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Abstract

Pediatric acute ischemic stroke is a significant cause of morbidity and mortality in the pediatric
population. The management of acute ischemic stroke in pediatric patients can include
reperfusion therapies including use of tissue plasminogen activator and/or mechanical
thrombectomy. Recently, many hospital systems have changed from tissue plasminogen
activator to tenecteplase as the preferred fibrinolytic therapy. There is limited data on the use
of tenecteplase in pediatric patients. Here, we report the safe use of tenecteplase followed by
mechanical thrombectomy in a pediatric patient with acute ischemic stroke, as most prior
reports have been limited to adult patients.
Introduction:
Childhood stroke is a significant cause of morbidity and mortality in the pediatric population
with estimates of prevalence ranging from 1.3 to 13 strokes per 100,0001–12. The etiologies for
pediatric stroke differ greatly from adult counterparts. While there are pediatric populations at
greater risk for stroke, including those with sickle cell disease, congenital and acquired heart
disease, trauma, non-atherosclerotic arteriopathy, and infection, roughly one tenth to one third
of childhood strokes are cryptogenic13–15. Like adult counterparts, children with stroke often
present with focal deficits. However, up to two-thirds present with diffuse neurologic signs such
as altered mental status or headache and roughly one-third present with seizures14,16,17.
Additionally, children can present with a stuttering symptom course. Taken together, these
factors complicate the timely recognition of stroke within a critical window to qualify for early
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reperfusion therapies including fibrinolytics and mechanical thrombectomy which can
drastically improve outcomes.

While the management of adult stroke is based on large clinical trials, there is less evidence for
the management of pediatric stroke. Recommendations are based on data from numerous
smaller studies and extrapolation of adult stroke data. There are no large-scale clinical trials
demonstrating the safety and efficacy of reperfusion therapies, including use of tissue
plasminogen activator (tPA) and/or mechanical thrombectomy (MT) for treatment of pediatric
stroke. However, in 2019, the American Heart Association/American Stroke Association
provided a statement addressing controversies surrounding the use of hyperacute therapies in
pediatric stroke, with clinical practice considerations including criteria for these interventions18.
These criteria, in conjunction with expert consensus based on analysis of retrospective data,
have allowed for the development of institutional protocols to treat pediatric stroke19–26.
Importantly, from a safety perspective, treatment with tPA within 4.5 hours of stroke onset is
associated with a low risk of symptomatic intracranial hemorrhage27.

Tenecteplase (TNK) is becoming the thrombolytic of choice in adult stroke centers, but pediatric
data on its use is currently very limited. Tenecteplase is a genetically modified form of tissue
plasminogen activator protein with more favorable properties including higher fibrin specificity,
longer half-life allowing for single bolus dosing, and improved resistance to plasminogen
activator inhibitor-128–30. Several large clinical trials and meta-analyses have demonstrated
that TNK is safe, effective, and possibly superior to tPA for treatment of adult acute stoke31–35.
Based on a review of 26 studies, the risk of intracranial hemorrhage with TNK treatment in adult
stroke varies based on dose ranging from 0.99% to 4.19%, which is comparable to risk with tPA
treatment36. There is no data within the pediatric stroke population for dosing, safety, or
efficacy of TNK use. For TNK use in pediatric populations, the limited data that exists is drawn
from case series demonstrating apparent safety of TNK infusion for intravascular thrombus
(venous thromboembolism and arterial thrombosis) and as a bolus for treatment of
intra-operative procedural stent thrombosis37,38.

While the transition from the use of tPA to TNK for the treatment of adult acute ischemic stroke
(AIS) has been rapidly studied and supported with increasing evidence, to our knowledge, there
are no documented reports or on-going trials on the safety and efficacy of treatment of
pediatric AIS with TNK. Despite growth and increased coordination amongst the pediatric stroke
field, the early use of TNK in pediatric stroke still relies on expert opinion, review of
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retrospective case studies, and institutional protocols. Here, we present a clinical case detailing
the safe delivery of TNK followed by mechanical thrombectomy for treatment of AIS in a
pediatric patient.

