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Method:

The subject watches a 220 second video playing inside of an
aperture moving around the perimetry of a video monitor
while a camera records eye movements.
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Quantitative pupillometry in patients with traumatic
brain injury and loss of consciousness: A prospective

pilot study
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Pupil dilation velocity correlates with loss of consciousness
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ABSTRACT

Introduction The pupillary examination is an important
part of the neurological assessment, especially in the
setting of acutely brain-injured patients, and pupillary
abnormalities are associated with poor outcomes.
Currently, the pupillary examination is based on a visual,
subjective and frequently inaccurate estimation. The

use of automated infrared pupillometry to measure the
pupillary light reflex can precisely quantify subtle changes
in pupillary functions. The study aimed to evaluate the
association between abnormal pupillary function, assessed
by the Neurological Pupil Index (NPi), and long-term

outcomes in patients with acute brain injury (ABI).
Methnre and analveie The Ditenme Prannneticatinn

%" on behalf of the Orange Study Group

Strength and limitation of this study

» The study will cover the more common neurological
emergencies and, in a large population of patients
with acute brain injury, the relationship between
pathological Neurological Pupil Index and outcome.

» The standard data acquisition in the centres, trans-
ferred from the device into the eCRF, and the granu-
larity of data will guarantee high-quality data.

» Due to the observational nature of our study, we
will report only associations and not causality
relationship.
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Results: ONSD differed significantly in patients with severe TBI compared with patients with mild
and no TBI, but did not correlate with ICP. Pupillometric constriction velocity, dilation velocity, and
percent change in pupil diameter were significantly different in patients with severe TBI, but also
did not correlate with ICP. TCD did not differ among TBI severities, but middle cerebral artery peak
systolic velocity, middle cerebral artery flow velocity, and carotid flow velocity correlated with ICP.



CN Ill, IV and VI



Cranial nerves I, IV and VI

move the eyes in a square
Il —

IV

Left eye Right eye

Order: red, green, cyan, magenta, blue
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Supranuclear control of eye movements
http://oculist.net/downaton502/prof/ebook/duanes/pages/v1/ch004/002f.html
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Mesencephalon section at the level of the
tentorial edge to show maximal width of the

notch in the axial plane
DAVID E. ADLER, M.D., AND THOMAS H.
MILHORAT, M.D. J Neurosurg 96:1103-
1112, 2002



86 year old _,'—ft eye
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At presentation,
complaining of
a headache

8 days later, the
headache had
resolved but then
recurred

After 100 cc of
subdural
hematoma was
evacuated

Hypertension, hyperlipidemia mild chronic renal insufficiency
ophthalmologic history of bilateral cataract surgery (2 years and

8 years prior), pseudophakia and scleral buckling. He had a baseline
visual acuity of 20/25 (right eye) and 20/30 (left eye)
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54 yo male with poorly differentiated papillary carcinoma, presented with a tender mass
on the back of his head and a progressive headache

Left eye Right eye
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Left eye Right eye



Left eye Right eye

Postoperative Day 1



59 yo woman presenting with dizziness and HA

preop

Post op
Day 2




63 yo male with right ophthalmoplegia from tumor

Right eye



Left eye Right eye
No light perception Intact vision

65 yo male with a tumor compressing the left optic
nerve resulting in no light perception in that eye
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80 year old male with a history of ocular histoplasmosis

Left Eye
Counts fingers

Right Eye
20/200 Central optic nerve atrophy = streaking vertical lines



25 year old female presented with blurry vision — optic neuritis

x10




Advanced optic neuritis due to multiple sclerosis, with a disconjugate gaze

Left eye
20/100

Right eye
20/200




Elevated Intracranial Pressure Case: 63 yo male 2 ppd smoker, no medical care
>40 years; presented with slow speech and gait; mild confusion 2 weeks after a
flu-like illness. L pronator drift and neglect, Ox1, extra-ocular movements

appeared grossly intact

percentData = 65%
3 T

CN Il palsy (papilledema) ?



percentData = 58% percentData = 47%
T T T T

3 -3

" Lett eye

“Right eye.

Papilledema gone - “%

Immediately before the OR; after 10 mg decadro
Every six hours x 4doses;

No left drift, neglect, oriented to person, place
Eye movements seemed grossly intact



percentData = 92% percentData = 44%
T T T

One week postop: | 1
Left eye R|ght Eye

Two weeks postoperatively
No drift or neglect
Oriented x 3.



Am | getting on your nerves??? You'd be “myelin” if you said | was!

Neurofibrils

Myelin sheath

Nucleus of Schwann cell

Node of

Ranvier Axon

membrane

Neurilemma
(sheath of Schwann cell)

CNI and Il are part of CNS (myelinated by oligodendrocytes)
I1I-X1l are PNS (myelinated by Schwann cells)

https://beyondthedish.wordpress.com/tag/myelin-sheath/



What happens to cranial nerves exposed to elevated pressure?

