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Abstract
Background and Objectives
The safety and efficacy of tenecteplase (TNK) in patients with tandem lesion (TL) stroke is
unknown. We performed a comparative analysis of TNK and alteplase in patients with TLs.

Methods
We first compared the treatment effect of TNK and alteplase in patients with TLs using individual
patient data from the EXTEND-IA TNK trials. We evaluated intracranial reperfusion at initial
angiographic assessment and 90-day modified Rankin scale (mRS) with ordinal logistic and Firth
regression models. Because 2 key outcomes, mortality and symptomatic intracranial hemorrhage
(sICH), were few in number among those who received alteplase in the EXTEND-IA TNK trials,
we generated pooled estimates for these outcomes by supplementing trial data with estimates of
incidence obtained through a meta-analysis of studies identified in a systematic review. We then
calculated unadjusted risk differences to compare the pooled estimates for those receiving alte-
plase with the incidence observed in the trial among those receiving TNK.

Results
Seventy-one of 483 patients (15%) in the EXTEND-IA TNK trials possessed a TL. In patients
with TLs, intracranial reperfusion was observed in 11/56 (20%) of TNK-treated patients vs
1/15 (7%) alteplase-treated patients (adjusted odds ratio 2.19; 95% CI 0.28–17.29). No
significant difference in 90-day mRS was observed (adjusted common odds ratio 1.48; 95% CI
0.44–5.00). A pooled study-level proportion of alteplase-associated mortality and sICH was
0.14 (95% CI 0.08–0.21) and 0.09 (95% CI 0.04–0.16), respectively. Compared with a mor-
tality rate of 0.09 (95% CI 0.03–0.20) and an sICH rate of 0.07 (95% CI 0.02–0.17) in TNK-
treated patients, no significant difference was observed.

Discussion
Functional outcomes, mortality, and sICH did not significantly differ between patients with
TLs treated with TNK and those treated with alteplase.
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Classification of Evidence
This study provides Class III evidence that TNK is associated with similar rates of intracranial reperfusion, functional
outcome, mortality, and sICH compared with alteplase in patients with acute stroke due to TLs. However, the CIs do not rule
out clinically important differences.

Trial Registration Information
clinicaltrials.gov/ct2/show/NCT02388061; clinicaltrials.gov/ct2/show/NCT03340493.

Accounting for 15%–30% of large vessel occlusion (LVO)
ischemic strokes, tandem lesions (TLs) in the anterior
circulation pose a challenge for stroke physicians and
interventionalists.1 The increased technical difficulty of
endovascular thrombectomy and the potential need for
revascularization of the extracranial internal carotid artery
(eICA) increases the risk of procedural complications.1,2

In addition, thrombolysis may be less effective due to a lack
of anterograde flow and larger clot burden.3 Compared
with stand-alone intracranial occlusions, the presence of
TLs are associated with worsened clinical outcomes, and
the management approach remains an area of ongoing
debate.4,5

With 3 specific genetic alterations that result in prolonged
half-life, higher fibrin specificity, and an increased re-
sistance to plasminogen activator inhibitor,6 tenecteplase
(TNK) has the potential to improve reperfusion rates and
clinical outcomes.7,8 These specific changes result in a
higher affinity to fibrin-rich clot, thereby increasing the
probability of clot clearance and the ability to administer
TNK as a single bolus dose. However, these changes also
bring a potential risk of hemorrhagic complications with
TNK, specifically in patients with TLs who may require
immediate carotid stenting and the administration of
periprocedural antithrombotic medications to prevent
stent thrombosis.

The efficacy of TNK in patients with TLs in the anterior
circulation is unknown. In this study, we aimed to in-
vestigate the safety and efficacy of TNK, at 0.40 and 0.25
mg/kg dosing, and perform a comparative analysis against
standard dose alteplase in patients with TLs using pooled
individual patient data from the EXTEND-IA TNK trials
and estimates obtained through a systematic review and
meta-analysis of the relevant literature.9,10

Primary research question: What are the differences in the
safety and efficacy of TNK vs alteplase in patients with a
LVO and concurrent TL?

Methods
Participants
Participants were enrolled in the Tenecteplase Versus Alteplase
Before Endovascular Therapy for Ischemic Stroke trial
(EXTEND-IA TNK) and the Determining the Optimal Dose
of Tenecteplase Before Endovascular Therapy for Ischemic
Stroke trial (EXTEND-IA TNK Part 2).9,10 Both studies were
multicenter, prospective, randomized trials designed to assess
the efficiency of TNK in patients with CT angiography
(CTA)–confirmed occlusions of the internal carotid, middle
cerebral, or basilar artery. Patients were enrolled within 4.5
hours of symptom onset and received both a thrombolytic and
endovascular thrombectomy. In the first study, patients were
randomized to open-label TNK (0.25 mg/kg) or alteplase
(0.90 mg/kg), and in the second study, patients were random-
ized to 0.25 or 0.40 mg/kg of open-label TNK. Exclusion criteria
for these trials have been previously described.9,10 In this analysis,
patients with a basilar artery occlusion were excluded.

