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Background and Purpose The benefit regarding co-treatment with intravenous (IV) thromboly-
sis before mechanical thrombectomy in acute ischemic stroke with large vessel occlusion re-
mains unclear. To test the hypothesis that clinical outcome of ischemic stroke patients with in-
tracranial internal carotid artery, middle cerebral artery or basilar artery occlusion treated with 
direct endovascular thrombectomy within 4.5 hours will be non-inferior compared with that of 
standard bridging IV thrombolysis followed by endovascular thrombectomy.
Methods To randomize 780 patients 1:1 to direct thrombectomy or bridging IV thrombolysis 
with thrombectomy. An international-multicenter prospective randomized open label blinded 
endpoint trial (PROBE) (ClincalTrials.gov identifier: NCT03494920).
Results Primary endpoint is functional independence defined as modified Rankin Scale (mRS) 
0–2 or return to baseline at 90 days. Secondary end points include ordinal mRS analysis, good 
angiographic reperfusion (modified Thrombolysis in Cerebral Infarction score [mTICI] 2b–3), 
safety endpoints include symptomatic intracerebral hemorrhage and death.
Conclusions DIRECT-SAFE will provide unique information regarding the impact of direct 
thrombectomy in patients with large vessel occlusion, including patients with basilar artery oc-
clusion, with comparison across different ethnic groups.
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Introduction

Evidence for standard bridging therapy: combined 
intravenous thrombolysis and endovascular 
thrombectomy 
The results of five randomized controlled studies comparing intra-
venous (IV) thrombolysis with combined “bridging” IV thromboly-
sis and endovascular clot retrieval showed indisputable superiority 
of the latter. A subsequent pooled analysis (Highly Effective 
Reperfusion evaluated in Multiple Endovascular Stroke Trials 
[HERMES]) confirmed the beneficial effects of endovascular clot 
retrieval which extended across a spectrum of subgroups.1 The 
published guidelines from American Stroke Association and Euro-
pean Stroke Organization recommend endovascular clot retrieval 
for stroke patients with stroke onset <6 hours and large artery oc-
clusion. These guidelines also recommend administration of IV 
thrombolysis in parallel for those patients who are eligible as this 
was routine practice in all randomized trials. Endovascular clot re-
trieval therapy is the current standard of care for ischemic stroke 
patients with major vessel occlusion, regardless of whether pa-
tients are eligible or ineligible for IV thrombolysis.

Intravenous thrombolysis: evidence and potential 
harm
The use of IV thrombolysis (with alteplase) is supported by level 
1 evidence of improved functional outcome when given within 
4.5 hours of stroke onset.2 The number needed to treat to 
achieve excellent functional outcome (modified Rankin Scale 
[mRS] 0–1) ranges from 4.5 within 90 minutes, to 9 from 90–
180 minutes, and 14 from 180–270 minutes. Beyond 4.5 hours, 
trials in imaging-selected patients have shown benefit up to 24 
hours.3 Currently, well organized major stroke units treat up to 
20% of acute ischemic stroke patients with standard IV throm-
bolysis. Although this seems a relatively small percentage, in 
metropolitan centres the majority of patients with potentially 
disabling stroke are able to be treated within the 4.5-hour win-
dow. Despite this time limitation and potential contraindications 
to thrombolysis, the great majority of patients in endovascular 
trials that allowed enrolment of both thrombolysis eligible and 
ineligible patients were able to receive standard IV thrombolysis 
(e.g., 89% in Multicenter Randomized Clinical Trial of Endovas-
cular Treatment for Acute Ischemic Stroke in the Netherlands 
[MR CLEAN]).4

