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Neuroprotective Effects for TBI

Craig Williamson, MD



Neuroprotection in Traumatic Brain Injury
Craig Williamson
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Disclosures

• I will discuss off-label use of medications
• Otherwise, nothing to disclose



Talk Overview

• Clinical Case
• Sedation and analgesia strategies
• ICP and CPP optimization



Clinical Case

• XX yo male unhelmeted cyclist is struck by an automobile
• GCS 6 in field and on ED arrival. Intubated.
• CT head showed L frontal SDH, small bifrontal contusions 

and temporal bone fracture
• Briskly localizing upon arrival to neuro ICU. GCS 

E1V1TM5. EVD is placed





First-line neuroprotective measures

• Elevate head of bed
• Control pain and agitation
• Target normothermia
• Avoid hypotension
• Avoid hypercarbia and hypoxia

• End-tidal CO2 helpful for monitoring



Sedation goals in critical illness



TBI-specific analgesia and sedation?





Clinical Case

• ~12 hrs after admission ICP sustains between 20 
and 25 mm Hg

• ABG on 30% FiO2: 7.47/34/137
• Head CT shows no interval change in SDH or 

bifrontal contusions

• Next management step?





Clinical Case

• Sedation transitioned to propofol ICP transiently 
decreased as did systolic blood pressure

• Started on norepinephrine to maintain CPP > 60

• ICP abruptly increases to 36 mmHg during tracheal 
suctioning

• Normalizes with administration of 30 cc 23.4% saline





Clinical case contd.

• A few hours later ICP again spikes to 36 mmHg
• Normalizes with mannitol administration

• Portable head CT obtained after bolusing propofol and fentanyl



Clinical Contd.

• Patient continued on propofol 80 mcg/kg/min and 
fentanyl infusion is uptitrated to 200 mcg/hr.

• Bolused 23.4% alternating with mannitol during ICP 
spikes. Na increases to 155 and serum osms to 330

• ICPs consistently sustaining > 25 with transient spikes 
into 30s and even low 40s anytime pt is stimulated

• CPP maintained > 60 mmHg except very brief periods 
during ICP spikes.

• Remaining management options?



Decompressive Craniectomy?







Pentobarbital?



Using pentobarbital in TBI

• Place continuous EEG and titrate to deep burst 
suppression (~1 burst/10s page)

• Load 10 mg/kg over 30 minutes
• Continue 5 mg/kg for 1-3 hrs until adequate sedation 

achieved on EEG

• Maintenance dose 1 mg/kg titrated to EEG burst 
suppression



Pentobarbital adverse effects

• Hypotension  increased pressor requirements
• Respiratory depression
• Ileus

• Gut ischemia
• Venous thromboembolism
• Impaired cough and ciliary clearance  pneumonia and mucus 

plugging



Clinical case contd.

• ICPs ~ 20-30 with continued brief spikes with nursing care
• Cool to 34 C 
• Continue to treat ICP spikes with hyperosmolar therapy
• Develops pneumonia, atelectasis, abrupt mucus plugging 

leading to severe desaturation
• Tracheostomy placed on post-trauma day 15 when first able to 

tolerate reverse Trendelenberg
• ICPs normalize by ~ day 18 and pentobarbital weaned
• Subsequently develops recurrent pneumonia  severe ARDS 

requiring paralysis and prone positioning



Clinical case contd.

• Pt developed stage 2 pressure ulcers
• Severe agitation and withdrawal methadone and 

benzodiazepine taper necessary to wean off of high-dose 
sedation

• Discharged to acute rehab after 34 days
• Improves rapidly  initial neurocognitive performance in the 

average to above average range. Decannulated
• Neurocognitive scores all above average at the time of 

discharge from rehab 24 days later
• Patient discharged home and cleared to return to work 

without restrictions



Clinical case takeaways 

• Be cautious in prognostication for young patients with severe 
intracranial hypertension

• Sustained ICP > 20 can be tolerated provided there is adequate 
cerebral blood flow and oxygenation

• Patients on prolonged barbiturate infusion will develop 
pneumonia, hypoxic respiratory failure and, usually, sepsis
• Patient selection is important
• Closely discuss risks/benefits of craniectomy with 

neurosurgery and patient’s family
• Sedation and analgesia important factors in TBI

• Avoid unnecessary oversedation, but sometimes it’s necessary 
t  ifi  li i l  t  t l ICP



Future Directions



Future Directions

• Improved methods to personalize ICP and CPP goals
• New monitoring methods may be helpful … or just provide 

additional data
• Brain tissue oxygen monitoring
• Cerebral blood flow monitoring
• Autoregulatory assessment

• Better data to guide early prognostication and patient 
selection for 3rd line ICP therapies

• Clear guidelines for sedation and analgesia
• High quality collaborative trauma care, not magic bullets, will 

improve patient outcomes



Thank you!