Case Report

A 13-year-old female with a past medical history of depression presented to the pediatric
emergency department with acute onset left-sided weakness involving the face, arm, and leg.
She had been in her normal state of health prior to the onset of weakness causing the patient to
collapse while doing push-ups. Her collapse was witnessed by a sibling who immediately alerted
the family resulting in prompt presentation and emergent evaluation.
On arrival to the emergency room, the patient was noted to have right gaze deviation and
left-sided weakness involving the face, arm, and leg prompting code stroke activation for
expedited evaluation by neurology. Initial vital signs were normal. Blood glucose was 113. Her
last known normal was roughly 60 minutes prior to presentation. She had an initial NIH Stroke
Scale (NIHSS) score of 13 at 60 minutes from last known well (LKW) (Table 1). Non-contrast head
CT was negative for hemorrhage and had no early evidence of ischemic change (Figure 1a).
Hyperacute MRI with time-of-flight MRA revealed a right M1 occlusion with diffusion restriction
within the right lentiform nucleus and right inferior frontal and insular cortices without FLAIR
changes, consistent with a hyperacute stroke secondary to large vessel occlusion of the right
middle cerebral artery (MCA) (Figures 1b and 1c). Repeat NIHSS at 1.5 hours from LKW and
following imaging marginally increased to 16 with progression to no anti-gravity movement of
the left upper extremity and new drift of right lower extremity (Table 1). Labs including
complete blood count (CBC), basic metabolic panel (BMP), and coagulation studies were
normal. Her urine HCG and drug screen were negative. As the patient was within therapeutic
window for treatment with TNK and mechanical thrombectomy for management of the
proximal large vessel occlusion (LVO), her case was reviewed urgently by two pediatric stroke
attendings. The risks and benefits were discussed with the family and there was agreement that
the potential benefits of thrombolytic therapy outweighed the risks. The patient was treated
with intravenous (IV) TNK (0.25 mg/kg) with a door-to-needle time of 90 minutes (time from
stroke onset of 2.5 hours).
Following the administration of TNK and discussion with interventional neuroradiology, the
patient was taken for percutaneous arterial mechanical thrombectomy around 3 hours from
stroke onset. Initial angiography demonstrated occlusion of the proximal right MCA M1
segment (Figure 1d). Following pass 1, the patient had reperfusion of the M1 and inferior M2
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division with a persistent superior division M2 occlusion along with an interval right A1 segment
occlusion. She underwent 5 passes with the final pass revealing reperfusion of the right MCA
territory with persistent occlusion of a superior M2 division and posterior M3 division (Figure
1d). Reperfusion was classified as mTICI2b (modified Thrombolysis in Cerebral Infarction score
2b) given reperfusion of greater than half the vascular distribution of the occluded artery with
some incomplete filling distally39. The patient was admitted to the pediatric intensive care unit
for post-thrombectomy monitoring.
Her follow-up NIHSS at roughly 24 hours from stroke onset was 11 (Table 1). Post-intervention
non-contrasted head CT at 12 and 36 hours revealed evolution of ischemic injury without
intracranial hemorrhage. She was started on aspirin 81 mg daily 24 hours after TNK
administration. NIHSS remained stable with a score of 11 at roughly 2 days from LKW (Table 1).
She underwent an extensive evaluation in efforts to determine acute stroke etiology.
Inflammatory and autoimmune markers including erythrocyte sedimentation rate and c-reactive
protein, anti-nuclear antigen, extractable nuclear antigen, antineutrophilic cytoplasmic
antibody, double-stranded DNA, complement 3 and complement 4 were normal. Respiratory
viral panel was negative. A thorough hypercoagulability evaluation including anti-phospholipid
panel (lupus anti-coagulant, anti-cardiolipin, beta-2-glycoprotein antibodies), protein c
resistance, hemoglobin electrophoresis, protein C, protein S, anti-thrombin III level, factor VIII
level, and homocysteine was unrevealing. Renal and bilateral upper and lower extremity venous
doppler imaging were also normal. A cardiac evaluation including transthoracic and
transesophageal echocardiograms with bubble study to evaluate for intracardiac and
intrapulmonary shunting was normal. Evaluation for traumatic etiologies included a CTA head
and neck did not demonstrate any evidence of dissection. As shown in Figure 2, repeat brain
MRI and MRA with dedicated vessel wall imaging 3 days post-infarction demonstrated an
evolving right MCA territory infarct with cytotoxic edema and mild mass effect, as well as long
segment circumferential enhancement along the right internal carotid and irregularity and
abnormal flow in the right MCA. (Figure 2a,b,c). Given there was no pre-thrombectomy
contrasted imaging and initial MRA showed a proximal M1 LVO, it was unclear if vessel wall
irregularity and enhancement pre-dated the thrombectomy and was indicative of focal cerebral
arteriopathy (FCA), or if the enhancement was secondary to irritation of the vessel wall during
the procedure. After multidisciplinary discussion, it was felt that risks of not treating for possible
FCA outweighed the risk of treatment. The patient received 3 days of high-dose IV steroids
followed by a 4-week steroid taper without complications. The patient was evaluated by
genetics and rapid whole exome testing was negative. Overall, the etiology of our patient’s
stroke remains undetermined.
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Following clinical stabilization, the patient was admitted to an inpatient pediatric
neuro-rehabilitation program for intensive therapies. She was started on gabapentin for
neuropathic pain and fluoxetine for exacerbation of premorbid anxiety and depression. Repeat
brain MRI 1 month post-stroke demonstrated an evolving right MCA territory infarct with areas
suspicious for hemorrhagic conversion, interval decreased mass effect and midline shift, mild
irregular narrowing of the right distal M1 and M2 segments with decreased flow in the right
M3/M4 segments, arterial wall enhancement within the visualized right internal carotid artery,
and subtle asymmetric enhancement of the right MCA wall (Figure 3a,b,c). The patient made
significant motor recovery with intensive multi-disciplinary therapies. Her Modified Rankin Scale
(MRS), a measure of neurologic disability, at the time of discharge was 3 with a NIHSS of 5
(Table 1). Her pediatric stroke outcome measure (PSOM) score at the time of discharge was 1.5
for sensory motor (hemiparesis, hemifacial, dysarthria, hemisensory) and behavioral
(inattention) deficits. Repeat brain MRI 3-month post-stroke showed decreased arterial wall
enhancement involving right ICA and M1/M2 segments, as well as improved flow in right
M3/M4 segments.

