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Objectives

1. To learn how a systems of care approach for neuroemergencies can be 

implemented and adapted during a pandemic in a large urban health system 

2. To understand the impact of a systems of care approach for neuroemergencies

on access to multidisciplinary care and patient outcomes

3. To learn how to disseminate evidence-based knowledge about 

neuroemergencies to different groups of learners such as nurses, advanced 

practice providers, trainees and colleagues in neurology, neurosurgery, critical 

care, EM, IM, anesthesiology, radiology and others



Mount Sinai Health System

▶ 2013: Merger of Continuum Health Partners and Mount Sinai Medical Center
▶ >2,000 residents and Fellows
▶ Operating Rooms: 147
▶ 536,443 ER visits/year, >3.4 million outpatient visits
▶ 39 Multidisciplinary clinical and research institutes
▶ Beds/hospital
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• Mount Sinai Hospital: 1171 beds
• Mount Sinai West: 514 beds
• Mount Sinai St. Luke’s: 495 beds
• Mount Sinai Beth Israel: 799 beds
• Mount Sinai Brooklyn: 212 beds
• Mount Sinai Queens: 235
• South Nassau Communities: 455 beds
• NY Eye and Ear Infirmary: 69 beds
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Multi-Hub and Multi-Spoke Model



Case 1: Drip and Ship

▶ 48 M with no known stroke risk factors woke up from a nap not feeling well. His wife found him down in 
the bathroom with dysarthria and hemiplegia at 19:00 hr

▶ EMS brought him to Mount Sinai Queens (MSQ) ER and transfer was activated to Mount Sinai Hospital 
(MSH) ER per protocol

▶ NIHSS 16
▶ CTH/CTA: ASPECTS 10, Left M1 clot
▶ Intravenous rTPA at 21:00 hr followed by thrombectomy with TICI 3 recanalization
▶ Post embolectomy non-contrast CTH showed evolving left MCA infarct with hemorrhagic transformation
▶ Hemicraniectomy watch per protocol
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Presenter
Presentation Notes

Thrombus seen in left M1 segment and later in multiple M2-M3 segments. Trevo stent used in left M1 and at 1 segment in M2-3 region . Penumbra reperfusion suction system used twice. Central segment not perfused. Good flow from contralateral ICA across ACOM and across left PCOM.




Case 1: Drip and Ship

▶ Intubated for airway protection at 17:11 hr on post-stroke day 1
▶ Exam improved and extubated on post-stroke day 4
▶ Modified Rankin Score (mRS) 4 at time of cranioplasty
▶ mRS 3 at the time of most recent follow-up at one year
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Case 2: Trip and Treat

▶ 92 F, vasculopath on Xarelto for A. fib
▶ MSQ ER around 13:15 hr
▶ CTH/CTA: 13:40 hr
▶ Thrombectomy at MSQ
▶ Real time feedback

Presenter
Presentation Notes
92 vasculopath on xarelto, LKW 9:30 am, presented to mSQ ER around 1:15 pmASPECTS 8 at 1:40 pm
One of the first cases to undergo thrombectomy at our latest TSCMSQ in 2017



Case 3: Ship and Treat

▶72 yo M with unknown PMH 
who was found down on the subway
EMS brought him to MSQ ER
Exam on arrival: Comatose, pupils fixed and 
dilated 6 mm.

▶ Intubated for airway protection. CTH showed
diffuse SAH and hydrocephalus, HH5, mF4

▶Transferring Hospital: MSQ ER
▶ Initiated By: MSHS Transfer Center via 

NEMAT hotline

▶Time Initiated: 01/06/2018 15:55
Time of Pick Up: 01/06/2018 16:15

▶Declared brain dead at 12:55, 1/10/2018

Presenter
Presentation Notes
CTH showed SAH, MF3, CTA: A.comm aneurysm
Two EVDs and femoral TLC inserted within an 
hour of arrival (first EVD and TLC completed within
20 mins, second EVD completed within 25 mins)




Neuroemergencies Management and Transfers (NEMAT): 
A Patient Centered Approach
Mission Statement:
▶ To advance clinical care, research and education for Neuroemergencies Management and disposition 

in a large urban health system

▶ Neuroemergencies: Refer to Neurosurgical or Neurological emergencies that need time-sensitive multi-
disciplinary management in the hyperacute and acute phases as well as for transition of care and re-
integration into life roles

▶ Examples: Stroke, Traumatic Brain Injury
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Inter-hospital Transfers (IHT) for Critically ill Patients

▶ 1999, ADT guidelines published by SCCM
▶ Current Guidelines address several areas including “Transfers of Patients from Outside Facilities”

Recommendation:
There are insufficient data to make a recommendation for or against ICU-to-ICU interhospital
transfer (no recommendation).

