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Time is of the essence when caring for an acute stroke patient. The ultimate goal is to restore blood flow to the ischemic brain. This can

be achieved by either thrombolysis with recombinant tissue-plasminogen activator (rt-PA), the standard therapy for stroke patients who present
within the first hours of symptom onset without contraindications, or by an endovascular approach, if a proximal brain vessel occlusion is
detected. As the efficacy of both therapies declines over time, every minute saved along the way will improve the patient's outcome.

This critical situation requires thorough work and precise communication with the patient, the family and colleagues from different professions to
acquire all relevant information and reach the right decision while carefully monitoring the patient. This is a high fidelity situation. In nonmedical
high-fidelity environments such as aviation, Crew Resource Management (CRM) is used to enhance safety and team efficiency.

This guide shows how a Stroke Team algorithm, which is transferable to other hospital settings, was established and how regular simulation-
based trainings were performed. It requires determination and endurance to maintain these time-consuming simulation trainings on a regular
basis over the course of time. However, the resulting improvement of team spirit and excellent door-to-needle times will benefit both the patients
and the work environment in any hospital.

A dedicated Stroke Team of 7 persons who are notified 24/7 by a collective call via speed dial and run a binding algorithm that takes
approximately 20 min, was established. To train everybody involved in this algorithm, a simulation-based team training for all new Stroke Team
members was conceived and conducted at monthly intervals. This led to a relevant and sustained reduction of the mean door-to-needle time to
25 min, and enhanced the feeling of stroke readiness especially in junior doctors and nurses.

Video Link

The video component of this article can be found at https://www.jove.com/video/55138/

Introduction

The efficacy of thrombolysis with recombinant tissue-plasminogen activator (rt-PA) for acute ischemic stroke is highly time-dependent and
decreases over time even in the therapeutic time window of 4.5 hr'. The same has been shown for endovascular stroke therapyz. The additional
mechanical recanalization after thrombolysis has been shown to be highly effective in improving outcomes of patients with severe stroke due

to Large Vessel Occlusion (LVO)3. This new therapy adds to the complexity and interdisciplinarity of acute stroke care since endovascular
therapies require a neurointerventionalist, an anesthetist or neurointensivist and in many cases even the acute onward referral of the patient to a
specialized center.

Therefore, concepts are needed to minimize the time to treatment without putting patient safety at risk. Since acute stroke care is delivered by
interdisciplinary teams, a standardized algorithm and simulation-based training of technical and nontechnical skills appear to be a straightforward
approach. In this context, not only "time is brain" but also "team is brain", since precious min and safety-relevant information can be lost by
inefficient communication among team members. In nonmedical high-fidelity situations such as aviation, a concept called Crew Resource
Management (CRM) has proven to be highly effective®.

A large share of fatal errors is not due to a lack of knowledge or technical skills, but to deficits in communication, interaction and decision-
making. CRM emphasizes the importance of "nontechnical skills" and defines them as cognitive, social and personal resources that complement
technical skills. The six key domains comprise clear communication, teamwork, situation awareness, decision-making, leadership and the
management of stress®.
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This concept has already been successfully implemented in professional cardiovascular life supportG. A binding algorithm, a basic education in
CRM for all Stroke Team members and regular simulation-based trainings for all new members of the high-fidelity Stroke Team offer ways to
improve acute stroke care.

A dedicated Stroke Team of 7 persons who are notified by a collective call via speed dial and have precise tasks within a defined stroke
algorithm was established to treat patients within the therapeutic time window. These are the 7 mandatory team members that are summoned to
each stroke alarm:

A A A aaaa

resident in neurology from the Stroke Unit (SU)

resident in neurology from the Emergency Department (ED)
nurse from the ED

laboratory technician

resident specializing in neuroradiology

radiology technician

specialist in neurology (senior neurologist of the stroke unit)

Thus, a simulation-based Stroke Team training was conceived, which is conducted at monthly intervals for all new Stroke Team members and

as a refresher for permanent staff. The simulation-based training transports the values of CRM and emphasizes the importance of nontechnical
skills in an interdisciplinary multiprofessional team. To monitor the effects of this Stroke Team intervention consisting of the algorithm and the
regular training, door-to-needle times, thrombolysis-associated complications, staff satisfaction and perceived safety in the emergency room (ER)
are recorded continuously.

