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Quantitative pupillometry
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Introduction Pupil Light reflex (CN 2 & CN 3)

= Pupil light reflex: Monitoring neurological status
* Pupil examination: Symmetry & Size

* Anisocoria (unequal pupils)
- Physiologic anisocoria: % % X10| <0.7 mem (20-30%)

~ BEP, uncal bermiatian: Emergency It
* Large pupil (> Smm)

Antibistamine

~ Anticholinergics
= Trauma
- nep

= Small pupll {< 1mm]
- Opioid
~ Pantine lesian

=t
constrictian
* Pupil light reflex
* Direct response: prompt, shuggish, fixed
* CN3 4 fight reflex (-]
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Pupil Light reflex (CN 2 & CN 3)

* Ipsiateral pusi| distation
*  Comrmimesl puph distation

o Prerrorrarmmd S [eenisarts ntch phenomenns)

Sudden changed size of
pupil and fixed pupil
Emergency !!

Limitation of standard pupil examination

Traditional pupil examination: There is limited interrater reliability (50-70%) for scoring pupil
reactivity, especially in small size pupil.

Mo Corn 1K 34 253-257. o e 35,2099

Automated quantitative pupillometry
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NeurOpticsMPi™#-100/ 200 (USA}

Neurlight-Algiscan® [France)
Evaluating depth of analgesia

Quantitative pupillometry (NeurOptics®NPi™)

» —

* Quantitative pupillometry

= Evaluate pupil size and reactivity

& hand-held infrared system which
automnatically tracks and analyzes pupil

dynamics (LED light source) - burst of visible
light at 1000 Ix for 0.8 5

Storing repeated video images at » 30 frames
per second for 3.2 5

Minimize possible inter-obiserver varlability
in the pupillary evaluation
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Measuring pupil using pupillometry

AR

Right angle to patient’s axis vision

Press and hold either the RIGHT or
LEFT button until the eve Is centered
on the touchscreen and the display

shows a green circle around the pupil.

Onee the green circle appears, release the button,
holding the NP in place for approximately
three seconds

Measuring pupil using pupillometry

Successful measurement

Bad - Recheck [!
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Parameters of Automated quantitative pupillometry

Parameters Definitics Marmal rngs
" - — — -
MAx il size] 5 mm
MiN Pupil diameter at peak constriction
WCH =% Change %o chimge |Sle W) { Sioe 4 0 8 215 - prormpt
L-10% - gl
o8 i

LA [eatencyaf  Time of anset of comstriction following initiation of 034~ 0.28 sec
constriction] the light stimuius

OV {Constriction— Werage of b Pt the il damiter s A0EAS s
Velooay| e o 3 g

MCY (Maximm Maximum velority of pupil constriction of the pupd

Corsiriction diaireter responding 1o the

Welooty} flash of light measured in millimsters per secand

DV [Datian ] of recstatian divided by durat

Veludiy) {secends) o redilation
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Clirieal Study
Inter-device reliability of the NPi-100 pupillometer 0 ek
‘Weidan Thao’, Sonfa Stutzman”, DalWal Otson ™, Ciji Saju ", Margarer Wition ', Veskatesh Alyagan

Clinical implications of quantitative pupillometry

= Applications in the neurointensive care unit
* Post cardiac arrest

L pacilicity and 32W [27-38} senciivity for the
o pred

Quantitative versus standard pupifiary gws ol rovtable putrome,
ligh reflex for early prognostication |
in comatose cardiac arrest patients: an ! g
International prospective malticenter J ! 3 -1
double-blinded study e ces s gam a2 £
1 4 v n
* Multicenter study (10 centers) £ [ ] X
* Comatose CA patients [} 1
* Quantitative Npi and PLR check from 1-3 days = = X
after CA L =
* Dutcome: 3-manth Cerebral Performance

Category (CPC) - good CPC 1-2vs poor CPC3- | =20
5

Quantitative NPi had excellent ability to predict an unfavorable outcome from day 1 after CA,
with no false positives, and significantly higher spedificity than standard
manual pupillary examination,

= TBI
Pihrifniod el o) - + ICP monitoring (noninvasive method)

Automated * Stroke

;. pupillary assessments have a high . Etc
inter-device reliability by b
exminations.
TQircal paper
i N5 1 19 (955 € 4953 noatin gradicthon valin e 4 5004 Quantitutive assessment of pupillary Tight reflex for early prediction of n

Cardiac arrest S i ealut |PRY: i 1. with a 2015 vatcames after aut-af-haspital carding arrest: A multicentre prospective =

obwervationnd study *

Jun Kamiki", Yoke Sugaward , Ksblbe Sebine. Kikua Yo',
jokobioni’, Rachel Roherts, Takayuk Abe', Hirmyli Vo
Nemachi Samli Pevsiaton 373%

* Fifty patients resuscitated after non-traumatic out-of-hospital CA (OHCA}

Tomoyushi Tamie:
Takshim Kmya', 3

* PLR was sequentially measured at 0, 6, 12, 24, 48, and 72 h after ROSC by an automated portable

Infrared pupillometry,

* Outcomes: 90-day survival and neurclogical outcome 90 days after CA (good [CPC 1-2], poor [CPC

