


Clinical Manifestations

 Acute respiratory distress syndrome (ARDS)
 Hyper-inflammation (“cytokine storm”)
 Acute cardiac injury, arrhythmias, cardiomyopathy
 Acute kidney injury
 Hypercoagulability, thromboembolic 

complications, pulmonary embolism
 Neurological complications  



Disease Pathogenesis - SARS-COV-2

The viral spike protein uses the angiotensin-converting enzyme II (ACE2) receptor to enter 
epithelial cells. Alveolar cells lining lungs, GI tract, heart and kidney express ACE2 R and 
membrane TMPRSS2 serine protease cleave the viral spike protein and facilitate cell entry.





The Neurology of COVID-19

 Central Nervous System
Encephalopathies, Vasculitis, Stroke, Hypercoagulability, 

Meningoencephalitis, Myelitis 

 Peripheral Nervous System
Guillain-Barré syndrome, Miller Fisher syndrome 

 Muscle
Myopathy, Rhabdomyolysis



Neurology of COVID-19 due to SARS-CoV-2

Central Nervous System symptoms 
Headache – 6%-8% (all patients), 13% (stroke patients)

Agitation & Delirium – 65-69% (58 ICU patients)
Impaired Consciousness – 15% severe cases, 22% fatal 
Anosmia, hyposmia – 85% (cases from 12 hospitals)
Dysgeusia – 88% (cases from 12 hospitals) 





How Does COVID-19 Affect The Nervous System

 Endothelial cells – ACE2 receptors to enter cells and 
membrane TMPRSS2 serine protease cleave the viral spike 
protein and facilitate cell entry – blood vessels

 Hypercoagulability, thromboembolic complications
 Virus is Neurotropic – Invasion of the CNS – Olfactory system 

via ACE2 receptor attachment and membrane TMPRSS2
 Hyper-inflammation – activated macrophages –

“cytokine storm”
 Altered immune system – Post-infectious autoimmune 

disorders





• Coagulopathy is manifest as elevated fibrinogen, 
elevated D-dimers, and minimal change in PT, aPTT, 
and platelet count in early stages of  infection

• Increasing IL-6 levels are correlated with increasing 
fibrinogen levels – activated macrophages 
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Poyiadji N, Shahin G, Noujaim D, Stone M, Patel S, Griffith B. Radiology 2020



Cerebrovascular Disease in Patients with COVID-19: A 
Review of the Literature and Case Series.

S.Reddy,T. Gang,.. J. Volpi, V. Misra, D. Chiu, R. Gadhia, S. Savitz – Case Rep Neurol-2020;12:199. 
…

• Case series of 12 patients, 10 patients had an ischemic stroke, two 
had intracerebral hemorrhage. 

• Etiology was determined to be embolic without a clear cause identified 
in 6 ischemic stroke patients, while the remaining had an identifiable 
source of stroke. 

• The majority of the patients had elevated inflammatory markers such 
as D-dimer and interleukin-6. 

• In patients with embolic stroke of unclear etiology, COVID-19 may 
have played a direct or indirect role in the processes that eventually 
led to the strokes while in the remaining cases, it is unclear if infection 
contributed partially or was an incidental finding.



Coronaviruses are Neurotropic

Most avian, feline, canine, porcine, bovine and equine 
coronaviruses cause respiratory and enteric diseases

Porcine hemagglutinating encephalomyelitis virus 
causes respiratory disease & encephalomyelitis in pigs

Neurotropic mouse hepatitis virus causes CNS 
demyelination

HCoV-OC43 found in ADEM and encephalitis
HCoV-229E and HCoV-OC43 found in 44% of MS brains 





SARS-CoV-2 Neurotropism
 CN I Olfactory: Nasal mucosa ACE2 receptors & TMPRSS2, nasal filaments, 

olfactory bulbs, olfactory tracts to rhinencephalon: ICU delirium and 
psychomotor agitation (Helms et al. N Engl J Med 4 June 2020)

