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DISCLOSURES

* No relevant financial disclosures
» APSF Grant recipient to study cognitive outcomes after concussion

« Also, | love football. But | probably won'’t let my two year old play it
(unless he throws another tantrum, then anything is up for grabs)
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OBJECTIVES

*Describe the epidemiology and health care impact
of concussion and traumatic brain injury

*Understand the symptoms, pathophysiology, and
risks for concussion and post-concussion syndrome

*Translate new knowledge to effectively care for
patients in the perioperative setting after recent
concussion
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TRAUMATIC
BRAIN INJURY &
CONCUSSION

DEFINITIONS
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Traumatic brain injury
(TBI) is a heterogeneous
phenomenon.

Qualities of the injury that moderate severity, symptoms and outcomes:

MECHANISM PROTECTION
SEVERITY PT COMORBIDITIES
LOCATION RECOVERY

e
é

Traumatic brain injury
(TBI) is a heterogeneous

phenomenon.

e
Rl mild moderate severe




This talk will not cover acute
perioperative severe TBI

< I
< >
mild moderate severe

Cerebral Edema due to TBI

Critically elevated intracranial pressure (ICP)
Loss of airway protection (GCS <8)

Emergent induction/maintenance of anesthesia

CiiNie

11/14/19

GLASGOW COMA SCALE*

DEFINITIONS [—

Spontaneous
To sound

« Traumatic brain injury (TBI): disruption in the bt
normal function of the brain that can be caused by |
a bump, blow, or jolt to the head, or penetrating ooys commande

J
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* Severity: P
- Mild: GCS=13-15 :
. .
- Moderate: GCS=9-12 stk i
- Severe: GCS=3-8 e '
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RECENT CONCUSSION v. POST-CONCUSSIVE SYNDROM
A Subtle Difference in Definition

Recent Concussion

A “recent” head injury occurred that was associated with a
clinically diagnosed concussion

» Symptoms from the concussion have resolved

Post-Concussive Syndrome

* A “recent” head injury occurred that was associated with a
clinically diagnosed concussion

» However, after some time (usually >10 days), one or more
symptoms from the concussion persist for months
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HOW | GOT INVOLVED IN PERIOPERATIVE CONCUSSION
Football. %,

i i )
A teenager presented for a knee arthroscopy. His mother and

he tell me that he had a hard hit last game two weeks ago and
he definitely saw “stars”. He had a headache for. the next day.

11

Do | need to waite

What do | tell the
surgeon?

Is there a preferred

way to provide
anesthesia for this
young man?

How common is this?




PIDEMIOLOGY

OF CONCUSSION

Prevalence of Concussion
For perspective,

] each year:
1 L] 6_3 [ ] 8 m | l L] 2 SpOF(S concussions

This does not include concussions due to falls, . 790 OOO with o0
s

MVAs, military injuries, or assaults e '
myocardial ischemia®

2.5 million TBIS ienses *795,000 with acute

stroke*

EPIDEMIOLOGY OF MILD TBI MECHANISMS

1% gpore Falls

47%
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EPIDEMIOLOGY OF MILD TBI

Falls are the most ‘
common cause of
concussion in all
age groups.

hitps://www.cde gov/mmwr/volumes/66/ss/ss6609a1.htm#T3 down Accessed 1/13/18
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EPIDEMIOLOGY OF MILD TBI
Mechanisms of TBI by age group

|| o4y 1555y

# Falls Falls Falls
&) (27%) (72%)
Unintentionally struck Motor Vehicle Otherfindeterminate
#2 (26%) Accident 2
(23%)
Other/indeterminate  Unintentionally struck Motor Vehicle
08 14%, (17%) Ac({;ge)nt
J

EPIDEMIOLOGY OF TBI

Sports-related TBI and Concussion

047 0.61

Football

Soccer 0.22 0.49 0.36 0.63
Ice Hockey 0.41 0.91
Wrestling 0.18 0.42

Basketball 0.07 0.27 0.21 043

Rates are per 1000 athlete/exposures

Daneshvar DH. Clin Sports Med 2011;30:1-17
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EPIDEMIOLOGY OF TBI
Gender Differences in NCAA D1 Sports

Mens Sports: out of 1124 reported Concussions

#1: Football 603 (54%) 0.67
#2: Ice Hockey 224 (20%) 0.79
#3: Wrestling 86 (8%) 1.09
#4: Basketball 84 (7%) 0.39
#5: Soccer 55 (5%) 034

