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Background: Tissue plasminogen activator (t-PA) has been 
the standard IV thrombolytic drug used in acute ischemic 
stroke treatment since 1995. Tenecteplase has been available 
for use in acute myocardial infarction and has been endorsed 
by the American Heart Association stroke guidelines as an 
alternative to t-PA. 
Observations: A systematic process to safely transition from 
t-PA to tenecteplase for acute ischemic stroke was undertaken 
at Walter Reed National Military Medical Center. The process 
to implement tenecteplase required extensive training 
and education for staff physicians, nurses, pharmacists, 

radiologists, trainees, and the rapid response team. There are 
a variety of benefits and implementation challenges to consider 
when transitioning thrombolytic therapy for institutional use in 
acute ischemic stroke.
Conclusions: Evidence supports the transition from t-PA to 
tenecteplase for acute ischemic stroke. Successful transition 
required months of preparation involving multidisciplinary 
meetings that included neurology, nursing, pharmacy, 
radiology, rapid response teams, critical care, and emergency 
medicine. Safeguards must be implemented to avoid dosing 
errors that can lead to life-threatening adverse events.
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T issue plasminogen activator (t-PA) 
has been the standard IV thrombolytic 
used in acute ischemic stroke treat-

ment since its US Food and Drug Adminis-
tration (FDA) approval in 1995. Trials have 
established this drug’s efficacy in the treat-
ment of acute ischemic stroke and the ap-
propriate patient population for therapy.1-3 

Published guidelines and experiences have 
made clear that a written protocol with ex-
tensive personnel training is important to 
deliver this care properly.4 

Tenecteplase has been available for use 
in the treatment of acute myocardial in-
farction (MI) and studied in acute isch-
emic strokes since 2000. Recent large 
multicenter trials have suggested te-
necteplase may work better than t-PA in 
the recanalization of large vessel occlusions 
(LVOs) and have provided guidance on 
proper dosing in acute ischemic stroke vic-
tims.5-8 Compared with t-PA, tenecteplase 
has a longer half-life, is more fibrin specific 
(causing less coagulopathy), and is more 
resistant to endogenous plasminogen ac-
tivator inhibitor.9,10 Using tenecteplase for 
acute ischemic stroke is simpler as a sin-
gle dose bolus rather than a bolus followed 
by a 1-hour infusion with t-PA. Immedi-
ate mechanical thrombectomy for LVO is 
less complicated without the 1-hour t-PA 
infusion.5,6 Tenecteplase use also allows 
for nonthrombectomy hospitals to accel-

erate transfer times for patients who need 
thrombectomy following thrombolysis 
by eliminating the need for critical care 
nurse–staffed ambulances for interfacility 
transfer.11 Tenecteplase also is cheaper: Te-
necteplase costs $3748 per vial, whereas 
t-PA costs $5800 per vial equating to roughly 
a $2000 savings per patient.12,13 Finally, the 
pharmacy formulary is simplified by using 
a single thrombolytic agent for both cardiac 
and neurologic emergencies.

Tenecteplase does have some drawbacks 
to consider. Currently, tenecteplase is not 
approved by the FDA for the indication of 
acute ischemic stroke, though the drug is en-
dorsed by the American Heart Association 
stroke guidelines of 2019 as an alternative 
to t-PA.14 There is no stroke-specific prepa-
ration of the drug, leading to potential dos-
ing errors. Therefore, a systematic process 
to safely transition from t-PA to tenecteplase 
for acute ischemic stroke was undertaken 
at Walter Reed National Military Medical 
Center (WRNMMC) in Bethesda, Maryland. 
Here, we report the process required in mak-
ing a complex switch in thrombolytic med-
ication along with the potential benefits of 
making this transition.

OBSERVATIONS
The process to implement tenecteplase re-
quired extensive training and education 
for staff physicians, nurses, pharmacists,  
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radiologists, trainees, and the rapid re-
sponse team. Our institution administered 
IV thrombolytic drugs up to 25 times annu-
ally to acute ischemic stroke victims, mean-
ing we had to train personnel extensively 
and repeatedly.