Discussion

To our knowledge, this is one of the first case reports of TNK administration for the treatment of
pediatric acute stroke. Our patient was treated with 0.25 mg/kg TNK as a single bolus at
roughly 2.5 hours post-symptom onset. She tolerated the bolus without complications and was
taken for mechanical thrombectomy resulting in mTICI2b reperfusion. There was no evidence of
hemorrhagic conversion on the 12-hour or 36-hour post-intervention CT. This case serves as a
demonstration of the safe use of TNK followed by thrombectomy for AIS in a pediatric patient.

Clinical trials in the adult stroke population have shown that the change from tPA to TNK for
thrombolytic treatment of AIS is safe and effective, supporting its increased use as the
fibrinolytic of choice at stroke centers. A recent meta-analysis looking at over 3700 adult
patients across nine different clinical trials concluded that TNK has similar safety and efficacy to
tPA40. A 2023 study of over 9000 adults showed decreased risk of symptomatic intracranial
hemorrhage for those who received TNK compared to tPA (1.8% versus 3.6%, respectively) with
similar results in patients that received thrombectomy and those who did not41. While this is
compelling evidence supporting TNK use in adult populations, there is no such data
demonstrating safe use in pediatric stroke. There are several important factors complicating the
extrapolation of data pertaining to the use of fibrinolytics from adult stroke patients to pediatric
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patients, including differences in coagulation and fibrinolysis pathways, age-dependent
differences in plasminogen, plasminogen activator inhibitor-1, and tPA levels/activity, differing
volume of distribution, and potential differences in hepatic clearance42,43. The Thrombolysis in
Pediatric Stroke (TIPS) trial was designed to investigate the potential impact of these
developmental differences with a range of tPA doses, but unfortunately was stopped before
data collection was completed44. However, per the Thrombolysis in Pediatric Stroke Extended
Registry (TIPSTER), when adult-equivalent selection criteria are applied to children, the risk of
symptomatic intracranial hemorrhage seems to be low27. It is reasonable to expect similar rates
with TNK given the equivalency of safety data between tPA and TNK in adults, but this will need
to be verified with prospective, pediatric-specific data.

Expert consensus and provider experience are important, albeit variable, factors in the
development of institutional treatment algorithms for pediatric stroke. In more recent efforts
to characterize the pediatric stroke expert experience regarding the use of thrombolytics for
pediatric stroke, the International Pediatric Stroke Organization (IPSO) published a survey of its
members that showed while 72% of respondents reported willingness to treat children with
acute stroke with TNK, only two respondents had experience caring for pediatric patients who
received TNK. One was a 9-year-old who was initially treated at an adult stroke center prior to
transfer to a pediatric facility, but later identified to have a stroke mimic; the other a 14-year-old
with no additional clinical information reported45.

We also recognize a challenge in wide implementation of thrombolytic treatment algorithms
depending on the availability of advanced neuroimaging. Our patient benefitted from rapid
evaluation and treatment decision because she presented to a tertiary pediatric hospital with
expertise and infrastructure consistent with recommended components of a comprehensive
pediatric stroke program46, including a hyperacute MRI protocol developed for identification of
acute stroke and large vessel occlusions. At many centers, this advanced imaging may not be
available and treatment decisions must be made based on other imaging modalities such as CT.
Adult data on TNK use demonstrates similar or improved risk of ICH compared to tPA, which is
often given for treatment of acute stroke in adults without confirmation of stroke on advanced
imaging. In situations where advanced imaging is not available or plausible within therapeutic
time window, decisions should be made on a case-by case basis within each institution’s
framework, taking into account clinical suspicion for stroke versus stroke mimic and patient’s
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individual characteristics, including exclusion of intracranial hemorrhage, which can be
accomplished with head CT.