TL Definition
All patients received noncontrast CT imaging, CT perfusion
imaging, and a CTA on initial assessment. In this analysis, we
defined TLs as a combination of eICA pathology (ipsilateral
stenosis >70% or occlusion) and intracranial LVO, based
on the EASI Pilot trial and the ongoing EASI-TOC trial
(NCT04261478).11 TLs were first assessed on baseline CTA
and confirmed with digital subtraction angiography (DSA) by a
clinician blinded to treatment allocation. In both trials, the type
(carotid stenting, angioplasty, aspiration, no intervention) and
timing of carotid intervention, in addition to any posttreatment
medications, were determined and administered by the treating
team. Posttreatment medications were defined in our analysis
as any relevant antiplatelet or anticoagulant medication ad-
ministered during the carotid procedure or within the first 24
hours after procedure completion.

Clinical and Imaging Outcomes
After randomization and treatment, all patients received either
a CT or an MRI at 24 hours and serial clinical assessments up

Glossary
CTA = CT angiography;DSA = digital subtraction angiography; eICA = extracranial internal carotid artery; eTICI = extended
treatment in cerebral ischemia; LVO = large vessel occlusion; mRS = modified Rankin scale; NIHSS = NIH Stroke Scale;
sICH = symptomatic intracranial hemorrhage; TL = tandem lesion; TNK = tenecteplase.

Neurology.org/N Neurology | Volume 100, Number 18 | May 2, 2023 e1901

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

https://www.clinicaltrials.gov/ct2/show/NCT02388061
https://www.clinicaltrials.gov/ct2/show/NCT03340493
http://neurology.org/n


Table 1 Baseline Patient Characteristics in Tandem Lesion Subgroups (n = 483)

Tandem lesion
positive (n = 71)

Tandem lesion
negative (n = 412) p Value

Age, y, median (IQR) 69 (61–79) 75 (66–82) <0.01

Female sex, n (%) 15 (21) 211 (51) <0.01

Study

EXTEND IA-TNK 35 (49) 161 (39) 0.11

EXTEND IA-TNK Part 2 36 (51) 251 (61)

Medical history, n (%)

Hypertension 42 (59) 268 (65) 0.34

Diabetes 11 (16) 74 (18) 0.61

Dyslipidemia 28 (39) 163 (40) 0.98

Prior stroke or TIA 9 (13) 63 (15) 0.57

Antiplatelet use 31/70 (44) 171/408 (42) 0.71

Anticoagulant use 2/70 (3) 50/408 (12) 0.02

Clinical and laboratory markers

Glucose, mmol/L, median (IQR)a 6.4 (5.8–7.4) 6.5 (5.7–8.3) 0.88

NIHSS, median (IQR) 17 (10–20) 17 (11–21) 0.64

Imaging

Site of vessel occlusion, n (%)

Internal carotid artery 14 (20) 86 (21) 0.60

MCA (first segment) 45 (63) 237 (58)

MCA (second segment) 12 (17) 89 (22)

Baseline ischemic core, mL, median (IQR)b,d 14 (5–39) 12 (0–33) 0.14

Baseline perfusion lesion volume, mL, median (IQR)c,e 139 (98–181) 123 (80–170) 0.12

Workflow processes

Treatment, n (%)

Tenecteplase (pooled) 56 (79) 329 (80) 0.85

Alteplase 15 (21) 83 (20)

Time from stroke onset to first hospital arrival,
min, median (IQR)

67 (45–109) 72 (51–102) 0.41

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

130 (101–180) 130 (101–166) 0.71

Time from stroke onset to arterial puncture, min,
median (IQR)f

172 (144–236) 179 (140–238) 0.75

Time from arterial puncture to procedure completion,
min, median (IQR)g

67 (46–93) 35 (22–58) <0.01

Interhospital transfer for thrombectomy, n (%) 22 (31) 129/410 (32) 0.94

Abbreviations: IQR = interquartile range; MCA = middle cerebral artery; NIHSS = NIH Stroke Scale; TIA = transient ischemic attack.
a Missing 103 patients.
b Missing 16 patients.
c Missing 18 patients.
f Missing 2 patients.
g Missing 36 patients.
d Ischemic core defined as relative cerebral blood volume <30% normal brain.
e Perfusion lesion volume defined as time to maximum (Tmax) >6 seconds.
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to 90 days poststroke. Both clinical and imaging outcome
assessments were performed by clinicians blinded to treat-
ment allocation. Clinical outcomes evaluated in this study
include disability level at 90 days through an ordinal anal-
ysis of the modified Rankin scale (mRS), freedom from
disability (defined as an mRS of 0–1 or no change from
baseline at 90 days), functional independence (defined as an
mRS of 0–2 or no change from baseline at 90 days), and all-
cause mortality. Imaging outcomes assessed in this analysis
include final extended treatment in cerebral ischemia
(eTICI) scores, rates of successful intracranial reperfusion
at initial angiographic assessment, and symptomatic in-
tracranial hemorrhage (sICH, defined as subarachnoid
hemorrhage associated with clinical symptoms or a paren-
chymal hematoma type 2 combined with at least a 4-point
increase in the NIH Stroke Scale [NIHSS]).12 Angiographic
reperfusion was scored prethrombectomy and post-
thrombectomy using the eTICI scale. Hemorrhage out-
comes were determined with standardized imaging
assessment by a central adjudication committee, blinded to
treatment allocation.