Presenter
Presentation Notes
The following recommendations are the result of the work of the ADT Task Force. The recommendations are divided into sections: admission criteria and benefits of different levels of care, triage, discharge timing and strategies, use of outreach programs to supplement ICU care, quality assurance/improvement and metrics, nonbeneficial treatment in the ICU, and rationing considerations and systems.

With the lack of consensus in regard to the main approach to prioritizing/triaging admissions, several groups have proposed and tested new systems. Cohen et al (16) have suggested that admissions to the ICU should be based on functional impairment, rather than just severity of illness. In a study of medical admissions during 1 year, they showed that functional impairment at the time of intensivist evaluation was the determining factor influencing ICU acceptance. Patients were less likely to be admitted if their functional status was poor or they had a do-not-resuscitate order.
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IHT for Critically ill Patients

▶ Will increase due to 
– Consolidation of care into Health Systems
– Specialization of care, “centers of excellence”, regionalization of care

▶ 1.5% of ER patients were transferred to other facilities
▶ Among the top 10 reasons for transferring patients were: 

– Stroke
– Aneurysm
– Older >=65
– Shock
(Kindermann D et al. Statistical Brief #155. Healthcare Cost and Utilization Project (HCUP) Statistical Briefs)

▶ 2% of patients requiring emergent surgeries underwent IHT (Yelverton S et al Amer Journal of Surgery 2018)
▶ 525,913 Emergency General Surgery IHT and only 1/3 rd required surgery after transfer (NIS, 2002-

2011, Reinke CE et al J Surg Res 2017)

Presenter
Presentation Notes
Yelverton: 2002-2011 NIS
Reinke et al:
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IHT for Critically ill Patients

▶ Conflicting Data
▶ Critically ill patients undergoing IHT may have:

– Longer length of stay (Duke GJ et al. Med J Aust 2001; Huntington CR et al Surg Endosc. 2016)
– Higher mortality (Gerber DR, et al. J Crit Care 2009; Misercola B et al J Surg Res. 2016)

▶ Studies have also shown no difference or lower mortality (Newgard CD et al J Trauma 2007)
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IHT for Neuroemergencies

▶ Trauma: TBI, SCI: Brain Trauma Foundation guidelines
▶ Stroke: AHA/ASA

– Acute Ischemic Stroke: Recommendations rapidly evolving due to explosion of literature
– Hemorrhagic stroke (SAH/ICH): Recommendations sparse

▶ SAH Direct admits via ER had 2 fold greater odds of better outcome as compared to IHT SAH patients 
(Naval N et al J of Crit Care 2012)

▶ ICH Direct admits via ER versus IHT ICH patients: no difference in outcomes 
– (Naval N et al Neurocrit care 2010)

▶ SAH, ICH, SDH: IHT patients no difference in outcomes (Catalano A et al Neurocrit care 2012)
▶ Status Epilepticus
▶ Neuromuscular
▶ Meningitis/Encephalitis

Presenter
Presentation Notes
SAH: about 1000 patients
ICH: about 125 pts



IHT for Neuroemergencies

▶ When should we transfer patients with acute brain injuries?
– For definitive expert care
– Systems of care: eg. Trauma, Stroke

▶ How should we transfer patients with any acute brain injuries?
– Critical care management on site

• Airway
• Hemodynamics
• Raised ICP
• Coagulopathy
• Seizures

▶ Process and Patient level outcomes: How should we track these? What’s meaningful?
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Slides Courtesy  J Mocco and Joshua Bederson

The Mount Sinai Approach to Neuroemergencies

SAH: MSH
ELVO: NYC MIST*
ICH: MSW
Trauma: MSSL
Epilepsy Surgery: MSW

*NYC MIST: Mobile Interventional Stroke Team

Presenter
Presentation Notes
Using a systems approach our numbers for every neuroemergency have increased
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The Transfer Patient Dilemma: Even in an Ideal Scenario
Neuroemergencies: Recognize, triage, stabilize, escalate 