1. Prenotification of the ED

N =

After the ED nurse hears an alarm, go to the computer screen immediately.

Check the information above the incoming patient via the online platform (e.g., IVENA Ehealth)7. Find that the system announces a 66 year-
old male patient with the tentative diagnosis of a stroke within the time window (stroke <6 hr) with the estimated time of arrival.

Pre-notify the resident of the SU via phone call.

As the SU resident hears the mobile phone ringing, have the SU resident take the phone call. Have the SU resident go to the ED at the
estimated time of arrival.

2. Patient Arrives in the ED

Bring the patient to the ED via paramedics. Have paramedics enter the ED with the patient on the stretcher and report to the stroke nurse and
SU resident.

SU resident: Perform a first initial check including the FAST-Test® (F: facial droop, A: arm weakness, S: speech difficulties, T: exact time of
symptom onset or time last seen well). Ask the patient or the paramedics about the intake of blood thinners. Find out about the characteristics
and evolution of the symptoms, in order to exclude very obvious stroke mimics or patients that present beyond the therapeutic time window or
have overt contraindications to thrombolysis. If the patient or the paramedics cannot answer these questions, contact relatives if available.
NOTE: The initial check reveals that the patient is a thrombolysis candidate.

ED nurse: Trigger the Stroke Team alert by a speed dial collective call, which simultaneously informs all members of the Stroke Team via
their institutional mobile phones. Enter the insurance data of the patient into the hospital information system and perform the registration
procedure. Check whether the patient has been treated at the hospital before and print out the latest discharge letter and laboratory values
from the electronic hospital information and hand them to the SU resident.

Have all Stroke Team members answer their phones to hear an automatic voice message saying "stroke within time window". Have all Stroke
Team members immediately go to their workplaces as defined by the algorithm: ED resident, SU resident and senior neurologist meet at the
emergency department, laboratory technician goes to the laboratory, radiology resident and technician meet at the CT scanner.

3. Rapid Blood Sampling and Clinical Examination

ED resident: Obtain an intravenous access and perform blood sampling, either through an adaptor to the venous access or with a butterfly
cannula, for coagulation parameters INR (prothrombin time in international normalized ratio), activated prothrombin time (aPTT) and thrombin
time (TT) (3 ml, citrate plasma), hematology (1.6 ml, EDTA plasma), and clinical chemistry (7.5 ml, lithium heparinate plasma)g.
SU resident: Inform the patient that he is examined for the suspicion of an acute stroke. Take a brief history including the questions on
symptom onset, symptom evolution, prior disabilities, current medication intake (especially blood thinners), allergies and preexisting medical
conditions. Ask whether the patient has had prior radiologic exams with contrast agents. When the patient cannot answer these questions,
ask the relatives when available.

1. Perform a focused neurological exam on the basis of the NIH Stroke Scale (NIHSS)"’. Free online-trainings of the NIHSS are available

in several Ianguages”.

Senior neurologist: Review the patient's case and decide upon the appropriate imaging modality for the patient depending on the presenting
symptoms and the time window. Preferentially consider Computed Tomography (CT) for patients with unequivocal stroke symptoms and a
stroke onset clearly within the therapeutic time window because of speed and easy access. Preferentially consider Magnetic Resonance
Imaging (MRI) for patients beyond the therapeutic time window or with unknown onset of stroke symptoms or patients with an atypical clinical
presentation.
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4. Mark the blood samples as "vital" with pink coding caps and bring them to the laboratory. Reserve one centrifuge for Stroke Team samples.
The complete analysis that is performed on an automated hemostasis analyzer, an automated hematology system, and an automated
analyzer for clinical chemistry requires 15-20 min.