Statistical Analysis
Our analysis was performed in 2 stages:

1. A post hoc assessment of the EXTEND-IA TNK data
2. A systematic review and meta-analysis of proportions

(specifically looking at mortality and sICH, see further
for detailed methodology) designed to expand our study
population and provide a more representative estimate of
event rates, given the small sample of alteplase-treated
patients in the EXTEND-IA TNK trials.

Individual patient data were pooled across both studies and
across the TNK dose groups. The Fisher exact test, Mann-
Whitney U test, Kruskal-Wallis test, and analysis of variance
were used as appropriate when evaluating baseline patient
characteristics. We first compared the treatment effects of
TNK (0.40 and 0.25 mg/kg dosing pooled) and 0.90 mg/kg
of alteplase in patients with TLs. To assess for any potential
treatment-by-TL interactions, we also estimated the treat-
ment effect of TNK and alteplase in non-TL patients (as
described earlier) and included a multiplicative treatment-by-

Table 2 Tandem Management, Stratified by Thrombolytic Therapy (n = 71)

All patients
(n = 71)

Pooled tenecteplase
(n = 56)

Alteplase
(0.90 mg/kg) (n = 15)

Tandem type, n (%)

Complete occlusion 29 (41) 21 (38) 8 (53)

High-grade stenosis 42 (59) 35 (63) 7 (47)

Acute eICA treatment, n (%)

None 16 (23) 14 (25) 2 (13)

Stent (with or without angioplasty) 44 (62) 36 (64) 8 (53)

Angioplasty alone 5 (7) 4 (7) 1 (7)

Aspiration 5 (7) 1 (2) 4 (27)

Carotid endarterectomya 1 (1) 1 (2) 0 (0)

Time of eICA treatment, n (%)

Before EVT 15/55 (27) 10/42 (24) 5/13 (39)

After EVT 40/55 (73) 32/42 (76) 8/13 (62)

Periprocedural medications, n (%)b

COX inhibitors (aspirin) 22/44 (50) 19/35 (54) 3/9 (33)

ADP receptor/P2Y12 inhibitors (clopidogrel, prasugrel, ticagrelor) 6/44 (14) 4/35 (11) 2/9 (22)

GP IIb/IIIa inhibitors (abciximab, eptifibatide, tirofiban) 1/44 (2) 1/35 (3) 0/9 (0)

Heparin 3/44 (7) 3/35 (9) 0/9 (0)

Combination therapyc 12/44 (27) 8/35 (23) 4/9 (44)

Abbreviations: ADP = adenosine diphosphate; COX = cyclooxygenase; eICA = extracranial internal carotid artery; EVT = endovascular thrombectomy; GP =
glycoprotein.
a Performed immediately after endovascular thrombectomy was performed.
b Administered in 44 of the 55 patients who underwent an emergent carotid procedure (11 patients did not receive any periprocedural medications).
c Involves a combination of aspirin + clopidogrel (n = 5), aspirin + enoxaparin (n = 1), aspirin + prasugel (n = 1), aspirin + heparin (n = 1), heparin + clopidogrel (n =
2), heparin + intra-arterial tirofiban (n = 1), or tirofiban + clopidogrel (n = 1).
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TL interaction term. For 90-day mRS, we constructed ordinal
logistic regression models to estimate common odds ratios
(ORs), adjusting for individual study, baseline NIHSS, age,
and time from symptom onset to arterial puncture (selected a

priori, mRS 5–6 merged together). For successful intracranial
reperfusion at initial angiographic assessment, freedom from
disability, functional independence, and mortality, we con-
structed Firth logistic regression models to estimate ORs,

Table 3 Baseline Patient Characteristics, Stratified by Tandem Lesion Subgroup

Tandem lesion positive (n = 71) Tandem lesion negative (n = 412)

Pooled
tenecteplase
(n = 56)

Alteplase
(0.90 mg/kg)
(n = 15) p Value

Pooled
tenecteplase
(n = 329)

Alteplase
(0.90 mg/kg)
(n = 83) p Value

Age, y, median (IQR) 69 (61–75) 70 (60–82) 0.34 75 (65–82) 75 (68–82) 0.75

Female sex, n (%) 12 (21) 3 (20) 0.90 166 (51) 45 (54) 0.54

Medical history, n (%)

Hypertension 32 (57) 10 (67) 0.51 218 (66) 50 (60) 0.30

Diabetes 10 (18) 1 (7) 0.29 57 (17) 17 (21) 0.50

Dyslipidemia 21 (38) 7 (47) 0.52 132 (40) 31 (37) 0.64

Prior stroke or TIA 8 (14) 1 (7) 0.43 48 (15) 15 (18) 0.43

Antiplatelet use 24 (44) 7 (47) 0.83 140/325 (43) 31 (37) 0.34

Anticoagulant use 2 (4) 0 (0) 0.45 41/325 (13) 9 (11) 0.66

Clinical and laboratory markers

Glucose, mmol/L, median (IQR)a 6.4 (5.9–7.7) 6.6 (5.5–7.0) 0.47 6.5 (5.7–8.4) 6.4 (5.7–8.2) 0.67

