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Clinical Trials
• NeuSTART - NINDS
• StrokeNET - NINDS
• ASPIRE - NINDS
• DISCOVERY - NINDS
• ESCAPE MeVO – Canadian Institutes of Health Research
• CAPTIVA – NINDS
• STEP – NINDS 
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Intra-Arterial Thrombolytics?



Future Directions

1. More comparisons of TNK and alteplase.

2. Opportunities to extend the window for IV 
thrombolytics.

3. Combination of IV thrombolytics and EVT 
in different subgroups.  

Albers GW International Stroke Conference 2024



Furlan A, et al. PROACT II. JAMA 1999;282(21):2003

PROACT II



PROACT II: Methods

• All patients: heparin 2000 U bolus, 500 U/hr infusion x 4 hr

• Antithrombotic prohibited for 24 hr

• Infusion microcatheter placed in the proximal 1/3 of the MCA 
thrombus or as near to the thrombus as possible

• Mechanical disruption of the clot was not permitted

• r-ProUK infused at 30 cc/hr (4.5 mg) in 1st hour; 4.5 mg in 2nd hr

Furlan A, et al. PROACT II. JAMA 1999;282(21):2003



PROACT II: mRS ≤ 2 at 90 days 

rProUK: 40%
Control: 25%
ARR: 15%
NNT: 7

Furlan A, et al. PROACT II. JAMA 1999;282(21):2003



PROACT II: sICH with neurologic deterioration
≥ 4 points deterioration on NIHSS or ≥ 1 point LOC

rProUK: 10%
Control: 2%
ARD: 8%
NNH: 12.5

rProUK: 10%
Control: 4%
ARD: 6%
NNH: 17

At 24 and 36 h

At 10 days

Furlan A, et al. PROACT II. JAMA 1999;282(21):2003



Ciccone A, et al. SYNTHESIS. NEJM 2013;368(10):904

SYNTHESIS



SYNTHESIS: Methods

• Anticoagulant recommended: heparin 5000 U bolus, 500 U/hr 

infusion during the procedure

• Pharmacologic or mechanical therapy or both allowed

• Infusion microcatheter placed close to (within or beyond) the 
thrombus

• t-PA up to 0.9 mg/kg (max 90 mg) until lysis (within 1 hr)

• “In patients with a neurologic deficit but no corresponding 

occlusion, t-PA was injected into the vascular area that was 

presumably affected.”  (up to 0.9 mg/kg [max 90 mg])

Ciccone A, et al. SYNTHESIS. NEJM 2013;368(10):904



SYNTHESIS: mRS ≤ 1 at 90 days 

Ciccone A, et al. SYNTHESIS. NEJM 2013;368(10):904

IA: 42%
IV t-PA: 46%
ARR: - 4% 

IA: 30%
IV t-PA: 35%
ARR: - 4.4%
P = 0.37 

mRS ≤ 1 (Primary)

mRS ≤ 2• 109 of 165 treated patients had only 
locoregional infusion and wire 
fragmentation; only 56 added device.

• t-PA median dose 40 mg
• 57 were given IV heparin



SYNTHESIS: Safety

Ciccone A, et al. SYNTHESIS. NEJM 2013;368(10):904

• sICH – 6% in both groups

• Death – EVT 8% v IV t-PA 6% (P=0.53)



Renú A, et al. CHOICE. JAMA 2022;327(9):826-835

CHOICE



Renú A, et al. CHOICE. JAMA 2022;327(9):826-835

CHOICE

• Hypothesis: In patient with LVO and successful MT, adjunctive IA t-PA will 

improve outcomes

• Multicenter, randomized, double-blind, placebo-controlled trial

• Population: ASPECTS ≥ 6 (if LKW > 4.5 h); LVO MCA, ACA, PCA MT within 24 h; 

successful MT (eTICI ≥ 2b50) 

• Randomization: IA t-PA versus IA placebo 

• Dose: 0.225 mg/kg (max 22.5 mg) over 30 min → 15 min)