5. Bring the patient to the CT scanner. The patient is still lying on the ambulance stretcher and is accompanied by the paramedics, the residents
from the ED, the SU, and the senior neurologist from the SU.

6. Atthe CT scanner, meet the resident specializing in neuroradiology and the radiology technician.

4. Cranial CT Scan and Acute Therapy

1. Transfer the patient to the CT and connect a line with contrast agent (e.g., Ultravist-300) for the CT angiography to the venous access via
Luer lock connection.

2. ED nurse: Arrive at the CT scanner and bring along a stretcher with a thrombolysis kit (containing 10 mg rt-PA + aqua ad injectabilia, blood
pressure medication suitable for intravenous (IV) application [e.g., urapidile], IV anti-vomiting medication [e.g., granisetron], IV sedative [e.g.,
lorazepam], 10 ml syringes and 0.9% NaCl solution to flush the venous access), monitoring equipment and portable oxygen.

3. Radiology technician: Perform a cranial CT (to exclude intracranial hemorrhage) and CT angiography (to screen for LVO). Stroke-CT includes
unenhanced CT with a slice thickness of 5 mm and CT angiography depicting brain supplying cervical and intracranial arteries.

4. Neuroradiologist: Directly review the cranial CT. Unenhanced CT must exclude intracranial hemorrhage and intracranial tumor. For
mechanical thrombectomy, CT angiography must prove proximal vessel occlusion, and infarct core on unenhanced CT should not be larger
than Alberta Stroke Program Early CT Score (ASPECTS)' of 5.

5. Senior neurologist: Voice the decision to treat the patient with IV rt-PA.

1. If the patient can reliably exclude the intake of blood thinners and prior problems with hemostasis, do not await coagulation parameters
and administer the rt-PA bolus before the acquisition of the CT angiography.

2. In case of an aphasic patient or an active oral anticoagulant therapy, await the laboratory values (15-20 min) and perform the CT
angiography first.

6. ED nurse: Prepare the appropriate dose for the rt-PA bolus and call the colleagues in the ED to prepare the remaining 90% of the dose for
infusion via a pump over 1 hr. rt-PA is given at a dose of 0.9 mg/kg body weight. Have a table with appropriate doses for all body weights
between 40 kg and >100 kg in discrete steps of 5 kg ready to prevent calculation errors. Patients weighing 100 kg and more should receive a
total dose of 90 mg.

7. SU resident: Administer the bolus of rt-PA (10% of the total dose) intravenously over 1 min directly on the CT table.

8. Stroke team: Transfer the patient to the ED stretcher.

NOTE: The paramedics leave the scene.

9. Laboratory technician: Call the SU resident and disclose the coagulation parameters such as International Normalized Ratio (INR),
thrombocytes, Thrombin Time (TT) and activated prothrombin time (aPTT).

10. Neuroradiologist and senior neurologist of the SU: Examine the CT angiography for LVO. If LVO is present, directly notify the
neuroradiologist, and the department of anesthesiology of the planned intervention.

11. Stroke team: Transfer the patient back to the ED or directly to the angiography suite in case of LVO.

12. Administer the remaining 90% of the rt-PA in the ED or in the angiography suite. Monitor blood pressure, heart rate, oxygen saturation and
neurological function on the NIHSS every 15 min and treat severely elevated blood pressure with IV medication (e.g., urapidil) to a target
value below 185/90 mmHg.

13. SU resident: Go to a computer and check the remaining laboratory parameters in the hospital information system.

5. Simulation-based Stroke Team Training

1. Stroke Team trainers (2): Invite all new staff members that are involved in the care of acute stroke patients to the Stroke Team training, which
is offered once a month.

2. Before the training starts, prepare the remote-controlled manikin. Connect it to a real monitor, fill it with artificial blood (sugar-free red tea for
example). Place the manikin on a stretcher with a head deviation to the left and a plegic position of the right arm and leg.

