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Research Phase Definition Type of Research

T0

Identification of 
opportunities and 
approaches to health 
problem.

Basic research question

T1
Discovery of candidate 
health application

Phase I and II clinical trials; 
observational studies

T2

Health application to 
evidence-based practice 
guidelines

Phase III clinical trials; observational 
studies; evidence synthesis and 
guideline development

T3
Practice guidelines to 
health practices

Dissemination research; 
implementation research; diffusion 
research; Phase IV clinical trials

T4
Practice to population 
health impact

Outcomes research (includes many 
disciplines); population monitoring of 
morbidity, mortality, benefits, and 
risks studies



https://leadershipfreak.blog/2014/07/16/7-ways-to-push-through-thorny-issues/



 Is leading cause of death and disability 
worldwide
 In EU, more than 1M hospital admissions annually
 In US, more than 2.5 M ED visits, hospitalization or death

 5.3 million Americans are living with TBI-
related disability (Guerro et al. in press)

 Secondary factors can negatively influence 
functional outcome





 Increased cytokine release 
(Taupin et al., 1993; Toulmond & 
Rothwell, 1995)

 Increased glutamate release 
(Faden et al., 1989; Huang et al., 2001)

 Increased NO release (Alm et 
al., 2000; Sharma et al., 2000)

 Increased ICP (Hagerdal et al., 
1975; Rossi et al., 2001)

 Increased metabolic 
expenditure (AANS, 2000; Clifton 
et al., 1986; Holtzclaw, 1992)

 Increased Neuronal Damage 
(Chatzipanteli et al., 2000; Dietrich et 
al., 1996; Whalen et al., 1997)

Thompson et al., 2003

Neurobiol. of Disease



Thompson, Pinto-Martin, & Bullock, 2003
J. Neurology, Neurosurg. & Psychiatry



 Would allow for clearer understanding of the 
sequela in order that future interventional 
studies may be undertaken and then 
translated to patient care

 Well characterized experimental model of 
lateral fluid-percussion brain injury (McIntosh et al., 

1989) was utilized in the anesthetized rat as the 
basis for the characterization



 Sprague-Dawley Rats underwent intraperitoneal
thermistor implantation (Data Sciences).

 Baseline T patterns established
 7 days later, animals were re-anesthetized and 

subjected to severe lateral FPI
 Physiologic normothermia maintained
 Animals monitored via telemetry for temperature 

measurements for 7 days 
 Behavioral testing at 48H/7D
 Sacrificed at 7D for histology

http://www.datasci.com/images/research/system_large.gif


 Focal contusion and hemorrhage
 No ventilation or invasive procedures 

required for survival 

 Models morphologic, cerebrovascular, metabolic, 
receptor and behavioral changes of human TBI

(for review see Thompson, Lifshitz et al 2005)



Nissl Staining for Cell 
counts

Triple labelling protocol 
used to identify:

 IL-1B (R&D) (green)
 GFAP (Sigma) (blue): 

reactive astrocytes
 ED-1 (Serotec) (red): 

microglia/macrophages

trs03-32 10x





For Each Level 
Examined (Bregma –
0.3, -0.8, -1.3, -1.8), 

there were substantial 
differences seen 
between injured 

animals who 
developed PTH and 
those who did not



 Understood clinical condition well-(validity)
 Used to working collaboratively in multidisciplinary 

environment
 Steep learning curve for many techniques (but 

doable)
 Required significant input of resources (human and 

capital)







 >25% of all TBIs in the US occur among adults 65 
and older

 More than 75% of these are considered “mild” 
head injuries Frieden et al.  (2015) TBI in the US: ED Visits Hospitalizations and Deaths

 Age-adjusted rates of TBI in older adults 
significantly higher than the general population 
 Highest rates of death and hospitalization
 In 2014, more than 25% of US TBI related 

deaths and hospitalizations were in persons 
65+ though only 13% of population  CDC, MMWR (2017)



CDC Report to Congress 1999;  MMWR, March 2, 2007 / 56(08);167-170

Comparing Rates of Hospitalization from TBI 
1994 and 2003
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Relationship of Vascular Comorbidity to Health Status at 3 
Months
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*adjusted for age, injury severity, insurance status

3 Month Adjusted* PCS

3 month Adjusted MCS

Relationship of Vascular Comorbidity to Health Status at 3 Months

37.71

34.66

44.64
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				3mo		SD		12mo		sd

		PCS		36.1		26		42.3		29.6

		Total		37.71

		Lo  vascular risk		44.64

		Hi vascular risk		25.55

		mcs		44.6		30.3		45.3		33

		adjusted		34.66

		Lo Risk		36.96

		High Risk		32.98
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*adjusted for age, injury severity, insurance status

3 Month Adjusted* PCS

3 month Adjusted MCS

Relationship of Vascular Comorbidity to Health Status at 3 Months
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•Individual comorbidities
are prevalent in trauma 
patients
•Presence not predictive of 
mortality at discharge
•At 1 year, prediction 
improves, suggesting 
contributes more to 
mortality in the post-acute 
phase, offering an 
opportunity for 
improvement in care



 15.3% of subjects had no data recorded 
regarding medical history in records (Thompson et al., 2012) 

 81% of patients with a documented history 
had at least 1 pre-injury condition

 absence of history and usual medications 
may delay or complicate diagnosis and 
treatment in older trauma patients(Norris, et al., 2008). 







 
25-54 
years 

55-64 
years 

65-74 
years 

75-84 
years  

Care Provided % % % % P 
Designated 

Trauma Center      
Yes 79.3 76.9 71.5 53.1 <0.0001* 
No 20.7 23.1 28.5 46.9  

      
Intracranial 
Pressure 

Monitoring     0.002* 
Yes  16.8 13.5 9.2 8.1  
No 83.2 86.5 90.8 91.9  

      
Critical care 

consult     0.11 
Yes 20.8 28.9 17.9 18.9  
No 79.2 71.1 82.1 81.1  
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Variable Age 55-64 Age 65-74 Age 75-84 p-value

Number of re-hospitalizations 
or nursing home stays

0.23(1.31) 0.28(1.16) 0.55(1.55) 0.03#,$

Number of physician visits 
related to injury 

2.4(10.2) 1.9(4.2) 0.9(2.8) 0.002#,$

Number of mental health 
professional visits

0.81(5.46) 0.18(1.47) 0.06(0.65) 0.04#

Receipt of paid home health 
care: # weeks receiving home 
health

0.08(0.94) 0.26(1.41) 0.66(2.04) <0.0001#,$

Receipt of care from friends or 
family: average number of 
hours on unpaid care/week

1.5(6.6) 2.2(7.6) 3.5(10.1) 0.02#,$





 Inflammation is one of the primary 
responses to TBI

 Aging associated with chronic low-level pro-
inflammatory state

 ↑in cytokines associated with conditions of 
aging are related to ↑increased morbidity and 
mortality



YOUNGER-PREVALENT SYMPTOMS

1. Headache (58%)
Balance

3. Irritability (53%)
4. Fatigue (47%)
5. Dizziness (47%)
6. Anxiety (42%)

Trouble concentrating 
Blurry vision
Trouble sleeping
Taste  

OLDER-PREVALENT SYMPTOMS

1. Balance (73%)
2. Fatigue (67%)
3. Dizziness (60%)
4. Trouble sleeping (53%)
5. Memory difficulties (47%)

Irritability
7. Blurry vision (40%)

Trouble concentrating
9. Bothered by light (33%)

Taste
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