Presenter
Presentation Notes
Patients who present to centers that do not have on-site resources for the management of neuroemergencies usually transfer these patients.
When patients present with alteration in mental status or focal neurological deficits, or with alcohol intoxication, even recognizing a potential neuro-emergency is difficult for the busy ER provider. This could delay appropriate triage, imaging and stabilization and transfer. Even if everything goes right for example in an acute stroke case-we still see delays due to both controllable and uncontrollable factors
Once a neuroemergency is recognized, the key goals of treatment become prevention of secondary neurological injury and finding the fastest and safest possible pathway to definitive treatment, whether it is thrombectomy or securing an aneurysm or a decompressive craniectomy and SDH evacuation

makes neuroemergencies so difficult for most 
lot can happen in those 70 minutes



✖

✖

✖

✖

EMS takes 
crew to wrong 
Unit

No nursing report
Pre-ICU recs not followed
Patient decompensation not communicated

✖

No beds in ER and or unit

Patient 
Decompensation

IHT: What Can go Wrong…
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NEMAT: 
Clinical care 

Research
Education

Right 
Patient 

Right 
Place

Right 
Time

Right 
Care

NEMAT: Guiding Principles



NEMAT Hyperacute Phase: Threat to Life/Limb

NEMAT: 
Hyperacute Phase

Neurology

Neurosurgery

Radiology

Emergency 
Medicine

Transfer center

EMSNursing

Pharmacy

Housekeeping

Bed Management

OR/IR suites



NEMAT 
Acute Phase: Threat to Life/Limb Systemic Complications, 
Secondary Neurological Injury

NEMAT: Acute Phase

NSICU
Multimodal 

Brain and Spine 
Monitoring

Teleneuro-
critical Care

Nursing

Rehabilitation 
Therapies

Neurosurgery 
CV/Open Skull

NeurotraumaPharmacy

Bed Management

Housekeeping

Nutrition

Spiritual care

Palliative Care



NEMAT Transition of Care: Re-integration into Life Roles

Neuroemergencies: 
Transition of Care

Neurology

Neurosurgery

Case Management

Social Work

Nursing

Bed Management

Physiotherapy

Occupational 
therapy

Speech therapy

Nutrition

Spiritual Care

Palliative Care

Critical Care 
Resilience 
Program 
(CCRP)

CC 
Recovery 

Clinic

Humanize 
the ICU 
projects

ICU 
diaries

Peer to 
peer 

support 
group
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Mount Sinai Health System NEMAT Team

•Neurosurgery Chair and Vice Chair
•NEMAT Director
•Neurointensivists
•NCC Fellows
•NCC Advanced Care Providers
•NCC Nursing
•NEMAT Data Science team

NEMAT Core Team

•MSHS Transfer Center
•Cerebrovascular Center
•Stroke Division
•Brain Tumors
•Spine Division
•Epilepsy Division
•Neurotrauma 

NEMAT Partners: Disease and Site Specific (MSHS hospitals and Affiliates)

•Emergency Medicine
•Radiology
•Anesthesiology
•Bed Management
•EMS
•Rehabilitation Therapists
•Adult and Pediatric Critical Care
•Environmental services
•Spiritual care

NEMAT Affiliates

Presenter
Presentation Notes
How does it work?



Post ICU
Recovery Clinic

TeleNeurocritical
Care

Neurohospitalist services: SDU, 
Neurosurgery Floors

Neuroemergencies Management and 
Transfers

Contemporary Neurocritical Care: NSICU, Multimodal 
Neuromonitoring

TIME RESOURCES

Neurocritical Care Across the Mount Sinai Health System



NEMAT Program Structure

Disease and Site 
specific Team 

members 

Triage Levels and 
Flowchart

Tools 

Checklists/ 
Protocols

Communication: 
24/7 Hotline, 

Messaging groups

QA/PI: DatabaseResearch and 
Development

Presenter
Presentation Notes
The Pre-COVID19 NEMAT structure had to be adapted to changes in resources, personnel etc. For instance, once several of our iCUs including our neuro ICU was being converted to a COVID19 ICU, our triage was adapted to only bring in life rescues during the crises

Once the neurointensivists who typically hold our 24/7 NEMAT hotline were pulled to cover our KCC9 COVID19 ICU, our chief residents had the hotline



