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ABSTRACT:  
Audience: Emergency medicine residents. This simulation was designed for emergency medicine interns to 
teach the basics of stroke evaluation and care. 
 
Introduction: A cerebrovascular accident (CVA) is an emergent condition that requires rapid diagnosis and 
treatment. Each year approximately 795,000 people suffer a CVA, leading to over 600,000 emergency 
department visits for acute ischemic stroke.1,2 With such a high incidence of CVAs, there is an increasing 
demand on emergency medicine (EM) physicians to meet strict metrics for CVA recognition and care. Data 
have shown that quick and organized stroke care consistent with national guidelines leads to decreased door-
to-needle time, lower in-hospital mortality, lower rates of intracranial hemorrhage, and increased 
percentage of patients discharged home.1  
 
Emergency medicine interns come from different backgrounds and, although they possess the appropriate 
medical knowledge, they often lack insight into the hospital protocols and national guidelines that allow them 
to care for these patients efficiently and effectively. It is important to introduce CVA management early in 
the education process for early learners to have confidence in managing this disease process. We aim to use 
simulation to standardize the care and knowledge of CVAs at our institution.  
 
Objectives: By the end of this simulation session, learners will be able to: 1) recognize a CVA using the 
National Institutes of Health Stroke Scale (NIHSS), 2) understand and properly utilize the NIHSS, 3) list 
appropriate imaging and laboratory orders for a CVA work-up, 4) determine appropriate subspecialty 
consultation, 5) discuss common stroke syndromes and associated cerebral locations, 6) review indications 
and contraindications for tissue plasminogen activator (tPA), 7) review hospital specific stroke protocol. 
  
Method: We recommend use of a standardized patient capable of replicating the details of the neurological 
exam descried. An oral boards format or high-fidelity simulator can also be used if a standardized patient is 
not available. Debriefing was left to the facilitator who was advised to give open ended questions to gauge 
reactions and assess understanding.  
 
Topics: Medical simulation, acute cerebrovascular accident, tissue plasminogen activator, neurology, 
emergency medicine. 
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Linked objectives and methods:  
EM interns at University of Pennsylvania participate in a two-
week intern orientation “boot camp” to aide in their transition 
to the role of a physician caring for patients in a new 
environment. Orientation courses such as these have been 
shown to improve clinical confidence and skills and to smooth 
transitions between medical student and doctor. Simulation is 
widely used within graduate medical education programs and 
some data in the surgical literature suggests that simulation can 
help interns achieve skills comparable to that of second or even 
third year residents.6, 7 Furthermore, emerging research has 
shown that simulation training centered on acute stroke 

management leads to improved metrics and increased learner 
confidence.3,8  
 
The case is centered on a new patient, just brought in by 
medics, displaying symptoms concerning for an acute stroke. 
The learner is expected to quickly recognize and assess this 
pathology using the NIHSS (objectives 1 and 2). From there 
appropriate labs and imaging should be immediately ordered to 
further work-up the suspected pathology (objective 3). 
Simultaneously, the learner is expected to acquire subspecialty 
consultation by means of a “stroke alert,” “code stroke,” or 
equivalent (objective 4); however, little assistance is provided 
by this consultant so as to allow the learner to maintain control 
over the simulation. Once a computed tomography (CT) of the 
head is obtained and interpreted, the learner should state that 
tPA is indicated and should order it only after ruling out 
contraindications (objective 6). The simulation ends when the 
learner admits the patient to an intensive care unit (ICU). The 
debrief will consist of a thorough review of the case, pertinent 
imaging and laboratory findings, use of the NIHSS, localizing 
symptoms to area of the brain, indications and 
contraindications for tPA, and relevant institutional protocols 
(Objectives 1-8). 
 
Recommended pre-reading for instructor:  

• The instructor should read any materials on acute 
cerebrovascular accidents with a focus on acute 
ischemic strokes and review the National Institutes of 
Health Stroke Scale as well as contraindications for 
tPA.  

• Additionally, instructors should review their own 
hospital stroke protocol and provide a worksheet or 
slide deck reviewing these protocols. 

 
Results and tips for successful implementation:  
While this case was piloted with high-fidelity simulation, we 
recommend use of a standardized patient to allow for more 
realistic demonstration of neurologic deficits. All standard items 
were available including code medications, defibrillator, 
intravenous (IV) line supplies and IV fluids. Learners were able 
to access laboratory tests and imaging as requested. No specific 
moulage is required. Supply lists are provided as well for set up. 
 
This simulation was taught to twelve EM interns during their 
orientation week prior to starting their rotations in the hospital. 
The simulation was run four times and learners were allowed to 
divide themselves into groups of three. We recommend the 
operator of the simulator have basic knowledge of the 
mannequin, as needed, including changing vital signs and 
communication through the mannequin. This role can be done 
by anyone with a script to the case. Additionally, we oriented 
learners to the simulation center and high-fidelity mannequins 

List of Resources:  
Abstract 1 
User Guide 2 
Instructor Materials 4 
Operator Materials 13 
Debriefing and Evaluation Pearls 15 
Simulation Assessment 21 

 
Learner Audience:  
Medical Students, Interns, Junior Residents, Senior 
Residents  
 
Time Required for Implementation:  
Instructor Preparation: 20-30 minutes 
Time for case: 15-20 minutes 
Time for debriefing: 10-30 minutes 
 
Recommended Number of Learners per Instructor: 
3 
 
Topics: 
Medical simulation, acute cerebrovascular accident, tissue 
plasminogen activator, neurology, emergency medicine. 
 