NIHSS, median (IQR) 17 (11–19) 17 (11–24) 0.66 17 (11–21) 17 (13–22) 0.40

Imaging

Site of vessel occlusion, n (%)

Internal carotid artery 10 (18) 4 (27) 0.14 69 (21) 17 (21) 0.30

MCA (first segment) 34 (61) 11 (73) 184 (56) 53 (64)

MCA (second segment) 12 (21) 0 (0) 76 (23) 13 (16)

Baseline ischemic core, mL,
median (IQR)b,d

14 (5–39) 21 (5–47) 0.63 12 (0–34) 10 (0–24) 0.46

Baseline perfusion lesion volume, mL,
median (IQR)c,e

138 (94–181) 139 (99–176) 0.87 120 (75–170) 131 (102–166) 0.12

Workflow processes

Time from stroke onset to first hospital
arrival, min, median (IQR)

64 (45–109) 86 (53–111) 0.46 74 (51–102) 71 (53–102) 0.85

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

127 (102–180) 138 (99–177) 0.93 129 (100–164) 133 (104–176) 0.40

Time from stroke onset to arterial
puncture, min, median (IQR)f

172 (138–241) 189 (149–231) 0.94 176 (140–248) 188 (145–225) 0.98

Time from arterial puncture to procedure
completion, min, median (IQR)g

65 (46–92) 74 (41–115) 0.41 39 (23–63) 43 (30–71) 0.07

Interhospital transfer for
thrombectomy, n (%)

18 (32) 4 (27) 0.68 110/327 (34) 19 (23) 0.06

Abbreviations: IQR = interquartile range; MCA = middle cerebral artery; NIHSS = NIH Stroke Scale; TIA = transient ischemic attack.
a Missing 103 patients.
b Missing 16 patients.
c Missing 18 patients.
f Missing 2 patients.
g Missing 36 patients.
d Ischemic core defined as relative cerebral blood volume <30% normal brain.
e Perfusion lesion volume defined as time to maximum (Tmax) >6 seconds.

e1904 Neurology | Volume 100, Number 18 | May 2, 2023 Neurology.org/N

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/n


adjusting for the aforementioned variables. These estimates
are presented with respective 95% CIs using 0.90 mg/kg of
alteplase as the reference. All reported p values for interaction
are 2-sided, with p < 0.05 regarded as indicative of statistical
significance, with no multiplicity correction. For all ordinal
logistic regression models, the proportional odds assumption
was assessed using the Brant test.

Analysis of Mortality and sICH in Patients With
TLs: Systematic Review and Meta-analysis
When we initially compared the effectiveness of alteplase and
TNK among patients in the EXTEND-IA TNK trials, we found
low event rates for mortality and sICH in patients treated with
alteplase. This raised the concern of bias in our findings. As such,
we chose to supplement outcome data from the EXTEND-IA
TNK trials with data collected through a systematic review of the
relevant literature. We then performed a study-level meta-
analysis of proportions, comparing mortality and sICH in pa-
tients with TLs treated with TNK vs alteplase.

The systematic review was conducted using recommenda-
tions from the Cochrane Handbook for Systematic Reviews,13

and findings were prepared with guidance from the Preferred
Reporting Items for Systematic Reviews andMeta-Analyses.14

We conducted a comprehensive search of MEDLINE and
EMBASE, from inception until February 2022. Supplemen-
tary searches included scanning the reference list of included
studies and reviews identified through the primary search.
Included studies were randomized controlled trials or obser-
vational cohort studies that enrolled adults experiencing an

acute LVO stroke with a concurrent occlusion or stenosis of
the extracranial carotid artery (TL) requiring treatment with
endovascular clot retrieval ± an IV thrombolytic. We did not
have any restrictions for outcomes reported, but our analysis
was specifically focused on mortality and sICH outcomes. For
thrombolytic use, we limited our study selection to either
alteplase or TNK use. Studies that were excluded from our
review included those involving pediatric patients, acute
stroke patients without an LVO, patients with LVO without a
concurrent TL, and patients treated with thrombolytic only or
treated with prestent retriever era devices. If a study included
patients with TLs who were treated with clot retrieval with or
without thrombolytic, but the results of the combined therapy
cohort (clot retrieval and thrombolytic) were not presented in
an adequate detail, then this study was excluded. Case reports,
case series, and abstract only data were excluded. We had no
restrictions on country of study, ethnicity, sex, socioeconomic
status of study populations, healthcare location of research,
or language of the published study. A detailed search strat-
egy using keywords and Medical Subject Headings terms is
summarized in eTable 1 (links.lww.com/WNL/C681). A
2-stage screening was performed by first assessing both ab-
stracts and titles for potentially relevant articles and then
performing full-text screening. Screening and full-text review
was conducted using Covidence Systematic Review software
(Covidence, Melbourne, Australia).