▶ Centralized Transfer Process
▶ Transfer Center
▶ Hand-offs
▶ Disease specific protocols and 

checklists
▶ Transfer Levels
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Transfer Level Departure within Examples
Life Rescue 30 mins 1) Ongoing herniation which might 

become potentially irreversible in an hour
2) Refractory Shock despite maximum 
dose of 2 pressors and ongoing 
resuscitation
3) ELVO
4) SAH with hydrocephalus (HH 4 or 5)

Level I 60 mins 1) ELVO
2) SAH 
3) ICH-surgical decompression or SCUBA
4) Acute or subacute SDH
5) SCI/Spinal cord
6) Brain tumor emergencies

Level II 4 hours 1) Good grade SAH
2) Potential Scuba ICH 
3) Subacute to Chronic SDH
4) Non-operative ICH

Level III Once Bed is available 1) Brain tumor
2) Multi-level decompression spine 
surgery

#NEMAT



Neuroemergency IHT Disease Types (Unpublished Data)
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Neuroemergency IHT Accepting Hospitals: Multi-Hub and Multi-Spoke Model

n=3
1%

n=1
0% n=17

4%

n=255
58%

n=12
3%

n=57
13%

n=90
21%

2020 YTD

n=35
3%

n=709
73%

n=2
0%

n=27
3%

n=201
21%

2018

n=7
1%

n=10
1%

n=77
7%

n=655
58%

n=20
2%

n=130
11%

n=224
20%

2019

N = 975 N = 1123 N = 435



Median Transfer Times by Neuroemergency Type
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Overall Median Transfer Times for Neuroemergencies
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2018 Neuroemergency IHT Outcomes (Unpublished Data)
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NEMAT: Pre-COVID-19 and During COVID-19: 
Challenge Right care for the Right patient at the Right time 
irrespective of COVID19 status
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Trauma systems of care

37

N Engl J Med 2006; 354:366-378

Presenter
Presentation Notes
https://www.facs.org/quality-programs/trauma/tqp/systems-programs/trauma-series/part-I

Started during the civil war--1861 and have come a long way. Advances made during world war IIhelped develop contemporary trauma systems of care
Patients who were treated at trauma centers had 25% lower chance of dying

Several reports highlighted 



Presenter
Presentation Notes
https://getaheadofstroke.org/about-us/

Trauma care became regionalized, well organized-shifting gears from trauma to stroke care-Like Trauma, Stroke patients needed a systems of care approach



39

Time is Brain: Stroke Care

Saver J Stroke 2003

Presenter
Presentation Notes
https://www.ahajournals.org/doi/full/10.1161/01.STR.0000196957.55928.ab?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed



Stroke Systems of Care: Evidence-Based Medicine

▶ From tpa to thrombectomy
▶ Revolution in ELVO treatment
▶ Tissue Clock: DEFUSE-3 and DAWN
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Evolution of Stroke Systems of Care
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Presenter
Presentation Notes
https://www.jointcommission.org/certification/dsc_neuro2.aspx

The Joint Commission, DetNorske Veritas, Healthcare Facilities Accreditation Program, and state health departments across the United States typically designate 3 levels of hospital certification for the management of acute stroke. Terminology varies, but here we use CSC, PSC, and ASRH to represent the highest to lowest level of stroke readiness. All levels of stroke centers should work within their region in an integrated fashion, providing and sharing best practice. Participation in quality improvement processes such as Get With The Guidelines facilitates continuous improvements in care at stroke centers.
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Stroke Systems of Care
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 Currently, only ≈50% to 60% of hospitalized stroke patients arrive at the hospital via EMS

 Given poor stroke awareness among US adults, with the lowest awareness among Hispanics and 
blacks lack of knowledge of the risk factors and of the signs and symptoms of stroke remains a 
hindrance to timely stroke care

Presenter
Presentation Notes
he public health implications of an optimized stroke system in the United States and worldwide are profound. A system of care that reduces stroke-related deaths by just 2% to 3% annually would translate into ≈20 000 fewer deaths in the United States alone and ≈400 000 fewer deaths worldwide.



