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Objective: Tenecteplase improves reperfusion compared to alteplase in patients with large vessel occlusions. To deter-
mine whether this improvement varies across the spectrum of thrombolytic agent to reperfusion assessment times, we
performed a comparative analysis of tenecteplase and alteplase reperfusion rates.
Methods: Patients with large vessel occlusion and treatment with thrombolysis were pooled from the Melbourne
Stroke Registry, and the EXTEND-IA and EXTEND-IA TNK trials. The primary outcome, thrombolytic-induced reperfu-
sion, was defined as the absence of retrievable thrombus or >50% reperfusion at imaging reassessment. We compared
the treatment effect of tenecteplase and alteplase, accounting for thrombolytic to assessment exposure times, via
Poisson modeling. We compared 90-day outcomes of patients who achieved reperfusion with a thrombolytic to
patients who achieved reperfusion via endovascular therapy using ordinal logistic regression.
Results: Among 893 patients included in the primary analysis, thrombolytic-induced reperfusion was observed in
184 (21%) patients. Tenecteplase was associated with higher rates of reperfusion (adjusted incidence rate ratio [aIRR]
= 1.50, 95% confidence interval [CI] = 1.09–2.07, p = 0.01). Findings were consistent in patient subgroups with first
segment (aIRR = 1.41, 95% CI = 0.93–2.14) and second segment (aIRR = 2.07, 95% CI = 0.98–4.37) middle cerebral
artery occlusions. Increased thrombolytic to reperfusion assessment times were associated with reperfusion (ten-
ecteplase: adjusted risk ratio [aRR] = 1.08 per 15 minutes, 95% CI = 1.04–1.13 vs alteplase: aRR = 1.06 per 15 minutes,
95% CI = 1.00–1.13). No significant treatment-by-time interaction was observed (p = 0.87). Reperfusion via thromboly-
sis was associated with improved 90-day modified Rankin Scale scores (adjusted common odds ratio = 2.15, 95%
CI = 1.54–3.01) compared to patients who achieved reperfusion following endovascular therapy.
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Interpretation: Tenecteplase, compared to alteplase, increases prethrombectomy reperfusion, regardless of the time
from administration to reperfusion assessment. Prethrombectomy reperfusion is associated with better clinical
outcomes.

ANN NEUROL 2023;93:489–499

Introduction
Achieving early reperfusion in an acute ischemic stroke
strongly influences clinical outcomes.1–4 In large vessel occlu-
sion (LVO) patients treated with intravenous alteplase, the
reported rates of thrombolytic agent-induced reperfusion prior
to endovascular therapy ranges from 10 to 30%.5–8 Alteplase-
induced reperfusion is associated with several factors, includ-
ing occlusion site, thrombus permeability, and the time from
thrombolytic to subsequent imaging assessment.7,9–11

The influence of the time required for a thrombolytic
to induce reperfusion has been demonstrated in prior stud-
ies, with higher rates of reperfusion associated with longer
thrombolytic to imaging assessment time periods.7 Ten-
ecteplase improves prethrombectomy reperfusion compared
to alteplase, specifically in LVO patients.5,12–14 However,
whether this relates to enhanced earlier reperfusion (com-
pared to alteplase) is unclear. Past analysis15 of patients
transferred between hospitals for endovascular therapy have
suggested that the difference in reperfusion rates between
the two thrombolytic agents narrows in patients with longer
time periods between lytic treatment and imaging
reassessment. This past analysis only assessed reperfusion
rates at a select time point, but the data suggest that the
treatment effect of tenecteplase is primarily "frontloaded."
Therefore, it may be concluded that the benefit of ten-
ecteplase would be limited in patients who require long
interhospital transfers for endovascular therapy. With differ-
ing costs between alteplase and tenecteplase, and evidence
suggesting that prolonged thrombolysis to groin puncture
times are associated with poorer outcomes and a lower likeli-
hood of achieving successful reperfusion with endovascular
therapy,16 identifying the thrombolytic agent that is most
likely to achieve early reperfusion, especially in patients who
require transfer to endovascular capable centers, is critical.