 CN V Trigeminal: Rhinopharyngeal-buccal mucosa, cornea, conjunctiva, 
Gasserian ganglion to brainstem trigeminal nucleus

 CN VII Facial nerve: Taste anterior 2/3 tongue, chorda tympani to pontine 
geniculate nucleus

 CN IX Glossopharyngeal: Taste posterior 1/3 tongue, oropharynx, carotid 
sinus to nucleus tractus solitarii (Porzionato et al. Lung Cell Mol Physiol 5 Aug 2020)

 Oropharyngeal dysphagia (Aoyagi et al. Dysphagia 12 June 2020)

 CN X Vagus: Mechanoreceptors and chemoreceptors in lung and 
respiratory tract to dorsal motor nucleus vagus and nucleus ambiguus (Li et 
al. J Med Virol 24 Feb 2020)  



Facial Nerve (CN VII)
Glossopharyngeal Nerve(CN IX)
Vagus Nerve (CN X)

Olfactory Nerve (CN I)
Olfactory Tract & Bulb
Olfactory Filaments

Trigeminal Nerve (CN V)
Trigeminal Ganglion
Ophthalmic Nerve (v 1) 
Maxillary Nerve (v 2)
Mandibular Nerve (v 3)

Viral Highways to the Brain
(Cranial Nerves I, V, VII, IX, X)



Olfactory transmucosal SARS-CoV-2 invasion as port 
of Central Nervous System entry in COVID-19 patients

bioRxiv- Meinhardt et al, 9-2020 

• Viral RNA present in the brain and cerebrospinal fluid,  ? portal of 
viral entry. 

• Brains of 32 patients dying from COVID-19 – CNS infarction in 
oro- and pharyngeal regions due to cerebral thromboembolism  
present, but also evidence of SARS-CoV-2 neurotropism.

• SARS-CoV-2 can enter the CNS – via the neuro-mucosal 
interface in the olfactory mucosa. Then SARS-CoV-2 follows 
defined neuroanatomical structures, including the primary 
respiratory and cardiovascular control center in the medulla 
oblongata.



Neurotropic Viruses and Sleep

 H1N1 influenza virus of avian origin (Spanish flu 
pandemic) 1915-18

 H2N2 influenza type A (Asian flu) Kleine-Levin syndrome 
1957-58

 Influenza B (Japan) Kleine-Levin syndrome 1957-58
 H1N1 influenza epidemic (China)  Narcoleptic syndromes 

2009-2010 
 Murine H1N1 intranasal infection produced narcolepsy-

like syndromes
 Virus infected the olfactory nerves (CN I) 
 Olfactory bulb glomerular layer (day 14)
 Mitral and granular cells (day 28)
 Retrograde invasion of orexin- and melanin-concentrating-hormone nuclei
 Lateral hypothalamus (day 28)
 Pontine dorsal raphe and locus coeruleus nuclei



Constatin von 
Economo

Brãila, Romania 8/21/1876
Vienna, Austria  10/21/1931



Leslie A Hoffman, Joel A Vilensky
Encephalitis lethargica: 100 years after the epidemic

Brain, 140: 2246–2251, 2017

• Encephalitis lethargica is a neurological syndrome of 
postencephalitic parkinsonism – with stiffness and 
bradykinesia as well as psychiatric manifestions.

• Beginning in the winter of 1916–17, and continuing into the 
1930s. The exact number afflicted – estimated to be more 
than one million worldwide.

• ?? An autoimmune disorder caused by antibodies against 
NMDA receptors. Anti-NMDA receptor encephalitis.
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STARTING OUR CENTER FOR TRANSLATIONAL 

NEURAL PROSTHETICS & INTERFACES

Gavin W. Britz MD, MPH, MBA, FAANS, FACS
Professor and Chairman, Department of 
Neurosurgery
Houston Methodist
Professor, Weill Cornell, NY
Houston, Texas