What did this mean for us?
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Column3 Column4 Column5

Advanced Comprehensive Stroke Center Maimonides Medical Center Brooklyn

Advanced Comprehensive Stroke Center NYU Langone Hospitals New York

Advanced Comprehensive Stroke Center Mount Sinai Hospital New York

Advanced Comprehensive Stroke Center NewYork-Presbyterian Hospital New York

Advanced Comprehensive Stroke Center Strong Memorial Hospital Rochester

Advanced Comprehensive Stroke Center Good Samaritan Hospital Medical Center West Islip

Advanced Comprehensive Stroke Center University Hospital (Stony Brook) Stony Brook

Advanced Comprehensive Stroke Center Mercy Hospital of Buffalo Buffalo

Advanced Comprehensive Stroke Center Montefiore Health System Bronx

Advanced Comprehensive Stroke Center North Shore University Hospital Manhasset

Advanced Primary Stroke Center NYC Health + Hospitals/Kings County Brooklyn
Advanced Primary Stroke Center Elmhurst Hospital Center Elmhurst
Advanced Primary Stroke Center Geneva General Hospital Geneva
Advanced Primary Stroke Center Kenmore Mercy Hospital Kenmore
Advanced Primary Stroke Center White Plains Hospital Center White Plains
Advanced Primary Stroke Center Mercy Medical Center Rockville Centre
Advanced Primary Stroke Center St. Francis Hospital Roslyn
Advanced Primary Stroke Center Good Samaritan Hospital Suffern
Advanced Primary Stroke Center South Nassau Communities Hospital Oceanside
Advanced Primary Stroke Center St. Charles Hospital Port Jefferson
Advanced Primary Stroke Center Vassar Brothers Medical Center Poughkeepsie

Advanced Primary Stroke Center Lincoln Medical and Mental Health Center Bronx

Advanced Primary Stroke Center Mount Sinai Hospital New York
Advanced Primary Stroke Center NewYork-Presbyterian Queens Flushing
Advanced Primary Stroke Center WSNCHS North, Inc Bethpage
Advanced Primary Stroke Center Richmond Medical Center Staten Island
Advanced Primary Stroke Center St. Catherine of Siena Medical Center Smithtown

Advanced Thrombectomy Capable Stroke Ctr Rochester General Hospital Rochester

Stroke Rehabilitation NYU Langone Hospitals New York

Presenter
Presentation Notes
https://www.ahajournals.org/doi/10.1161/CIRCOUTCOMES.115.002082

In 2000, members of the Brain Attack Coalition published recommendations for the establishment of primary stroke centers (PSCs),1 and in 2005 they published recommendations for the establishment of comprehensive stroke centers (CSCs).2



▶ We changed our protocol rapidly across the health system
▶ CT/CTA without waiting for creatinine
▶ ELVO IHT: ER to ER saves time to recanalization
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Copyright © Society of NeuroInterventional Surgery. All rights reserved.

Presenter
Presentation Notes
Flow chart for new stroke protocol. BP, blood pressure; CTA, CT angiography; CTP, CT perfusion; ED, emergency department; EMS, emergency medical services; ETA, estimated time of arrival; FAST, face, arm, speech test; FSBS, finger stick blood sugar; ICH, intracerebral hemorrhage; INR, interventional neuroradiology; NIHSS, National Institute of Health Stroke Scale; NPO, nil per os; NSICU, neurosurgical intensive care unit; PE, physical exam; tPA, tissue plasminogen activator.



Mobile Interventional Stroke Teams Lead to Faster Treatment Times for Thrombectomy in Large Vessel Occlusion, Volume: 48, 
Issue: 12, Pages: 3295-3300, DOI: (10.1161/STROKEAHA.117.018149) 

#NYCMIST

Presenter
Presentation Notes
Patients in this study presented with acute stroke to 9 different peripheral hospitals. The trip-and-treat group included 3 PSCIs. The drip-and-ship group included 8 peripheral hospitals, 2 of which were PSCIs. Time from stroke onset to presentation at any hospital was not significantly different between the trip-and-treat and drip-and-ship groups (P=0.9030). Last known well to peripheral hospital arrival was 182±296 minutes for trip-and-treat and 174±286 minutes for drip-and-ship.
The mean distance the MIST traveled from the CSC to the peripheral hospital was 3.5±1.4 miles for trip-and-treat, and the mean distance of patient transfer from peripheral hospital to CSC was 8.8±4.4 miles for drip-and-ship. Interhospital distances were shorter for the trip-and-treat group than the drip-and-ship group (P<0.0001). In a generalized linear model, however, distance was found to be less predictive of initial door-to-puncture time (P=0.0885) than model of stroke treatment (P<0.0001). Estimated mean travel time for the MIST in the trip and treat cohort (Google) was 28±12 minutes. When compared with actual travel times of 33±17 minutes for the transfer group, there is no significant difference (P=0.1745). Furthermore, initial door-to-puncture time was faster for the trip-and-treat group even when subtracting interhospital transfer time from the drip-and-ship group (143±41 versus 189±53 minutes; P<0.0001). Initial door-to-recanalization time also remained faster for trip-and-treat when subtracting interhospital transfer time from drip-and-ship (199±53 versus 234±53 minutes; P=0.0028).