Jason Heth, MD
Mark Hemmila, MD

Discussion - Sedation in Head Injury



Question 1 



Question 2 



Question 2 

 Sensation, fine motor
 Arousability
 Change from baseline



Question 3 



Question 4



Question 5



Jason Heth, MD
Mark Hemmila, MD

Discussion - Anticoagulation in Head Injury



Anticoagulation

 Reversal
 Prophylaxis
 Resume





Life-threatening

 Stop oral anti-coagulant
 Vitamine antagonist 

 5-10mg IV Vitamin K
 Reversal agent

 Direct acting oral anticoagulant
 Direct thrombin inhibitor (dabigatran)
 Factor Xa inhibitor (apixaban, rivaroxaban)
 Half-lives
 Potential reversal







Question 14



Question 15



Question 6



Question 7



Question 7 (Neurosurgeons)



Question 8



Question 8 (Neurosurgeons)



Question 11 (New)



Question 11 (Compare)



Question 12 (New)



Question 13 (Compare)





VTE Prophylaxis Study

 Date range: 1/1/2012 to 12/31/2014
 Inclusion:

 MTQIP patient
 VTE prophylaxis with heparin or LMWH

 Exclusion:
 Direct admit
 Transfer out
 Dead and hospital days <=1
 Trauma centers who joined after 1/1/2012



Unadjusted Outcomes

Outcome Heparin LMWH p-value

Patients, N 7,786 10,224 --

Mortality, % (N) 2.1 (166) 1.4 (139) <0.001

DVT, % (N) 2.1 (161) 1.5 (153) <0.001

Pulmonary Embolism, % (N) 0.8 (66) 0.5 (52) 0.01

VTE, % (N) 2.7 (207) 1.9 (190) <0.001



Risk Adjustment

 Patient Characteristics
 Insurance status
 Physiology
 Injuries
 Comorbidities
 Intubation status
 Transfer status
 Timing of initiation of VTE prophylaxis



Adjusted Outcomes

Outcome N OR  95% CI

VTE Event, with Hospital Effect 18,010 0.67 0.53-0.84

VTE Event by ISS categories

5-15 13,328 0.70 0.49-0.99

16-24 3,035 0.46 0.31-0.70

≥ 25 1,647 1.05 0.72-1.53



Adjusted Outcomes

Outcome N OR  95% CI

PE, with Hospital Effect 18,010 0.53 0.35-0.79

PE by ISS categories

5-15 13,328 0.41 0.23-0.73

16-24 3,035 0.41 0.19-0.87

≥ 25 1,647 1.2 0.60-2.38



Adjusted Outcomes

Outcome N OR  95% CI

DVT, with Hospital Effect 18.010 0.73 0.57-0.95

DVT by ISS categories

5-15 13,328 0.82 0.54-1.25

16-24 2,919 0.50 0.32-0.80

≥ 25 1,505 1.18 0.79-1.77



Adjusted Outcomes

Outcome N OR  95% CI

Mortality, with Hospital Effect 18,010 0.64 0.49-0.83

Mortality by ISS categories

5-15 13,328 0.81 0.56-1.18

16-24 3,035 0.75 0.43-1.30

≥ 25 1,647 0.55 0.36-0.84









Jason Heth, MD
Mark Hemmila, MD

Discussion - Timing of OR in Head Injury



Question 9



Question 9 (Neurosurgeon)



Question 10



Question 10 (Neurosurgeon)



Break



Ryan Stork, MD

Conceptualization of Functional Outcomes 
Following TBI



Conceptualization of Functional Outcomes 
Following Traumatic Brain Injury

Ryan Stork, MD
Clinical Lecturer

Brain Injury Medicine & Rehabilitation
Department of Physical Medicine & Rehabilitation

Michigan Medicine
University of Michigan



A Bit About Me

• Residency:

• Fellowship 

• Role at U of M



Objectives

• Understand basic framework for conceptualizing rehabilitation 
outcomes

• Appreciate the flaws in classification scheme of TBI severity
– Research implications
– Functional outcome implications



Importance of Conceptual Framework When 
Discussing TBI

• Poor evidence base in TBI Rehabilitation

• Need to account for:
– Injury characteristics
– Premorbid functioning
– Age

• Weakness in TBI Research
– Caveat: Zolpidem Studies (cross-over design)



Post-traumatic Amnesia

State of confusion that occurs immediately following a traumatic 
brain injury that is characterized by disorientation and inability to 

recall new information



Measurement of Post-traumatic Amnesia

• Galveston Orientation Amnesia Test (GOAT)

• Orientation Log (O-Log)

• Marker of diffuse axonal injury



Classification of TBI Severity

Variable Mild Moderate Severe

GCS (Initial, best, 
worst) 

13-15 9-12 3-8

Duration of PTA < 1 day 1-7 days > 7 days

Duration of LOC < 30 minutes ≤ 24 hours > 24 hours



Main Outcome Scales for TBI

• Glasgow Outcome Scale

• Disability Rating Scale



Glasgow Outcome Scale



Glasgow Outcome Scale - Extended



Disability Rating Scale



Spectrum of Outcomes Following TBI

Katz D, et al. “Predicting course of recovery and outcome for patients admitted to rehabilitation” Arch Neurology 
1994. 51: 661-670



Katz and Alexander Prospective Outcome 
Study (1994)

• 243 consecutive IPR patients 
over 3 years

• Ages: 8-89

• Cause of injury
– MVA
– Pedestrian struck by car
– Fall < 6 feet
– Fall > 6 feet

Katz D, et al. “Predicting course of recovery and outcome for patients admitted to rehabilitation” Arch Neurology 
1994. 51: 661-670



Katz and Alexander Hypotheses

• Rehab populations can be characterized by those variables of 
demonstrable significance in neurosurgical series

• Neurologic injury subtypes should have different implications 
for recovery and may require different research strategies



Cause of Injury



Proportions of Subtypes of 
Neuropathology



Relationship Between Severity 
Variables



Duration of Coma and Outcome

Length of Coma GR MD SD VS

< 1 hr 70% 17% 13%

< 1 day 58% 42%

1-7 days 58% 37% 5%

1-2 weeks 39% 61%

2-3 weeks 67% 33%

3-4 weeks 67% 22% 11%

> 4 weeks 38% 62%



Duration of PTA and Outcome

Length of PTA GR MD SD VS

0-2 weeks 80% 13% 7%

2-4 weeks 60% 40%

4-8 weeks 46% 54%

8-12 weeks 18% 64% 18%

12-16 weeks 73% 27%

16-24 weeks 80% 20%

> 24 weeks 12% 88%



Influence of Neuropathology on 
Predictors of Outcome



Interaction of Age and Prediction of GOS at 
12 months 

• Interaction with GCS
– Significant interaction on GOS at 12 months

• Worse outcome for any GCS score if older than 60

• Interaction with LOC
– Significant interaction on GOS at 12 months

• Interaction with PTA
– Better outcome at 12 months if < 20 years-old
– Worse outcome at 12 months if > 60 years-old



Proportion of GOS at 12 Months by 
Age Group



Relation of Age to Change in GOS 
Between 6 and 12 months

• Significant relationship between GOS at 6 and 12 months

• Younger than 40 years-old
– Better chance at improved outcomes from 6 to 12 months
– Rate of recovery similar



Recovery of Consciousness

Duration of VS 3 months 6 months 12 months

1 month 33% 46% 52%

GR 7% MD 17% 
SD 28%

3 months 35%

GR or MD 16% SD 
19%

6 months 16%

GR or MD 4% SD 
12%

Medical aspects of the persistent vegetative state. The Multi Society Task Force on PVS. N Engl J Med 1994; 
330(21): 1499-1508

Traumatic Brain Injury



Recovery of Consciousness

Duration of VS 3 months 6 months 12 months

1 month 11% 15% 15%

GR 1% MD 3% SD 
11%

3 months 7%

GR or MD 1% SD 
6%

6 months 0%

Medical aspects of the persistent vegetative state. The Multi Society Task Force on PVS. N Engl J Med 1994; 
330(21): 1499-1508