In preparation for the transition to te-
necteplase, hospital leadership gathered staff 
for multidisciplinary administrative meetings 
that included neurology, emergency medi-
cine, intensive care, pharmacy, radiology, and 
nursing departments. The purpose of these 
meetings was to establish a standard operat-
ing procedure (SOP) to ensure a safe tran-
sition. This process began in May 2020 and 
involved regular meetings to draft and revise 
our SOP. Additionally, several leadership and 
training sessions were held over a 6-month 
period. Stroke boxes were developed that 

contained the required evaluation tools, con-
sent forms, medications (tenecteplase and 
treatments for known complications), dosing 
cards, and instructions. Final approval of the 
updated acute ischemic stroke hospital policy 
was obtained in November 2020 and signed 
by the above departments. 

All inclusion and exclusion criteria were 
determined to be the same for tenecteplase 
as they were for t-PA with the notable excep-
tion that the WAKE-UP trial protocol would 
not be supported until further evidence be-
came available.9 The results of the WAKE-UP 
trial had previously been used at WRNMMC 
to justify administration of t-PA in patients 
who awoke with symptoms of acute isch-
emic stroke, the last known well was unclear 
or > 4.5 hours, and for whom a magnetic res-
onance imaging (MRI) of the brain could be 
obtained rapidly. Based on the WAKE-UP 
trial, if the MRI scan of the brain in these 
patients demonstrated restricted diffusion 
without fluid attenuated inversion recovery 
(FLAIR) signal changes (diffusion-weighted 
[DWI]-FLAIR mismatch sign), this indicated 
that the stroke had likely occurred recently, 
and it was safe to administer t-PA. This al-
lowed for administration of t-PA outside the 
standard treatment window of 4.5 hours 
from last known well, especially in the cases 
of patients who awoke with symptoms. 

Since safety data are not yet available for 
the use of tenecteplase in this fashion, the 
WAKE-UP trial protocol was not used as an 
inclusion criterion. The informed consent 
form was modified, and the following sce-
narios were outlined: (1) If the patient or 
surrogate is immediately available to con-
sent, paper consent will be documented with 
the additional note that tenecteplase is being 
used off-label; and (2) If the patient cannot 
consent and a surrogate is not immediately 
available, the medicine will be used emer-
gently as long as the neurology resident and 
attending physicians agree.15

Risk mitigation was considered care-
fully. The stroke box described above 
is stocked and maintained by the phar-
macy as we have transitioned to using des-
ignated pharmacists for the storage and 
preparation of tenecteplase. We highly 
recommend the use of designated phar-
macists or emergency department phar-
macists in this manner to avoid dosing 

TABLE Patients Transitioned to  
Tenecteplase (n = 10)

Characteristics Results

Age, mean, y 72.4

Sex, No. (%)
  Male
  Female

 
6 (60)
4 (40)

Comorbidities, No. (%)
  Hypertension
  Hyperlipidemia
  Diabetes mellitus
  Atrial fibrillation

8 (80)
6 (60)
4 (40)
3 (30)

Active tobacco use, No. 0

National Institutes of Health Stroke 
Scale, mean
  At admission
  At discharge

8.6
2.8

Modified Rankin Scale, mean
  At admission 
  At discharge

1
1.1

Time, mean (range), min 
  To presentation
  To computed tomographya

  To tenecteplasea

46.5 (0-90)
127
189

Recanalization, No. (%) 
  Complete 
  Partial

2 (22)
2 (22)

Completed stroke, No. (%) 3 (33)

Stroke mimic, No. (%) 2 (22)

Adverse events 0

aOne outlier removed due to WAKE-UP trial use.
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errors.7,16 Since the current pharmacy-pro-
vided tenecteplase bottle contains twice 
the maximum dose indicated for ischemic 
stroke, only a 5 mL syringe is included in 
the stroke box to ensure a maximum dose 
of 25 mg is drawn up after reconstitution. 
Dosing card charts were made like exist-
ing dosing card charts for t-PA to quickly 
calculate the 0.25 mg/kg dose. In training, 
the difference in dosing in ischemic stroke 
was emphasized. Finally, pharmacy has 
taken responsibility for dosing the medica-
tion during stroke codes. 