To determine whether the differential rate of
tenecteplase- versus alteplase-induced reperfusion persists across
the spectrum of thrombolytic to reperfusion assessment times,
we performed a comparative analysis of tenecteplase and
alteplase reperfusion rates. We hypothesized that improved
reperfusion rates with tenecteplase would be observed across
the spectrum of thrombolytic to reperfusion assessment times.

Patients and Methods
Participants
Patients were participants enrolled in the Tenecteplase ver-
sus Alteplase before Endovascular Therapy for Ischemic

Stroke (EXTEND-IA TNK) trial,3 the Effect of Intrave-
nous Tenecteplase Dose on Cerebral Reperfusion Before
Thrombectomy in Patients with Large Vessel Occlusion
Ischemic Stroke (EXTEND-IA TNK Part 2) trial,17 the
intervention arm from the Extending the Time for
Thrombolysis in Emergency Neurological Deficits–Intra-
Arterial (EXTEND-IA) trial,18 and the Royal Melbourne
Stroke Registry.

The EXTEND-IA TNK trials were multicenter, pro-
spective, randomized trials. Patients with computed tomo-
graphic (CT) angiography-confirmed occlusions of the
internal carotid artery (ICA), middle cerebral artery
(MCA), or basilar artery were enrolled and treated with
thrombolytic within 4.5 hours of symptom onset. In
EXTEND-IA TNK, patients were randomized to open-
label tenecteplase 0.25mg/kg or alteplase 0.90mg/kg, and
in EXTEND-IA TNK Part 2, patients were randomized to
open-label tenecteplase 0.25mg/kg or 0.40mg/kg. Exclusion
criteria for both trials have been previously described.3,10

The EXTEND-IA trial was a multicenter, prospective,
randomized trial assessing endovascular therapy plus thrombo-
lytic (alteplase 0.90mg/kg) versus thrombolytic alone in
patients with confirmed occlusions of the ICA or MCA.
Study enrollment and treatment with thrombolysis took place
within 4.5 hours of symptom onset, and endovascular therapy
was started within 6 hours of symptom onset. Because
patients in the thrombolytic-only arm did not receive an early
reperfusion assessment, for this analysis we used data from
the endovascular therapy plus thrombolytic arm only.

The Royal Melbourne Stroke Registry is an ongoing
prospective observational cohort of consecutive patients
admitted to the Royal Melbourne Hospital Comprehen-
sive Stroke Centre (Melbourne, Victoria, Australia), which
operates as a statewide referral center for endovascular
therapy. Patients are either treated locally or transferred
from other hospitals for ongoing care, and the registry is
designed to collect data on all patients assessed or treated
at the Royal Melbourne Hospital. The population of
interest for our analysis consisted of patients with con-
firmed occlusions of the ICA, MCA, or basilar artery who
were treated with a thrombolytic (alteplase 0.90mg/kg or
tenecteplase 0.25mg/kg, clinician choice) prior to planned
endovascular therapy. We performed an analysis of
patients who were admitted from January 2017 to
December 2020. Transfer patients include those who were
assessed and provided a thrombolytic within a mobile
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stroke unit, patients treated at primary stroke centers
within the Greater Melbourne area (metropolitan), or
patients assessed via telestroke from hospitals located
within the surrounding regional areas outside the city
(rural). We included patients who received a thrombolytic
within 9 hours from symptom onset and endovascular
therapy within 24 hours from symptom onset, as per
EXTEND,19 DAWN,20 and DEFUSE-321 criteria,
respectively. Patients with modified Rankin Scale
(mRS) ≥ 4 were excluded. We excluded patients with lytic
to assessment time > 4 hours.