6. The Theoretical Course

1. Sit a group of 4-10 staff members and medical students around a table. Invite everyone to introduce themselves, describe their professional
background and share their experience in stroke care as well as the expectations towards the training.

2. Stroke Team trainer 1: Give an oral presentation supported by illustrative slides, which covers the most frequent stroke symptoms and their
detection by the FAST® score, the basic principles of stroke pathophysiology and the current treatment modalities (IV thrombolysis and
endovascular thrombectomy) as well as the Stroke Team algorithm of the hospital.

3. Teach how to do a concise NIHSS exam and let the group practice on each other.

NOTE: At the end of the theoretical part which takes approximately 60 min, and in which the participants should understand the importance of
the "time factor" and the significance of efficient teamwork, go to the ED.

7. The Hands-on Stroke Team Simulation

1. Stroke Team trainer 2: Allocate the participants their roles in theStroke Team algorithm and advise them to treat the manikin as if it were a
real patient.

2. Tell the participants that a stroke patient is awaited. Leave them enough time to clarify a few questions and get together as a team.

3. Bring the manikin into the ED, acting as a paramedic.
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4. Report that the patient is a 72 year-old female who collapsed during lunch and showed a loss of speech and a right-sided hemiparesis. State
that the exact time of symptom onset is unknown, but there is the telephone number of the patient's daughter. Show the containers of aspirin
and a beta blocker collected at the patient's home.

5. Stroke team: Perform the Stroke Team algorithm on the manikin while Stroke Team trainer 1 notes the procedural times and positive and
negative elements of the performance.

6. Stroke Unit resident: Take the history from the paramedic and the daughter via the telephone and examine the NIHSS. Ask for the time
of symptom onset, the intake of additional blood thinners, the preexisting medical conditions, especially recent operations, preceding
hemorrhagic events and malignant diseases. Delegate some of the tasks (e.g., taking the history from the daughter by phone) to the team.
NOTE: The phone call reaches Stroke Team trainer 1.

7. Stroke Team trainer 1: Report that the symptoms began abruptly an hour ago, that her mother certainly did not take additional blood thinners
("... neither warfarin nor any of the new ones that her doctor proposed because her husband died from a brain bleeding when taking warfarin
and she would not have that."), has recently been short of breath when climbing the stairs but is otherwise healthy except for a mild arterial
hypertension.

8. ED resident: Establish venous access, take a blood sample and cap it as 'vital', ensure that the blood sample is brought to the laboratory and
order the imaging in the hospital information system.

. Stroke Team trainer 1: Display a systolic blood pressure of 210 mmHg.

10. Stroke team: Decide if and how to treat this blood pressure, which is a contraindication to thrombolysis, communicate with the nurse and
administer the right dose of a suitable 1V drug.

11. Transfer the patient to the CT scanner.

12. Radiology technician: Perform a head CT of the manikin.

13. Stroke Team trainer 1: Confront the neuroradiologist with a printed CT scan of a stroke patient brain without intracranial hemorrhage, without
LVO and without early infarct signs.

14. Neuroradiologist: Analyze the scan and convey the findings clearly to the residents of the stroke unit and the ED.

15. Stroke team: Decide to treat the patient with thrombolysis and administer the bolus.

16. Stroke Team trainers: Conduct a feedback session with discussion after the simulation.

1. Stroke Team trainer 1: Name the door-to-needle time that was achieved during the training session which is usually 20-30 min and
lower than expected by the participants.

2. Stroke Team trainer 2: Conduct two rounds of feedback to each individual team member. Start the first one with the questions "What
was done well? What would you personally do the same way in your next Stroke Team operation?" followed by a second round with the
question "What did not work so well? What would you personally do differently next time?" and conclude with a feedback round to the
complete team: "What are the essential factors for a successful Stroke Team operation?"