35}

Cutoff value: &%

ALC = OfEs

0 hours after ROSC
e

byt

Favarable cutcame at 3 moths
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Ciinesal paper

of i after
cardiac arrest using wavelet phase coherence
analysis of cerchral oxygen
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Lower Npi is associated with poor outcome after CA,

Traumatic brain injury

Quantitative pupillometry for the
maonitoring of intracranial hypertension in
patients with severe traumatic brain injury

TR

h

* 54 severe TBI patients {GCS <9) witl
parenchymal ICP manitor

* Repeated NPi measurements: 4 consecutive
measurements over intervals of & hours

* Dutcomes: Aelationship between NPi and ICP : [ -
and outcomes at & months after TBI i 2
'““*'-|-. =
s (= = ‘:| — 1
J—— - : |
e = = end =

Intracranial pressure monitoring

Lower Npi is related to increased

Pupillary reactivity as an early indicator of increased intracranial
pressure: The introduction of the Neurological Pupil index

Jedi W, Chen', Zoe |. Consbart”, Shais

* 134 patients with acute brain injuries [TBI, ICH, and SAH}
« |CP monitoring pupillary light reflex (PLR) monitoring
=
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T
Clinical Utility of an Automated Pupill

with Acute Brain Lesion
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* 117 patients with acute brain injury [SAH, ICH, TBI,
cerebral infarction)

Higher NPi is associated with
favorable outcome after acute
brain lesions.

* ICP and GCS monitoring
* NPl monitoring using pupillomatry

* Outcome: Glasgow Outcome Scale (GOS) at 1 month -
“favorable” if the GOS 2 3and “poor” if the GOS <3 L
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Stroke

Correlation of Objective Pupillometry to Midline Shift in Acute
Stroke Patients

s et D, 18 112902 50
* 134 patients with acute stroke {ischemic stroke
[70.1%] and Intracerebral hemarrhage [29.9%])
* At least neurological imaging (brain CT or M)
* Pupillary data: Neurological Pupil index [NPi] and
constriction velocity [CV])
* Pupiliometer performed within & hours of imaging

= Midline shifting: Horizontal shift of the septum
pellucidum [5PS)

In strokes patients, there is a significant
correlfation between SPS and the NPi, OV
and puplllary asymmetry.

Large hemispheric stroke

Patients with large hemispheric stroke are
prone to neurological detericration that often
leads to poor neurological outcomes.

Ini large ischemic stroke, the chances of
favorable outcome at & months or 1 year are
about 25%, even with the best medical
therapy.
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Early managements with surgery or osmotherapy

Early management of brain swelling with decamgpressive
surgery or osmotherapy s the main goal of
the treatment protacol.

Fapll Index for Monttoring of Brain Edema

78-year-old man
Rt MCA territory
infarction

Serial pupillometer parameters and brain CT of the patient

s 5 ™
Meurological Pupil Index as an Indicator o
of Neurological Worsening in Large Hemispheric
Strokes

* 30 patients with large hemizpheric stroke (15
6. 7%, ICH 33,3%)

* Consecutive pupillary response monitoring every
2 or & hours in NICU — NP value

* Dutcome: neurlogical worsening (NIHSS = 4
aggravation)

Tabde I The val togical worsening

e e p—

Table 3 Changes of pupil index valies he p
Strake fypes Lesion side

This study showed that a sudden drop of MPi value below 2.8 was always associated with
neurological worsening, regardless of the side of the lesion,

A pereentage decresse in NP by 30% as compared to the immediate previous assessment was
assoclated with neurological worsening In patients suffering large hemispheric strokes,

In this study, 80% af the patients of the neurclogical worsening greup had a significant decrease
in the NPi value, accompanied by an aggravation of the midiine shift on brain CT.

Medication effects on the pupillary light reflex

* Several kinds of medications including opioids, Table1, ry of Hedweanon Eflects on
sedative drugs are frequently used in the
neyrobogical 1CU. Efetton Pupshary
Heteans Diie Pupd Sice_ Dynamics
* Those drugs a_FFL-L_: pupll size and reactivity dusing p—— = T
NICU hospitalization. ”
+ NM blockers preserve pupil light reflex, T
* Lack of studies and evidences about the medication .
effects on the PLR

= However, quantitative pupillometry should be
i  in context with a consi ion of

Abbrreasiens: £V, comirsics weiociy: NP Newuiogal
PLA pupiiey bghv rolew: PADL pupdary role dianse
*Musrue by changs 1 pupd sim = eefeTatars are HRL
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Case

= 554 SxF

*HEC= 2 SEAE YA XNE SRt
pupil dilatation 2 £ emergency contact

* Headache [-) eyeball pain (-)

* Neurological examination

= alert and follow command: OK
* EOM: OK
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Conclusions

* The PLR has been established as an important clinical tool in evaluating
wide variety of neurological conditions.

* Quantitative pupillometry could minimize possible inter-observer
variability in the pupillary evaluation.

* The advent of automated pupillometry has provided not only more reliable
and quantitative data but also adds neurological status monitoring
including post-CA prognostication, ICP monitoring, outcome, and
neurclogical worsening in NeurolCU.

Unilateral dilated pupil and decreased pupil reactivity

finding — ischamic stroke,

bleeding with uncal hemiation

ka, tumor

* The PLR is affected by numerous medical conditions and medications in ICU
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