Imaging and Clinical Assessments
All patients received noncontrast CT imaging, CT perfu-
sion imaging, and a CT angiogram at baseline. The pri-
mary outcome, thrombolytic-induced reperfusion, was
defined as the absence of retrievable thrombus or >50%
reperfusion on repeat imaging assessment. Repeat imag-
ing assessments were performed at the initial pass during
cerebral angiography, and in patients who did not
undergo a formal angiogram, through repeat CT perfu-
sion and angiography. In patients who underwent cathe-
ter angiography, the expanded Thrombolysis in Cerebral
Infarction (eTICI) score for the initial angiography run
was centrally adjudicated by a neurointerventionist
blinded to study treatment using the pretreatment CT
angiogram and CT perfusion as the reference for initial
site of occlusion and arterial territory at risk.
eTICI = 2b/3 (>50% reperfusion) was regarded as sub-
stantial reperfusion. Patients who did not undergo cathe-
ter angiography had repeat CT perfusion with automated
map production, and reperfusion was defined as >50%
reduction in Tmax >6 seconds lesion volume when com-
pared to the baseline perfusion images. No retrievable
thrombus was centrally adjudicated by a neu-
rointerventionist blinded to study treatment as the absence
of occlusion in the ICA, first segment of the MCA (M1),
or proximal second segment of the MCA (M2).

Clinical outcomes evaluated in this study include
disability level at 90 days via an ordinal analysis of the
mRS, freedom from disability (defined as mRS = 0–1 or
no change from baseline at 90 days), functional indepen-
dence (defined as mRS = 0–2 or no change from baseline
at 90 days), and all-cause mortality. Clinical follow-up
assessments of trial patients were blinded to treatment
(centrally performed); however, assessment of patients
within the registry were not blinded.

Statistical Analysis
Individual patient data were pooled across all 4 data
sources and across tenecteplase dose groups (0.25mg/kg
and 0.40mg/kg). Fisher exact test, analysis of variance,

Mann–Whitney U test, and Kruskal–Wallis test were used
as appropriate when evaluating baseline characteristics. In
assessing our primary outcome, we compared the treat-
ment effects of tenecteplase and alteplase (0.90mg/kg)
using a Poisson regression model with thrombolytic to
reperfusion assessment time as an offset (exposure) time.
Treatment effect was adjusted for age, baseline National
Institutes of Health Stroke Scale (NIHSS), occlusion site,
time from symptom onset to thrombolytic, and study as
fixed effects. This estimate was presented as an adjusted
incidence rate ratio (aIRR) with respective 95% confi-
dence interval (CI) using alteplase as the reference. In a
second analysis, we evaluated the association of thrombo-
lytic to assessment times and thrombolytic-induced reper-
fusion within each treatment arm, adjusting for the
aforementioned variables via modified Poisson models
with robust error estimation22 and assessed for a potential
treatment-by-time interaction. This estimate was pres-
ented as an adjusted risk ratio (aRR) with respective 95%
CIs per 15 minutes of time from thrombolytic administra-
tion to reperfusion assessment. Using the final models, we
plotted these relationships using the marginsplot module
from Stata.

Exploratory analyses with the aforementioned meth-
odology were performed in several patient subgroups:
(1) patients with an M1 occlusion, (2) patients with an
M2 occlusion, and (3) patients who were treated with
thrombolysis and then transferred to a comprehensive
stroke center for endovascular therapy. Due to the non-
randomized allocation of thrombolytic among patients in
the registry cohort, we performed a sensitivity analysis
using trial-only patients. Finally, we also assessed reperfu-
sion rates of tenecteplase 0.25 and 0.40mg/kg dosing
against alteplase, separately.

We compared the 90-day clinical outcomes of
patients who achieved early reperfusion with a throm-
bolytic to patients who achieved successful reperfusion
(eTICI = 2b-3) via endovascular therapy, using mixed
effects logistic and proportional odds models with a
priori adjustments to age, baseline clinical severity
(NIHSS), time from symptom onset to puncture, and
study as random effects. In patients with thrombolytic-
induced reperfusion found on repeated CT perfusion
imaging who did not proceed to endovascular therapy,
the time of CT perfusion was used in place of the
arterial puncture time as an adjustment covariable.
Because mRS assessments were unblinded in the regis-
try cohort, a sensitivity analysis of long-term clinical
outcomes was performed using trial-only patients. Sta-
tistical analysis was performed using SPSS v28.0 (IBM,
Armonk, NY) and Stata v17 (StataCorp, College Sta-
tion, TX).
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Standard Protocol Approvals, Registrations, and
Patient Consents
Local research ethics board approval was obtained at all
EXTEND-IA and EXTEND-IA TNK enrolling sites.
Written informed consent was obtained from the partici-
pant or a legal representative before enrollment, except in
jurisdictions where deferral of consent for emergency treat-
ment was allowed, in which case consent was obtained
at a later time point to continue participation. Local
research ethics board approval was acquired for ongoing
data collection into the Royal Melbourne Registry, and
the requirement for consent was waived for use of
deidentified data.