DEPT. OF NEUROSURGERY 

MAJOR RESEARCH CENTERS



ENGINEERING IS THE BEGINNING AND THE 

END IN THE MODERN WORLD

ENGINEERING IS 
GOING TO SOLVE 

THE WORLD’S 
PROBLEMS

Improved 
military 

protection

Sustainable 
energy

Eco friendly 
waste control, 

including plastics 

Improved food 
sources

Climate change

Eco friendly 
travel, including 

space



WHAT IS NEUROPROSTHETICS



DARPA



Repair – Replace – Optimize
Neurosurgery/Neurology/Psychiatry/Neurorehabilitation

Neural Engineering/Computational Neuroscience/Regenerative Medicine

Neurorestoration
A New Synthesis

CENTER FOR 
NEUROREGENERATION

CENTER FOR 
NEUROPROSTHETICS

ANN KIMBALL AND 
JOHN W. JOHNSON 

CENTER FOR 
CELLULAR 

THERAPEUTICS 



NEURAL ENGINEERING



EVOLUTION OF TECHNOLOGY



ARE HUMAN BRAIN CHIPS 
JUST FUTURISTIC ?

NO, A FEW PATIENTS HAVE THEM 
CURRENTLY IMPLANTED

NATURAL QUESTION



NEURAL ENGINEERING SOLVING 

PARALYSIS



Array recording from a “Utah” array implanted 

in human posterior parietal cortex



Intent signals for cortical neural prosthetics



THE BRAIN–SPINE INTERFACE ALLEVIATES GAIT DEFICITS  AFTER 
SPINAL CORD INJURY



MEMORY



Goal: Develop a Biomimetic Model of Hippocampus to Serve as a    

Neural Prosthesis for Lost Cognitive/Memory Function

Courtesy of Ted Berger



Neuropace RNS



ISRAELI GROUP





Core Faculty

• PHYSICAL SPACE

– A Living Human Laboratory at HM
– Operating Rooms at HM
– BRC Campus (Rice)
– Primate Center at HM
– Large Animal lab at HM

• CORE PERSONNEL
– 7 Engineers from Rice Current 

Faculty
– 3 additional Engineers jointly hired 

by HM and Rice
– 7 Neurosurgeons from HM
– Awesome PM&R Physicians
– Center Neuroregeneration Faculty

Collaborators

– Charles Liu – Neurosurgeon at USC
– CALTECH Engineers
– Texas A&M Engineers

OUR CENTER FOR TRANSLATIONAL NEURAL 

PROSTHETICS & INTERFACES

FOCUS AREAS AS WE HIRE SCIENTISTS

❖ SPINAL CORD INJURY 
INCLUDING HAND FUNCTION
❖ MEMORY/ EPILEPSY

❖ CORTICAL MOTOR/ SENSATION



STARTING AT METHODIST IN JANUARY: 

FUNCTIONAL/PERIPHERAL NERVE SURGEON



TARGETED REINNERVATION FOR 
NEURAL PROSTHETIC CONTROL



TARGETED REINNERVATION FOR 
NEURAL PROSTHETIC CONTROL



CORTICAL-DEPTH DEPENDENT NEUROVASCULAR 

RESPONSE AFTER SUBARACHNOID HEMORRHAGE



NEUROCOGNITIVE ABNORMALITIES FOLLOWING 

SAH, COMPLEMENT ACTIVATION AND 

NEUROINFLAMMATORY RESPONSE 



DEVICE FOR STROKE, SAH, MTBI

http://upload.wikimedia.org/wikipedia/commons/8/82/Nintendo_DS_Trans.png


COVID-19 Updates

H. Dirk Sostman, MD FACR

Town Hall October 14, 2020
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Controlling Infectious Diseases

Precautions

Testing & 
Treatment

Vaccination

Control of 
Disease
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• Misconceptions
– Masks do not work

• Masks protect healthy people from infected people!
• Reduce egress / ingress of infected droplets and aerosols

– The virus is smaller than the pores in the mask
• Droplets are larger than pores
• Aerosols are trapped by other mechanisms

– Masks restrict oxygen supply
• Measurements show no effect on oxygen or carbon dioxide

– Masks are not needed with social distancing
• Wrong!  Sneezes and coughs can travel 30 feet

– Masks are not needed outdoors
• The risks are lower outdoors but transmission still possible
• Use your judgement

Masks

100 micron droplet settles in 5 sec
1 micron aerosol takes 12 hours

Variolation?

