7405
EQ-VAS (/100), mean (SD) 1101 65.62 (21.65) 65.04 (22.57)  66.19 (20.72) 0.02 (-2.41, 2.46) 0.9848
Barthel Index (/100), mean (SD) 1734  50.55 (46.24) 50.22 (45.94)  50.87 (46.56) 1.59 (—1.66, 4.84) 0.3363
TICS-M (/39), mean (SD) 1069 11.18 (12.89) 11.10 (12.73) 11.25 (13.05) 0.21 (-0.88, 1.30) 0.7097
ZDS (/100), mean (SD) 1116  73.40 (30.12) 73.44 (2991)  73.35(30.34) —0.81 (-3.49, 1.87) 0.5545

Data are n (%), mean (standard deviation) or median [interquartile range]. Modified Rankin score (mRS), Telephone Interview Cognitive Status-
modified (TICS-M), EuroQoL-5D Health Utility Score (EQ-5D HUS), EuroQoL 5D Visual Assesement Score (EQ-5D VAS) and Zung Depression
Scale (ZDS). Analyses are binary logistic regression (Odds Ratio, OR), multiple linear regression (Mean difference, MD) or Cox proportional hazard
regression (hazard ratio, HR) with adjustment for age, sex, time from onset to randomisation, baseline SBP, baseline NIHSS, presence of IVH, his-

tory of prior antiplatelets.

The majority of survivors continued to be dependent at
1-year after ICH, highlighting the burden of disability after
ICH. There was no increase in the proportion of survivors
with increased disability, suggesting that if there is a sur-
vival benefit with tranexamic acid, this is not at the cost of
significant disability. The proportion of patients who were
dead or dependent is similar to previous literature.'” The
latest literature supports the possible change in recovery
trajectory seen in ICH patients when they are followed up
for a longer time-period.'? This highlights the need for
extended data collection in future studies to further enhance
our understanding of sustained intervention effects and
improve the reliability of outcome assessments.

In addition, tranexamic acid did not improve cognition,
depression, independency or quality of life at 1 year. While
the placebo arm showed deterioration in cognition and
depression scores at two separate time points (90 days and

1 year), this was not observed in the tranexamic acid group.
However, this finding must be interpreted with caution, as
it is hypothesis-generating and not statistically significant
as a secondary outcome in a trial where the primary out-
come was neutral. Studies have shown the increased inci-
dence of dementia and the faster progression of cognitive
impairment following an ICH.'®!® Previous literature has
also noted that the presence of depression at 1year post
ICH worsens their disability despite the initial severity of
their haemorrhage.?’ There is a lack of studies exploring the
effect of treatments on outcomes such as cognition and
mood especially on long-term recovery and it is important
to consider this in future studies.'?!

Although the loss to follow up rate increased by nearly
10-fold from day 90 to 1year follow up, there was still a
low number (3%) of patients that withdrew or were lost to
follow up. This supports the feasibility of future trials
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Characteristic N OR (95% CI)
Onset to randomisation
.3 hours 671 1.09 (0.82, 1.45) —i—
..>=3 hours 1119 0.82 (0.66, 1.02) -
Onset to randomisation
..<=45 hours 1265 0.97 (0.79, 1.18) B
...>4.5 hours 525 0.79 (0.57, 1.09) —a—
Age
<70 771 0.90 (0.70, 1.17) ——
==T0 1019 0.92 (0.73, 1.17) —-
Sex
...Female 822 0.89 (0.69, 1.15) ——
...Male 963 0.93 (0.73, 1.17) —-
Systolic blood pressure
...<170 mmHg 288 0.75 (0.59, 0.96) ——
..»=170 mmHg 902 1.08 (0.85, 1.38) ——
NIHSS score
<15 1033 0.88 (0.71, 1.10) -
.==15 757 0.97 (0.73, 1.30) ——
Intra-ventricular haemorrhage
.Yes 592 0.83 (0.61, 1.14) —a—
...No 1198 0.95 (0.77, 1.17) B
History of antiplatelet therapy
.Yes 500 0.50 (0.64, 1.28) ——
..No 1250 0.92 (0.76, 1.13) E =
Spot positive
.Yes 25 459 (0.31, 68.56)
MNo 108 1.19 (0.57, 2.49) —
Haematoma location
...Supra-tentorial lobar 614 0.85(0.62, 1.16) —i—
...Supra-tentorial deep 1025 0.99 (0.79, 1.24) -
Baseline ICH volume
.30 1237 0.95 (0.77, 1.16) -
...30-60 292 0.74 (0.47, 1.15) ——
..>60 228 1.16 (0.62, 2.18) _—
Ethnicity
. White 1549 0.90 (0.75, 1.08) B
...Other 241 0.92 (0.58, 1.47) ——
All patients 1790 0.91 (0.77, 1.09) «‘
T T T T 1
0.20 0.50 1.0 20 50
Favours TXA Favours Placebo

Figure 3. Baseline characteristic differences by subgroups.
OR =odds ratio; NIHSS =National Institutes of Health Stroke Scale.
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Figure 4. (a) Survival probability following random assignment to tranexamic acid or placebo in 1873 participants recruited in the
UK and (b) survival probability in 1415 survivors at day 90 to | year.