Non-traumatic Brain Injury



XX year-old male fall at work XX/XX/XX

• GCS in ER 13 (E3V4M6)

• PTA approximately 2 weeks
– Katz study showed about 80% return to work at 12 months

• Prominent left frontal contusion
– Neurobehavioral deficits



XX year-old male fall at work XX/XX/XX



XX year-old male fall at work XX/XX/XX



XX year-old male fall at work XX/XX/XX





XX year-old male in MVC XX/XX/XX

• GCS in ER: 14 (E4V4M6)

• PTA for approximately 2 weeks



XX year-old male in MVC XX/XX/XX



XX year-old male in MVC XX/XX/XX

• Last clinic visit XX/XX/XX

• Assessment: XX y.o. Male who was the restrained passenger in a 
motor vehicle collision on XX/XX/XX, resulting a severe traumatic 
brain injury characterized primarily be diffuse axonal injury with no 
significant focal contusions. Both he and his mother are reporting 
being at his baseline. Neuropsychological testing was ordered at 
previous visit but patient cancelled this. Although his severity of 
brain injury is classified as severe, based his duration of PTA 
(around 14 days) I would expect a strong cognitive and functional 
recovery from a brain injury standpoint. 



XX year-old male fall from ladder XX/XX/XX

• GCS 13 in ER

• In PTA as of yesterday (X days)



XX year-old male fall from ladder XX/XX/XX



XX year-old male fall from ladder XX/XX/XX



XX year-old bike versus motor vehicle XX/XX/XX

• GCS in ER 8-9   (E1-2V2M5)

• Out of PTA as of XX/XX/XX (X days)



XX year-old bike versus motor vehicle XX/XX/XX



Objectives

• Understand basic framework for conceptualizing rehabilitation 
outcomes

• Appreciate the flaws in classification scheme of TBI severity
– Research implications
– Functional outcome implications



Long-Term Outcomes

Jill Jakubus, PA-C



How do you know your long-term 
outcomes for the care you provide?



Literature

TBI Model Systems Collaboration
TBIMS Programme (1987)

Defense and Veterans Brain 
Injury Center TBI Registry



Literature – Lancet Neurol 2017



Literature – Lancet Neurol 2017



Current State

TBIMS Programme Defense and Veterans 
Brain Injury Center TBI 

Registry

Centers for Disease 
Control and 
Prevention



Current State



Target State

Learning Health System



Target State

What else is missing here?



Target State



Logistics

Discharge App Store MyDataHelps



Passive & Active Data



Active Data



Active Data



Active Data



Active Data



Active Data



Our questions. . . 



After all the 
interventions, how does 

the patient do?



Does this person make it 
back to earning a living?



Does anyone have to 
help them take care of 

them self?



Can they move on their 
own?



Now it’s your turn. . .



What would you want 
to know and why?



Jason Heth, MD
Mark Hemmila, MD

Cervical Spine Clearance



Cervical Spinal Cord Issues

Joint Meeting of MANS and MTQIP
June 8, 2018



XX yom found of the expressway unconscious in the drivers seat with car impacted
from top and ceiling collapsed into cabin. Intubated. Upon evaluation at first hospital 
was GCS13, transported to tertiary care for management

PE:  PERRL, face symmetric MOTOR: Squeezes hands and wiggles toes bilaterally. Gives 
thumbs up in right hand and is more brisk in right upper as compared to left upper.

What Next Steps would you or your 
center 
Wait until extubated?
Flex-Ex?
MRI?



XX yof MVA 
Left chest tube placed in the field
Original GCS 7T
Mental Status: Does not open eyes to pain. Pupils are equal, round, and reactive to 
light. Localizes with the right upper extremity. No movement in the left upper 
extremity. Briskly withdraws bilateral lower extremities.
ICP monitor placed



What next step for C spine clearance would 
you or your center take?







XX yof w/ h/o small intraventricular lesion fell down a set of stairs.  In the field GCS 3.
Improved to following commands on initial eval.  Zygomatic fracture, cribriform plate fracture, extremity abrasions
Intubated, She keeps her eyes closed, but awakens them to command. She nods appropriately to questioning. 
Her pupils are equal, round, and reactive. Abrasion over her left eye with some periorbital ecchymosis. 
Her face is symmetric at rest and with activation. No obvious CSF rhinorrhea.  Full strength in her upper and lower 
extremities,  both proximally and distally, No hyperreflexia or clonus in her upper or lower extremities.   In a C-Collar

Next steps with multiple injuries?
Wait for extubation & clinical clearance?
MRI?
Flexion-extension?