A

Normalised intensity (%)
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Comparison of fluctuating and sustained neural pressure perturbations on axonal
transport processes in the optic nerve Balaratnasingam?? et al
Brain research Volume 1417, 12 October 2011, Pages 67-76



http://www.sciencedirect.com.ezproxy.med.nyu.edu/science/journal/00068993/1417

Which nerve is the most vulnerable to elevated ICP?

Hanson et al
Neurology - Volume 62, Issue 1 (January 2004)

Length of exposure to subarachnoid space:

IV —33 mm
Il — 26 mm
Il —5t0 16 mm

VI—11 mm


http://www.mdconsult.com.ezproxy.med.nyu.edu/das/journallist/view/321646262-2/home/0028-3878/0?issn=0028-3878
http://www.mdconsult.com.ezproxy.med.nyu.edu/das/journallist/view/321646262-2/issue/14954?ANCHOR=396425&issn=0028-3878
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Elevated intracranial pressure and reversible eye-tracking
changes detected while viewing a film clip
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FIG. 2. Case 1. Eye tracking is impaired at elevated ICP and recovers
as the patient recovers clinically. Serial eve tracking was performed in

a 45-year-old woman who sustained an SAH. A: The first eye-fracking
session was at an ICP of 5 mm Hg and demenstrated normal met-

ries. B: The second session was at an [CP of 10 mm Hg and tracking
was impaired. C: The third trizl was after clinical and radiographic
recovery from hydrocephalus and removal of ventriculostomy. It demon-
strated normal metrics. Figure is available in color online only.

ICP not ' *)'. : ¥ | ] g o
recorded » h { o \
s

FIG. 3. Case 2. Eye tracking is impaired at elevated ICP and recovers
as the patient recovers clinically. Serial eye tracking was performed in

a 46-year-old woman who sustained an SAH. A: The first eye-tracking
session was performed at an ICP of 3 mm Hg and demonstrated normal
metrics. B: The second trial was at an ICP of 9 mm Hg and tracking
was impaired. C: The third trial was performed after placement of a
shunt to treat hydrocephalus and resolution of clinical symptoms. It dem-
onstrated normal metrics. Figure is available in color online only.
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Eye Tracking as an Algorithmic Diagnostic

NEURAL REGENERATION RESEARCH
August 2015, Volume 10, Issue 8 www.nrronline.org
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Eye Tracking Detects Disconjugate Eye Movements
Associated with Structural Traumatic
Brain Injury and Concussion

Uzma Samadani!~® Robert Ritlop M. Eng? Marleen Reyes 2 Elena Nehrbass?* Meng Li!
Elizabeth Lamm_? Julia Schneider? David Shimunov,® Maria Sava® Radek Kolecki® Paige Burris?
Lindsey Altomare? Talha Mehmood® Theodore Smith;* Jason H. Huang® Christopher McStay °
S. Rob Todd,” Meng Qian! Douglas Kondziolka® Stephen Wall® and Paul Huang®

Improvement in Horizontal Conjugacy on the Bottom of the Box Trajectory
Over Time in Trauma Patients with Negative Head CTs Relative to Controls

Ratio of distribution of Subjects

0 0.0 0.02 0.03 0.04 0.05 0.06 0.07
Horizontal Disconjugacy along Bottom of Viewing Monitor (cartesian units)
w— wotks e Comtrol w=initial 3 1 month



Original Article

Joumal of Child Meurology
17

Objective Eye Tracking Deficits Following © The Author() 2018

Article reuse guidelines:

Concussion for Youth Seen in a Sports DO 10.1177/08850738 18789320
. ® . journals.sagepub.comhomeljen
Medicine Setting ®SAGE

David R. Howell, PhD, ATC"*?®, Anna N. Brilliant, BS>*, Eileen P. Storey, AB®,
Olivia E. Podolak, MD®, William P. Meehan I1l, MD**¢,
and Christina L. Master, MD, CAQSM®>"

Abstract

Quantification of visual deficits may help to identify dysfunction following concussion. We evaluated eye-tracking measurements
among adolescents within |0 days of concussion and healthy control participants. Patients who reported to 2 tertiary care sport
concussion clinics within 10 days of concussion completed an objective eye tracking assessment. Seventy-nine participants
completed the study, 44 with concussion (mean age = 4.1 + 2.2 years, 39% female) and 35 controls (mean age = 4.3 +
2.4 years, 57% female). Right eye skew along the bottom of the screen was significantly higher for the concussion group compared
to controls (median = 0.022 [interquartile range = —0.263, 0.482] vs 0.377 [interquartile range = —0.574, -0.031]; P = .002), but
not the left eye. Among the variables investigated, right eye skew was altered for adolescents with a concussion. Visual function is
an important component in the postconcussion evaluation, and identifying deficits soon after injury may allow for earlier specialist
referral and intervention.