Potential risks and benefits of intravenous 
thrombolysis in patients undergoing 
thrombectomy
There is evidence in rodent stroke models of ischemia reperfu-

sion that alteplase can disrupt the blood-brain barrier (BBB), 
leading to intracerebral hemorrhage.5 The magnitude of BBB 
disruption appears to be amplified by alteplase and matrix 
metalloproteinase interactions.6 In human studies, the recent 
Enhanced Control of Hypertension and Thrombolysis Stroke 
Study (ENCHANTED) trial, comparing low dose with standard 
dose alteplase, showed an increased proportion of symptomat-
ic intracerebral hemorrhage (sICH) in the group treated with 
standard dose alteplase, suggesting a dose-related toxicity 
profile for alteplase.7 Furthermore, some clinical series examin-
ing endovascular treated patients suggested an increased inci-
dence of sICH in those administered IV alteplase,7 particularly 
in those with a large ischemic core.8 

The risk of sICH in the endovascular arm of recent random-
ized trials was 4.4% overall.1 This varied substantially from 0% 
in Solitaire™ With the Intention For Thrombectomy as PRIMary 
Endovascular Treatment (SWIFT PRIME)9 and Extending the 
Time for Thrombolysis in Emergency Neurological Deficits–In-
tra-Arterial (EXTEND-IA)10 which excluded patients with a large 
ischemic core, to 6% in the MR CLEAN trial4 which enrolled a 
relatively unselected group of patients with large vessel occlu-
sion. In current practice, the patients treated as per clinical 
guidelines more closely resemble MR CLEAN selection criteria. 
In addition, patients with intracranial atherosclerosis (which is 
common in Asia and under-represented in the randomized tri-
als) may require endovascular stenting, which requires addi-
tional antiplatelet use and may further increase the risk of 
sICH. The spontaneous rate of sICH in the placebo arm of IV 
thrombolysis trials was approximately 1%. There is, therefore, 
an opportunity to achieve clinically meaningful reduction in 
the risk of sICH, which is associated with a high rate of death 
and disability. 

It is relatively rare for IV thrombolysis to achieve recanaliza-
tion before commencement of the endovascular procedure 
(7.6% in the HERMES trials1). Although an effect of IV throm-
bolysis in facilitating thrombectomy is possible, it is also possi-
ble for thrombolysis to cause clot fragmentation and subse-
quent distal migration that is out of reach of mechanical 
thrombectomy. The extent of reperfusion has been strongly 
correlated with clinical outcome and whether the potential re-
moval of distal emboli with thrombolysis outweighs the effect 
of fragmentation and possible reduction in endovascular suc-
cess remains uncertain.11 In patients receiving IV alteplase, the 
odds ratio (OR) favoring treatment was 2.45 (95% confidence 
intervl [CI], 1.68 to 3.57) and those treated with “direct” 
thrombectomy OR was virtually the same, 2.43 (95% CI, 1.3 to 
4.55).1 However there were different effects favoring interven-
tion in sub-group analyses.
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Preclinical studies have also suggested a delayed neurotoxic 
effect exerted by alteplase beyond its thrombolytic properties. 
Through modulation of several signalling pathways, especially 
8 matrix metalloproteinase 9 and N-methyl-D-aspartate re-
ceptors, alteplase increased the risk of neurotoxicity and apop-
tosis.12 These effects are difficult to measure in humans but 
could potentially impact functional outcome.

Methods

Study design
DIRECT-SAFE is an international-multicenter prospective ran-
domized open label blinded endpoint trial (PROBE). The treat-
ment arm was direct thrombectomy, the standard care arm was 
IV thrombolysis with thrombectomy. The trial randomization 
flow chart is depicted in Figure 1. The trial is an international 
study conducted in Australia, China, Vietnam, and New Zealand 
at 25 centers. The first patient was enrolled on June 2, 2018.

Patient population
The trial population includes patients with vascular imaging 
confirmed intracranial internal carotid artery (ICA), middle ce-

rebral artery (MCA) (M1 or M2), or basilar artery (BA) large 
vessel occlusion. Patients must be eligible for IV thrombolysis 
and stroke onset within 4.5 hours. Endovascular thrombectomy 
should commence within 90 minutes of randomization. Inclu-
sion and exclusion criteria are included in Table 1.

