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Dear Sir:

Current guideline-based management of acute ischemic stroke 
supports the use of bridging therapy (BT) with intravenous throm-
bolytics (IVT) prior to endovascular thrombectomy (EVT) in eli-
gible patients. However, the evidence for BT is variable, with trials 
demonstrating non-inferiority for direct EVT1,2 as well as others 
not reaching non-inferiority margins3-6 over BT. The recent DI-
RECT-SAFE (A Randomized Controlled Trial of DIRECT Endovascu-
lar Clot Retrieval versus Standard Bridging Therapy) trial, which 
failed to show non-inferiority for direct EVT over BT, demon-
strated a statistically significant benefit for BT on overall out-
come, even more so than the non-Asian cohorts.3 This finding 
created an opportunity to analyze these two regions as indi-
vidual groups of hospital centers to highlight potential reasons 
for the difference in outcome.

The aim of this study was to compare the differences in time 
metrics and risk factors between the BT and direct EVT groups 
of the DIRECT-SAFE trial. Due to the descriptive nature of this 
study, no causal hypothesis was formulated for this analysis.

This is a post hoc analysis of all patients in the DIRECT-SAFE 
trial cohort, a multicenter, prospective, randomized, open-label, 
blinded endpoint trial with 1:1 randomization for patients pre-
senting with ischemic stroke within 4.5 hours in Australia and 
New Zealand (non-Asian region); and China, Vietnam (Asian re-
gion). Among the 295 patients, 136 were from China and Viet-
nam, and 157 were from Australia and New Zealand.3 The pri-

mary study (DIRECT-SAFE) had already obtained ethics approval, 
which encompassed further analysis of the original data.

Patient demographics, baseline comorbidities, National Insti-
tutes of Health Stroke Scale (NIHSS) and modified Rankin Scale 
(mRS) scores, and workflow time metrics during the treatment 
course were recorded. The presence of a tandem occlusion, as 
defined by the presence of simultaneous high-grade stenosis or 
occlusion of the extracranial internal carotid artery and embolic 
occlusion of the intracranial carotid artery or its branches,7 was 
also recorded. These were separated into the non-Asian (Aus-
tralia and New Zealand) and Asian region (China and Vietnam). 
It is notable that ethnicity data were not collected in the pri-
mary trial. The primary outcome was the ordinal mRS and mRS 
0–2 or return to baseline assessed at 90 days after randomiza-
tion. The secondary outcomes were rates of symptomatic intra-
cranial hemorrhage (sICH), and mortality; angiographic outcomes 
of Thrombolysis in Cerebral Infarction (TICI) 2b-3; and clinical 
outcome of NIHSS at day 3.

Categorical data were analyzed using Fisher’s exact test, and 
continuous variables were analyzed using the Wilcoxon rank-
sum test. To assess associations, within-region effects of the 
two treatment arms were estimated using adjusted logistic re-
gression, controlling for age and NIHSS (as per the primary man-
uscript). Respective effect sizes are reported as odds ratio (OR) 
with 95% confidence intervals (CI), and statistical significance 
is indicated by P value less than 0.05. Treatment interaction by 
region was investigated by a multiplicative interaction term in 
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respective regression models.
Baseline demographic data are summarized in Table 1. Both 

groups were equally matched in age, sex, baseline NIHSS, and 
comorbidities. The initial Alberta Stroke Program Early CT Score 
(ASPECTS) imaging was similar between regions with median 
ASPECTS of 10.8,9 There was a higher proportion of baseline mRS 
2 and 3 patients in the non-Asian region (5.1% and 3.8%, re-
spectively) compared to the Asian region (2.2% and 0%, respec-
tively). Tandem lesions and a large artery atherosclerosis etiol-
ogy were more prevalent in the Asian region than in the non-
Asian region (22.4% vs. 10.9%, P=0.010; and 47.1% vs. 19.1%, 

P<0.001). Stroke of undetermined etiology was seen more fre-
quently in the non-Asian region (27.4% vs. 2.9%). Intracranial 
atherosclerotic disease as stroke etiology comprised a small pro-
portion of patients and was similar between regions (6.6% in 
the Asian region vs. 3.2% in the non-Asian region, P=0.272).

Time metrics are summarized in Table 2. Statistically signifi-
cant differences were observed for time metrics in non-Asian and 
Asian regions, respectively, for stroke onset to randomization 
(127 min vs. 171 min, P<0.001), stroke onset to revascularization 
(203 min vs. 285 min, P<0.001), hospital arrival to IVT (52.5 min 
vs. 81.5 min, P<0.001), arterial puncture (84 min vs. 105 min, P< 
0.001), and revascularization (124 min vs. 180 min, P<0.001). 
Similar findings were observed for randomization to revascular-
ization (83 min vs. 105 min, P<0.001) and arterial puncture to 
revascularization (36 min vs. 66 min, P<0.001). There was no 
statistically significant difference in time from randomization to 
IVT (7 min vs. 9.5 min, P=0.307).