Women'’s Sports: out of 541 reported Concussions

# (%) Rate per 1000 athlete/exposures

#1: Soccer 136 (25%) 0.63
#2: Basketball 116 (21%) 0.60
#3: Ice Hockey 85 (16%) 0.75
#4: Volleyball 56 (10%) 0.36
#5: Lacrosse 55 (10%) 0.51

wckerman SL AR J Sporis Med 2015:43.2654:6
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NFL concussions continue to rise

] Qs e
Jan 26, 2018
ﬂ NFL players were diagnosed with more concussions in 2017 than in any season

since the league began sharing the data in 2012,

Friday afternoon.

NFL preseason game concussions were
up 44 percent in 2010
Q e Oct 15,2019

=

pours =
take this is a challenge, because we're not going to be satisfied until we drive

we

that number much lower."

CONCUSSIONS IN THE MILITARY

Blast injuries are commonly assoc. with concussions

« 2525 soldiers returning from Iraq
* 124 (4.9%) injury with loss of consciousness (LOC)
+ 260 (10.3%) injury with altered mental status (AMS)
+ 435 (17.3%) head injury without LOC or AMS
« Three most common causes:
- Blast: 388 (34%)
- Fall: (26%)
+ Motor Vehicle: (12%)
« Risk factors:
* Younger

+ Junior rank
- Male Hoge CW. New Engl J Med 2008;358:453-63
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AifestatioNs
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CONCUSSION: SIGNS & SYMPTOMS

Clinical Manifestations

Consensus Statement on Concussion in Sport—the 4th
International Conference on Concussion in Sport
Held in Zurich, November 2012

= Symptoms
« Somatic (HA, nausea, dizziness, fatigue, sensitivity to light and noise)
» Cognitive (feeling slowed down, feeling mentally “foggy”)
« Emotional (sadness, nervousness, feeling more emotional)

= Physical Signs (vomiting, balance problems, LOC, amnesia)

= Behavioral Changes (irritability, personality changes)

= Cognitive Impairment (slowed reaction time)

= Sleep Disturbances (change in sleep patterns, trouble falling asleep)
McCrory P. Clin J Sports Med 2013;23:89-117
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SIGNS AND SYMPTOMS AFTER CONCUSSION

Most common symptoms

No. of Percentage of
Concussions Concussions
Resulting Resulting in
Symptom Recorded in Symptom Symptom
Headache 508 93.4
Dizzinessfunsteadiness 406 74.6
Difficulty concentrating 308 56.6
© 50 460
Vision changes/sensitivity 204 375
to light
Nausea 157 28.9
Drowsiness 144 265
Amnesia 132 24.3
Sensitivity to noise 103 189
Tinnitus 58 10.7
Irritability 50 9.2
Loss of consciousness 25 4.6
Hyperexcitability 12 2.2
Otter a 75 Meehan WP. Am J Sports

Med 2010;38:2405-9
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NATURAL COURSE OF A CONCUSSION

How symptoms persist after injury

e

[

Number of prior concussions >

1 I ERENE

10 E Sign/symptoms after 7d 7%  15% 20% 30%

[}

o

Graded Symptom Checkist Score

[

[
Preseason Time 3h 1d 2d 3d 5d 7d 90d

Baselne  of
Injury Postinjury
[Fomia Error bars indicate 95% confidence intervals. Guskiewicz KM. JAMA 2003;290:2549-55

CONCUSSION PHYSIOLOGY
Acute Physiology

- Brain bounces
During concussion, injury Rotation off skull
occurs due to:

* Brain contacting
intracranial surface (coup
and contracoup)

« Stretching or shearing of
tracts

11/14/19
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CEREBRAL METABOLIC EFFECTS
Concussive injury changes normal brain metabolism
Earlv i . 140
. -
aErxy |r.1creased metaboll‘lsrr? o E n TBI No
« Excessive glutamate release “excitotoxicity’ > 120 / TBI
« Depolarization of local neurons H 100 -
« Increased oxygen and glucose consumption <
* Glycolysis and local lactic acidosis 2 80 N
2
. N e « o5
* Later decreased metabolism 5
« Intracellular hypercalcemia ; 40 Yoshino A. Brain Res 1991;561:106-19
« Mitochondrial dysfunction ] Bergsneider M. J Neurosurg 1997;86:241-51
24 Day! Days Day19
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CEREBRAL BLOOD FLOW EFFECTS
Concussion changes CBF and autoregulation!
Cerebral blood flow is altered after mild traumatic brain injury.