Table 3. Primary and secondary outcome differences at day 90 and day 365 shown in all participants, participants that received
placebo only and tranexamic acid only.

Adjusted
Day 90 Day 365 OR/MD (95% ClI) p

Total number of participants randomised to placebo 940 940

mRS 0 12 (1.28%) 19 (2.11%) 1.10 (0.93, 1.31) 0.25

mRS | 95 (10.11%) 124 (13.79%)

mRS 2 152 (16.17%) 130 (14.46%)

mRS 3 145 (15.43%) 157 (17.46%)

mRS 4 176 (18.72%) 114 (12.68%)

mRS 5 147 (15.64%) 79 (8.79%)

mRS 6, death 213 (22.66%) 276 (30.70%)

mRS, median [IQR] {range} 4.0[2.0,5.0]{0, 6} 4.0[2.0,6.0] {0, 6}

EQ-5D HUS (/1), mean (SD) 0.32 (0.39) 0.34 (0.39) —0.02 (-0.05, 0.01) 0.16

EQ-VAS (/100), mean (SD) 46.58 (33.07) 43.88 (35.90) 1.93 (—0.65, 4.52) 0.14

Barthel Index (/100), mean (SD) 51.33 (44.09) 50.87 (46.56) —0.36 (-3.37, 2.65) 0.8l1

TICS-M (/39), mean (SD) 12.72 (12.88) 11.25 (13.05) 1.12 (0.06, 2.19) 0.04

ZDS (/100), mean (SD) 69.58 (30.28) 73.35 (30.34) -3.12 (-5.75,-0.49)  0.02
Total number of participants randomised to 933 933
tranexamic acid

mRS 0 17 (1.82%) 25 (2.81%) 1.00 (0.85, 1.19) 0.97

mRS | 87 (9.32%) 103 (11.56%)

mRS 2 165 (17.68%) 122 (13.69%)

mRS 3 133 (14.26%) 157 (17.62%)

mRS 4 171 (18.33%) 140 (15.71%)

mRS 5 151 (16.18%) 84 (9.43%)

mRS 6, death 209 (22.40%) 260 (29.18%)

mRS, median [IQR] {range} 4.0[2.0,5.0]1{0,6} 4.0[2.0,6.0] {0, 6}

EQ-5D HUS (/1), mean (SD) 0.32 (0.39) 0.32 (0.40) —0.00 (-0.04, 0.03) 0.76

EQ-VAS (/100), mean (SD) 47.14 (33.73) 43.74 (36.04) 2.44 (-0.35, 5.23) 0.09

Barthel Index (/100), mean (SD) 51.09 (44.44) 50.22 (45.94) —0.03 (-3.16, 3.10) 0.98

TICS-M (/39), mean (SD) 12.46 (12.42) 11.10 (12.73) 0.42 (—0.66, 1.50) 0.44

ZDS (/100), mean (SD) 68.91 (29.75) 73.44 (29.91) —2.26 (-4.92, 0.40) 0.10

Data are n(%), mean (standard deviation) or median [interquartile range]. Modified Rankin score (mRS), Telephone Interview Cognitive Status-mod-
ified (TICS-M), EuroQoL-5D Health Utility Score (EQ-5D HUS), EuroQoL 5D Visual Assesement Score (EQ-5D VAS) and Zung Depression Scale
(ZDS). Analyses are binary logistic regression (Odds Ratio, OR), multiple linear regression (Mean difference, MD) with adjustment for age, sex, time
from onset to randomisation, baseline SBP, baseline NIHSS, presence of IVH, history of prior antiplatelets and treatment allocation.
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having longer follow up. To our knowledge, this study is
one of the largest randomised controlled trials of ICH
patients with a 1-year follow up. A limitation of the study is
that fatal SAEs and safety outcomes were only reported till
day 90, and only up to 7days for other SAEs. This sub-
study was only able to include participants recruited from
the UK and not the all the TICH-2 participants were
included. Furthermore, this study is a secondary analysis of
the TICH-2 trial, and death was not the primary outcome of
this study. Therefore, it is possible that the difference seen
on the survival analysis is due to chance and we cannot
draw robust conclusions or further explore the potential
reasons for difference in survival after 90 days.