The interaction of direct EVT on angiographic, clinical, and 
safety outcomes between the non-Asian and Asian regions is 
summarized in Table 3. Angiographic outcomes of TICI 2b–3 
were similar between regions, with ORs of 1.26 (95% CI, 0.2–
8.14) and 0.81 (95% CI, 0.33–2.01), respectively (Pinteraction=0.552). 
For clinical outcomes, a good clinical outcome (mRS 0–2 at 90 
days) was more frequent in the direct EVT arm compared to BT 
in the non-Asian region, with an OR of 1.35 (95% CI, 0.65–2.80), 
compared to the Asian region, with an OR of 0.42 (95% CI, 0.21–
0.86) (Pinteraction=0.024). Similar findings were observed for excel-
lent outcomes (mRS 0–1), with ORs of 1.26 (95% CI, 0.66–2.43) 
and 0.40 (95% CI, 0.19–0.85), respectively (Pinteraction=0.023), and 
for ordinal mRS (OR 1.31 [95% CI, 0.75–2.31] vs. OR 0.54 [95% 
CI, 0.30–1.00], Pinteraction=0.028). Early neurological improvement, 
defined as an NIHSS reduction of 8 points or return to 0–1 at 
day 3, was similar between regions, with ORs of 1.04 (95% CI, 
0.47–2.43) in the non-Asian region and 0.50 (95% CI, 0.25–1.01) 
in the Asian region (Pinteraction=0.173). Safety outcomes, including 
sICH and mortality, were not dependent on the treatment arm 
in either region. The interaction of treatment on sICH was not 
able to be determined due to the low sample size.

This descriptive sub-analysis of the DIRECT-SAFE cohort high-
lights the differences in time metrics, and time to revascular-
ization as a potential factors for the failure to meet non-inferior 
outcomes in direct EVT trials. With the similar time to IVT be-
tween regions, this analysis supports a role for IVT in patients 
who may have potential delays to EVT. However, IVT should be 
administered as early as possible to improve outcomes, prefer-
ably within 2 hours and 20 minutes.8 Further confounders to 
this are the higher frequency of tandem occlusions and strokes 
due to large artery atherosclerotic disease indicating a higher 

Table 1. Comparison of baseline demographic data between non-Asian 
region (Australia and New Zealand) and Asian region (China and Vietnam), 
including comorbidities, baseline mRS, stroke etiology, and baseline ASPECTS

Demographics
Non-Asian 

region
(n=157)

Asian 
region

(n=136)
P

Patients randomized to direct arm 79 (50.3) 67 (49.3)

Age (yr) 71 (61–79) 68 (60–76) 0.074

Male sex 81 (51.6) 85 (62.5) 0.076

Premorbid mRS score 0 (0–0) 0 (0–0) 0.006

mRS 0 132 (84.1) 128 (94.1)

mRS 1 11 (7.0) 5 (3.7)

mRS 2 8 (5.1) 3 (2.2)

mRS 3 6 (3.8) 0 (0)

ASPECTS 10 (9–10) 10 (9–10) 0.687

NIHSS 15 (8–20) 15 (12–20) 0.373

Previous stroke/TIA 20 (12.7) 24 (17.7) 0.255

Atrial fibrillation 40 (25.5) 40 (29.4) 0.511

Hypertension 100 (63.7) 75 (55.2) 0.153

Intracranial atherosclerotic disease 5 (3.2) 9 (6.6) 0.272

Tandem lesion* 17 (10.9) 30 (22.4) 0.010

Stroke etiology <0.001

Large artery atherosclerosis 30 (19.1) 64 (47.1)

Cardioembolism 63 (40.1) 64 (47.1)

Small vessel occlusion 4 (2.6) 0 (0)

Stroke of other determined etiology 5 (3.2) 2 (1.5)

Stroke of undetermined etiology  
  – two or more causes identified

3 (1.9) 0 (0)

Stroke of undetermined etiology  
  – negative evaluation

9 (5.7) 2 (1.5)

Stroke of undetermined etiology  
  – incomplete evaluation

43 (27.4) 4 (2.9)

Values are presented as median (interquartile range) or n (%). 
mRS, modified Rankin Scale; ASPECTS, Alberta Stroke Program Early CT 
Score; NIHSS, National Institutes of Health Stroke Scale; TIA, transient 
ischemic attack.
*Tandem lesions are defined as extracranial high-grade stenosis or occlu-
sion with distal embolic occlusion of the distal internal carotid artery or its 
branches.



https://doi.org/10.5853/jos.2024.02005

Barker et al.   Bridging Thrombolytic Benefits Patients in the Asian Region

120  https://j-stroke.org

degree of procedural complexity in this cohort. However, given 
the post hoc nature of this analysis, we are unable to draw a 
causal relationship or further delineate the reasons for the pro-
cedural or workflow delays.