• Primary Outcome: mRS 0-1 at 90 days



CHOICE: 90-day mRS

Renú A, et al. CHOICE. JAMA 2022;327(9):826-835

• 7 sites in Catalonia, Spain
• 121 patients randomized; 113 in primary analysis
• Stopped early due to slow enrollment during pandemic

IA t-PA: 59%
Placebo: 40%
ARR: 18.4%
P = 0.047
NNT: 5

mRS 0-1 at 90 days

ARR = 18.4% (95% CI: 0.3 – 36.4)



Renú A, et al. CHOICE. JAMA 2022;327(9):826-835

CHOICE: Safety



Renú A, et al. CHOICE. JAMA 2022;327(9):826-835

CHOICE
Conclusions and Limitations

• Among patients with LVO and successful MT, adjunct IA t-
PA resulted in higher likelihood of excellent neurologic 
recovery at 90 days with no increase in sICH or death. 
(preliminary)

• Small size (60% of planned N) limited conclusions. 
• Wide confidence intervals (lower limit ARR only 0.3%)
• Limited secondary outcome and subgroup data
• Only 7% of treated population included



POST-TNK

Huang J, et al. POST-TNK. JAMA 2025;333(7):579



POST-TNK

Huang J, et al. POST-TNK. JAMA 2025;333(7):579

• Hypothesis: In patient with LVO and successful MT (near complete), 

adjunctive IA TNK will improve outcomes

• Multicenter, randomized, open-label, blinded outcome trial

• Population: ASPECTS ≥ 6 (if LKW ≤ 6 h; 7 if 6-24 h); LVO iICA, M1, M2 MT 

within 24 h; successful MT (eTICI ≥ 2c [90-99%]); no IV thrombolysis

• Randomization: IA TNK versus control 

• Dose: 0.0625 mg/kg (max 6.25 mg) over 10-15 min

• Primary Outcome: mRS 0-1 at 90 days



POST-TNK: 90-day mRS

Huang J, et al. POST-TNK. JAMA 2025;333(7):579

• 34 sites in China
• 541 patients randomized; 539 in primary analysis IA TNK: 49%

Control: 44%
ARR: 5%
P = 0.11
NNT: 20

mRS 0-1 at 90 days

ARR = 5% (95% CI: - 3.42 – 13.41)



POST-TNK: Safety Outcomes

Huang J, et al. POST-TNK. JAMA 2025;333(7):579

Outcome IA TNK Control P-value

 Death in 90d 16 19.3 0.16

 sICH at 48h 6.3  4.4 0.35

 Radiographic 
 ICH at 48h 36.6 27.3 0.02
  
 Systemic bleeding   0.11
•   Mild 10 11.8
•   Moderate   0    0.7
•   Severe 38.7 30.3



POST-TNK: Safety Outcomes

Huang J, et al. POST-TNK. JAMA 2025;333(7):579

Outcome IA TNK Control P-value

 Death in 90d 16 19.3 0.16

 sICH at 48h 6.3  4.4 0.35

 Radiographic 
 ICH at 48h 36.6 27.3 0.02
  
 Systemic bleeding   0.11
•   Mild 10 11.8
•   Moderate   0    0.7
•   Severe 38.7 30.3



POST-UK

Liu C, et al. POST-UK. JAMA 2025;333(7):589



POST-UK

Liu C, et al. POST-UK. JAMA 2025;333(7):589

• Hypothesis: In patient with LVO and successful MT (near complete), 

adjunctive IA UK will improve outcomes

• Multicenter, randomized, open-label, blinded outcome trial

• Population: ASPECTS ≥ 6 (if LKW ≤ 6 h; 7 if 6-24 h); LVO iICA, M1, M2 MT 

within 24 h; successful MT (eTICI ≥ 2c [90-99%]); no IV thrombolysis

• Randomization: IA UK versus control

• Dose: 100,000 IU over 10-15 min

• Primary Outcome: mRS 0-1 at 90 days



POST-UK: 90-day mRS

• 35 sites in China
• 535 patients randomized; 532 in primary analysis

mRS 0-1 at 90 days

ARR = 4.89% (95% CI: - 3.51 – 13.28)