Randomization and blinding
Patients should be randomized within 90 minutes of hospital 
arrival, to either trial arm (treatment or control in ratio 1:1). 
Randomized patients will be stratified for site of baseline arte-
rial occlusion (ICA, MCA, and BA) and geographic region (Aus-
tralia/New Zealand vs. Asia).

The allocation of the patient will be disclosed to the inter-
ventionist after randomization. An independent and blinded 
clinician, certified in assessment of the mRS, will undertake as-
sessment of the primary outcome at 90 days. This will be either 
by clinical visit or telephone review. Imaging data will be eval-
uated by members of the central imaging core laboratory.

Treatment

Intravenous thrombolysis
Patients in the IV thrombolysis (alteplase or tenecteplase) arm 
will receive IV thrombolysis as per standard care at each site. 

Table 1. Trial population

Inclusion criteria

Patients presenting with acute ischemic stroke eligible using standard 
  criteria to receive IV thrombolysis within 4.5 hours of stroke onset

Age ≥18 years

Intra-arterial clot retrieval treatment can commence (groin puncture) 
  within 6 hours of stroke onset.

Arterial occlusion on CTA or MRA of the ICA, M1, M2 or basilar artery

Exclusion criteria

Intracranial hemorrhage (ICH) identified by CT or MRI

Rapidly improving symptoms at the discretion of the investigator

Pre-stroke mRS score of ≥4 (indicating previous disability)

Hypodensity in >1/3 MCA territory on non-contrast CT

Contra indication to imaging with contrast agents

Any terminal illness such that patient would not be expected to survive 
  more than 1 year

Any condition that, in the judgment of the investigator could impose 
  �hazards to the patient if study therapy is initiated or affect the 
participation of the patient in the study. 

Pregnant women

IV, intravenous; CTA, computed tomography angiography; MRA, magnetic 
resonance angiography; ICA, internal carotid artery; CT, computed tomog-
raphy; MRI, magnetic resonance imaging; mRS, modified Rankin Scale; 
MCA, middle cerebral artery.

Baseline

24 hours

NIHSS
CT/CTA or
MR/MRA

18—30 hours
CT/CTA  

or
MRI/MRA

90 days

mRS
assessment
telephone

or in person

NIHSS

Direct MT IVT & MT

R

Screening:
• �Patients eligible to receive IV 

thrombolysis
• <4.5 hours from stroke onset
• Other inclusion & exclusion critera

Figure 1. Study assessment flow chart. NIHSS, National Institutes of Health 
Stroke Scale; CT, computed tomography; CTA, computed tomography angi-
ography; MRA, magnetic resonance angiography; IV, intravenous; R, ran-
domization; MT, mechanical thrombectomy; IVT, intravenous thrombolysis; 
MRI, magnetic resonance imaging; mRS, modified Rankin Scale.
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Vital signs will be recorded during and after the period of infu-
sion as per standard care. The thrombolytic agent used, time of 
thrombolysis commencement and the dose administered is re-
corded.