Masks work!
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Eye Protection

• Viruses can enter the body 
through the eyes

• Dose usually low because of low 
air flow to the eyes
– Ballistic droplets from a cough or 

sneeze are a high risk
– In high risk situations like airplanes, 

eye protection is recommended

• Not a substitute for masks
– Masks protect your nose and mouth
– Eyewear protects your eyes

$12 from Amazon

$4 from Home Depot

Can be helpful



6

• Washing your hands with soap and 
water dissolves the lipid coating of 
the virus and inactivates it

• Alcohol-based sanitizer (60-95% 
alcohol) also works

• More effective to wash hands often 
than to try to disinfect packages, etc.

Handwashing
Your Mom was 100% correct

SOAP



Respiratory Viruses Prosper in Winter
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COVID-19 Winter Tips
Air Filters & Ventilation

https://tinyurl.com/FAQ-aerosols

Portable air 
cleaner with 
HEPA filter

MERV 13 or 
higher AC filter

https://tinyurl.com/FAQ-aerosols
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https://www.dhs.gov/science-and-technology/sars-airborne-calculator

Higher RH
Higher Temperature
Reduces virus survival time

Low RH
Low Temp

COVID-19 Winter Tips
Temperatures & Humidity
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• Follow normal precautions with extra care
• Treat indoor air

– Humidify indoor air (50% relative humidity at 70–75 F)
– Ventilation of indoor air
– Air filters for indoor spaces

• Wear face mask to keep nose warm and moist
• Vitamin D supplements if levels low 

– Irish Med J April 2020
– Meltzer et al, JAMA September 2020
– Maghbooli et al, PLOS One September 2020
– Kaufman et al, PLOS One September 2020

• Get extra sleep

• Get your flu shot!

COVID-19 Winter Tips
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Patient Group “Proven” Effective
(RCT or many cohort trials)

“Probably” Effective
(still under investigation)

Outpatients Remdesivir
Convalescent plasma

Monoclonal antibodies
Colchicine
Favipiravir

Inpatients (including needing 
oxygen)

Remdesivir
Convalescent plasma
Baricitinib
Steroids

Monoclonal antibodies
Tocilizumab

Severely Ill (including 
mechanical ventilation & ECMO)

Steroids
Remdesivir

Tocilizumab

Progress in Treatments for COVID-19
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Houston Methodist Clinical Trials 2020
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Houston Methodist Clinical Trials Overview



VACCINE UPDATE



Vaccine Antibody 
Response

T Cell Response Species N of Doses Protection 
(Monkeys)

EUA Target

Moderna 100%  
(2x – 8x CP)

100% Human 2 Infection December 2020

Pfizer / 
BioNTech

100% 
(5x – 30x CP)

94% Human 2 October 2020

J & J 100% 82% Human 1 Infection Q1 2021
PAUSED

Oxford / Astra 
Zeneca

100% 
(= CP)

100% Human 2 Disease September 2020
PAUSED in USA

Novavax 100%
(2x CP)

100% 
(subgroup)

Human 2 December 2020

Inovio
(MERS)

94% 71% Human 3 ??

CP = convalescent plasma

Vaccine Progress – Immune Responses
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• Reluctance to accept vaccination
– Politics, concern about side effects

• Logistics Challenges
– Supplies (borosilicate glass vials, etc.)

– Cold chain of refrigeration

– Air freight capacity (8,000 jumbo jets)

– Paperwork, customs, health regulations, etc.

– Organizing administration, records, etc.

– Monitoring safety, side effects

Other Vaccine Challenges



• Scenario 1 (15%)
– Vaccine 80%–90% effective, minor side effects

– EUA in Q4 2020

– Widespread vaccination in Q1 & Q2 2021

– Would control pandemic severity

• Scenario 2 (70%)
– Vaccine 60%–70% effective, minor side effects

– EUA in Q4 2020

– Widespread vaccination in Q1–Q3 2021

– Best if paired with testing, treatment, precautions

– Will COVID-19 eventually become milder, seasonal illness?