We collected information regarding study design and enroll-
ment criteria, baseline patient characteristics, and details of the
intervention used in each study. Baseline patient characteristics

Table 4 Imaging and Clinical Outcomes Stratified by Treatment Group in Tandem Lesion Positive and Negative Subgroups

Tandem lesion positive (n = 71) Tandem lesion negative (n = 412)

P interaction

Pooled
tenecteplase
(n = 56), n (%)

Alteplase
0.90 mg/kg
(n = 15), n (%) Effect size

Pooled
tenecteplase
(n = 329), n (%)

Alteplase
0.90 mg/kg
(n = 83), n (%) Effect size

Substantial reperfusion
at initial angiograma,e

11 (20) 1 (7) 2.19
(0.28–17.29)

66 (20) 8 (10) 2.87
(1.18–6.96)

0.85

Final eTICI Scores 2b-3e 48 (86) 11 (73) 1.80
(0.37–8.71)

271/324 (84) 66/81 (82) 1.24
(0.54–2.87)

0.33

Functional improvement
(ordinal mRS)b,e

2 (1–4) 4 (1–5) 1.48
(0.44–5.00)

2 (0–4) 2 (1–4) 1.49
(0.85–2.60)

0.90

Freedom from
disabilityc,e

23 (41) 6 (40) 0.97
(0.20–4.64)

170 (52) 37 (45) 1.35
(0.69–2.65)

0.62

Functional
independenced,e

33 (59) 6 (40) 3.05
(0.56–16.70)

197 (60) 45 (54) 1.54
(0.75–3.13)

0.44

Mortalitye 5 (9) 3 (20) 0.12
(0.01–2.60)

48 (15) 14 (17) 0.56
(0.21–1.47)

0.59

Abbreviations: eTICI = extended thrombolysis in cerebral infarction score; mRS = modified Rankin scale.
a Substantial reperfusion was defined as restoration of blood flow to >50% of the involved territory or no retrievable intracranial thrombus at the initial
angiogram.
b Data represented as the median (interquartile range).
c Defined as mRS score of 0–1 or no change from baseline.
d Defined as mRS score of 0–2 or no change from baseline.
e Adjusted for baseline NIH Stroke Scale score, age, time from symptom onset to arterial puncture, and study. Data for functional improvement are
represented as an adjusted common odds ratio with 95% CIs. Data for final eTICI scores, freedom from disability, functional independence, andmortality are
represented as adjusted odds ratios with 95% CIs.
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included age, sex, definition of TL, and details of the in-
tervention used. Detailed outcome data were collected wher-
ever possible. The definition of each outcome was determined
by the individual study. Study design, patient characteristics,
and outcome definitions were summarized in tabular format.
Risk of bias assessments of randomized controlled trials and
nonrandomized observational studies were performed using
the Cochrane Collaboration tool and the Newcastle-Ottawa
Assessment scale, respectively. Results were summarized in
tabular format.

We assessed study characteristics and study design to ensure
that there would be enough similarity between the included
studies to allow for reliable data pooling. For both TNK and
alteplase treatments, respectively, we intended to pool study-
level proportion estimates of participants achieving pre-
defined outcomes using a DerSimonian-Laird model, with the
estimate of heterogeneity taken from the inverse-variance
fixed-effect model, as implemented in the metaprop Stata
command.15 Outcome effect estimates from the selected
studies were to be pooled with data from the primary studies
(the EXTEND-IA TNK trials) where available and were vi-
sually represented with forest plots of each individual study
proportion alongside the pooled study-level proportion. To
ensure all studies were to be retained in the analysis, including
studies with zero events, a Freeman-Tukey double arcsine
transformation was to be used. If outside studies could not be
identified for a specific thrombolytic, then pooled data from
the EXTEND-IA TNK trials were to be presented as an un-
adjusted proportion with exact binomial (Clopper-Pearson)
95% CIs. We then estimated the difference between TNK and

alteplase treatment as unadjusted risk differences. Statistical
analysis was performed using SPSS software, version 27.0
(IBM, Armonk, NY) and Stata software, version 17 (Stata-
Corp, College Station, TX).

Standard Protocol Approvals, Registrations,
and Patient Consents
Local research ethics board approval was obtained at all
EXTEND-IA TNK enrolling sites. Written informed consent
was obtained from the participant or a legal representative
before enrollment, except in jurisdictions allowing deferral of
consent for emergency treatment, in which case consent was
obtained at a later time point to continue participation. Be-
cause we did not seek individual patient data from the studies
selected in our search, local ethics board approval was not
required for the systematic review and meta-analysis. Each
study selected from our systematic review reported approval
from their local research ethics boards.

Data Availability
The authors declare that supporting data and methodological
detail are available within the article and online-only supple-
ment. Data that support the findings of this study can be
obtained from the study authors on reasonable request.