Objectives:  
By the end of this simulation session, the learner will be able 
to: 

1. Recognize a CVA using the National Institutes of 
Health Stroke Scale (NIHSS). 

2. Understand and properly utilize the NIHSS. 
3. List appropriate imaging and laboratory orders for a 

CVA work-up. 
4. Determine appropriate subspecialty consultation. 
5. Discuss common stroke syndromes and associated 

cerebral locations. 
6. Review indications and contraindications for tPA. 
7. Review hospital specific stroke protocol. 
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prior to beginning the simulation. An EM faculty member was 
assigned to this case to evaluate the team and troubleshoot any 
unexpected issues. This case can be modified for senior 
residents by introducing subtle CVA exam findings and relative 
contraindications for tPA. Given limited roles and decision 
makers, groups larger than three are not recommended for this 
case.  
 
The faculty member in the room evaluated each team based on 
predetermined critical actions. Debriefing was done with an 
instructor guide that outlined objectives of the case as well as 
any notes taken by the operator. Learners evaluated the case at 
the end with an evaluation form. Of the 12 participants, 12 
(100%) completed the survey. Surveys were anonymous and 
the study was approved by the Institutional Research Board. All 
12 participants agreed or strongly agreed the simulation was 
realistic and useful. 11 (92%) agreed or strongly agreed they 
have confidence activating the stroke protocol at this 
institution. Selected comments are below: 5 
 
Positive 

• “I liked that it was realistic and helped solidify prior 
knowledge and new info about pathways.” 

• “Basic stroke eval and treatment of the patient was 
great to get a bit more comfortable.” 

• “Very applicable for new ED interns.” 
 
Of the surveys commenting on areas for improvement, two 
indicated that “more subtle signs” or “increased difficulty” of 
the case was desired. With regards to critical actions, the most 
commonly missed actions were ordering a fingerstick blood 
glucose or tPA.  
 
References/suggestions for further reading:  
1. Benjamin EJ, Virani SS, Callaway CW, et al. Heart disease 

and stroke statistics-2018 update: a report from the 
American Heart Association. Circulation. 2018;137(12):e67-
e492. doi: 10.1161/CIR.0000000000000558. 

2. Stuntz M, Busko K, Irshad S, Paige T, Razhkova V, Coan T. 
Nationwide trends of clinical characteristics and economic 
burden of emergency department visits due to acute 
ischemic stroke. Open Access Emerg Med. 2017;9:89-96. 
doi: 10.2147/OAEM.S146654. 

3. Capampangan D, Hentz J, Hoerth M. Simulation based 
training for acute stroke alerts. Neurology. 
2012;78:P07.228. 

4. Cohen ER, Barsuk JH, Moazed F, et al. Making July safer: 
simulation-based mastery learning during intern boot 
camp. Acad Med. 2013;88(2):233-239. doi: 
10.1097/ACM.0b013e31827bfc0a. 

5. Sinha SN, Page W. Interns' Day in Surgery: improving intern 
performance through a simulation-based course for final 

year medical students. ANZ J Surg. 2015;85(1-2):27-32. doi: 
10.1111/ans.12665. 

6. Chipman JG, Schmitz CC. Using objective structured 
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simulation curriculum for first-year surgical residents. J Am 
Coll Surg. 2009;209(3):364-370.e2. doi: 
10.1016/j.jamcollsurg.2009.05.005. 
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9. Kwah LK, Diong J. National Institutes of Health Stroke Scale 
(NIHSS). J Physiother. 2014; 60(1):61. doi: 
10.1016/j.jphys.2013.12.012. 

10. Kothari RU, Pancioli A, Liu T, Brott T, Broderick J. Cincinnati 
Prehospital Stroke Scale: reproducibility and validity. Ann 
Emerg Med. 1999;33(4): 373-378. 

11. Go S, Worman DJ. Stroke Syndromes. In: Tintinalli JE, 
Stapczynski JS, Ma OJ, Yealy DM, Meckler GD, Cline DM, 
eds. Tintinalli’s Emergency Medicine: A Comprehensive 
Study Guide. 8th ed. New York, NY: McGraw-Hill; 
2016:1128-1129. 

12. Demaerschalk BM, Kleindorfer DO, Adeoye OM, et al. 
Scientific rationale for the inclusion and exclusion criteria 
for intravenous alteplase in acute ischemic stroke: a 
statement for healthcare professionals from the American 
Heart Association/American Stroke Association. Stroke. 
2016;47(2):581-641. doi: 10.1161/STR.0000000000000086. 

13. National Institue of Neurological Disorders and Stroke rt-PA 
Stroke Study Group. Tissue plasminogen activator for acute 
ischemic stroke. N Engl J Med. 1995;333(24):1581-1587. 