Results
Of the 572 patients enrolled among the 3 randomized tri-
als, 39 patients were excluded; 1 patient lacked the pri-
mary outcome, 3 patients did not have lytic to reperfusion
assessment times recorded, and 35 patients from the
thrombolytic-only arm of the EXTEND-IA trial did not
receive an early reperfusion assessment. Between January
2017 and December 2020, 6,284 patients were admitted
to the Royal Melbourne Hospital Stroke Unit. Detailed
patient selection is outlined in Supplement Figure S1 with
566 registry patients pooled with 533 trial patients. After
excluding duplicate trial patient data that were captured in
the registry and censoring patients with lytic to assessment
times > 4 hours, 893 patients were included in the pri-
mary analysis.

Baseline patient characteristics, stratified by trial ver-
sus registry status are outlined in Supplemental Table S1.
Patients within the registry had a higher proportion of
MCA (M1) occlusions, were more likely to be transferred
from rural regions, and had longer symptom onset to
lytic/puncture and lytic to assessment times. Higher pro-
portions of ICA and M2 occlusions were observed among
trial patients. Of the 893 primary analysis patients,
492 (55%) were treated with tenecteplase and 401 (45%)
were treated with alteplase. Eighty percent of patients
receiving tenecteplase did so within the context of the
3 randomized trials. In contrast, only 33% of alteplase-
treated patients received treatment within the trials, the
majority receiving treatment within the registry. As such,
differences in the baseline patient characteristics of ten-
ecteplase and alteplase patients mirror those of trial versus
registry cohorts (Table 1). Baseline comparisons of ten-
ecteplase and alteplase patients within the trial and registry
cohorts are outlined in Supplemental Tables S2 and S3,
respectively.

Thrombolytic-induced reperfusion was observed in
184 (21%) patients (tenecteplase: 104/492 [21%],
alteplase: 80/401 [19%]). In univariate analysis, early

reperfusion was associated with occlusion site (greater with
occlusion of the M1 and M2), increased age, lower clinical
severity, and longer thrombolytic to reperfusion assess-
ment time (Table 2). Time from thrombolytic to reperfu-
sion assessment was longer in those who received alteplase
compared to tenecteplase (median = 93 vs 63 minutes;
see Table 1). Accounting for thrombolytic to assessment
time, tenecteplase was associated with higher rates of
thrombolytic-induced reperfusion (aIRR = 1.50, 95%
CI = 1.09–2.07). The probability of thrombolytic-
induced reperfusion over time from lytic initiation to sub-
sequent assessment, stratified by tenecteplase or alteplase
choice, is shown in Figure 1. In multivariate modified
Poisson models, longer thrombolytic to reperfusion assess-
ment time was associated with greater reperfusion in both
tenecteplase-treated (aRR = 1.08 per 15 minutes, 95%
CI = 1.04–1.13) and alteplase-treated (aRR = 1.06 per
15 minutes, 95% CI = 1.00–1.13, pinteraction = 0.87)
cohorts.