XX yom s/p cardiac stenting 3 months prior
on ticagrelor (Brilinta)  (elimination t1/2 7hrs, 9hrs active metabolite
syncope fall --> no volitional motion below deltoids, light touch 
discrimination >50%



When to operate?
ticagrelor (Brilinta)  (elimination t1/2 7hrs, 9hrs for 
its active metabolite)



• 191 Level I trauma centers, 166 responded, 57% had a protocol, 29% 
did not have a protocol

2014



XX yom:  Post-op



XX y.o. male with history significant for COPD, hypertension, PVOD s/p stenting and on 
Plavix who presents with Fall from roof. The patient fell off a roof, and has been 
unresponsive since that event. On EMS arrival he did have a GCS of 3. The patient's wife was 
concerned about possible period of cardiac arrest and provided CPR briefly. Attempted 
intubation in the field, unsuccessful. Brought to the emergency department with active 
bagging in place.





Malpractice Premiums

176 working days per year.
General Surgery = $46,806 or $269 per diem
Neurosurgery = $72,538 or $412 per day

Malpractice Insurance Per FTE Neurosurgeon

Malpractice Insurance Costs (N=482)
Mean / Median = $48,887 / $36,977
% (25/75/90) = $22,011 / $57,731 / $$114,696



Question 16



Question 17



C-Spine Literature 

 Negative Predictive Value
 Probability that subjects with 

a negative screening test truly don't have 
the disease.

 Obtunded or Intubated, 99.7%
 Intoxicated, 99.2-100%



Serious conflict in practice

 Protocol for intubated patient considers MRI 
after negative CT Scan (Michigan)
 “EMS stopping using c-collars in field due to 

lack of supporting evidence and potential 
harm.” (Minnesota)



Question 18



Sanjay Patra, MD

APP Placement of ICP Monitors



Can midlevel providers place external 
ventricular drains safely and accurately?

Sanjay Patra MD MSc
Director Epilepsy Surgery

Director Brain Trauma

Spectrum Health Medical Group

Associate Clinical Professor Michigan State University



Disclosures

Research grant from Boston Scientific
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Objectives

 Review Data on EVD accuracy and complications rates

 Report most recent results from Spectrum Health experience using MLP

 Go over protocol employed for training

165



Background

 EVD’s used to treat a variety of pathology: 

 TBI, hemorrhage, hydrocephalus, cerebral edema

 Pressure transducer currently gold standard for ICP 
measurement

 At most  level 1 trauma centers placement is by: 
Neurosurgeon or Resident

166



Background

Due to the urgency of neurosurgical pathologies and the lack of qualified residents at

most hospitals, midlevel practitioner (MLP) placement of EVDs would be advantageous.

No studies addressing the safety and accuracy of EVD placement by mid-levels

167



Evidence for Bolt monitor’s?

 Successful placement of ICP bolts by MLP’s , Neurointesnsivisits, and trauma 
surgeons has been shown to be safe (Kaups et al., 1998; Ekeh AP et al., 2012; 
Sadaka F et al., 2013)

 EVD placement is significantly more technically challenging.
 Placement into lateral ventricular system near foramen of Monroe
 Higher complications rates including infection and hemorrhage compared to bolt 

(Lo CH et al, 2007) 

168



EVD complication

-7% hemorrhage rate (meta analysis of 2428 patients)

-0.6 % hemorrhage requiring surgery

-Infections rates: 0-40%  (4.3% with abx impregnated EVDs placed in the ICU)

169



Spectrum experience

Our first PA had extensive experience in placing EVDs at her practice

As new PA’s joined the group they would place at least 5 EVD’s under direct 
supervision of senior PA or attending neurosurgeon

Up to 3 attempts. 

Neurosurgeons evaluate imaging and interpret history on all patients prior to 
placement

All PA’s have involvement in OR cases

170



Study Objective

To assess the accuracy and complication rates of MLP and neurosurgeon EVD 
placement.