Challenges in IHT: Isn’t Time Brain for all Neuroemergencies?

▶ Critical care management at transferring hospital
– Airway and Ventilation
– Hemodynamics
– Raised ICP
– Coagulopathy
– Seizures

▶Closed loop communication

▶Critical care management on arrival at destination hospital
– ER/NSICU
– OR



Cerebral Perfusion Pressure=Mean Arterial Pressure-Intracranial Pressure

49
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Zone I: optimal compensation

Zone II: compensatory mechanisms have failed

Zone III: irreversible increase in ICP and herniation



Recap Case 3: Ship and Treat

Brief Hx: 72 yo M with unknown PMH 
who was found down on the subway, patient
was  brought to Mount Sinai Queens ER. Found to be comatose, 
pupils fixed and dilated 6 mm.

▶ What if we were able to place an EVD prior to 
transfer? EVD Swat team

▶ How would we transfer this pt? EVD closed? Open?

▶ We found no study or expert consensus that 
addressed this issue

Presenter
Presentation Notes
What if we were able to place an EVD prior to transfer? How would we transfer this pt? EVD closed? Open? During transfer because critical care transport teams don’t know how to transduce pressures. We found no study or expert consensus that addressed this issue





 FOLLOW NEMAT ICP PROTOCOL AT ALL TIMES
 NOTIFY NEMAT HOTLINE FOR  TRANSPORT DELAYS AND CHANGE IN 

PATIENT STATUS

TRANSFERRING HOSPITAL 

•ACTIVATE
NEMAT HOTLINE

•INSERT
EVD  for CSF Diversion

•DRAIN
CSF < 20MM Hg

•POST DRAINAGE
EVD open at

SAH :  15 cm H20
ICH :  10 cm H20

DURING THE TRANSFER

•CLAMP
EVD for Transport.

• FLUIDS
1g/kg Mannitol + 
1 L Crystalloids

If transport > 30 min
0.5 g/kg Mannitol.

• MONITOR
Patient status

ARRIVAL AT ACCEPTING 
HOSPITAL

•RELEASE CLAMP 
Measure Opening ICP

•DRAIN
CSF < 20MM Hg

• CT SCAN 
Post EVD Scan 

• FOLLOW NEMAT ICP 
PROTOCOL

NEMAT PROTOCOL FOR INTERHOSPITAL TRANSFER WITH EVD

Presenter
Presentation Notes
64  Patients (50 SAH, 14 ICH)  were transferred to MSH or MSW
15 Patients  (12 SAH, 3 ICH) transferred with an EVD in place
October, 2018 to May, 2019




INTERIM ANALYSIS: Unpublished data

#NEMAT



Time is Brain for ICH too!

▶Early diagnosis and management of ICH is critical
▶The American Heart Association (AHA) and American Stroke Association (ASA) guidelines recommend 

quick admission to a stroke unit or neuroscience intensive care unit 
▶Even with established guidelines for the treatment of ICH, hospital management varies greatly and few 

centers have ICH-specific protocols
▶Better Outcomes for ICH patients managed in Neuro-ICUs
▶Early Blood pressure control improves outcomes
▶Early coagulopathy reversal improves outcomes

Mount Sinai / WICH Presentation / May 20, 2019

1. Hemphill JC, 3rd, Greenberg SM, Anderson CS, et al. Guidelines for the Management of Spontaneous Intracerebral Hemorrhage: A Guideline for Healthcare Professionals 
From the American Heart Association/American Stroke Association. Stroke. 2015;46(7):2032-2060.
2. Cooper D, Jauch E, Flaherty ML. Critical pathways for the management of stroke and intracerebral hemorrhage: a survey of US hospitals. Crit Pathw Cardiol. 2007;6(1):18-23.

Presenter
Presentation Notes
As a background, the early diagnosis and management of ICH is critical, as ICH patients can neurologically deteriorate within the first few hours after ICH onset. 