• Scenario 3 (10%)
– Vaccine < 50% effective

– Need to wait for next generation of vaccines (6-12 months)

– Need to rely on testing, treatment, precautions

• Scenario 4 (< 5%)
– Vaccine has serious side effects

– Need to wait for next generation of vaccines (> 1 year)

– Safety testing will take much longer

– Need to rely on testing, treatment, precautions

GOOD NOT GOOD

Vaccine Scenarios



COVID-19 Update

October 14, 2020
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Houston Methodist COVID-19 
Cases by Day
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Houston Methodist Testing Trend

0%

5%

10%

15%

20%

25%

30%

35%

40%

0

100

200

300

400

500

600

3/
24

M
ar

-2
7

M
ar

-3
0

Ap
r-0

2
Ap

r-0
5

Ap
r-0

8
Ap

r-1
1

4/
14

Ap
r-1

7
Ap

r-2
0

Ap
r-2

3
Ap

r-2
6

4/
29 5/

2
5/

5
5/

8
5/

11
5/

14
5/

17
5/

20
5/

23
5/

26
5/

29 6/
1

6/
4

6/
7

6/
10

6/
13

6/
16

6/
19

6/
22

6/
25

6/
28 7/

1
7/

4
7/

7
7/

10
7/

13
7/

16
7/

19
7/

22
7/

25
7/

28
7/

31 8/
3

8/
6

8/
9

8/
12

8/
15

8/
18

8/
21

8/
24

8/
27

8/
30 9/

2
9/

5
9/

8
9/

11
9/

14
9/

17
9/

20
9/

23
9/

26
9/

29
10

/2
10

/5
10

/8
10

/1
1

Confirmed COVID-19 Lab Tests

Positive COVID-19 Tests 7 Day Rolling Average of
Percent of Positive Tests



4

Houston Area Rt Estimate Trend

https://sph.uth.edu/dept/bads/covid19-dashboard; similar BCM site: https://ictr.github.io/covid-19-county-R0/



HOW LONG DO YOU ANTICIPATE US NEEDING TO
CONTINUE WITH MITIGATING ACTIVITIES FOR COVID-19 

AND WHAT IS THE PROBABILITY FOR ANOTHER PANDEMIC
IN THE NEAR- TO MID-TERM FUTURE? 

WHEN WILL LIFE BE TOTALLY BACK TO NORMAL OR WILL
IT EVER BE ? 

WHEN IS IT SAFE TO COME OUT AGAIN?



NOW THAT THE COVID SITUATION IN HOUSTON IS IMPROVING, WHAT
ADVICE DO YOU HAVE ON HOW WE SHOULD CONTINUE TO LIVE?  FOR
EXAMPLE, FOR SOMEONE BETWEEN 45-55 YEARS OLD, IS IT NOW

RELATIVELY SAFE TO EAT OUTDOORS AT A RESTAURANT?  AT A FRIEND'S
HOUSE?  IF NOT, WHEN WOULD YOU CONSIDER IT TO BE SAFE?

IF SOMEONE IS EATING OUTSIDE AT A RESTAURANT IN CLOSE
PROXIMITY TO SOMEONE WHO HAD COVID FOR TWO DAYS AND NOW

HAS NO SYMPTOMS AND IS NOT QUARANTINING, AND HAS DECIDED TO
GO OUT TO EAT, WHAT ARE THE CHANCES OF THE NON-INFECTED

PERSON GETTING COVID FROM THE PERSON WHO HAS NOT
QUARANTINED FOR THE PROPER DURATION?
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Close Contact Exposures Associated 
with COVID-19

https://www.cdc.gov/mmwr/volumes/69/wr/pdfs/mm6936a5-H.pdf

“…going to locations that 
offer on-site eating and 
drinking options were 

associated with COVID-19 
positivity. Adults with 

positive test results were 
approximately twice as 
likely to have reported 

dining at a restaurant than 
were those with negative 

test results.” 