Results
Of 502 patients recruited in the 2 trials, 483 with an anterior
circulation occlusion were included in the primary analysis, af-
ter exclusion of 19 patients with a basilar artery occlusion
(eFigure 1, links.lww.com/WNL/C681). Seventy-six suspected

Figure 1mRS Scores at 90 Days Stratified by Treatment in PatientsWith a Tandem Lesion (A) andWithout a Tandem Lesion (B)

(A) No significant differences were observed between tenecteplase (pooled analysis of 0.25 and 0.40 mg/kg dosing) and alteplase (acOR 1.48 95% CI
0.44–5.00), adjusting for baseline NIH Stroke Scale, age, time from symptom onset to arterial puncture, and study. (B) No significant differences were
observed between tenecteplase (pooled analysis of 0.25mg/kg and 0.40mg/kg dosing) and alteplase (acOR 1.49 95%CI 0.85–2.60), adjusting for baseline NIH
Stroke Scale, age, time from symptom onset to arterial puncture, and study. acOR = adjusted common odds radio; mRS = modified Rankin scale.
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TLs were identified on initial CTA, of which 71/483 (15%)
were confirmed, after exclusion of 2 lesions deemed on
DSA to be pseudo-occlusions and 3 lesions with carotid
stenosis <70%. Baseline patient characteristics, stratified by
TL status, are outlined in Table 1. Patients with TLs were
significantly younger and more often male. A lower pro-
portion of anticoagulant use was observed in this cohort
and the times from arterial puncture to procedural com-
pletion were notably longer. Baseline characteristics of
patients with TLs did not differ between the 2 pooled trials
(eTable 2). sICH was observed in 11 of 483 patients (3
events of clinical subarachnoid hemorrhage and 8 events of
PH2 with an NIHSS increase of 4 or more). Patients with
TLs exhibited a numerically higher proportion of sICH (4/
71 [6%] vs 7/412 [2%], p = 0.05) and parenchymal he-
matoma (6/71 [9%] vs 14/412 [3%], p = 0.06) and a lower

proportion of freedom from disability (29/71 [41%] vs
207/412 [50%], p = 0.15).

All 71 patients with TLs received thrombolysis before initiation
of the angiographic procedure: 56 (79%) patients received
TNK and 15 (21%) patients received alteplase. In 5 patients,
the TLs could not be crossed with instrumentation. Fifty-five
(77%) lesions were treated during the acute phase of the pa-
tient’s care: 44 (62%) patients underwent carotid artery
stenting (± angioplasty), 5 (7%) underwent angioplasty alone,
and 5 (7%) had their lesions aspirated. One patient was treated
with an immediate carotid endarterectomy after completion
of endovascular thrombectomy. Of the 71 TLs, 42 (59%) were
classified as high-grade stenosis and 29 (41%) were com-
plete occlusions. Stenting was more frequent in those with a
high-grade stenosis (eTable 3, links.lww.com/WNL/C681).

Figure 2 Study-Level Meta-analysis of Proportions of Mortality (A) and Symptomatic Intracranial Hemorrhage (B) in
Patients With Tandem Lesions Treated With IV Alteplase

ES = effect size.
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No major difference in thrombolytic allocation was ob-
served. Failure to pass the lesion rates and time metrics
were similar between the 2 groups. A higher rate of mor-
tality in patients treated with a complete occlusion was
observed (high-grade stenosis: 2/42 [5%] vs complete
occlusion 6/29 [21%]).

Periprocedural carotid artery management, stratified by
thrombolytic medication, is summarized in Table 2, and a
detailed list of all tandem patients and their management is
provided in eTable 4 (links.lww.com/WNL/C681). Fif-
teen of the 55 (27%) patients required treatment of the
carotid artery lesion before initiating intracranial endo-
vascular thrombectomy. No major differences in treatment
approach or clinical outcomes were observed in those
patients who required treatment prethrombectomy com-
pared with those whose carotid artery was treated post-
thrombectomy (eTable 5).

In exploratory univariable analysis, no major differences in
baseline patient characteristics were observed between treat-
ment arms within TL and non-TL subgroups (Table 3). In
patients with TLs, reperfusion of the intracranial target at
initial angiographic assessment was observed in 11/56 (20%)
TNK-treated patients and 1/15 (7%) patients treated
with alteplase (Table 4). Similarly, in the non-TL subgroup,
reperfusion at initial angiographic assessment was observed in
66/329 (20%) TNK-treated patients compared with 8/83
(10%) alteplase-treated patients (p interaction = 0.85). Rates
of successful reperfusion (eTICI 2b-3) postprocedure in the
TL subgroup were 86% (TNK) vs 73% (alteplase) and within
the non-TL subgroup were 84% (TNK) vs 82% (alteplase), p
interaction = 0.33. Clinical outcomes of patients with TLs and
non-TL patients stratified by thrombolytic therapy and 90-
day mRS distributions are summarized in Table 4 and shown
in Figure 1, respectively. We did not observe differences in
functional outcomes between TNK and alteplase in either
patients with TLs or non-TL patients. Among patients with
TLs, sICH occurred in 7% (4/56) of TNK-treated patients
and 0% (0/15) alteplase-treated patients compared with 2%
(6/329, TNK) and 1% (1/83, alteplase) in non-TL patients.
Of the 4 patients with TLs with an sICH, 2 received 0.40

mg/kg of TNK and 2 received 0.25 mg/kg of TNK. Three of
the 4 patients were stented, with 1 patient experiencing an
arterial perforation during the procedure, and 1 patient un-
derwent a CEA immediately after endovascular thrombec-
tomy, receiving periprocedural heparin (eTable 4, links.lww.
com/WNL/C681).