* Increase in CBF 2-6 weeks after injury
Insular cortex (consciousness, cognitive functioning, etc)
Anterior cingulate gyrus (autonomics, decision-making, emotion, etc)

» CBF significantly increased in patients symptomatic
patients at 6 weeks.

Cerebral autoregulation may be altered acutely after concussion.2

Case series of 6 children measuring transcranial doppler
« 5 of 6 children with concussion exhibited impaired
autoregulation despite a GCS 15

1. Stephens JA, et al. Cerebral blood flow after mild traumatic brain injury: associations between symptoms and post-njury perfusion. J Neurotrauma 2018, 35:241-8
2. Vavilala M et a. Early changes in cerebral autoregulation among youth hospilalized after sports-related traumatic brain injury. Brain Inj 2018 32(2):269-75.

29

Disruption of Normal Cerebral
Autoregulation

Ischemia Range Breakthrough Range
LI r PRSI f

1 risk Ischemia

1 risk reperfusion injury

Cerebral Blood Flow

10



Persistence of Concussion
Pathophysiology

The-neurephysiologic impact of
concussion may last for
days to weeks despite absence or

resolution of clinical symptoms.

Persistence of Concussion
Pathophysiology

BEE 0 s

11/14/19

TAKE HOME POINTS

*Despite “mild” traumatic bra‘in injury,
the brain is not normal following
concussion.

*Persistence may be associated with
or without symptoms

33
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CONCUSSION AFTER CONCUSSION?
The burden of secondary brain injury

“Chronic Traumatic
Encephalopathy”
or CTE

BASED ON A TRUE STORY

11/14/19

CONCUSSION
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CHRONIC TRAUMATIC ENCEPHALOPATHY
Mike Webster, the sentinel patient of CTE

Omalu Bl. Neurosurg 2005;57:128-34

CHRONIC TRAUMATIC ENCEPHALOPATHY IN A
NATIONAL FOOTBALL LEAGUE PLAYER

- 4 3 N
. - ‘:' &
TR e

A g 9 T ,\* ok A S

Mike Webster % . . b T

Pittsburgh Steelers/ s R Fk ¢ s¥is
Kansas City Chiefs s | o o | e &
Died 2002 Ak & .’ B
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CHRONIC TRAUMATIC ENCEPHALOPATHY

CHRONIC TRAUMATIC ENCEPHALOPATHY INA
NATIONAL FOOTBALL LEAGUE PLAYER: PART II
Bennetl. Omalu, M.0., M.P.H. &, Steven . DeKosky, I.0., Ronald L. Hamilton, M.0.,
Ryan L. Minster, M.5.1.,, M. llyas Kamboh, Ph.D,, Abdulrezak M. Shakir, M.D.,
Cyril . Wecht, M., 1.

Neurosurgery, Volume 59, Issue 5, 1 November 2006, Pages 1086-1093,

e ®

Terry Long
Pittsburgh Steelers
Suicide in 2005 (age 45)

36
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The JAMA Report | July 25, 2017
Evaluation of Chronic Traumatic Encephalopathy in
Football Players

JAMA

ng-lasting Consequences of
Traumatic Brain Injury/ Concussion
v

MILD & SEVERE CTE
Lessons from Dr. Omalu’s Brain Bank

JAMA | Originat nvestgation . .

Clinicopathological Evaluation of Chronic Traumatic . bC:rTIS,LlSSIon Legacy Foundation "brain

Encephalopathy in Players of American Football

« CTE diagnosed by presence of
phosphorylated tau lesions in neurons
and astrocytes

1A. 2017:318(4):360-370,

1 1-2 isolated perivascular epicenters of phosphorylated tau protein

in cortex Mild CTE
2 Multiple epicenters of phosphorylated tau in cortex

5] Phosphorylated tau along with degeneration of amygdala,
hippocampus, and entorhinal cortex

4 Phosphorylated tau distributed throughout brain and brain stem Severe CTE

11/14/19
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MILD VERSUS SEVERE CTE

Subtle, but profound differences in outcomes

If you just analyze the football players in the paper:

MILD CTE SEVERE CTE
Median age of death 44y (IQR=29-64y) 71y (IQR=64-79y)
#1 cause of death Suicide (27%) Neurodegenerative
disease (47%)
Mostly college and

Sports duration Mostly high-school &

college professional
Cognitive Symptoms 85% 95%
Behavior/mood problems 96% 89%
Substance abuse 67% 49%
Dementia 33% 85%
Motor symptoms 48% 75%

39
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Again, that was a lot of information....so let's pause

TAKE HOME POINTS

P QR 4% T\ %
*Repetitive brain injury after a
concussion, results in functional and

on quality of li

11/14/19
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% -

\ b

~ products:

-Alcohol

- g}@ap)
Enhancernsy Return to
play/sports requires
clearance by a

\ health professional.