14. Hacke W, Kaste M, Bluhmki E, et al. Thrombolysis with 
alteplase 3 to 4.5 hours after acute ischemic stroke. N Engl 
J Med. 2008;359(13): 1317-1329. doi: 
10.1056/NEJMoa0804656. 

15. Yaghi S, Willey JZ, Cucchiara B, et al. Treatment and 
outcome of hemorrhagic transformation after Iintravenous 
alteplase in acute ischemic stroke: a scientific statement for 
healthcare professionals from the American Heart 
Association/American Stroke Association. Stroke. 
2017;48(12):e343-e361. doi: 
10.1161/STR.0000000000000152. 

16. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining 
clinical risk stratification for predicting stroke and 
thromboembolism in atrial fibrillation using a novel risk 
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fibrillation. Chest. 2010;137(2): 263-272. doi: 
10.1378/chest.09-1584.Section Break 
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Case Title: Acute Ischemic Stroke 
 
Case Description & Diagnosis (short synopsis): A 65-year-old male with a history notable for 
diabetes, hypertension, hyperlipidemia presents via emergency medical services (EMS) for 
“not acting right.” Paramedics state the patient has been slurring his speech for about 15 
minutes prior to their arrival. The learner should obtain a fingerstick blood glucose and 
activate a stroke alert. The learner should obtain a non-contrast computed tomography (CT) of 
the head and begin assessing for contraindications for tPA. The blood pressure will need to be 
acutely lowered and learners should emergently administer tPA. 
 
Equipment or Props Needed: 
IV Supplies:   

- Angiocatheters 
- IV tubing 
- Saline 

Airway Management: 
- Non-rebreather mask 
- Nasal cannula 
- Laryngoscope 
- Bag-valve mask 
- Endotracheal tube and Stylet  
- Orogastric/nasogastric tube 

Medications:  
- Etomidate 
- Succinylcholine 
- Epinephrine 
- Atropine 
- Labetelol 
- Nicardipine 
- Tissue plasminogen activator 

Sim Exam: 
- Plain clothed mannequin (presenting via EMS) 

Miscellaneous:  
- Gloves 
- Alcohol/chloraprep 
- Cardiac Monitor 
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Confederates needed: 
The simulation operator can be utilized as a pharmacist or other relevant consultant via 
phone. With multidisciplinary learner teams, a nurse can be used to help with IV-line 
placement and tPA monitoring. 
 
Stimulus Inventory: 
#1 Non-contrast head computed tomography 
#2 Electrocardiogram (ECG) 
#3 Complete blood count (CBC) 
#4  Basic metabolic panel (BMP) 
#5 Fingerstick blood glucose 
#6 Urine drug screen 
#7  Coagulation panel 
 
Background and brief information:  The 65-year-old male patient is brought via EMS to a 
tertiary medical center with reports of not acting like himself.   
 
Initial presentation: The patient is brought in via EMS with no family present. He appears as 
an appropriately dressed middle aged male in moderate distress. 
 
How the scenario unfolds: On arrival to the emergency room, learners should begin by 
assessing the patient’s airway, breathing and circulation while performing a brief history 
leading to a focused physical exam. They should recognize the patient is exhibiting symptoms 
of a CVA and immediately obtain a fingerstick blood glucose which will be normal. They should 
immediately activate a stroke alert. If learners do not obtain a fingerstick blood glucose, 
pharmacy will ultimate refuse to dispense tPA until all contraindications are ruled out. They 
should obtain a non-contrast head CT and laboratory tests and work through indications and 
contraindications for tPA. Neurology will respond to the stroke code but will tell the learners 
they should review the indications and contraindications with the patient and order it if 
indicated. Learners should recognize the patient’s significant hypertension and administer 
medications to make patient eligible for tPA. If blood pressure control is not done promptly, 
pharmacy will refuse to dispense tPA until it is corrected. 
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Critical actions:  
1. Obtains a basic history of symptoms. 
2. Obtains past medical history. 
3. Perform NIHSS and conduct a thorough physical exam. 
4. Obtain fingerstick blood glucose prior to stroke activation. 
5. Activate hospital-specific stroke protocol (this should vary based on your hospital 

protocol so that learners can understand the system they work in).  
6. Obtains and correctly interprets head CT (does not need to identify the dense middle 

cerebral artery (MCA) sign, but does need to state no bleeding).  
7. Order appropriate labs (CBC, CMP, coagulation studies, Type and screen). 
8. Correctly addresses blood pressure (before pharmacy prompting) prior to tPA.  
9. Order tPA (thrombectomy also acceptable) and recognize reason for indication (ie <4.5 

hours, not on anticoagulation, no contraindications). 
10. Admits patient to the ICU for close monitoring.  
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Case title: Acute Ischemic Stroke 
 
Chief Complaint: “Not acting right” 
 
Vitals: Heart Rate (HR) 112 Blood Pressure (BP) 210/125 Respiratory Rate (RR) 18 
 Temperature (T) 98.0°F  Oxygen Saturation (O2Sat) 98% on room air 
 
General Appearance: Elderly male, appropriately dressed. 
 
Primary Survey:  

• Airway: Patent. 
• Breathing: Clear to auscultations bilaterally. 
• Circulation: 2+ pulses throughout. 