Conclusions

In summary, tranexamic acid had no significant benefit on
functional outcome 1 year after ICH. This study reassures
us that tranexamic acid does not prolong life at the cost of
severe disability. The results highlight that many patients
with ICH have poor outcomes, with significant mortality,
disability, and reduced cognition and quality of life at
1 year. Better treatments are urgently needed for ICH.
Whether limiting haematoma growth with early haemo-
static therapy (<4.5h) (as is being tested in current
ongoing trials TICH-3 (ISRCTN97695350), INTRINSIC
(NCT05836831), THE-ICH trial (ChiCTR1900027065))
leads to clinical benefit or improves outcome remains
uncertain.

Acknowledgements

We would like to thank NIHR for funding this study. We are also
thankful to all our participants, investigators, and research staff at
the participating sites and the members of the independent data
monitoring committee and trial steering committee for their
involvement in and support of the study.

Declaration of conflicting interests

The author(s) declared the following potential conflicts of interest
with respect to the research, authorship, and/or publication of this
article: ZKL reports no conflict of interest. CSM reports no con-
flict of interest. LW reports no conflict of interest. JPA is sup-
ported, in part, by a Nottingham University Hospitals NHS Trust
Research and Innovation Award. RASS reports grants from the
British Heart Foundation (CS/F/22/190053) and Chief Scientist
Office of the Scottish Government (HIPS/22/36), consultancies
with Recursion Pharmaceuticals and Bioxodes, and endpoint
adjudication for NovoNordisk paid to The University of
Edinburgh, and salary from the UKCRC Network of Clinical
Trials Units, outside the submitted work. TR is an NIHR Senior
Investigator. DW has received: grant funding from the Stroke
Association and British Heart Foundation; speaking honoraria
from Bayer; speaking and chairing honoraria from Alexion and
NovoNordisk; and consultancy fees from Alnylam, Bayer and
NovoNordisk. He has participated on a data safety monitoring
board or advisory board for OXHARP DSMB, and the TICH-3,
RESTART, MACE-ICH and PLINTH Trial Steering Committees.

CR’s institution has received educational grants from Phenox Inc,
Medtronic and Firstkind Medical for stroke-related activities. CR
is the National lead for SITS International, which is partially
funded by Boehringer Ingelheim. CR’s research projects are
funded by the National Institute for Stroke Research, the
University of Central Lancaster and Firstkind Medical. RAD
reports no conflict of interest. PMB is Stroke Association
Professor of Stroke Medicine and an emeritus NIHR Senior
Investigator; he has consulted for CoMind, DiaMedica, Phagenesis
and Roche. NS reports grants from NIHR for the TICH-2, DASH
and TICH-3 studies.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: The
University of Nottingham is sponsor for the study with funding
from National Institute of Health Research Health Technology
Assessment (NIHR HTA project code 11_129 109).

Ethical approval

The study received approval from the NRES Committee East
Midlands - Nottingham on 23/11/2012) (REC: 12/EM/0369REC).

Informed consent

Written informed consent was obtained from the patient(s) for
their anonymised information to be published in this article.

Guarantor
NS

Contributorship

ZL, LW, JPA, PMB, DW, CR, RASS, TGR, RAD NS were
involved in protocol development, gaining ethical approval,
patient recruitment and data analysis. ZL wrote the first draft of
the manuscript. LW did the statistical analysis. CM reviewed the
draft and finalised the analysis and manuscript. All authors
reviewed and edited the manuscript and approved the final version
of the manuscript.

ORCID iDs

Zhe Kang Law https://orcid.org/0000-0002-7900-9037
Chaamanti Sivakumar Menon https://orcid.org/0009-0006-
3298-3234

Lisa J Woodhouse https://orcid.org/0000-0002-4472-1999
Rustam Al-Shahi Salman https://orcid.org/0000-0002-2108-
9222

References

1. Mao R, Mai L, Fridman S, et al. The long-term functional
recovery trajectory of patients with spontaneous intracer-
ebral hemorrhage: a systematic review and meta-analysis
(2357). Neurology 2021; 96: 2357.

2. Collaborators GS. Global, regional, and national burden of
stroke and its risk factors, 1990-2019: a systematic analysis
for the global burden of disease study 2019. Lancet Neurol
2021; 20: 795-820.


https://orcid.org/0000-0002-7900-9037
https://orcid.org/0009-0006-3298-3234
https://orcid.org/0009-0006-3298-3234
https://orcid.org/0000-0002-4472-1999
https://orcid.org/0000-0002-2108-

European Stroke Journal 00(0)

10.