As such, the AHA and ASA guidelines recommend quick admission of ICH patients to either a stroke unit or neuro-ICU, which is often achieved through the inter-hospital transfer of patients.

Even with such established guidelines however, hospital management varies and few centers have ICH-specific protocols, including those for interhospital transfer. 





Should we remove the blood?

How should we remove the blood?

When should we remove the blood?
Slides Courtesy: Dr. Christopher Kellner

Presenter
Presentation Notes
A disease process that was not considered to be as time sensitive as acute ischemic stroke…we are discovering as part of our collaboration is indeed time sensitive, perhaps there are patients who will benefit from an earlier evacuation



Should we remove the blood?

J Scaggiante et al Stroke 2018

Slide Courtesy: Dr. Christopher Kellner



How should we remove the blood?

Slide Courtesy: Dr. Christopher Kellner



ICH Focused Hospital: SCUBA

Mount Sinai / Presentation Name / Date

ICH



Single Center Experience Early Evacuation of ICH by SCUBA

▶ Goal of the centralized ICH care model is to emulate the success of other centralized care models including those 
for acute ischemic stroke, severe trauma, and myocardial infarction

▶ ICH center: IHT coordinated and supervised by NEMAT and has 24/7 Neurosurgical coverage
▶ SCUBA: Minimally invasive endoscopic evacuation
▶ Multidisciplinary management
▶ n=100, 89 IHT and 11 direct admits
▶ No difference in functional outcomes
▶ Centralization of IHT improves access to novel therapies for ICH like SCUBA

(Manuscripts under review, Data presented at AANS 2019, WICH 2019)

ICH
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NEMAT: Challenges and Solutions

Capacity 
Creation

TeleNeurocritical Care 
Consults

Develop Data driven 
Criteria for Non-transfer

Physical Resources

Personnel Resources

QA/PI

EPIC SmartForms: 
Protocols and 

Checklists

Online integrated 
Personnel and Resource 
Schedules/Live Updates

NEMAT Database: 
Automate

NEMAT Roadshows

Research and 
Development

NEMAT EVD Swat 
team

Cost Analysis

AI and Machine 
Learning

Presenter
Presentation Notes
Simplify triage find what works for our system; 
Criteria for Non-Transfer
Tele-Neurocritical care Consults
Ring central        transfer center
On call schedules: Personnel and Physical resources
Standardize info: Epic note, Checklist, language
Standardize flow of info
NEMAT Roadshows
Location: examples: ER to ER, ER to angio suite
Collect data-in real time
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NEMAT Education

▶ Small groups, intermediate and large groups
▶ Simulation based
▶ Web-based: On demand course modules, Webcasts
▶ Roadshows
▶ Patients and Families
▶ Longitudinal NEMAT database



NEMAT Protocols and Checklists

Purpose: Develop and Disseminate Evidence Based Protocols and Checklists to Standardize 
the management of Neuroemergencies throughout the health system

Vascular 
Operative

Non Vascular 
Operative

Neurosurgical
Non-Operative

Neurological Universal
Protocols

ELVO TBI SDH Status Epilepticus NEMAT ICP

SAH SCI Vertebral
Fractures

Neuromuscular 
emergencies

NEMAT Airway

ICH Brain Tumor 
Emergencies

Brain Tumors Meningitis/
Encephalitis

NEMAT 
Coagulopathy 
Reversal

AVM and other 
Vascular 
Malformation

SDH Post cardiac arrest NEMAT Transition
of Care and 
Recovery

Decompressive 
Craniectomy

Fulminant hepatic 
failure
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NEMAT ROADSHOWS



NEMAT roadshows, #SoME, #NEMAT
1-800-TO-SINAI (800-867-4624)

Presenter
Presentation Notes
The 
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ENLS Nursing Project presented at AANS 2019

66



Critical Care Resilience Program (CCRP)

Critical Care 
Resilience 
Program 
(CCRP)

CC 
Recovery 

Clinic

Humanize 
the ICU 
projects

ICU 
diaries

Peer to 
peer 

support 
group



1st Patient seen: Feb 11th, 2020

▶ Intensivists
▶ Pharmacists
▶ Social workers
▶ Spiritual care
▶ Physiatrist
▶ Research Staff
▶ Administrator