 
History:  

• History of present illness:  
o Paramedic history  

The paramedics were called by patient’s wife for patient “not acting right.” 
Approximately 15 minutes prior to arrival the wife called after the patient was 
found to be slurring his speech. As a note, the patient had just taken his afternoon 
meds, which include oxycodone, and he thinks it is related to taking a few extras 
like he normally does, but his wife wanted to make sure he is alright.  

 
o Patient history 

“I’m fine, I think it’s my pain meds, I don’t think it’s anything (slurred speech).” If 
asked, he took an extra one oxycodone approximately one hour ago and slurred 
speech began approximately 30 minutes ago. Patient states he had a similar 
episode about one week ago that resolved after 5-10 minutes, but at that time he 
had not recently taken any pain medications. He did not tell his wife because he 
did not want her to worry. If prompted, he states his right arm is feeling heavy, 
and he had trouble walking in the house because his right leg feels like “it had 
rocks in it.” Patient is right-hand dominant.  

 
o If asked: No history of intracranial bleeding, no prior history of stroke. No history 

of gastrointestinal bleeding or recent major surgery. No oral anticoagulants.  
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• Past medical history: Type 2 diabetes, hypertension, hyperlipidemia, tobacco abuse, 
and chronic back pain. 

• Past surgical history: Lumbar L3-L5 laminectomy 10 years ago. 
• Patient’s medications: Metformin, metoprolol, atorvastatin, baby aspirin, oxycodone 

for chronic back pain. 
• Allergies: No known drug allergies.  
• Social history: 1 pack per day smoker. 
• Family history: Diabetes mellitus, hypertension, hyperlipidemia, coronary artery 

disease. 
 
Secondary Survey/Physical Examination:  

• General appearance: Patient is an elderly appearing male. Patient is awake, alert, and 
oriented. Comfortable without distress.  

• HEENT:   
o Head: Normocephalic, atraumatic. 
o Eyes: Pupils equally round and reactive. Extraocular movements intact. 
o Ears: Tympanic membrane intact. 
o Throat: Oropharynx clear. 

• Neck: Within normal limits. 
• Heart: Irregularly irregular. No murmurs/rubs/gallops. 
• Lungs: Clear to auscultation bilaterally. No wheezes/rhonchi/rales. 
• Abdominal/GI: Soft non-tender. Normal bowel sounds. No rebound. No organomegaly. 
• Genitourinary: Within normal limits. 
• Rectal: Within normal limits. 
• Extremities: No contractures, non-tender. No swelling or edema. 
• Back: Within normal limits. 
• Neuro: Alert and oriented to person, place, self and situation. Normal mental status. 

Slurred speech. Right sided flattening of nasolabial fold. Unable to assess dysmetria due 
to weakness. Right sided pronator drift. 3/5 right upper extremity, 4/5 right lower 
extremity strength. 5/5 strength throughout on left side.  

o NIHSS 
§ Level of Consciousness (LOC): Alert (0) 
§ LOC Questions: Able to state month and age (0) 
§ LOC Commands: Follows commands (0) 
§ Best Gaze: Normal (0) 
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§ Visual: No vision loss (0) 
§ Facial Palsy: Minor paralysis - right (1) 
§ Motor Arm: Some effort against gravity – right (2), Normal – left (0) 
§ Motor Leg: Drift – right (1), Normal -left (0) 
§ Limb Ataxia: Absent/Unable to complete due to weakness (0) 
§ Sensory: Mild-to-moderate sensory loss (1) 
§ Best Language: No aphasia (0) (able to repeat phrase, name object, and 

identify what is happening in the picture (if presented)) 
§ Dysarthria: Mild-to-moderate dysarthria (1) 
§ Extinction and Inattention: No abnormality (0) 
§ Total: 6 

• Skin: Normal color and turgor. No diaphoresis. No skin rash. 
• Lymph: Within normal limits. 
• Psych: Within normal limits. 
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Results:  
Non-contrast head CT 
Image Source: Dixon A. Hyperdense MCA sign. In: Radiopaedia. rID: 
https://radiopaedia.org/blog/hyperdense-mca-sign. CC BY-NC-SA 3.0. 
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Electrocardiogram 
CardioNetworks. Electrocardiogram (ECG) 12 Lead ECG.   In: Wikimedia Commons. 
https://commons.wikimedia.org/wiki/File:Afib_ecg_(CardioNetworks_ECGpedia).jpg. 
Published October 7, 2007. CC BY-SA 3.0. 
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Complete blood count (CBC) 
White blood count (WBC)   11.8 x1000/mm3(H) 
Hemoglobin (Hgb)    11.8 g/dL 
Hematocrit (HCT)    35% 
Platelet (Plt)     225 x1000/mm3  
 
Basic metabolic panel (BMP) 
Sodium      133 mEq/L 
Chloride       114 mEq/L 
Potassium     4.2 mEq/L 
Bicarbonate (HCO3)   23 mEq/L  
Blood Urea Nitrogen (BUN)  16 mg/dL   
Creatine (Cr)     1.2 mg/dL  
Glucose      49 mg/dL 
 
Fingerstick blood glucose   45 mg/dL 
 
Urine drug screen     Pending 
 
Coagulation panel 
 
Prothombin Time (PT)   11.3 seconds 
Partial Thromboplastin Time (PTT) 32.6 seconds 
International Normalized Ratio (INR) 1.2 
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SIMULATION EVENTS TABLE: 

Minute (state) Participant 
action/ trigger 

Patient status (simulator response) & operator 
prompts 

Monitor display 
(vital signs) 

0:00 
(Baseline) 

Paramedic report. 
 