ALSO, WE PASS PEOPLE CLOSELY ON THE STREET WHEN
WALKING OUR DOG. IS THAT OK WITHOUT A MASK?
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COVID-19 Precautions

https://www.cdc.gov/coronavirus/2019-ncov/daily-life-coping/holidays/halloween.html



IS AN ENDOSCOPY SAFE? I DON’T WANT TO TAKE MY
MASK OFF. HOW DO I KNOW IT ISN’T IN THE AIR IN THE

PROCEDURE ROOM? 
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Delay and Avoidance of Preventive 
and Screening Medical Care

https://jamanetwork.com/journals/jamanetworkopen/fullarticle/2768946

“…the mean weekly number of new diagnoses for six common cancers dropped by 
46%, with breast cancer diagnoses declining the most (52%), in March and April 

compared to the two months prior.”



HOW IS HOUSTON METHODIST DOING?



13

Goals for the New Normal – May

1. Houston Methodist will be the safest hospital system in the world

2. Volumes will be back to normal by July 1

3. Achieve at least breakeven by the end of the year

4. Maintain full operations during a second surge

5. Avoid furloughs, layoffs, and pay cuts

These goals will be the guiding principles for ongoing decision making 
during this transition to the new normal. We will continue to adjust these 

goals as circumstances change. 
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Goals for the New Normal – May
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goals as circumstances change. 
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1. Houston Methodist will be the safest hospital system in the world

2. Volumes will again be back to normal by October 1

3. We will achieve ~75% of budgeted operating margin for September 
– December 

4. Maintain full operations throughout the COVID pandemic

5. Press our strategic advantage

Houston Methodist will use these guiding principles in decision making 
and goal setting.  We will remain nimble and adjust these goals as 

circumstances change. 

Goals for the Remainder of 2020
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Press Our Strategic Advantage

1. Focus on unparalleled safety, quality, service and innovation
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U.S. News & World Report
• On the Honor Roll – Ranked #20 in the country
• Houston Methodist Hospital is ranked for the 28th consecutive year in at least one 

specialty
• Named No. 1 in Texas nine years in a row
• Received “High Performing” in 10 out of 10 of the procedures & conditions
• For the 14th consecutive year, Houston Methodist Hospital ranked in more specialties 

than any hospital in Texas

• Ranked in 11 of 16 specialties:

• Cancer (#17)

• Cardiology & Heart Surgery (#12)

• Diabetes & Endocrinology (#28)

• Ear, Nose & Throat (#49)

• Gastroenterology & GI Surgery (#14)

• Geriatrics (#26)

• Gynecology (#26) tied with UCLA

• Nephrology (#19) tied with Duke

• Neurology & Neurosurgery (#23) 

• Orthopedics (#13)

• Pulmonology and Lung Surgery (#20)
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Unparalleled Safety and Quality

23

Vizient Quality & Accountability Results 2020
Academic Specialized 

Complex Care Complex Care Community

HMH HMSL HMB HMW HMWB HMTW HMCL

Overall 6 2 17 7 8 5 53
Mortality 1 1 9 15 24 17 32

Efficiency 37 32 47 19 27 48 113

Safety 7 1 12 9 2 1 39

Effectiveness 47 53 77 3 44 51 101

Patient 
Centeredness 47 16 59 33 28 29 95

Star Rating
Note: 2018 survey split hospitals into three categories; 2019 and 2020 survey split hospitals into four categories. 
Blue is “Vizient Top Performer” or 10th percentile. Green is 10th to 25th percentile. Yellow is 25th to 50th percentile. Red is below the 50th percentile. 
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Press Our Strategic Advantage

1. Focus on unparalleled safety, quality, service and innovation

2. Care for our people

3. Invest strategically and aggressively in academic programs

4. Optimize marketing and public relations for further 
differentiation

5. Continue strategic plans for expansions and recapitalization

6. Invest aggressively in innovation
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