There were multiple limitations to this analysis, the major one 
being its retrospective post hoc nature. Since the randomization 
for DIRECT-SAFE was performed for the treatment effect rather 
than for the Asian versus non-Asian region, we cannot rely on 
the randomized nature of the original study for this causal anal-
ysis. Therefore, appropriately performing such analysis would 
have required a different design, with a number of important 
causal assumptions to be validated, and a much larger sample 
size. Simple adjustments for presumed confounders in such sit-
uations may lead to erroneous conclusions.9 The low number of 
patients in each arm and region also reduces the ability to draw 

conclusions on safety outcomes, particularly with findings such 
as the observed frequency of hemorrhagic transformation. An-
other important limitation was that ethnicity data were not col-
lected for each region and were therefore not available for analy-
sis. This is relevant as the frequency of intracranial atherosclerotic 
disease in the Asian region cohort was 6.6%, which is much lower 
than the expected values of 33%–50% in this region.10

In conclusion, there was an observed difference in the bene-
fits of BT compared to direct EVT between the Asian and non-
Asian populations in the DIRECT-SAFE cohort. Delays to EVT and 
higher incidence of tandem occlusions and large artery athero-
sclerotic disease in the Asian cohort may have contributed to a 
greater response to BT. Overall, these findings highlight the need 
to consider IVT in eligible patients where there may be potential 
delays to EVT. 

Table 3. Comparison of outcome data between non-Asian region (Australia and New Zealand) and Asian region (China and Vietnam)

Item
Non-Asian region Asian region

Pinteraction
BT (n=78) Direct EVT (n=79) OR (95% CI) BT (n=69) Direct EVT (n=67) OR (95% CI)

Angiographic outcomes

TICI 2b-3 74 (96.1) 75 (97.4) 1.26 (0.20–8.14) 56 (81.2) 52 (78.8) 0.81 (0.33–2.01) 0.552

Clinical outcomes

mRS at 90 days 1 (1–3) 1 (1–3) 1.31 (0.75–2.31) 2 (1–5) 3 (2–6) 0.54 (0.30–1.00) 0.028

Outcome: mRS 0–2 or back to  
  baseline at 90 days

50 (64.1) 57 (72.2) 1.35 (0.65–2.80) 39 (56.5) 23 (34.3) 0.42 (0.21–0.86) 0.024

Outcome: mRS 0–1 at 90 days 41 (52.6) 47 (59.5) 1.26 (0.66–2.43) 30 (43.5) 15 (22.4) 0.40 (0.19–0.85) 0.023

NIHSS reduction by 8 or  
  reaching 0–1 at 3 days

60 (79.0) 60 (79.0) 1.04 (0.47–2.32) 35 (53.0) 24 (36.9) 0.50 (0.25–1.01) 0.173

Safety outcomes

sICH 3 (3.9) 0 (0) 0.14 (0.01–2.67) 4 (5.8) 4 (5.8) 1.03 (0.25–4.31) Unable to 
estimate

Mortality 9 (11.5) 4 (5.1) 0.50 (0.14–1.81) 15 (21.7) 18 (26.9) 1.23 (0.53–2.87) 0.250

Adjusted for age and NIHSS. Values are presented as median (interquartile range) or n (%). Within-region effects are displayed as OR, and interactions be-
tween the non-Asian region and Asian region are indicated when estimable, with a P value less than 0.05.
BT, bridging therapy; EVT, endovascular thrombectomy; OR, odds ratio; CI, confidence interval; TICI, Thrombolysis in Cerebral Infarction; mRS, modified Rankin 
Scale; NIHSS, National Institutes of Health Stroke Scale; sICH, symptomatic intracranial hemorrhage.

Table 2. Comparison of time metrics for total participants in non-Asian region (Australia and New Zealand) and Asian region (China and Vietnam)

Time metrics Non-Asian region (n=157) Asian region (n=136) P

Stroke to randomization less than 120 min 72 (45.9) 19 (14.0) <0.001

Stroke to randomization (min) 127 (102–163) 171 (132–208.5) <0.001

Stroke to revascularization (min) 203 (170–258) 285 (230–347) <0.001

Arrival to intravenous thrombolytic (min) 52.5 (41–73.5) 81.5 (55.5–108) <0.001

Arrival to arterial puncture (min) 84 (64–110) 105 (82–135) <0.001

Arrival to revascularization (min) 124 (94–157) 180 (134–240) <0.001

Randomization to intravenous thrombolytic (min) 7 (4–13) 9.5 (4–19) 0.307

Randomization to revascularization (min) 83 (54–103) 105 (72–154) <0.001

Arterial puncture to revascularization (min) 36 (24–56) 66 (41–107) <0.001

Values are presented as n (%) or median (interquartile range). Continuous variables were analyzed using Wilcoxon rank-sum test.
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