Learner should 
obtain focused 
history of present 
illness, past 
medical history 
and brief physical 
exam. 

Patient can answer questions as needed (through 
operator if running as simulation).  
 

T 98.0°F 
HR 112 
BP 210/125 
RR 18 
O2 98% 

2:00-4:00 Obtain fingerstick 
blood glucose. 

If glucose not obtained, pharmacy will refuse to 
dispense tPA when asked for. 
 

T 98.0°F 
HR 98 
BP 210/125 
RR 18 
O2 98% 

4:00-6:00 

 
Recognize likely 
diagnosis of CVA 
and obtain stat 
hematocrit. 
 
Activate hospital 
stroke protocol. 

If stroke team is not paged or learner does not 
recognize CVA, the patient will develop more 
profound weakness and become aphasic.  
 
If learners still do not recognize stroke with 
worsening symptoms then nursing can prompt “do 
you want to activate a stroke alert? Do you want 
to get a head CT?” 

T 98.0°F 
HR 98 
BP 210/125 
RR 18 
O2 98% 

4:00-6:00 
(Cont.) 

 
Obtain and 
interpret head CT. 
 
Obtain 
appropriate labs 
(CBC, CMP, 
coagulation 
studies, Type and 
screen) and ECG. 

If head CT not obtained, nurse will ask if a head CT 
is needed, or pharmacy will refuse to dispense 
tPA. 
 
If labs not obtained, pharmacy will refuse to 
dispense tPA. 
 
If ECG not obtained, the nurse will ask what the 
patient’s rhythm is.   

T 98.0°F 
HR 98 
BP 210/125 
RR 18 
O2 98% 

6:00-8:00 Perform NIHSS. 

If it is not performed, nursing can ask what the 
stroke score is. 
 
If learners ask for a neurology consult or for help 
identifying type/location of stroke, they will be 
told they are unavailable. 

T 98.0°F 
HR 98 
BP 210/125 
RR 18 
O2 98% 
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Minute (state) Participant 
action/ trigger 

Patient status (simulator response) & operator 
prompts 

Monitor display 
(vital signs) 

 
If learners have not interpreted the head CT, the 
nurse should ask what they saw on the head CT. 

 
6:00-8:00 
 
 
  

Recognize 
patient’s elevated 
blood pressure 
and need for 
control (both for 
potential tPA or 
management of 
hemorrhagic 
CVA). 

If elevated blood pressure is recognized at this 
point or earlier, a single dose of any IV 
antihypertensive agent will control the blood 
pressure. 

T 98.0°F 
HR 85 
BP 180/100 
RR 18 
O2 98% 

8:00-10:00 

Decide to give tPA 
(thrombectomy 
also acceptable). 
Must give some 
reasoning (ie. <4.5 
hrs, not on 
anticoagulation, 
no 
contraindications)
. 

If blood pressure is not controlled and labs are not 
sent, pharmacy will prompt learners to control BP 
with IV anti-hypertensives and order INR. 
 
If learners are addressing blood pressure for the 
first time at this step, it will be refractory to a 
single agent and require an infusion of IV 
antihypertensive medications. 
 
If learners have not stated why they are giving tPA, 
pharmacy will ask what is the indication for it and 
ask if contraindications have been reviewed until 
the learner does so. 

With BP control: 
T 98.0°F 
HR 85 
BP 180/100 
RR 18 
O2 98% 
 
Without BP 
control: 
T 98.0°F 
HR 99 
BP 220/130 
RR 18 
O2 98% 

Case 
Completion 

Disposition to the 
ICU. 

Stroke team consultant can prompt learners if no 
disposition chosen. 

T 98.0°F 
HR 85 
BP 175/80 
RR 18 
O2 98% 

 
Diagnosis:  
Acute ischemic stroke 
 
Disposition:  
ICU
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Acute Ischemic Stroke 
Cerebrovascular Accident (CVA): Sudden neurologic dysfunction due to a vascular cause.   
 
National Institutes of Health Stroke Scale  (NIHSS):  Developed in 1989, this is a scoring 
system based on 11 items to assess degree of impairment for patients demonstrating clinical 
concern for CVA9. Each item is scored from zero to four where zero is normal and higher 
numbers represent more impairment. We recommend instructors print out their institutional 
NIHSS scoring sheet so that learners can be familiar with the document they will use regularly.  
 
Cincinnati Stroke Scale: An abbreviated scale based on the NIH stroke scale for rapid 
recognition of possible CVA. It has a high sensitivity and specificity when performed by a 
physician.10 

1. Facial droop – Do both sides of the face move equally when the patient smiles? 
2. Arm drift – Do both hands stay still when the patient holds them out in front of 

them with their eyes closed? 
3. Speech – Does the patient have slurred speech or use inappropriate words? 