With alteplase as the reference, in an exploratory
analysis of M1 occlusions (n = 526), we report an aIRR
of 1.41 (95% CI = 0.93–2.14). Similarly, we report an
aIRR of 2.07 (95% CI = 0.98–4.37) in an analysis of
M2 occlusions (n = 154). In patients who received a
thrombolytic at a primary stroke center and were then
subsequently transferred (n = 466), we report an aIRR of
1.40 (95% CI = 0.95–2.05). The probability of
thrombolytic-induced reperfusion over time from lytic ini-
tiation to subsequent assessment for these 3 specific
patient subgroups is shown in Figure 2. In a sensitivity
analysis of trial-only patients (n = 525), we report an
aIRR of 1.91 (95% CI = 0.95–3.95; Supplemental
Fig S2). Finally, in a comparison of 0.25mg/kg and
0.40mg/kg tenecteplase dosing to alteplase, we report
aIRRs of 1.47 (95% CI = 1.07–2.03) and 1.63 (95%
CI = 0.85–3.16), respectively.

Successful reperfusion, either through early reperfu-
sion with a thrombolytic or following endovascular ther-
apy, was achieved in 764 patients (86%). Of these
764 patients, 90-day mRS was reported in 709 patients
(93%). Adjusting for age, baseline clinical severity
(NIHSS), and time from symptom onset to puncture
(or repeat imaging), early reperfusion (prior to endo-
vascular therapy) was associated with improved mRS
scores at 90 days (adjusted common odds ratio
[OR] = 2.15, 95% CI = 1.54–3.01) when compared to
post-endovascular therapy reperfusion (Fig 3). Patients
who achieved early reperfusion with thrombolysis had
increased rates of freedom from disability (adjusted
OR = 2.46, 95% CI = 1.64–3.68) and functional inde-
pendence (adjusted OR = 2.85, 95% CI = 1.82–4.46),
and reduced rates of mortality (adjusted OR = 0.43, 95%
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TABLE 1. Baseline Patient Characteristics Stratified by Treatment (All Patients, n = 893)

Characteristic
Pooled tenecteplase,
0.40 and 0.25mg/kg, n = 492

Alteplase,
0.90mg/kg, n = 401 p

Age, yr, median (IQR) 73 (64–81) 71 (62–79) 0.02

Female sex 220 (45%) 180 (45%) 0.96

Cause of stroke

Cardioembolic occlusion 215 (44%) 194 (48%) 0.10

Large artery occlusion 78 (16%) 73 (18%)

Undetermined/other 199 (40%) 134 (33%)

Study

EXTEND IA 0 (0%) 32 (8%) N/A

EXTEND IA-TNK 99 (20%) 101 (25%)

EXTEND IA-TNK Part 2 293 (60%) 0 (0%)

Royal Melbourne Registry 100 (20%) 268 (67%)

Medical history

Hypertension 324 (66%) 260 (65%) 0.75

Diabetes 80 (16%) 72 (18%) 0.50

Dyslipidemia 205 (42%) 174 (43%) 0.60

Prior stroke or TIA 71 (14%) 45 (11%) 0.16

Antiplatelet use 199/487 (41%) 139 (35%) 0.06

Clinical and laboratory markers

Glucose, mmol/l, median (IQR)a 6.4 (5.8–8.2) 6.4 (5.7–7.9) 0.54

NIHSS, median (IQR)b 17 (11–21) 16 (11–20) 0.29

Imaging

Site of vessel occlusion

Internal carotid artery 94/487(19%) 69/399 (17%) <0.01

MCA [first segment] 270/487 (55%) 256/399 (64%)

MCA [second segment] 102/487 (21%) 52/399 (13%)

Basilar artery 21/487 (4%) 22/399 (5%)

Tandem occlusion 68 (14%) 62 (17%) 0.25

Workflow processes

Location

Metropolitanc 389 (79%) 268 (67%) <0.01

Mobile stroke unit 37 (8%) 7 (2%)

Rural 66 (13%) 126 (31%)

Transferred for care 208 (42%) 258 (64%) <0.01

Time from symptom onset to thrombolytic initiation, min, median (IQR) 134 (100–180) 145 (108–194) <0.01

Time from first hospital arrival to thrombolytic, min, median (IQR)d 53 (41–72) 53 (30–67) 0.03

Time from symptom onset to arterial puncture or repeat imaging, min,
median (IQR)e

190 (145–265) 250 (180–315) <0.01

Time from thrombolytic to reperfusion assessment [initial angiographic
assessment or repeat CT perfusion/angiography], median (IQR)