THE VULNERABLE BRAIN MAY BE AT RISK DURING:

* Hypertension
* Hypotension
* Hypoxia

* Hyperoxia « Electrolyte abnormalities SOUnd “ke The
* Hypercarbia
* Hypocarbia
* Hyperglycemia  changes in cerebral
* Hypoglycemia

* Hypercoagulation
« Stress response
« Inflammation

Doesn’t this

+ Impaired venous drainage [ @)=ifle] ol=lf@NI\Y=]
* Anesthetic-induced p eri o d )

hemodynamics

42
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concussion & anesthesia

could this be a potential
patient safety riske

11/14/19
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CONCUSSION PUBMED® ARTICLES BY YEAR

1200
1035
1000

401
400 361

248 248

g

# of Articles
g

179
164
200 4 125 139 119 131 122 146 138

22107 g 04 97 4, 10310 03 111
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"ANESTHESIA"” + “CONCUSSION" ARTICLES

There’s still a paucity!

Best matches for anesthesia AND concussion:
Anesthesia and concussion.

Tasker RC et al. Curr Opin iol-(2017)
Exposure to Surgery and Anesthesia After Concussion Due to Mild Traumatic Brain Injury.
| AbcejoAS-et-al-Mayo Clin Proc, (2017)
ia for the patient with recently di ion: think about the brain!

Rasouli MR, Kavin M, Stache S, Mahla ME, Schwenk ES.

Korean J Anesthesiol. 2019 Jul 1. doi: 10.4097/kja.19272. [Epub ahead of print]

PMID: 31257815  Free Article

Peri ive Care of the Ct Patient: Making the Case for Defining Best ia Care.
Vavilala MS, Ferrari LR, Herring SA.

Anesth Analg. 2017 Sep;125(3):1053-1055. doi: 10.1213/ANE.0000000000002080. Review. No abstract available.
PMID: 28514323

Similar articles

45
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ABCEJO ET AL, MAYO CLINIC PROCEEDINGS
Anesthesia after recent concussion

YO
e
o

* July 1, 2005 — June 30, 2015

« All patients with concussion
who required anesthesia
within 12 months of

concussion
- Direct care or supervision
by MD anesthesiologist
+ 1038 patients

l‘— - 1820 anesthetics

MAYO CLINIC

PROCEEDINGS

11/14/19
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DEMOGRAPHICS

Anesthesia after recent concussion

Entie cohort  Motor velide

Craractesistics (N=1038) accident (n=375) Sports (1=209) Fal (1=367) Assaut (1=87) P vakue™

Age (y), mean + SD 39423 221 20414 50424 3620 <00l
Male sex (No. [%]) 09 236(6) 46 17668 S6(ed) <00l
Dipasition (No. [6]) <001

Outpatient cinic 186 (18) 185) 91 (449) 6(7) 13015

Dismissed from ED. 346 (33) 33(9) B6(3)  178(89)  43(56)

Admitted via ED 506(49) 324 (86) n(S 15649 2509
Timing of concussion diagnasis (No. %)

On date of injury 69 (67) 29 (79) 101(48)  215(67)  ST(6) <00l

Wihin | wk afteriury 965 93) 349 (93) 194(53) 3413 81 93) 99

Within | mo after injury 1015 (98) 363 (57) 0508 361 (98  86(%) 2

Patients with falls were older; and patients in sports injuries were younger

Concussions occurred in more males, except in falls

Overall, 7% of patients did not have a concussion diagnosis within 1 week of injury
(mostly because of other distracting injuries or minor symptoms that did not resolve)

47

urgery & Anesthesia after Concussi

180 NFL: concussions can have long lasting effects on brain
160 AAP: young athletes with concussion need clearance for return to sport

