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https://teachmeanatomy.info/head/cranial-nerves/summary/



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.   



CN II and III
(pupillometry)



http://www.ncbi.nlm.nih.gov/bookshelf/br.fcgi?book=cm&part=A1745





Pupil dilation velocity correlates with loss of consciousness







CN III, IV and VI
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Cranial nerves III, IV and VI 
move the eyes in a square
III

IV

IV

Order: red, green, cyan, magenta, blue



Supranuclear control of eye movements
http://oculist.net/downaton502/prof/ebook/duanes/pages/v1/ch004/002f.html

Horizontal Gaze
PPRF

Vertical Gaze
Posterior commisure
riMLF



Binocular Tracking of A Normal Subject:

Left eye Right eye

total var.015885

Conjugacy

.



CN III



DAVID E. ADLER, M.D., AND THOMAS H. 
MILHORAT, M.D. J Neurosurg 96:1103–
1112, 2002

Mesencephalon section at the level of the 
tentorial edge to show maximal width of the 
notch in the axial plane

clivus



At presentation,

complaining of

a headache

8 days later, the 

headache had 

resolved but then

recurred

After 100 cc of

subdural

hematoma was

evacuated

Left eye                 Right eye86 year old 

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)



Preop Left Eye Preop Right Eye

7 Days Postop Left Eye         7 Days Postop Right Eye

Preoperative CT images



CN VI



54 yo male with poorly differentiated papillary carcinoma, presented with a tender mass
on the back of his head and a progressive headache

Ophthalmology: “no signs of papilledema”

Left eye Right eye



Postoperative day 1

Left eye Right eye



56 yo male with lung mass, headaches;      Ophthalmology: no evidence of papilledema

Left eye Right eye



Left eye Right eye

Postoperative Day 1



59 yo woman presenting with dizziness and HA

Left eye Right eye

preop

Post op
Day 2



63 yo male with  right ophthalmoplegia from tumor

Left eye Right eye



65 yo male with a tumor compressing the left optic 
nerve resulting in no light perception in that eye

Left eye
No light perception

Right eye
Intact vision



CN II



Left Eye 
Counts fingers

Right Eye
20/200

80 year old male with a history of ocular histoplasmosis

Central optic nerve atrophy = streaking vertical lines



25 year old female presented with blurry vision – optic neuritis



Left eye
20/100

Right eye
20/200

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



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

Left eye

CN II palsy (papilledema) ?



Immediately before the OR; after 10 mg decadron
Every six hours x 4doses;
No left drift, neglect, oriented to person, place
Eye movements seemed grossly intact

Right eyeLeft eye

Papilledema gone -



Two weeks postoperatively
No drift or neglect
Oriented x 3.

Left eye Right Eye

One week postop:



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

CNI and II are part of CNS (myelinated by oligodendrocytes)
III-XII are PNS (myelinated by Schwann cells)

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



What happens to cranial nerves exposed to elevated pressure?

Comparison of fluctuating and sustained neural pressure perturbations on axonal 
transport processes in the optic nerve Balaratnasingamaa et al
Brain research Volume 1417, 12 October 2011, Pages 67–76

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


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

Which nerve is the most vulnerable to elevated ICP?

Length of exposure to subarachnoid space:
IV – 33 mm
III – 26 mm

II – 5 to 16 mm
VI – 11 mm

SCA

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




Eye Tracking as an Algorithmic Diagnostic







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



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. 

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

5 metrics 
significantly 
different 
between
survivors and 
age/gender 
matched 
controls



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



left.widthmean. 6th 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 7th nerve palsy; elevated intracranial pressure and/or infratentorial mass effect

left.meanPathDeparture

left.saccadetravelXmean

right.saccadesperminute

left.pupilsizemean. 3rd 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 5th and 7th nerve palsies (opposite eyes); elevated intracranial pressure and/or infratentorial mass effect

Concussion the obvious first indication



Left eye Right eye

Height =
Cranial nerve III
Supratentorial
Mass effect

Width = 
Cranial nerve VI
Infratentorial
Mass effect – (ICP)

Area = 
Height x width
III x VI – informs 
regarding ICP, 
mass effect

Velocity 
(right eye alone or right vs left) =
Convergence Insufficiency 

Variability = 
hypermetric saccades

BIS = blast injury









Serum markers differentiate between brain dead, 
brain injured, and control subjects



Serum markers differentiate between anoxic/hypoxic brain 
death and high velocity/blunt impact trauma brain death













Mechanisms for Assessing the Central Nervous System

Physical and psych examination – physiology fxl heterogeneity, skilled examiner, time, bias
Plain films (xray) – what it looks like radiation, not much information
EEG – electrical activity technician, interpreter, time, 
Angiography – what it looks like radiation, not full information, $
EMG/NCS/SSEPS – assesses integrity painful, technician, time, 
CT scan – what it looks like radiation, technician, time, $
TCDs, orbital, transcutaneous flow – blood flow.    technician, arbitrary #
MRI scan - what it looks like, some fx time, technician, claustrophobia/instability, $$
ICP /licox monitoring – pressure, brain O2 risk of devastating hemorrhage, arbitrary #, $$

Serum markers – molecular biology time dep’t requires blood, lab
Uncalibrated eye movement tracking patient needs to be able to open eyes
Pupillometry 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?!)

Molecule: https://commons.wikimedia.org/wiki/File:Protein_UCHL1_PDB_2etl.png

Eye Tracking MRI

CT
Blood-based biomarkers

Algorithm

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

That’s All Folks!