Endovascular therapy
All patients will then be transferred to the interventional neu-
roradiology suite with an emphasis on minimizing delays to 
groin puncture. If dramatic clinical recovery occurs in the in-
terim, the patient should still undergo diagnostic angiography. 
Recovery does not necessarily imply recanalization and angiog-
raphy is the best method to establish whether there is an on-
going target for therapy. The use of conscious sedation or gen-
eral anaesthesia for the procedure is at the investigator’s dis-
cretion. Close attention should be paid to maintaining stable 
blood pressure and minimizing delays in starting the procedure. 
During the procedure, catheters may be flushed with heparin-
ised saline at a concentration of 1,000 units heparin per 1.0 L 
0.9% sodium chloride. Mechanical thrombectomy as standard 
of care procedure, will be with the Trevo® device (Stryker Neu-
rovascular, Mountain View, CA, USA) as first line intervention. 
The decision for proximal balloon guide and aspiration, distal 
intermediate catheter aspiration or subsequent use of addi-
tional catheters or devices is at the discretion of the investiga-
tor. Stenting of the extracranial ICA or intracranial atheroscle-
rotic disease is permitted when absolutely necessary to obtain 
access to distal occlusion or to prevent acute re-occlusion. This 
may require the use of antiplatelets. Otherwise, no heparin or 
antiplatelets/anticoagulants should be given until at least 24 
hours after the procedure. The initial and final angiograms will 
be centrally graded by imaging core laboratory for angiograph-
ic reperfusion using the modified Thrombolysis in Cerebral In-
farction (mTICI) classification and any embolization into new 
territories. In addition, presence of intracranial atherosclerotic 
disease will be recorded.

Close neurological observation will be conducted primarily 
during the first 48 hours after treatment administration ac-
cording to local clinical practice.

Clinical and imaging evaluation
Imaging is performed with computed tomography and com-
puted tomography angiography, or magnetic resonance imag-
ing and magnetic resonance angiography acutely as part of 
standard care with imaging follow-up at 18 to 36 hours. Major 
vessel occlusion (ICA, MCA, basilar) is required for study eligi-
bility. Where possible, computed tomographic perfusion and 
magnetic resonance perfusion can be performed at baseline 
and 18 to 36 hours.

Neurological impairment and functional scores will be mea-
sured by a neurologist or health care professional trained in 
their administration. The assessors will be blinded to the treat-
ment group. The National Institutes of Health Stroke Scale (NI-
HSS) is a validated neurological impairment score, which will 
be performed at baseline, then again at 24 hours after treat-
ment (or if initially anaesthetised, as soon as assessable) and 
day 3. At day 90 (±7 days), the mRS will be assessed via tele-
phone and adjudicated by a central, blinded panel to assess 
functional outcome.13 An improvement in the NIHSS of ≥8 or 
final NIHSS ≤1 and an mRS of 0, 1, or 2 are used as indicators 
of good or excellent outcome in stroke trials.

Primary outcome
The primary outcome is functional independence defined as 
mRS 0–2 or return to baseline at 90 days.

Secondary outcomes
Secondary outcomes are: (1) mRS 0–1 or return to baseline at 
3 months; (2) ordinal shift on mRS at 3 months; (3) proportion 
of patients with death due to any cause at 3 months; (4) pro-
portion of patients with sICH up to 72 hours post intervention; 
(5) proportion of patients with good angiographic reperfusion 
(mTICI 2b–3) at completion of procedure; and (6) proportion of 
patients with more than 8 points reduction in NIHSS or reach-
ing 0–1 NIHSS at 3 days (early neurological improvement). 

Tertiary outcomes
Tertiary outcomes include: (1) proportion of patients with sICH 
in the subgroup with intracranial atherosclerotic disease; (2) 
mRS ordinal analysis in the subgroup with intracranial athero-
sclerotic disease; (3) proportion of patients with reperfusion on 
angiographic examination; (4) proportion of patients with dis-
tal embolization post-endovascular clot retrieval; (5) time from 
hospital admission to mTICI 2b–3 or end of procedure; (6) time 
from arterial puncture to mTICI 2b–3 or end of procedure; and 
(7) median reduction in stroke severity (NIHSS) within 72 
hours. 

Data Safety Monitoring Board 
An independent Data Safety Monitoring Board (DSMB) in-
cludes neurologists and statistician, delegated to convene reg-
ularly to monitor progress of the trial.

Sample size calculation
An estimated total sample size of 780 patients (with 390 pa-
tients in each of treatment and control arms) should yield 80% 
power to demonstrate non-inferiority in proportions of patients 
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achieving primary outcome in the direct group compared with 
standard bridging therapy, assuming this proportion to be 0.46 
and non-inferiority margin of 0.1 at two-sided statistical sig-
nificance threshold of P=0.05.