63 (40–100) 93 (65–144) <0.01

Note: Results are given as n (%) unless otherwise stated.
aMissing 325 patients.
bMissing 19 patients.
cDefined as patients treated locally at the Royal Melbourne Hospital or transferred from primary stroke centers within the Greater Melbourne area.
dMissing 338 patients.
eMissing 1 patient.
Abbreviation: CT = computed tomography; IQR = interquartile range; MCA = middle cerebral artery; N/A = not applicable; NIHSS=National
Institutes of Health Stroke Scale; TIA = transient ischemic attack.
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TABLE 2. Factors Associated with Early Reperfusion (Whole Cohort, n = 893)

Factor
Thrombolytic-Induced
Reperfusion, n = 184

No Thrombolytic-Induced
Reperfusion, n = 709 p

Age, yr, median (IQR) 74 (66–82) 72 (62–80) 0.01

Female sex 91 (49%) 309 (44%) 0.15

Cause of stroke

Cardioembolic occlusion 86 (47%) 323 (46%) 0.38

Large artery occlusion 25 (14%) 126 (18%)

Undetermined/other 73 (40%) 260 (37%)

Medical history

Hypertension 124 (67%) 460 (65%) 0.52

Diabetes 31 (17%) 121 (17%) 0.94

Dyslipidemia 87 (47%) 292 (41%) 0.14

Prior stroke or TIA 32 (17%) 84 (12%) 0.05

Antiplatelet use 79 (43%) 259/704 (37%) 0.13

Clinical and laboratory markers

Glucose, mmol/l, median (IQR)a 6.4 (5.7–8.4) 6.4 (5.7–7.9) 0.59

NIHSS, median (IQR)b 15 (8–19) 17 (12–21) <0.01

Imaging

Site of vessel occlusion

Internal carotid artery 4/183 (2%) 159/703 (23%) <0.01

MCA [first segment] 112/183 (61%) 414/703 (59%)

MCA [second segment] 53/183 (29%) 101/703 (14%)

Basilar artery 14/183 (8%) 29/703 (4%)

Tandem occlusion 20/181 (11%) 110/680 (16%) 0.09

Workflow processes

Location:

Metropolitanc 111 (50%) 546 (77%) <0.01

Mobile stroke unit 11 (6%) 33 (5%)

Rural 62 (34%) 130 (18%)

Transferred for care 117 (64%) 349 (49%) <0.01

Time from stroke onset to thrombolytic initiation, min,
median (IQR)

136 (99–180) 139 (106–188) 0.18

Time from first hospital arrival to thrombolytic, min,
median (IQR)d

50 (35–69) 54 (40–70) 0.12

Time from stroke onset to arterial puncture or repeat
imaging, min, median (IQR)e

230 (165–309) 213 (158–292) 0.04

Time from thrombolytic to reperfusion assessment
[initial angiographic assessment or repeat CT perfusion/
angiography], median (IQR)

95 (62–151) 72 (45–1,115) <0.01

Note: Results are given as n (%) unless otherwise stated.
aMissing 325 patients.
bMissing 19 patients.
cDefined as patients treated locally at the Royal Melbourne Hospital or transferred from primary stroke centers within the Greater Melbourne area.
dMissing 338 patients.
eMissing 1 patient.
Abbreviation: CT = computed tomography; IQR = interquartile range; MCA = middle cerebral artery; NIHSS = National Institutes of Health
Stroke Scale; TIA = transient ischemic attack.
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CI = 0.21–0.87; Table 3). These findings remained con-
sistent when a sensitivity analysis of trial-only patients was
performed (Supplementary Table S4).

Discussion
In a pooled individual patient data analysis of 3 random-
ized trials and a nonrandomized registry cohort, we found
that thrombolytic-induced reperfusion prior to
thrombectomy favored tenecteplase over alteplase along a
spectrum of lytic to assessment times. Furthermore, large
vessel occlusion patients who were able to achieve reperfu-
sion with either thrombolytic prior to endovascular ther-
apy had reduced disability in the long-term compared to
patients who achieved successful reperfusion following
endovascular therapy.