140
120

Number of patients
3

NAYO aM/A
e

48
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Elective Surgery

70 /]

after Sports Concussion

# of procedures
5

20 Non-elective/non -
15 eme rgent
o . Emerg ent
5 B = # Elective
0 s =l B o N N
EEEEE 78 o
7 related tor ama 50 [ 21 [ 28 [0 NN
Non-electie/non-emergent| 16 | 2 | 0 | 1 | 2 | 4 |2 [ 2 [0 [ 1|1 |1
Emergent KRR KRN ENE
Eiecive 72 [ 25 [ 7 [a ] 6 5 20 [ 15 78 [ 15 [ 20

49

Rates of elective and UNRELATED
procedures within 1 week of concussion

MVA: 8 of 415 (2%)
Sports: 7 of 26 (27%)
Fall: 13 of 87 (15%)
Assault: 1 of 24 (4%)

W Elective 61274229 28 23 24 35 24 3229 46 W Elective 158 8673413646 8

@ Non-elective/non
emergent

E Emergent W Elective

11/14/19
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Surgery & Anesthesia after Concussion
Other findings

» Surgery & Anesthesia after concussion is not uncommon
* 13% of patients with mild TBI underwent an anesthetic after
1 year of surgery

» Almost half of the anesthetics occur within 1 month of the injury
* 45% of patients

* 7% patients DID NOT have a formal concussion diagnosis until
AFTER one week after injury
+ 29 patients had an elective anesthetic prior to the diagnosis
of concussion—Concussion diagnosed due to

postconcussive symptoms

51
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Are there
perioperative
outcome
differences after
Concussion?e

rain injury
°

aumatic b

Natjo,,

USS101L.

Recent Preoperative C ion and P p ive Complications

A Retrospective Matched-cohort Study

D'Souza, Ryan S. MD’; Sexton, Matthew A. MD'; Schulte, Phillip J. PhD'; Pasternak, Jeffrey J. MD’; Abcejo, Arnoley S.
MD"

Onset of Headache Symptoms after Surgery
after Concussion

No significant differences in ®
concussion V. non-concussion

patients.... But most likely
because underpowered!

We saw differences in:

- Rates of postop headaches

- Postop post-concussion
syndrome

- SEVERE pain scores in
PACU

Number of Patients with New Onset Headache (#)

U5 Gy Tryy Tag, 2oy gy gy g, Ty Yag, Srgy g, Orgy %6y
Time to headache status-post surgery (days)

53

PSYCHIATRIC OUTCOMES AFTER PEDIATRIC
ANESTHESIA AFTER RECENT CONCUSSION

Just starting!

A

54
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NOW BACK TO THIS PATIENT FROM THE BEGINNING n

What should | say to him and his family?

A teenager presented for a knee arthroscopy. His mother and
he tell me that he had a hard hit last game two weeks ago and
he definitely saw “stars”. He had a headache for the next day.

{

- '
-~ ~\\_“Should we do the surgery?”
A ".

11/14/19

Recommendations

» Be aware of the physiologic aberrations in cerebral
autoregulation, cerebral blood flow and cerebral
metabolism after recent concussion

+ Consider delaying elective procedures after recent
concussions (<3 weeks??) or if concussive symptoms
persist

» Consider screening for concussive symptoms in patients
with recent head injury (<3 months)

Navo

el
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Concussion/ Post-Concussion Symptoms

Adult Concussion Child & Adolescent Concussion
« Headaches, dizziness, « Headache
nausea/vomiting, lack of « Confusion & disorientation
awareness * “Blank stare”
* Incoordination « Inattentiveness
« Delayed verbal expression « Dizziness

* Gait abnormalities
« Nausea/vomiting
« Emotional lability

« Inability to focus

« Disorientation

* Memory deficits

« Speech impairment

N
AN

57

19



11/14/19

SCATS5 - SCREENING TOOL | iziorocmmae

On-field Screen for Concussion e <
* 5 Major Assessments
Patient Concussion History
. STEP 3: COGNITIVE SCREENING
Symptom Evaluation | e G
Cognition Screen
Neurologic Screen
Delayed Recall

Google

58

Concussion & Anesthesia

Future Direction

IN SUMMARY,

« Concussion = a heterogeneous disease state
= a public health issue
= vulnerable brain

« Perioperative arena = a potential time for
secondary injury

» Watch out for concussion and recent mild TBI!!

(not all concussions are due to sports!)

« Future studies are warranted!!

60
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Thank

]
You.

Questions & Comments

21