11.

12.

Brott T, Broderick J, Kothari R, etal. Early hemorrhage
growth in patients with intracerebral hemorrhage. Stroke
1997, 28: 1-5.

Al-Shahi Salman R, Frantzias J, Lee R, etal. Absolute
risk and predictors of the growth of acute spontaneous
intracerebral haemorrhage: a systematic review and meta-
analysis of individual patient data. Lancet Neurol 2018; 17:
885-894.

Sprigg N, Flaherty K, Appleton JP, et al. Tranexamic acid
for hyperacute primary IntraCerebral haemorrhage (TICH-
2): an international randomised, placebo-controlled, phase 3
superiority trial. Lancet 2018; 391: 2107-2115.

Jorgensen HS, Nakayama H, Raaschou HO, et al. Outcome
and time course of recovery in stroke. Part II: time course
of recovery. The Copenhagen stroke study. Arch Phys Med
Rehabil 1995; 76: 406-412.

Selim M, Foster LD, Moy CS, et al. Deferoxamine mesylate
in patients with intracerebral haemorrhage (i-DEF): a multi-
centre, randomised, placebo-controlled, double-blind phase
2 trial. Lancet Neurol 2019; 18: 428-438.

van Nieuwenhuizen KM, Vaartjes I, Verhoeven JI, etal.
Long-term prognosis after intracerebral haemorrhage. Eur
Stroke J 2020; 5: 336-344.

Feys HM, De Weerdt WJ, Selz BE, et al. Effect of a thera-
peutic intervention for the hemiplegic upper limb in the acute
phase after stroke: a single-blind, randomized, controlled
multicenter trial. Stroke 1998; 29: 785-792.

Kuptniratsaikul V, Kovindha A, Suethanapornkul S, et al.
Motor recovery of stroke patients after rehabilitation: one-
year follow-up study. Int J Neurosci 2017; 127: 37-43.
Foster L, Robinson L, Yeatts SD, et al. Effect of deferox-
amine on trajectory of recovery after intracerebral hemor-
rhage: a post hoc analysis of the i-DEF Trial. Stroke 2022;
53:2204-2210.

Shah VA, Thompson RE, Yenokyan G, etal. One-year
outcome trajectories and factors associated with functional

14.

15.

17.

18.

19.

20.

21.

recovery among survivors of intracerebral and intraventricu-
lar hemorrhage with initial severe disability. JAMA Neurol
2022; 79: 856-868.

Lun R, Yogendrakumar V, Ramsay T, et al. Predicting long-
term outcomes in acute intracerebral haemorrhage using
delayed prognostication scores. Stroke Vasc Neurol 2021; 6:
536-541.

Hochstenbach JB, den Otter R and Mulder TW. Cognitive
recovery after stroke: a 2-year follow-up. Arch Phys Med
Rehabil 2003; 84: 1499—-1504.

Sprigg N, Robson K, Bath P, et al. Intravenous tranexamic
acid for hyperacute primary intracerebral hemorrhage: pro-
tocol for a randomized, placebo-controlled trial. Int J Stroke
2016; 11: 683—-694.

Flaherty K, Bath PM, Dineen R, etal. Statistical analy-
sis plan for the ‘Tranexamic acid for hyperacute primary
IntraCerebral Haemorrhage’ (TICH-2) trial. Trials 2017; 18:
607.

Eilertsen H, Menon CS, Law ZK, et al. Haemostatic thera-
pies for stroke due to acute, spontaneous intracerebral
haemorrhage. Cochrane Database Syst Rev 2023; 10:
CDO005951.

Moulin S, Labreuche J, Bombois S, et al. Dementia risk after
spontaneous intracerebral haemorrhage: a prospective cohort
study. Lancet Neurol 2016; 15: 820-829.

Benedictus MR, Hochart A, Rossi C, et al. Prognostic factors
for cognitive decline after intracerebral hemorrhage. Stroke
2015; 46: 2773-2778.

Stern-Nezer S, Eyngorn I, Mlynash M, et al. Depression one
year after hemorrhagic stroke is associated with late worsen-
ing of outcomes. NeuroRehabilitation 2017; 41: 179-187.
Bath PM, Scutt P, Blackburn DJ, etal. Intensive versus
guideline blood pressure and lipid lowering in patients with
previous stroke: main results from the Pilot ‘Prevention of
Decline in Cognition after Stroke Trial” (PODCAST) ran-
domised controlled trial. PLoS One 2017; 12(1): e0164608.