The findings of our comparative model are in con-
trast to past comparisons of tenecteplase- and alteplase-
treated transfer patients, in whom the differences in reper-
fusion rates appeared to converge with longer lytic to
assessment times (tenecteplase 21% vs alteplase 18% at a
median 90 minutes postlysis).15 However, our time–
reperfusion models (see Fig 2) are similar to previous
modeling presented by Menon and colleagues in the
INTERRSeCT study,7 and our analysis benefits from a
larger sample size and the use of prospective multicenter
data. It is important to note that the time when an imag-
ing reassessment was performed does not tell us the exact

time when reperfusion occurred. As such, we are not able
to comment on the potential mechanism underlying the
higher rates of thrombolytic-induced reperfusion with ten-
ecteplase. Given the bolus nature of tenecteplase adminis-
tration, the higher rates of reperfusion may reflect a faster
onset of plasmin generation and therefore, the lytic effect
of tenecteplase may be a "frontloaded" phenomenon.23

However, the longer half-life of tenecteplase, in combina-
tion with an increased resistance to plasminogen activator
inhibitor, may also extend the drug’s ability to debulk
large clots.24 Further investigations with the use of real-
time continuous Doppler ultrasound, as presented previ-
ously by Tsivgoulis and colleagues, may provide additional
insights into these questions.25 With an increased rate of
reperfusion at longer lytic to assessment time points, and
consistent findings in a subanalysis of patient transfers (see
Fig 2C), our analysis is supportive of the use of ten-
ecteplase in patients requiring transfer to endovascular-
capable centers.

Our study has several limitations. First, there were
several differences in baseline patient characteristics
between tenecteplase- and alteplase-treated patients.
Baseline medical differences between tenecteplase- and
alteplase-treated patients were minimal between trial
(Supplemental Table S2) and registry cohorts
(Supplemental Table S3). Among trial participants, differ-
ences in workflow processes (eg, a higher number of
patient transfers in the tenecteplase arm) were observed;
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FIGURE 1: Probability of thrombolytic-induced reperfusion from the initiation of thrombolytic to subsequent assessment (initial
angiographic assessment or repeat computed tomographic perfusion/angiography) stratified by thrombolytic treatment
(n = 893). Thrombolytic to assessment time was significantly associated with reperfusion (tenecteplase: adjusted risk ratio [aRR]
= 1.08 per 15 minutes, 95% confidence interval [CI] = 1.04–1.13 vs alteplase: aRR = 1.06 per 15 minutes, 95% CI = 1.00–1.13).
No significant treatment by time interaction was observed (p = 0.87). The shaded areas indicate 95% CIs.
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this is due to an increased number of regional centers and
rural transfers involved in EXTEND-IA TNK Part 2. Most
notably, we observed differences in vessel occlusion site,
onset to thrombolysis times, and lytic to assessment times.
Our main findings were adjusted for these imbalances, and
in an exploratory analysis of patient subgroups, we observed
consistency in effect estimates between the selected sub-
groups and our main analysis. The widened CIs and lack of
formal statistical significance among the reperfusion rates
calculated for each subgroup are likely due to limitations
with sample size. Furthermore, in a sensitivity analysis of
trial-only patients and 0.25mg/kg tenecteplase versus
alteplase comparisons, we continued to show consistency
with our overall findings. Regardless, further validation in
an independent cohort is recommended.

Second, our time–reperfusion model is limited to
lytic to assessment times of <240 minutes. We made a
conscious choice to censor data at the 240-minute mark,
as we wanted to ensure that an adequate sample size was
present at each time epoch to ensure model accuracy.
Although this limits our understanding of thrombolytic-
induced reperfusion differences between tenecteplase and
alteplase in patients with prolonged lytic to reperfusion
assessment times, prior workflow studies of interhospital
transfers for endovascular therapy-eligible patients have
largely reported transfer times ranging from 20 to
300 minutes.26–28 As such, we feel that our model is rep-
resentative of patients in clinical practice. In addition,
change in NIHSS at the time of reperfusion assessment
was not available for our analysis. We are therefore not