68

Presenter
Presentation Notes
After almost 2-3 years of planning we saw our first patient in the Critical Care Recovery clinic on 11th Feb 2020. Our clinic is a multidisciplinary clinic with research co-ordinators, admin assistant, 



Post-COVID19, we 
anticipate that 
there will be a 
higher incidence of 
problems in 
different PICS 
domains…severe 
ARDS, more 
sedation, more 
paralysis, less 
mobilization, less 
family visitation…

Presenter
Presentation Notes
We have heard so much about mortality from COVID19 but what about our COVID19 ICU survivors? How do we make them realize that they are not alone in this journey, that we are not abandoning them after their ICU stay…



Critical care Recovery Clinic: Telehealth Paradigm

Presenter
Presentation Notes
Prior to COVID19: a few months ago we started a pilot Post ICU recovery clinic: SW and Intensivists, Pharmacists, Spiritual Care



NEMAT: AI and Machine Learning Opportunities 
▶ Patient Data

– Outpatient, Inpatient, comorbidities, medications, risk stratification
– Socioeconomic barriers
– Psychosocial factors
– Prognostication

▶ NEMAT phase level Data
– Procedures
– Critical Care 
– Trajectory of Recovery
– EHR integration: Checklists, Protocols, Decision support, Reports

▶ Process Data
– Interhospital Transfer: Notification to Activation
– Communication: Inter-team, Patient and Family
– Resource Optimization: Personnel and Physical resources
– Traffic

▶ Pattern recognition
– Disease-specific
– Regional
– Global

▶AISinai Collaboration
– Prediction of NSICU admission from ED triage 

Notes (IRB-19-02333)
▶Moberg Collaboration
▶Smart NSICU

Presenter
Presentation Notes
All components of NEMAT are data rich, need high fidelity triage and patient centered personalized management




Collaborative Success: 
Machine Learning and AI
▶ Stroke Systems of Care

– Imaging Diagnosis
• (Lee E et al Jour of Stroke 2017)

– AI in Stroke and Other Neuro Diseases
• (Jiang F et al Stroke Vac Neurol 2017)

– Automated Segmentation
• (Zaharchuk G et al Amer Jour Neurorad 2018 )

– Prognosis
• (Asadi H et al 2014 Plos One)

– Geographic Modeling with GPS
• (Mullen T et al Stroke 2018)



Case 2: Trip and Treat

▶ Automated 911 notification and activation of 
EMS, NEMAT 

▶ Rapid Machine learning (VIPS: Kellner C et al 
JNIS 2018 or AI driven (viz AI LVO Platform 
https://www.viz.ai/)

▶ Automated Segmentation for Perfusion Imaging 
Analysis

▶ All teams activated for Hyperacute and Acute 
Phases

▶ Workflow Integrated Communication and Data 
gathering Platform

▶ Smart Neuro ICU monitoring for complications for 
eg. Aspiration Pneumonia, Pulmonary Embolism

▶ Personalized Ultra-early Rehab

Presenter
Presentation Notes
VIPS: Volumetric Impedance Phase Spectorscopy (Cerebrotech) device

https://www.viz.ai/


Case 3: Treat and Ship
▶ 72 yo M coma: Triggers Automated 911 pick-up
▶ Non-Invasive Rapid Machine Learning Diagnosis by 

EMS
▶ ABC in field and NEMAT hotline notification
▶ All teams activated for Hyperacute and Acute Phases
▶ Workflow Integrated Communication and Data gathering 

Platform
▶ Minimum Time saved: 3 hours
▶ Time Initiated: 01/06/2018 15:55
▶ Time of Pick Up: 01/06/2018 16:15
▶ Admit Time: 01/06/2018 17:52
▶ Outcome: ?
▶ Declared brain dead at 12:55, 1/10/2018
▶ Cross Match patient image and any identifiers with 

databases across the tri-state area Patient’s family 
couldn’t be found for 5 days

Presenter
Presentation Notes
CTh showed SAH, MF3, CTA: A.comm aneurysm
3 hour delay from scan to EVD
Transfer delay 
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▶ NEMAT Longitudinal 
Database with patient-
centered outcomes

▶ N=1746
▶ Challenging to get 

telephonic outcomes: new 
opportunities for 
improvement
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To Our Patients and Families: We Do What We Do because of You
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Questions

▶Neha.dangayach@mountsinai.org
▶Twitter Handle @drdangayach
▶Instagram @drdangayach

mailto:Neha.dangayach@mountsinai.org
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