The timing of contrasted imaging acquisition relative to interventions complicates the definitive
etiology for her stroke. As our patient did not receive contrasted imaging prior to MT, it remains
unclear if enhancement and irregularity of the vessel wall noted on post-thrombectomy
contrasted studies was a treatment effect from multi-pass thrombectomy or related to an
underlying process such as FCA. The safety and utility of thrombectomy or thrombolysis in AIS
secondary to LVO related to FCA remains unclear. One study demonstrated low thrombectomy
procedural hemorrhagic risk comparable to patients with cardioembolic stroke, but with a
higher rate of re-occlusion or persistent >50% stenosis on follow-up imaging suggesting
thrombectomy may be less effective in patients with FCA47. In our patient, FCA could be a
potential mechanism for why despite early and aggressive interventions, she still had a large
stroke with persistent functional deficits.

The clear limitation to this report is that it is based on the treatment of a single patient at one
institution. While large, randomized prospective studies demonstrating the safe and effective
use of TNK with or without subsequent thrombectomy are ideal to assess the overall safety and
efficacy, these studies are unlikely due to the relatively low incidence of pediatric stroke.
However, as pediatric stroke networks grow and evaluation pathways for timely treatment
improve, future multi-center cohort studies may allow for prospective studies on standardized
protocols and the use of TNK for pediatric stroke.

Conclusion

This case demonstrates the safe use of TNK followed by thrombectomy in the treatment of
pediatric AIS. Our patient had noted improvement in function following treatment with TNK,
thrombectomy, and inpatient neurorehabilitation, but did have residual motor deficits,
suggesting unclear efficacy of TNK for this particular patient. Prospective studies are needed to
determine the safety and efficacy of TNK in pediatric stroke.
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Table/Figure Legends

Table 1. Pediatric National Institutes of Health Pediatric Stroke Scale (PedNIHSS) scores at
presentation and select points following acute treatment with TNK and Thrombectomy. Times
are designated as time from last known well (LKW). Patient had presenting stroke score of 13 at
60 minutes from LKW, most notable for altered mental status, left sided facial droop, and left
sided extremity weakness congruent with right MCA territory infarction. She had mild
worsening over the next hour while undergoing initial stroke evaluation. PedNIHSS was slightly
improved at 24 hours and remained stable at 2 days. Following inpatient rehabilitation, the
patient had significant improvement and was discharged with PedNIHSS of 5 for mild left facial
droop, left upper extremity weakness, and mild sensory deficit.
Figure 1: Neuroimaging and conventional angiography for 13-year-old girl with acute onset left
sided weakness with suspicious for acute stroke. A. Initial non-contrast full dose head CT was
negative for hemorrhage or acute pathology. B. Brain MRI without contrast showing diffusion
restriction in the right lentiform nucleus and right inferior frontal and insular cortices without
FLAIR changes consistent with hyperacute stroke. C. Time of flight MRA showing right MCA
cutoff (arrows). C. Conventional angiography with pre-pass imaging on the left showing lack of
distal flow consistent with occlusion of the right M1 MCA segment and post-thrombectomy
showing TICI2b reperfusion in right MCA distribution (arrows). There was persistent occlusion of
superior right M2 division and posterior M3 division.
Figure 2: Follow up neuroimaging at 3 days post-thrombectomy. A. Brain MRI showing large
right MCA territory infarction with swelling and mass effect with developing hypo intensity on
T1 imaging, hyperintensity throughout MCA distribution on FLAIR, and no definitive
hemorrhage conversion on susceptibility weight imaging (SWI). B. MRA source imaging and
reconstruction showing reperfusion of the proximal segments of the right MCA, no flow in right
M3 or M4 segments and asymmetric distal ICA (arrows). C. Long segment circumferential wall
thickening with enhancement along the right internal carotid artery (arrow).
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Figure 3: Follow up neuroimaging at 1-month post-thrombectomy. A. Brain MRI demonstrating
evolving right MCA territory infarction with decreased mass effected seen as hypo intensity on
T1 imaging and hyperintensity on FLAIR with areas suspicious for small hemorrhage within the
area of infection on susceptibility weighted imaging (SWI) (white arrow). B. MRA source image
and reconstruction demonstrating mild irregular narrowing of the right MCA M1 and M2
segments (white arrows) with decreased flow in the right M3/M4 segments. C. T1 contrasted
images showing arterial wall enhancement within the visualized right internal carotid artery
(white arrows). D. Vessel wall enhancement (white arrow) demonstrated on T2 based vessel
wall imaging (VWI).
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