Early Reperfusion 
(n=168)

Post-EVT Reperfusion
(n=541)

37%

24%

23%

21%
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0123456
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41%
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FIGURE 3: Modified Rankin Scale (mRS) scores at 90 days stratified by patients who achieved early reperfusion with thrombolysis
(tenecteplase or alteplase) versus patients who achieved reperfusion following endovascular therapy. Early reperfusion was
associated with mRS shift, adjusting for baseline National Institutes of Health Stroke Scale, age, and time from symptom onset to
arterial puncture (or repeated computed tomographic perfusion in those who reperfused and did not proceed to thrombectomy)
and study (as a random effect), when compared to patients who only achieved successful reperfusion (expanded Thrombolysis in
Cerebral Infarction = 2b–3) after endovascular therapy (adjusted common odds ratio = 2.15, 95% confidence interval = 1.54–
3.01). EVT = endovascular therapy.

TABLE 3. Clinical Outcomes Stratified by Patients Who Achieved Early Reperfusion with Thrombolysis
(Tenecteplase or Alteplase) versus Patients Who Achieved Reperfusion following Endovascular Therapy

Early Reperfusion,
n = 168

Post-EVT Reperfusion,
n = 541a Effect Size

Ordinal analysis of mRSb,c 1 (0–3) 2 (1–4) acOR = 2.15 (1.54–3.01)

Freedom from disabilityc,d 106 (63%) 248 (46%) aOR = 2.46 (1.64–3.68)

Functional independencec,e 124 (74%) 300 (55%) aOR = 2.85 (1.82–4.46)

Mortalityc 11 (7%) 74 (14%) aOR = 0.43 (0.21–0.87)

aPost-EVT successful reperfusion is defined as expanded Thrombolysis in Cerebral Infarction 2b–3.
bData are represented as median (interquartile range).
cAdjusted for baseline National Institutes of Health Stroke Scale score, age, time from symptom onset to arterial puncture (or repeated computed
tomographic perfusion in those who reperfused and did not proceed to thrombectomy), and study (as a random effect).
dDefined as mRS score of 0–1 or no change from baseline.
eDefined as mRS score of 0–2 or no change from baseline.
Abbreviations: acOR = adjusted common odds ratio; aOR = adjusted odds ratio; EVT = endovascular therapy; mRS = modified Rankin Scale.
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able to comment on the immediate changes in clinical
improvement between tenecteplase and alteplase.

Third, we selected a dichotomous reperfusion out-
come that had been previously used in both the
EXTEND-IA and EXTEND-IA TNK trials. Although
this approach allows for straightforward data pooling and
is easy to interpret, it prevents us from being able to assess
partial reperfusion and/or thrombus migration. The rela-
tionship between tenecteplase use and thrombus migration
is not well understood and therefore warrants further
investigation. Multiple grading systems that are designed
to assess these concepts are available29 but are predomi-
nantly designed for assessment of cerebral angiograms,
making data pooling with perfusion and CT angiographic
images difficult. As such, we elected to utilize a dichoto-
mous approach that would work for both the catheter
angiogram and CT setting.

Finally, the pooling of randomized and non-
randomized patients increased the risk of selection bias,
particularly when assessing clinical outcomes. In conjunc-
tion with this, the mRS assessment of registry patients was
unblinded, thereby also generating a risk of evaluation
bias. It is with this in mind that we performed a sensitivity
analysis of trial-only patients, the findings of which were
consistent with our main analysis.

Conclusions
In large vessel occlusion patients with thrombolytic to
reperfusion assessment times of up to 240 minutes,
increased rates of early reperfusion with tenecteplase per-
sisted across the time spectrum. Achieving reperfusion
with an intravenous thrombolytic prior to endovascular
therapy was strongly associated with improved clinical
outcomes when compared to patients who achieved suc-
cessful reperfusion only after endovascular therapy. Our
findings provide further support for the use of tenecteplase
as the preferred agent in drip-and-ship models of
stroke care.
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