Keywords
pediatric, adolescent, mild traumatic brain injury, eye tracking, vision

Received May 22, 2018. Acceptaed for publication June 25, 2018.



2 fatalities

7 patients admitted to
the hospital

36 exposed survivors
evaluated in the lab
(tracking and SCAT3)

age
(mean+sd)=35.6%£17.5

range 13-70 years

23 females




Eye tracking distinguishes between individuals exposed to blast and age matched controls

Sensitivity

ROC Curve
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significantly
different
between
survivors and
age/gender
matched
controls

AUC of 0.835 (95% C.I. =0.773 to 0.897; FIG. 1), sensitivity of 86.4% and specificity of 77.4%

to discriminate between blast patients and controls.



BIS >20

BIS 14-19

. BIS10-13
‘ BIS 0-9
. Border=Indoors

' No border=Outdoors
A\ Origin of blast
Fatality

BIS also correlated with distance from the epicenter of the blast
spearman correlation=0.731; pvalue<.001



Included Group-wise demographic

Concussion Control p-value
. . . T . Sample size 135 665 -
Concussion the obvious first indication Age 32.73 (18.30) 25.48 (12.86) <0001
Sex 73% male 63% male 0.020
Symptom score (sss) 34.77 (31.56) 5.27 (8.81) <0.001

left.widthmean. 6" nerve palsy; elevated intracranial pressure and/or infratentorial mass effect

left.skewRit. 3rd nerve palsy; elevated intracranial pressure and/or supratentorial mass effect
left.varYbot

right.meanYlefall

right.varXritall

right.distmedianRit

right.blinklengthmedian 7" nerve palsy; elevated intracranial pressure and/or infratentorial mass effect
left.meanPathDeparture

left.saccadetravelXmean

right.saccadesperminute

left.pupilsizemean. 3" nerve palsy; elevated intracranial pressure and/or supratentorial mass effect
conj.varAspect. informs regarding asymmetric supra or infratentorial mass effect between the right and left brain

conj.blinkorphanratio 5" and 7t nerve palsies (opposite eyes); elevated intracranial pressure and/or infratentorial mass effect



Area =

Height x width
[l x VI — informs
regarding ICP,
mass effect

Height =

. Or
Cranial nerve Il

Supratentorial
Mass effect

Left eye Right eye
Red, green, cyan, magenta, blue 3 Red, green, cyan, magenta, blue
. ' ' | : . :
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1} 1 permetric saccades
0 L
L -1t
2Bt 21|
-3 L L 1 -3 \
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e Lo BIS = blast injury
Width =
Cranial nerve VI Velocity
Infratentorial (right eye alone or right vs left) =

Mass effect — (ICP) Convergence Insufficiency
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An update on diagnostic and prognostic biomarkers for

traumatic brain injury EXPERT

OF MELITULAE DRSS

Kevin K. Wang', Zhihui Yang', Tian Zhu', Yuan ShiZ, Richard Rubenstein®, J. Adrian
Tyndall4, and Geoff T. Manley56

GFAP & BDP

UCH-L1

Cell body injury  Gliosis/astroglia Injury  Astroglia/BB8 damage

Journal
Expert Review of Molecular Diagnostics

Volume 18, 2018 - Issue 2
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Figure L. Graphic representation of major TBI protein biomarkers linked to different
pathophysiologic processes in TBL

I'hese processes thus far include axonal injury, dendnitic injury, neuronal cell body injury,
demyelination, synaptic injury and astroglia injury and microglia responses. Cellular and
subcellular localization of representative TBI biomarkers are also shown with
immunocytochemical staning images (based on mouse brain data)
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UCHL1

Serum markers differentiate between brain dead,

_‘
.
F [
F Y
.
e o
"
'd

brain injured, and control subjects

2 .
& " .
i
L i =]
i 0 -
- s
’ s k iy _ll..
-'1 "'. & & i
" d ik
..p-'g..,.q_'i.aﬁi-'_'--_ "
Y ‘t .Li- S
Y
:l. J‘J. *"f & l-:-a. |
g ik & J . ' [y
'
- &
o

B

S100b

g -'h_
.
e
S
-
B L ]
s
L] &
g 'r .
™ ha, 1
L] & .ll &
ik
& i & & &
& Y
[ *'.. - :l__ I
i g o
oy _t_:—'.h.l. g & e -
i.-'-{: '.J. e
v -
L i ik
[ l.i-l
LY
.
—
T - 4
J-\-..'\- --- :‘I
i