 
There are two types of CVAs 
• Ischemic strokes make up 90% and can be subclassified (90%) 

o Cardioembolic (25%): Atrial fibrillation and valvular heart disease. 
o Large vessel disease (25%): Large vessel occlusions often secondary to high 

cholesterol. 
o Small vessel disease (25%): Small vessel occlusions often secondary to 

hypertension or diabetes. 
o Other (25%): Strokes due to arterial dissection or blood coagulation abnormality. 

 
• Hemorrhagic strokes constitute the remaining 10% 

o The rupture of small penetrating arteries causes bleeding into the brain 
parenchyma and as the bleeding continues, the surrounding brain tissue is 
displaced and compressed.  

o Overall the most common cause is related to hypertension and in the elderly the 
most common cause is cerebral amyloid angiopathy.  

o Other causes to consider include acute vestibular syndrome, aneurysms and 
coagulopathies (congenital or acquired).  
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SPECIFIC ISCHEMIC STROKE SYNDROMES11 
 

1. Anterior cerebral artery occlusions are uncommon but usually present with 
contralateral lower extremity sensory and motor deficits while sparing the hands and 
face.  

a. Left sided lesions present with akinetic mutism and transcortical motor aphasia. 
b. Right sided lesions present with confusion and motor hemineglect. 

 
2. Middle cerebral artery occlusions are most common and present with contralateral 

hemiparesis including the face and sensory loss. 
a. Left hemisphere is dominant in most patients and if involved will present with 

receptive or expressive aphasia.  
b. Patients with nondominant hemisphere lesion have inattention and neglect.  

 
3. Posterior Cerebral Artery (Including Basilar Artery) occlusions can be challenging to 

identify as signs are subtle but commonly include ataxia and vertigo. 
a. Patients have crossed symptoms where the ipsilateral cranial nerve and 

contralateral extremity motor weakness is present.  
b. Basilar artery occlusion can rarely cause locked-in syndrome, where there is 

complete paralysis except with blinking and upward gaze.  
 

4. Cerebellar Artery occlusions have nonspecific symptoms including vertigo, ataxia, and 
headache. CT scan only is not sensitive enough because the posterior fossa bone 
produces artifact so MRI must be obtained for definitive diagnosis. 
 

5. Lacunar infarcts involve small penetrating arteries and present with pure motor or 
sensory deficits. Small Penetrating Arteries (Lacunar infarction).  The elderly and those 
with chronic uncontrolled hypertension are at highest risk. 
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INDICATIONS AND CONTRAINDICATIONS FOR ADMINISTRATION OF IV tPA12 
These represent criteria from the American Heart Association (AHA) and American Stroke 
Association (ASA).12 Please refer to your institution-specific protocol for any additional 
criteria.  
 
1. Indications 

(a) Age ≥18. 
(b) Time of symptom onset < 4.5 hours. 
(c) Diagnosis of ischemic stroke causing measurable neurological deficit.  
(d) The neurological signs should not be clearing spontaneously. 
(e) The neurological signs should not be minor and isolated.  
(f) Caution should be exercised in treating a patient with major deficits.  

 
2. Absolute Contraindications  

(a) History or evidence of intracranial hemorrhage.  
(b) Clinical presentation suggestive of subarachnoid hemorrhage.  
(c) Known intracranial arteriovenous malformation, neoplasm or aneurysm.  
(d) Systolic blood pressure exceeding 185 mmHg or diastolic blood pressure 

exceeding 110 mmHg. 
(e) Platelet count below 100,000/µL.  
(f) Prothrombin time (PT) above 15 or INR above 1.7 or current use of direct oral 

anticoagulant (DOAC). 
(g) Active internal bleeding or acute trauma (fracture).  
(h) Neurosurgery, head trauma or stroke in the previous 3 months.  
(i) Abnormal blood glucose (<50 or >400). 

 
3. Relative Contraindications  

(a) Minor or rapidly improving symptoms. 
(b) Major surgery or non-serious head trauma in past 14 days. 
(c) History of GI bleed or urinary bleed in past 21 days. 
(d) Seizure with postictal residual neurologic impairment.  
(e) Recent arterial puncture at noncompressible site. 
(f) Recent lumbar puncture. 
(g) Suspected acute pericarditis.  
(h) Myocardial infarction (MI) in the previous 3 months. 
(i) Pregnancy. 
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MAJOR RESEARCH STUDIES SUPPORTING tPA ADMINISTRATION 
 
NINDS II (National Institute of Neurologic Disorders and Stroke) 13 was a randomized control 
trial of 312 patients who were given alteplase within three hours of symptom onset.  
 
Results 

• Compared to the placebo group, tPA treated patients were at least 30% more likely to 
have better than minimal disability at three months on the assessment scales. 

• Within 36 hours of stroke, 6.4% of tPA given patients had symptomatic intracerebral 
hemorrhage compared to 0.6% in placebo group (P<0.001). 

• There was no significant difference in mortality between control and treatment groups. 
 
 
ECASS III (European Cooperative Acute Stroke Study III)14 was published in 2008 by Hacke 
and colleagues on the results of a randomized control trial of 821 patients given alteplase up 
to 4.5 hours after symptom onset.  
 