Systematic Review and Meta-analysis of
Mortality and sICH
Among the 2,349 records retrieved, title and abstract
screening narrowed our search to 55 articles (eFigure 2, links.
lww.com/WNL/C681). Through full-text screening, we
identified 7 studies where we could pool the effect estimates of
mortality and sICH at the study level.16-22 The selected 7
studies (eTable 6) were observational cohorts of acute stroke
patients with an LVO and TL who were treated with endo-
vascular thrombectomy ± IV alteplase. Although randomized
data and studies of TNK were searched for, no additional data
were found. Most studies were retrospective analyses of
prospectively collected observational data. TLs were defined
as an occlusion of the eICA or stenosis, ranging from 50%
to 99%. In 5 of the 7 studies, sICH was defined using the
European Cooperative Acute Stroke Study criteria. All
studies selected for the meta-analysis used alteplase. We did
not identify any study that used TNK and reported on
sICH or mortality outcomes. As such, TNK-associated
sICH and mortality outcomes were reported from the
EXTEND-IA TNK trials as unadjusted proportions with
binomial (Clopper-Pearson) 95% CIs.

The pooled study-level proportion of alteplase-associated
mortality and sICH was 0.14 (95% CI 0.08–0.21, Figure 2A)
and 0.09 (95% CI 0.04–0.16, Figure 2B), respectively.
Compared with a mortality rate of 0.09 (95% CI 0.03–0.20)
and an sICH rate of 0.07 (95% CI 0.02–0.17) in TNK-treated
patients from the EXTEND-IA TNK trials, no statistically
significant difference in mortality or sICH rates were observed
(Table 5). These results remained consistent in a sensitivity
analysis where TNK sICH rates were compared with the
alteplase data from the 7 selected observational studies alone
(EXTEND-IA TNK data excluded; eTable 7, links.lww.com/
WNL/C681). We also did not observe a difference in sICH

Table 5 Study-Level Meta-analysis of Mortality and sICH in Patients With TLs

Tenecteplase (n = 56)b Standard error Alteplase 0.90 mg/kg (n = 469)c Standard error Risk difference

Mortality 0.09 (0.03–0.20) 0.038 0.14 (0.08–0.21) 0.066 −0.05 (−0.15 to 0.05)

Tenecteplase (n = 56)b Standard error Alteplase 0.90 mg/kg (n = 591)d Standard error Risk difference

sICHa 0.07 (0.02–0.17) 0.034 0.09 (0.04–0.16) 0.036 −0.02 (−0.12 to 0.08)

Abbreviation: sICH = symptomatic intracranial hemorrhage.
a Defined as subarachnoid hemorrhage associatedwith clinical symptomsor a parenchymal hematoma type 2 combinedwith at least a 4-point increase in the
NIH Stroke Scale.
b Pooled data from the EXTEND-IA TNK trials presented as unadjusted proportions.
c Data from a meta-analysis of proportions (pooled data from 3 selected studies and data from the EXTEND-IA TNK trials).
d Data from a meta-analysis of proportions (pooled data from 7 selected studies and data from the EXTEND-IA TNK trials).
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rates between TNK and alteplase-treated patients in the non-
TL group (risk difference 0.01; 95% CI −0.02 to 0.04).

Classification of Evidence
This study provides Class III evidence that TNK is associated
with similar rates of intracranial reperfusion, functional out-
come, mortality, and sICH compared with alteplase, in pa-
tients with acute stroke due to TLs. However, the CIs do not
rule out clinically important differences.

Discussion
The prevalence of TLs reported in the EXTEND-IA TNK
trials was 15%. Baseline characteristics in this pooled in-
dividual patient data cohort were similar to past descriptions
of patients with TLs studied in prospectively collected
registries.1,2 Specifically, the TL population tended to be
younger and more likely to be male. While the time from
puncture to procedural completion was notably longer in this
cohort, most patients (40/55, 72%) received treatment of the
extracranial carotid artery lesion after endovascular throm-
bectomy. In the minority of patients where the extracranial
carotid artery lesion was treated first, the primary reason
provided by the treating team for the extracranial first ap-
proach was initial difficulty passing through the internal ca-
rotid artery to reach the intracranial target. The rate of carotid
stenting in this cohort was similar to prior studies.1

Notably, the periprocedural medications used after carotid artery
treatment varied widely, both for the type of medication used
and the timing of medication commencement. Periprocedural
medication choice and timing were at the discretion of the
treating physician, and our results further highlight the lack of
real-world management consensus between clinicians. Aspirin
monotherapy was administered in a number of cases (Table 1).
However, the dose of aspirin, route of administration, timing,
and use in combination with other antithrombotic therapies was
heterogeneous (eTable 4, links.lww.com/WNL/C681). It is
important to note that IV aspirin, used in a number of cases, is
not readily available in regions such asNorth America. Given this
variability in practice, determining whether periprocedural
medical therapy was associated with outcomes or hemorrhagic
complications were not possible. Further investigations in larger
datasets will be required, and ongoing clinical trials such as EASI-
TOC (NCT04261478), which implement standardized anti-
platelet regimens, will be highly informative.