Any medical personnel at WRNMMC 
can initiate a stroke code by sending a page 

to the neurology consult service (Figure). 
A neurology resident or staff will then en-
sure that all the correct next steps are com-
pleted to properly triage the patient. This 
includes a physical examination, vital signs, 
laboratory workup, and computed tomog-
raphy (CT)–based imaging. Treatment de-
cision is based on a standard set of criteria. 
These include imaging findings on noncon-
trasted head CT and CT angiography head 
and neck, disabling symptoms, presentation 
within standard treatment window, and lack 
of contraindications. Infusion of tenecteplase 
obviates the need for an IV pump and thus 
opens an IV site for alternate uses if needed. 
Removal of the infusion phase eliminates de-
lays in mechanical thrombectomy in cases 
of LVO. Treatment with mechanical throm-
bectomy is based on evidence of LVO on CT 
angiography head and neck on arrival and 
discussion with the on-call interventionalist.

TRANSITION AND RESULTS
From November 2020 to December 2021, 
10 patients have been treated in total at 
WRNMMC (Table). One case was treated 
under the WAKE-UP trial despite proto-
col and considered to be an outlier. All pa-
tients other than the 1 outlier were treated 
within the standard 4.5-hour window and 
underwent noncontrast head CT as the ini-
tial study. CT angiography head and neck 
was performed in 7 cases (70%). One case 
occurred periprocedurally and had a 0 min-
ute time to presentation. One patient strongly 
believed to be related to ischemic stroke ul-
timately demonstrated no signal on DWI. 
Involved vascular territories included the 
middle cerebral artery (n = 4), pons (n = 2), 
and multifocal (n = 1). One treated case was 
determined to be LVO and had mechanical 
thrombectomy with complete recanaliza-
tion before intervention. Two of the treated 
patients were later determined to be stroke 
mimics. While the number of patients treated 
thus far is small, these initial results support 
both the safety and efficacy of tenecteplase 
use for acute ischemic stroke and indicate a 
successful transition.

CONCLUSIONS 
The available evidence supports the tran-
sition from t-PA to tenecteplase for acute 
ischemic stroke. The successful transition 

 
• Symptoms concerning for acute stroke within 24 h last  
   known well
• Patient marked as emergency severity index 1 or 2
• Charge nurse notified
• Attending physican notified

• Brief history
• Objective assessment (FAST-ED or NIHSS)
• Activate code stroke if consistent
• Order CT head and CTA head/neck stat
• Order ED Acute Adult Stroke Evaluation orderseta

• Repeat NIHSS

• Interpret imaging in conjunction with radiology staff

• Determine eligability for IV tenecteplase and mechanical  
   thrombectomy

•  Administration of IV tenecteplase in appropriate patients  
per preparation and administration formb

• Transport to interventional radiology suite in appropriate  
   patients with consultation of on-call interventionalist
•  Transport to medical intensive care unit for appropriate  

poststroke and postintervention monitoring

ED Arrival

ED Physician
 (< 10 min)

Neurology
 (< 15 min)

Intervention

Abbreviations: CT, computed tomography; CTA, computed tomography angiography; ED, 
emergency department; FAST-ED, Field Assessment Stroke Triage for Emergency Destination; 
NIHSS, National Institutes of Health Stroke Scale.
aED Acute Adult Stroke Evaluation order set includes placement of 2 peripheral IVs, body 
weight, 12-lead electrocardiogram, continuous telemetry, and standard laboratory evaluation 
(complete blood count, coagulation studies, basic metabolic panel, serum pregnancy test, 
troponin T, fingerstick glucose).
bThe preparation and administration form for tenecteplase includes a dosing calculation 
formula, dosing chart (correlates weight with dose), maximum dose, and steps to reconstitution 
(including discarding 10 mL syringe before withdrawing final dose). Pharmacy will prepare the 
medication to further reduce dosing errors.

FIGURE Protocol Flowsheet
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required months of preparation involving 
multidisciplinary meetings between neurol-
ogy, nursing, pharmacy, radiology, rapid re-
sponse teams, critical care, and emergency 
medicine departments. Safeguards must be 
implemented to avoid a tenecteplase dosing 
error that can lead to potentially life-threaten-
ing adverse effects. The results at WRNMMC 
thus far are promising for safety and efficacy. 
Several process improvements are planned: a  
hospital-wide overhead page will accom-
pany the direct page to neurology; other team 
members, including radiology and pharmacy, 
will be included on the acute stroke alert; and 
a stroke-specific paging application will be 
implemented to better track real-time stroke 
metrics and improve flow. These measures 
mirror processes that are occurring in institu-
tions that treat acute stroke patients. 
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