Results 

• Patients receiving tPA had favorable outcome 52.4% vs 45.2% in the placebo group. (p = 
0.04).  

• While any intracranial hemorrhage was higher in the tPA group compared to placebo 
group, there was no difference in mortality between the two groups. 

• This study prompted the AHA/ASA guidelines to extend the time window for tPA 
administration from 3 to 4.5 hours.  

While eligibility criteria were similar, this study helps guide additional exclusion criteria to 
consider including patients older than 80 years, any use of oral anticoagulants, baseline NIHSS 
greater than 25, and patients with a history of stroke or diabetes.  
 
Some Considerations Regarding tPA 
The incidence of symptomatic intracerebral hemorrhage (sICH) post tPA ranges 2% to 7%. 

• In the aforementioned NINDS trial, sICH with tPA versus placebo was 6.4% and 0.6%, 
respectively (p<0.01). This was similar in the ECASS III trial.  

• Selection criteria for tPA is very important because the risk of sICH increases with age, 
larger strokes, and diabetes.15 

ACEP Clinical Guidelines (2015) 
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• Level B Recommendation (moderate clinical certainty) that IV tPA may be given to select 
patients with ischemic stroke within 3 hours of onset but to consider the risk of 
symptomatic intracerebral hemorrhage. This medication should only be administered if 
safety mechanisms are in place.  

• Level C Recommendation (Expert Consensus) that shared decision making should occur 
prior to the decision to use IV tPA 

 
Atrial Fibrillation: Irregular and often rapid heart rhythm where the atria have disorganized 
electrical activity and do not contract properly.  
 There are many causes of atrial fibrillation including heart disease, chronic 
hypertension, infections, thyroid disease, ingestions, and electrolyte abnormalities. The 
disorganized activity of the atria predispose patients to ischemic stroke from embolism.16  
CHA2DS2-VASc Score is a tool to quantify the risk of stroke in patients with atrial fibrillation. 
This patient’s CHA2DS2-VASc score is 5 which confers an annual stroke risk of 6.7%. 
 

  Points Our Patient 
C Congestive Heart Failure 1 0 
H Hypertension > 140/90 or on 

treatment 
1 1 

A Age>75 2 0 
D Diabetes Mellitus 1 1 
S Prior stroke, Transient Ischemic Attack 2 2 
V Vascular disease 1 0 
A Age 65-74 1 1 
Sc Sex Category (Female) 1 0 
 
Total 

 
5 
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Other debriefing points:  
Discuss how learners felt communication was among team members, especially if there was 
confusion regarding the diagnosis. 
Why is a STAT Head CT important in the care of these patients? 
If EMS was not asked for additional history (as opposed to just chief complaint) ask learners, 
“Were there any other sources of history you could have solicited?” 
To generate discussion on atrial fibrillation, a transition question can be used such as, “What 
do you think was the cause of this patient’s stroke?  
How can we reduce the risk of stroke in patients with atrial fibrillation? 
Instructor should prepare debriefing on their individual hospital’s stroke protocol as well.  
 
Wrap Up:  
We recommend learners read more on cerebrovascular accidents in available emergency 
medicine textbooks and the Emergency Neurologic Life Support guidelines on stroke. 
Additionally, the American Heart Association provides pocket cards on this disease process 
(similar to Advanced Cardiovascular Life Support). 
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Assessment Timeline 
This timeline is to help observers assess their learners. It allows observer to make notes on when learners 

performed various tasks, which can help guide debriefing discussion. 
 

Critical Actions: 
1. Obtains a basic history of symptoms. 
2. Obtains past medical history. 
3. Performs NIHSS and conducts a 

thorough physical exam. 
4. Obtains fingerstick blood glucose prior 

to stroke activation. 
5. Activates hospital-specific stroke 

protocol (this should vary based on 
your hospital protocol so that learners 
can understand the system they work 
in).  

6. Obtains and correctly interprets head 
CT (does not need to identify the 
dense MCA sign, but does need to 
state no bleeding).  

7. Orders appropriate labs (CBC, CMP, 
coagulation studies, Type and screen). 

8. Correctly addresses blood pressure 
(before pharmacy prompting) prior to 
tPA.  

9. Orders tPA (thrombectomy also 
acceptable) and recognizes reason for 
indication (ie <4.5 hours, not on 
anticoagulation, no 
contraindications). 

10. Admits patient to the ICU for close 
monitoring.  

 
0:00 
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Critical Actions: 
 Obtains a basic history of symptoms. 
 Obtains past medical history. 
 Performs NIHSS and conducts a thorough physical exam. 
 Obtains fingerstick blood glucose prior to stroke activation. 
 Activates hospital-specific stroke protocol (this should vary based on your hospital protocol 

so that learners can understand the system they work in).  
 Obtains and correctly interprets head CT (does not need to identify the dense MCA sign, 

but does need to state no bleeding).  
 Orders appropriate labs (CBC, CMP, coagulation studies, Type and screen). 
 Correctly addresses blood pressure (before pharmacy prompting) prior to tPA.  
 Orders tPA (thrombectomy also acceptable) and recognizes reason for indication (ie <4.5 

hours, not on anticoagulation, no contraindications). 
 Admits patient to the ICU for close monitoring.  