Adaptive increase in sample size will be performed if the re-
sult of interim analysis using data from the first 600 patients is 
promising as per the methodology of Mehta and Pocock14 with 
a maximum sample size of 900.

Statistical analysis
The primary non-inferiority analysis will be based on both an 
intention-to-treat and per-protocol basis. The protocol speci-
fied a non-inferiority margin of –0.1 for the primary outcome 
of achieving mRS 0–2 or no change from baseline (return to 
pre-morbid mRS). Non-inferiority would be established if the 
lower bound of the two-sided 95% confidence interval (CI) 
around the difference in proportions of patients who achieved 
primary outcome between the direct group and the standard 
bridging therapy group was greater than the pre-defined 
non-inferiority margin. The two-sided 95% CI around the dif-
ference of proportions will be estimated by generating stra-
tum-specific risk differences with corresponding 95% CI for 
each of the four strata (age <60 year-old vs. 60 year-old or 
above by baseline NIHSS 0–15 or 16 and above) with subse-
quent pooling across strata using the Mantel-Haenszel meth-
od. 

The proportions of mRS 0–2 or no change from baseline and 
death due to any cause will be compared between the direct 
group and the standard bridging therapy group of the trial, ad-
justed for geographical region (Australia/New Zealand vs. Asia), 
age and baseline NIHSS score using a logistic regression model. 
The proportions of participants with good angiographic reper-
fusion (mTICI 2b–3) and sICH will be compared between the 
two groups adjusted for site of arterial occlusion and geo-
graphical region using logistic regression. 

The ordinal shift analysis of the mRS secondary outcome will 
be performed using ordinal logistic regression if the propor-
tional odds assumption is satisfied and otherwise assump-
tion-free ordinal analysis on the full range (0–6) of the 
mRS.15,16 Tertiary outcome analyses will be carried out accord-
ing to standard statistical principles for comparison of para-
metric or non-parametric distributions as appropriate.17

Interim analysis
Two safety variables (death or symptomatic hemorrhage within 
36 hours of intervention) will be monitored in the safety inter-
im analyses. These analyses will be undertaken when 100 pa-
tients have completed the 3-month assessment. It will be con-

ducted by an independent DSMB. If there are concerns about 
the safety of participants, this board will make a recommenda-
tion to the trial steering committee about continuing, stopping, 
or modifying the trial. The Haybittle-Peto procedure for gener-
ating early stopping boundaries will be used. To compare the 
safety of standard bridging therapy versus direct therapy, a 
composite safety outcome of mortality at 3 months and the 
incidence of sICH within 36 hours of intervention will be test-
ed. A recommendation of early termination due to external 
signals, or due to safety reasons will be considered by the inde-
pendent DSMB if the corresponding Haybittle-Peto boundary 
(P=0.001, Z=3) at a given interim analysis is crossed. 

Study organization funding
DIRECT-SAFE is an investigator led clinical trial. The sponsor of 
the trial is the Florey Institute. The trial is supported by a Na-
tional Health and Medical Research Council (NHMRC) stroke 
program grant, and Stryker USA (Kalamazoo, MI, USA). The trial 
is managed by Neuroscience Trials Australia (NTA), Melbourne 
Australia. Database management and central data monitoring 
are performed by NTA and independent statistical analysis is 
performed by the Methods and Implementation Support for 
Clinical and Health research Hub, The University of Melbourne, 
Parkville Australia.

Discussion

DIRECT-SAFE aims to answer whether omission of IV throm-
bolysis offers similar benefits to patients receiving bridging 
therapy and thrombectomy. In addition, DIRECT-SAFE is unique 
in including patients with basilar thrombosis. The benefit of 
thrombectomy in patients with basilar thrombosis has not 
been confidently established in randomized trials, and the ad-
dition of information regarding outcomes in patients with bas-
ilar thrombosis will enrich our knowledge base. Furthermore, 
DIRECT-SAFE includes patients from disparate ethnic groups 
(Caucasians, Asians) which increases generalizability and po-
tential influence on clinical practice in our region. Dosing of IV 
alteplase in the Asian recruiting sites is the standard 0.9 mg/
kg, similar to Western population dosing, removing heteroge-
neity in dosing seen in some treatment centers.