Representative Results

Effect on the door-to-needle times and thrombolysis rate

The implementation of the Stroke Team algorithm in 2012 accompanied by regular simulation-based Stroke Team trainings led to a relevant
increase in the patients treated with a door-to-needle time below 30 and 60 min and to an increase in our thrombolysis rate.
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<6h
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team leader laboratory
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senior neurologist venous access

blood sampling if possible
fromSU o ders imaging CT/MRI thrombolysis
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Initial patient check contrast infusion
STROKE TEAM alert CT angiography
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preparation of thrombolysis
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Figure 1: Stroke Team Algorithm of the Frankfurt University Hospital. The binding appointment of all staff members to the Stroke Team has
been agreed upon by the directors of the departments of Neurology and Neuroradiology as well as the head of the university hospital central
laboratory. The alarm is distributed by a collective call via speed dial. Please click here to view a larger version of this figure.
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Figure 2: Door-to-needle Time-strata Before and After the Introduction of the Stroke Team. The introduction of the composite Stroke
Team intervention in October 2012 increased the share of patients treated with a door-to-needle time shorter than 30 min from 21.2% in the
years 2010-2012 to 77% in the years 2013-2015 and the share of patients treated with a door-to-needle time shorter than 60 min from 65.1 to
96.5%. Thrombolysis rate also increased by approximately 30% (data not shown). Based on data from Tahtali et al®

Rating of the Course Concept by the Participants

The course was systematically evaluated by handing out questionnaires to all participants from June 2015 to January 2016 (n = 45; 16
physicians, 11 ED nurses and radiology technicians and 18 medical students). Participation in the Stroke Team training significantly increased
the participant's confidence to be able to safely treat acute stroke patients.
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Figure 3: Perceived Ability to Offer Patient Safety in Acute Stroke Care. Questionnaire assessment of all participants of the simulation-
based Stroke Team training from June 2015 to January 2016 (n = 45; 16 physicians, 11 ED nurses and radiology technicians and 18 medical
students) before and after the training session. Answers are given in % of all participants during this time.

The learning format of a simulation-based Stroke Team training in general was rated highly positive by the majority of the participants (median
10 on a scale from 1-10, n = 45). Also the relevance to daily practice (median 10) and the contents conveying CRM (median 9) were rated very
positive. Especially the younger residents in neurology (work experience <2 years) stated that the course increased their perception of patient
safety and reduced fear of committing treatment errors.

A binding stroke team algorithm and regular simulation-based stroke team trainings can lead to a long-term reduction of the door-to-needle time
as the key benchmark process time for acute stroke treatment. Excellent examples of a set of measures that improve the acute stroke work

flow, which also inspired our algorithm, have been described by the Helsinki group 15 Another very innovative approach to shorten the time
interval from symptom onset to thrombolysis are mobile stroke units such as the pioneering STEMO in Berlin, Germany " or the PHAST project
from Cleveland, Ohio in the USA'®, By contrast, the system presented here starts at the doorstep of the hospital and is easily transferable to
other hospitals without specific infrastructural prerequisites. It relies on a fixed algorithm allowing parallel work of all team members with optimal
efficacy organized by a binding definition of each member's role on the STROKE TEAM and the teaching of non-technical skills.

The principles of CRM stem from aviation as a high-fidelity work area similar to emergency medicine*®. Their application is yet in its infancy in
the field of neurologlc intensive care and stroke medicine, but their applicability to clinical medicine has been positively tested in anesthe5|ology
and surgery 2 . Recognizing errors early, communicating and correcting them have a tremendous effect on patient safety. Therefore it is important
to create a sense of shared responsibility and flat hierarchical structures which allow open communication. Especially young staff members and
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nonacademic members of the team are often afraid to point out errors to more experienced colleagues. Elucidating the responsibility of each
individual team member for the common treatment goal and practice of nontechnical skills enhance every team member's authority to speak
up. A recent behavioral study of medical student's attitudes in surgery showed that students, who were encouraged by the surgeon to speak up
when recognizing mistakes were more likely to do so than students who were told to save questions for after the operation21.