IA TNK: 45%
Control: 40%
ARR: 5%
P = 0.19
NNT: 20

Liu C, et al. POST-UK. JAMA 2025;333(7):589



POST-UK: Safety Outcomes

Liu C, et al. POST-UK. JAMA 2025;333(7):589

Outcome IA TNK Control P-value

 Death in 90d 18 17.3 0.77

 sICH at 48h 4.1  4.1 0.91

 Radiographic 
 ICH at 48h 25.8 24.7 0.52
  
 Systemic bleeding   0.25
•   Mild 13.1   9.4
•   Moderate   0   0.7
•   Severe 27.0 25.8



Intra-arterial Thrombolytics?

PEARL ISC 2025
Intra-arterial alteplase for acute ischemic stroke after mechanical 
thrombectomy (PEARL).
Multicenter, open-label, blind-endpoint, RCT
28 centers in China
IA-tPA (0.225 mg/kg, max 20 mg) after MT
NIHSS 6-25, within 24 hr LKW, CT ASPECTS ≥ 6, confirmed occlusion 
terminal ICA, M1, M2; stable eTICI score 2b50-3 after MT, prestrike mRS 0-1
Stents and planned DAPT excluded

Pooled analysis of 

MeVO-IA



PEARL

• Hypothesis: In patient with LVO and successful MT, adjunctive IA t-PA will 

improve outcomes

• Multicenter, randomized, open-label, blinded outcome trial

• Population: ASPECTS ≥ 6; LVO iICA, M1, M2 MT; successful MT (eTICI ≥ 2b50)

• Randomization: IA t-PA versus control

• Dose: 0.225 mg/kg (max 20 mg)

• Primary Outcome: mRS 0-1 at 90 days

ISC 2025, and Yang X et al. (PEARL).  BMJ Open 2024;14(11):e091059. Published 
2024 Nov 5. doi:10.1136/bmjopen-2024-091059



PEARL
Outcomes

• 28 centers in China

• 324 patients; 164 IA-tPA and 160 standard care

• Median age 65.8; NIHSS 15; ASPECTS 9

• 41.7% got IV tPA before MT

• Primary outcome: mRS 0-1 IA-tPA (44.8%)  v  standard care (30.2%) (p=0.01)

• Safety outcomes: sICH at 36h: IA-tPA 4.3  v standard care 5.0% (p = 0.67)  

                                     Death at 90d: IA-tPA 17.1%   v  standard care 11.3% (p = 0.2) 

ISC 2025, and Yang X et al. (PEARL).  BMJ Open 2024;14(11):e091059. Published 
2024 Nov 5. doi:10.1136/bmjopen-2024-091059



ANGEL-TNK

• Hypothesis: In patient with LVO and successful MT, adjunctive IA TNK will 

improve outcomes

• Multicenter, randomized, open-label, blinded outcome trial

• Population: ASPECTS ≥ 6; LVO iICA, M1, M2 MT; successful MT (eTICI ≥ 2b50); 

IV tPA before MT was excluded

• Randomization: IA TNK versus control

• Dose: 0.125 mg/kg (max 12.5 mg)

• Primary Outcome: mRS 0-1 at 90 days

ISC 2025 and Huo X, et al. ANGEL-TNK Stroke Vasc Neurol 2024; doi:10.1136/svn-
2024-003318



• 19 centers in China

• 255 patients

• Median age 72; (45% women)

• IV tPA before MT was excluded

• Primary outcome: mRS 0-1 IA-tPA (40.5%)  v  standard care (26.4%) (p=0.02)

• Safety outcomes: sICH at 48h: IA-tPA 24.6  v standard care 27.9% (p = NS)  

                                     Death at 90d: IA-tPA 21.4%   v  standard care 21.7% (p = NS) 

ANGEL-TNK
Outcomes

ISC 2025 and Huo X, et al. ANGEL-TNK Stroke Vasc Neurol 2024; doi:10.1136/svn-
2024-003318
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