Serum markers differentiate between anoxic/hypoxic brain
in death
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Genetic Risk Factors for TBI
Preinjury

Retinol Dehydrogenase 5 e COMT
Monoamine Oxidase A ° DRD2
HTR2B ° DRD4
5-hydroxytryptamine

tryptophan hydroxylase 2

SLC6A3 ' : Immediate Impact

. Sur1
. Trpm4

Delayed Impact

Tumor Necrosis Factor Alpha
Interleukin-1

Interleukin-6

Apoptotic Protease-Activating Factor-1
p53

Long-Term Impact

. Apolipoprotein E4 FKBP5
: ) e 5-HTTLPR DICER1
- v 3 e  Angiotensin-Converting DRD4
Enzyme COMT
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BLAST-CT

DOI 10.5281/zenodo.3746088

Brain Lesion Analysis and Segmentation Tool for Computed Tomography

This repository provides our deep learning image segmentation tool for traumatic brain injuries in 3D CT scans.

Please consider citing our article when using our software:

Monteiro M, Newcombe VF), Mathieu F, Adatia K, Kamnitsas K, Ferrante E, Das T, Whitehouse D, Rueckert D,
Menon DK, Glocker B. Multi-class semantic segmentation and quantification of traumatic brain injury lesions
on head CT using deep learning — an algorithm development and multi-centre validation study. The Lancet

Digital Health (2020). Monteiro and Newcombe are equal first authors. Menon and Glocker are equal senior
authors.



UCH-L1

1

10 |

Trauma

« SpontHem| . T
+ CA/RA . e $
= CTN-HVT | « = | )
$ L ] L ]
+ Control ; ’ e ¥ 2
[ ]
* ' .‘ . «
mE = 4 L s ® . S o . l <
* * = o8- 41— |
: N "
- ** 1"= e o * e, -
s N «
* * & t*‘ ™ N -
** *‘i‘ w : - e
t" . t*
*
L
¢ [ ]
0 2 ' 8 10




Table 4 — 5¥M prediction accuracy from two serum biomarkers (GFAP and UCH-L1) and inclusion of
Iﬂultimndal prediction with Blast-CT output.

Comparison Groups GFAF, UCH-L1 GFAP, UCH-L1, Blast-CT
n =203 samples AUC AP AUC AP
BD vs. CTL, NT, CTn, CTp 0-95 0-85 0-95 0-86
BD vs. NT, CTn, CTp 0-94 0-85 0-95 0-88
BD vs. NT, CTp 0-91 0-88 0-93 0-90
CA vs. FD, DAI 0-96 0-96 0-95 0-98

Table 4 footnotes: Support vector matrix (SVM), Control (CTL), Non trauma (NT), Computed tomography
positive (CTp), Computed tomography negative (CTn), Found down (FD), and diffuse axonal injury (DAI),
Area under the receiver operator curve (AUC), Average Precision [AP). The right columns of the table
includes automated CT analysis using Blast-CT along with SVM serum biomarker determination of
prediction accuracy.



Table 5. Classification with SV M based on the combinations of serum biomarkers and CT

images [AUC]

SpontHem CAERA CTN-HVT Control
Trauma {-96 {-99 {-93 00
SpontHem a0 a0 a0
CARA {-93 00
CTN-HNVT 00




Mechanisms for Assessing the Central Nervous System

Physical and psych examination — physiology
Plain films (xray) — what it looks like

EEG — electrical activity

Angiography — what it looks like
EMG/NCS/SSEPS — assesses integrity

CT scan — what it looks like

TCDs, orbital, transcutaneous flow — blood flow.
MRI scan - what it looks like, some fx

ICP /licox monitoring — pressure, brain O,

Serum markers — molecular biology
Uncalibrated eye movement tracking
Pupillometry

fx| heterogeneity, skilled examiner, time, bias
radiation, not much information

technician, interpreter, time,

radiation, not full information, S

painful, technician, time,

radiation, technician, time, S

technician, arbitrary #

time, technician, claustrophobia/instability, SS
risk of devastating hemorrhage, arbitrary #, $S

time dep’t requires blood, lab
patient needs to be able to open eyes
less conscious patient

- fully automatable, objective, agnostic to language/culture/education, non-risky,
non-radiation exposing, non-invasive, potentially remote
- The only method (other than examination) that is physiologic.



Hierarchical Approach to Classification of Problem
(is an examination cost-effective?!)
Genetics

Eye Tracking
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MODE: BINOCULAR

Molecule: https://commons.wikimedia.org/wiki/File:Protein_UCHL1_PDB_2etl.png
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"Sure, it seems harmless, but you hire one

human and the next thing you know, they're
taking your job."




Thats AW Folks!

Wile E. Coyote created 1948-1963
(note anisocoric and disconjugate gaze)