DIRECT-SAFE is one of six randomized studies to test the hy-
pothesis that direct thrombectomy is non-inferior to bridging 
thrombolysis with thrombectomy. The results of three studies 
have been published and two others reported in abstract form 
(Table 2).

The Direct Intra-arterial Thrombectomy in Order to Revascu-
larize AIS Patients With Large Vessel Occlusion Efficiently in 
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Chinese Tertiary Hospitals (DIRECT-MT) trial recruited 656 
acute ischemic stroke patients with large vessel occlusion in 
the anterior circulation.18 The patients recruited were all from 
China. Direct thrombectomy was judged non-inferior to bridg-
ing therapy as the lower bound of the 95% CI did not cross the 
pre-specified margin of 0.80 (adjusted common odds ratio 
[cOR], 1.07; 95% CI, 0.81 to 1.40). The Direct Mechanical 
Thrombectomy in Acute LVO Stroke (SKIP) trial recruited 204 
patients in Japan. All patients had anterior circulation large 
vessel occlusion.19 Non-inferiority was not demonstrated as the 
lower boundary of the 95% CI crossed the pre-specified 
non-inferiority margin of 0.74 (mRS 0–2, 59.4% in the direct 
thrombectomy group vs. 57% in the bridging therapy group; 
OR, 1.09; one-sided 97.5% CI, 0.63 to infinity). The Direct En-
dovascular Thrombectomy vs Combined IVT and Endovascular 
Thrombectomy for Patients With Acute Large Vessel Occlusion 
in the Anterior Circulation (DEVT) trial recruited 234 stroke pa-
tients from China, also with anterior circulation large vessel 
occlusion.20 This trial was stopped early at interim analysis with 
54.3% in the direct thrombectomy versus 46.6% in the com-
bined therapy group reaching the primary outcome of mRS 
0–2 at 3 months. The absolute difference was 7.7% (one sided 
97.5% CI, –5.1% to infinity), satisfying the non-inferiority 
margin of –10%. The Multicenter Randomized CLinical trial of 
Endovascular treatment for Acute ischemic stroke in the Neth-
erlands-NO IV (MR CLEAN-NO IV) trial recruited 547 stroke 
patients in three European countries. All patients had anterior 
circulation large vessel occlusion. Direct thrombectomy was 
neither superior nor non-inferior (adjusted cOR, 0.88; 95% CI, 
0.65 to 1.19).21 Bridging Thrombolysis Versus Direct Mechanical 
Thrombectomy in Acute Ischemic Stroke (SWIFT-DIRECT) re-
cruited 408 patients in Europe and did not meet its non-inferi-
ority margin of 12% (mRS 0–2 57% direct vs. 65% bridging, 
adjusted risk difference –7.3%; 95% CI, –17% to 2.1%).22

A recent meta-analysis showed that the proportion of pa-
tients reaching good clinical outcome (mRS 0–2) was 46% in 
DIRECT-MT and 45% with bridging IV thrombolysis and throm-
bectomy. The absolute risk difference between the two groups 
was 1% favoring direct thrombectomy. In addition the 95% CI 
of the lower bound was 4%, satisfying a more stringent 
non-inferiority margin of 5%.23 

Conclusions

DIRECT-SAFE will provide valuable additional information in an 
ethnically diverse population of patients with a broad range of 
large vessel occlusion sites. Patient level meta-analysis of all 
six randomized controlled studies may identify subgroups of 

patients more likely to benefit from a direct or bridging ap-
proach to endovascular thrombectomy.
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