 
 
Summative and formative comments:  
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Milestones assessment: 
 Milestone Did not 

achieve 
level 1 

Level 1 Level 2 Level 3 

 
1 

 
Emergency 

Stabilization (PC1) 

 
 

Did not achieve 
Level 1 

 
 

Recognizes abnormal vital 
signs 

 
 

Recognizes an unstable patient, 
requiring intervention 

 
Performs primary assessment 

 
Discerns data to formulate a 
diagnostic impression/plan 

 

 
 

Manages and prioritizes 
critical actions in a critically ill 

patient 
 

Reassesses after implementing 
a stabilizing intervention 

 
2 

 
Performance of 

focused history and 
physical (PC2) 

 
 

Did not achieve 
Level 1 

 
 

Performs a reliable, 
comprehensive history 

and physical exam 

 
 

Performs and communicates a 
focused history and physical 

exam based on chief complaint 
and urgent issues 

 
 

Prioritizes essential 
components of history and 

physical exam given dynamic 
circumstances 

 
3 

 
Diagnostic studies 

(PC3) 

 
 

Did not achieve 
Level 1 

 
 

Determines the necessity 
of diagnostic studies 

 
 

Orders appropriate diagnostic 
studies. 

 
Performs appropriate bedside 
diagnostic studies/procedures 

 

 
 

Prioritizes essential testing 
 

Interprets results of diagnostic 
studies 

 
Reviews risks, benefits, 
contraindications, and 

alternatives to a diagnostic 
study or procedure 

 

 
4 

 
Diagnosis (PC4) 

 
 

Did not achieve 
Level 1 

 
 

Considers a list of 
potential diagnoses 

 
 

Considers an appropriate list of 
potential diagnosis 

 
May or may not make correct 

diagnosis 

 
 

Makes the appropriate 
diagnosis 

 
Considers other potential 

diagnoses, avoiding premature 
closure 
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 Milestone Did not 
achieve 
level 1 

Level 1 Level 2 Level 3 

 
5 

 
Pharmacotherapy 

(PC5) 
 

 
 

Did not achieve 
Level 1 

 
 

Asks patient for drug 
allergies 

 

 
 

Selects an medication for 
therapeutic intervention, 

consider potential adverse 
effects 

 
 

Selects the most appropriate 
medication and understands 
mechanism of action, effect, 

and potential side effects 
 

Considers and recognizes 
drug-drug interactions 

 

 
6 

 
Observation and 

reassessment (PC6) 
 

 
 

Did not achieve 
Level 1 

 
 

Reevaluates patient at 
least one time during case 

 
 

Reevaluates patient after most 
therapeutic interventions 

 
 

Consistently evaluates the 
effectiveness of therapies at 

appropriate intervals 

 
7 

 
Disposition (PC7) 

 

 
 

Did not achieve 
Level 1 

 
 

Appropriately selects 
whether to admit or 
discharge the patient 

 
 

Appropriately selects whether to 
admit or discharge 

 
Involves the expertise of some of 

the appropriate specialists 

 
 

Educates the patient 
appropriately about their 

disposition 
 

Assigns patient to an 
appropriate level of care 

(ICU/Tele/Floor) 
 

Involves expertise of all 
appropriate specialists 

 
9 

 
General Approach to 

Procedures (PC9) 

 
 

Did not achieve 
Level 1 

 
 

Identifies pertinent 
anatomy and physiology 

for a procedure 
 

Uses appropriate 
Universal Precautions 

 
 

Obtains informed consent  

Knows indications, 
contraindications, anatomic 

landmarks, equipment, 
anesthetic and procedural 
technique, and potential 

complications for common ED 
procedures 

 
 

Determines a back-up strategy 
if initial attempts are 

unsuccessful 
 

Correctly interprets results of 
diagnostic procedure 
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 Milestone Did not 
achieve 
level 1 

Level 1 Level 2 Level 3 

 
20 

 
Professional Values 

(PROF1) 

 
 

Did not achieve 
Level 1 

 
 

Demonstrates caring, 
honest behavior 

 
 

Exhibits compassion, respect, 
sensitivity and responsiveness 

 
 

Develops alternative care 
plans when patients’ personal 
beliefs and decisions preclude 

standard care 

 
22 

 
Patient centered 

communication (ICS1) 
 

 
 

Did not achieve 
level 1 

 
 

Establishes rapport and 
demonstrates empathy to 

patient (and family) 
Listens effectively 

 
 

Elicits patient’s reason for 
seeking health care 

 
 

Manages patient expectations 
in a manner that minimizes 
potential for stress, conflict, 

and misunderstanding. 
 

Effectively communicates with 
vulnerable populations, (at 
risk patients and families) 

 
23 

 
Team management 

(ICS2) 
 

 
 

Did not achieve 
level 1 

 
 

Recognizes other 
members of the patient 
care team during case 

(nurse, techs) 

 
 

Communicates pertinent 
information to other healthcare 

colleagues 

 
 

Communicates a clear, 
succinct, and appropriate 

handoff with specialists and 
other colleagues 

 
Communicates effectively with 

ancillary staff 

 