It is postulated that the presence of a TL can reduce the
effectiveness of a thrombolytic medication due to the re-
duction of cerebral blood flow to the intracranial target.3 We
did not observe this in our study because the rates of sub-
stantial intracranial reperfusion at initial assessment were 20%
in both TL and non-TL cohorts when treated with TNK,
compared with 8%–10% in those treated with alteplase with
no evidence of statistical interaction by TL status. The dif-
ference in recanalization rates between the 2 treatment arms
among patients with TLs was not statistically significant, but

this may be due to the comparisons being underpowered.
Rates of successful recanalization after thrombectomy were
similar in both TNK-treated and alteplase-treated groups.
Further investigations of prethrombectomy intracranial
reperfusion in subgroups based on TL type (stenosis vs oc-
clusion) are also warranted. Due to limited sample size, this
was not possible in our analysis, albeit we did not observe
differences in prethrombectomy intracranial reperfusion be-
tween patients who presented with high-grade stenosis
compared with patients with a complete occlusion (eTable 3,
links.lww.com/WNL/C681).

Functional outcomes did not differ between treatment
groups in the EXTEND IA-TNK trials, but there was a nu-
merical trend favoring TNK (Figure 1A). The 7% incidence
of sICH with TNK in this study is comparable with data in
alteplase-treated patients with TLs from previously pub-
lished literature (Table 5). The number of patients with TLs
who received alteplase in the EXTEND-IA TNK trials was
small (n = 15), thereby highlighting the benefits of using data
from the systematic review to better evaluate low event rate
variables such as mortality and sICH. However, there are
several limitations in our analytical approach. First, the
studies involved in the meta-analyses were all observational
cohorts (eTable 6, links.lww.com/WNL/C681); we did not
identify any randomized controlled trials. Sample size varied
from study to study, and with the exception of Anadani
et al.,16 the sample sizes of most selected studies were less
than 50 patients. While most studies scored well in the pa-
tient and outcome selection sections of the Newcastle Ot-
tawa Risk of Bias Assessment, cohort heterogeneity between
studies was still observed. Clot retrieval time windows varied
between 4.5 and 16 hours from symptom onset, and the
percent stenosis also varied, with some studies requiring
>90% stenosis and others requiring just 50%.18,22 Further-
more, because this assessment was unadjusted, we were not
able to take into account other factors that influence sICH or
mortality, such as baseline ischemic volume, number of
thrombectomy attempts, and time to reperfusion metrics.
With this in mind, our results relating specifically to sICH
and mortality are hypothesis generating and will require
further validation. Refined investigations of functional out-
comes in this particular patient population, through individual
patient-level data pooling, should become more feasible in the
coming years because ongoing randomized controlled trials
that assess TNK and alteplase are completed (e.g., ETERNAL-
LVO [NCT04454788], ATTEST-2 [NCT02814409], AcT
[NCT03889249]23).

In a study of 2 randomized controlled trials and a systematic
review of the literature, functional outcomes, mortality, and
sICH did not significantly differ between the thrombolytic
therapies used before the start of endovascular clot retrieval in
patients with TLs, noting that these patients tended to be
younger and male. TNK seems both safe and effective, but
further investigation of this novel thrombolytic within this
specific patient cohort is warranted.

Neurology.org/N Neurology | Volume 100, Number 18 | May 2, 2023 e1909

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/WNL/C681
http://links.lww.com/WNL/C681
http://links.lww.com/WNL/C681
http://neurology.org/n


Study Funding
This study did not receive study-specific funding. The
EXTEND-IA TNK trials received funding from the National
Health andMedical Research Council Australia (GNT1113352,
GNT1111972). V. Yogendrakumar is supported by a Canadian
Institute of Health Research Fellowship Award, a University of
Melbourne Research Scholarship, and a Detweiler Travelling
Fellowship.

Disclosure
V. Yogendrakumar, L. Churilov, and P.J. Mitchell reports no
disclosures relevant to the manuscript. T.J. Kleinig receives
educational meeting supports from Boehringer Ingelheim. N.
Yassi reports no disclosures relevant to the manuscript. V.
Thijs receives personal compensation from Pfizer, Boehringer
Ingelheim, Medtronic, BMS, Bayer, Allergan, Amgen, Bio-
tronik and Abbott. D. Shah has received speakers honoraria
from Boehringer Ingelheim and Bayer. P. Bailey, H.M. Dewey,
P.M.C. Choi, A. Ma, and T. Wijeratne report no disclosures
relevant to the manuscript. C. Garcia-Esperon received
funding from Boehringer Ingelheim and Bayer for conference
travel. G. Cloud, R.V Chandra, D.J. Cordato, B. Yan, and G.
Sharma report no disclosures relevant to the manuscript. M.
Parsons is on the Global Metalyse (TNK) Advisory Board for
Boehringer Ingelheim. G.A. Donnan, S.M. Davis, B.C.V.
Campbell, T.Wu, and P. Desmond report no disclosures relevant
to the manuscript. Go to Neurology.org/N for full disclosures.

Publication History
Received by Neurology July 6, 2022. Accepted in final form
January 18, 2023. Submitted and externally peer reviewed. The handling
editor was Editor-in-Chief José Merino, MD, MPhil, FAAN.
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