EDs are often staffed by young physicians and nurses who experience considerable stress while collecting their first work experience. Several
studies have suggested that the incidence of depression in young residents is greater than in the general population22 and an interview study
with ED nurses has shown that a substantial proportion reported to experience intrusive memories of critical incidents in the emergency
department23. Resilience factors include concordance about treatment goals and a feeling of personal accomplishment24. Both factors are
strengthened by the interprofessional Stroke Team algorithm and training which value the contribution of each individual team member and
improve team communication.

The critical factor in the process of establishing a Stroke Team is a thorough analysis of the current acute stroke workflow and the factors that
delay the door-to-ne times. This should optimally be done jointly by neurologists, stroke nurses and neurointerventionalists and in case of a
central interdisciplinary ED should also involve a key representative of the ED. It is helpful to record the newly designed algorithm in writing and
have it signed by the directors of the respective departments. Technical simplifications of emergency communication such as telecommunication
with the paramedics and a collective call via speed dial can also accelerate process times. The algorithm should be tailored to each hospital's
conditions since rules and practices may vary between different countries and hospitals. Maybe not every hospital can provide 7 team members
for a stroke algorithm. The algorithm, which is presented here, should be an example which can be modified with regard to the local institutional
circumstances. Some tasks that are performed by physicians in our algorithm could be equally performed by other health care professionals
depending on their education and training. For example, the IV catheterization and blood sampling could also be done by the paramedics on
their way to the hospital or by the nurse of the ED.

Regular simulation training is an optimal vehicle to spread the knowledge of the new algorithm and to introduce new team members by means
of experiential learning. We learned over time that it is best to keep the simulation simple and present a standard case to first time users of the
algorithm to create a mental engram of an ideal acute stroke workup. We use a heart rhythm simulator which has been designed for advanced
cardiac life support training without any neurological features. This manikin allows altering the heart rate and rhythm by remote control which
simulates the need to monitor the patient while running the algorithm. We position the manikin with head deviation to the left and right sided
paresis and compensate the lack of speech by mimicking an aphasic patient. Alternatively, a less costly and technically-sophisticated dummy or
a patient actor could be used.

Concerning the feedback session, we found it most efficient to start on a positive note by naming the door-to-needle time that was achieved in
the run. It usually lies clearly below 30 min which encourages the team of novices in view of their first independent shifts. After that, two rounds
of individual feedback followed by a discussion of factors for successful team operations after the participants have just been immersed in high
intensity teamwork have worked best in our setting. One key factor to the enduring effects of our new treatment algorithm is the thorough training
and empowerment of the youngest stroke physicians in training and novice stroke nurses that has created a positive attitude towards acute
stroke care. We think that this experiential learning under the directed attention of two experienced Stroke Team trainers is a very effective way
to teach acute stroke care.

To some readers, a Stroke Team of seven may seem inefficient or just not feasible in terms of personnel demand. We want to emphasize that
we report from a teaching hospital where the residents are usually not yet board certified. We make a point of training junior doctors as early
as possible, within the first 6 months of their neurology residency, to become a member of the Stroke Team, so that every nurse and physician
in the department can run the algorithm. This assures the maintenance of high standards 24/7 during the on-call hours as well. When training
other hospitals with smaller stroke units, such as our cooperation partners in the regional stroke network INVN Rhein-Main, we emphasize that
the first 30 min which a stroke patient spends in the ED are the crucial time interval to achieve good outcome and the patient should be cared
for as intensively as possible. From these hospitals, representing primary and comprehensive stroke centers in a 1:1 ratio, we received the
feedback that with some reorganization, even smaller departments can master a quite similar algorithm and benefit from the didactic effects of
being involved in a team for junior personnel.

Even if the algorithm is not transferrable to an individual hospital in each detail and there may be ways to streamline and refine it, we believe
that some key points, such as defining a binding algorithm, pointing out the factor time in acute stroke care and the importance of team work and
nontechnical skills to the entire staff as well as conducting a regular Stroke Team training can be transferred to any hospital with a little effort and
will result in better acute stroke care and improved patient outcomes.
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