171



Methods

Retrospective Cohort of all patients with EVD placed from Jan 2012-Sept 2016

Safety and accuracy compared

Safety: hemorrhage, infection, CSF leak

Accuracy: tip in lateral ventricular system: yes/no, Does the EVD function 
appropriately Y/N

172



173

Midlevel Practitioner (MLP) n=238 Neurosurgeon (NS) 
n=70

Total
n=308

Age (y), mean ± standard deviation 54.5 ± 18.4 51.5 ± 15.5 53.8 ± 17.8 

Male, n (%) 128 (53.8%) 37 (52.9%) 165 (53.6%)

Admission Diagnosis, n (%)     

TBI 48 (20.1%) 12 (17.1%) 60 (19.5%)

Aneurysmal SAH* 65 (27.3%) 31 (44.3%) 96 (31.2%)

Non-aneurysmal
spontaneous hemorrhage

90 (37.8%) 15 (21.4%) 105 (34.1%)

Other 35 (14.7%) 12 (17.1%) 47 (15.3%)

Location site of placement

Right Frontal 197 (82.8%) 54 (77.1%) 251 (81.5%)

Left Frontal 38 (16.0%) 15 (21.4%) 53 (17.2%)

Right Occipital 3 (1.3%) 0 (0.0%) 3 (1.0%)

Left Occipital 0 (0.0%) 1 (1.4%) 1 (0.3%)

Demographics



Accuracy

Functioning EVD placed within the lateral ventricular 
system

PA (n=238) 87.4% 

Attending (n=70): 90.0%

P = 0.5557



Complications
 Initial MLP 

Placement 
n=238 

Initial Neurosurgeon 
Placement 

n=70 

Placement Following 
Abandoned MLP 

Attempts 
n = 14 

  GCS Scores    
     Pre-procedure, mean ±   
standard deviation 

10.10 ± 4.52 10.13 ± 4.93 8.67 ± 4.18 

     Post-procedure, mean ±   
standard deviation 

10.31 ± 4.50 10.39 ± 4.76 8.11 ± 4.26 

   
    
Complications, n (%)    
     All hemorrhages 16 (6.7%) 3 (4.3%) 1 (7.1%) 
          IVH 4 (1.7%) 0 (0%) 0 (0%) 
          IPH 8 (3.4%) 2 (2.9%) 0 (0%) 
          SDH 3 (1.3%) 1 (1.4%) 1 (7.1%) 
          SAH 1 (0.42%) 0 (0%) 0 (0%) 
     Infection 2 (0.84%) 1 (1.4%) 0 (0%) 
     CSF Leak 1 (0.42%) 1 (1.4%) 0 (0%) 

 



Experience?

n Accuracy

Experience, months
0-9
10-19

90
80

79/84 (94.0%)
69/77 (89.6%)

20+ 55 50/52 (96.2%)

P = 0.3195



Study weakness

Retrospective

Did the MLP’s require more passes?  1.2/placement similar to 
literature at 1.4/placement

Did neurosurgeons place the EVD’s in patient they deemed to be 
more difficult?

can not rule this out given patients with SAH were more likely to 
have EVDs placed by neurosurgeon

Presenting GCS was similar



Protocol Utilized

At least 5 independent procedures under supervision by senior MLP 
or Neurosurgeon until deemed safe by senior MLP

Neurosurgeons evaluated all cases including imaging prior to 
placement of EVD’s

Neurosurgeons within 20 mins of hospital

At our hospital MLPs have considerable procedural involvement, 
including training within the operating room in regard to sterile 
technique, hemostasis, and fundamental wound closure 
technique

178



Conclusion

EVD placement by adequately trained MLPs is accurate and safe, 
with similar rates of hemorrhage and infection, to that of 
neurosurgeons if a training protocol involving supervision is 
implemented

Allows for more prompt delivery of treatment without disruption of 
the neurosurgeons clinical and operative schedule in busy trauma 
centers without resident coverage

179



Questions

180



Question 19



Question 20



CME

 Meeting participants will receive an email within 24 hours 
of meeting completion with a link to the meeting 
evaluation. The evaluation must be completed to receive a 
CME certificate. The link will remain open for 5 days.

 Make sure we have your email address.
 Contact Jennifer O’Gorman if you have problems.

 734 763-2854
 jogorman@med.umich.edu



Conclusion

 Questions?
 Adjourn
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