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Perioperative digital pupillometry-the future?
AslanidisTh1 MD, Kontogounis G2 MD

ABSTRACT
Perioperative digital pupillometry-the future?
AslanidisTh, Kontogounis G.

Clinical evaluation of pupils is considered as an essential part of neurological examination. The pupillary response to light is controlled by the autonomic nervous system. Numerous factors affect
pupils dynamics, like e.g. luminance, visual field area, pain, drug administration, age, the functional
integrity of anatomical structures involved, e.t.c. Moreover, pupillometry card method and examination of pupil reaction with the use of a penlight is subjective to a lot of bias. Portable infrared pupillometry allows a more objective and detail evaluation of pupil’s dynamics. That’s why it has already found applications in various clinical areas, like e.g. neurology, psychology, ophthalmology,
endocrinology, anesthesia, pain management, intensive care, emergency medicine. This review focuses on physiology of pupil’s dynamics and on applications of infrared pupillometry in perioperative setting.

INTRODUCTION
Archimedes was the first to report observa-

1942 Lowenstein presented dynamic records

tions about the size and the symmetry of eye’s

of pupil’s changes under ultraviolet and infra-

pupil and Galileo is believed to be the first

red light emission. Later, Matsunaga (1973)

who attempted to measure its diameter1. Pupil-

and Jones (1983) developed recording systems

lary reflex dilation was originally described by

of pupil’s movement; but the latter were cum-

Budge in 1852 as a sympathetic spinal reflex

bersome and thus, impossible to be used in

that dilated the pupil after noxious stimula-

clinical setting4-6 .

tion2. In 1885 Bellerminov published static

Despite the difficulties of an objective bedside

records of pupil’s shape under side light3. In

measurement, manual (performed using a pen-

1

Mobile Intensive Care Unit, National Center of

Emergency Care, Thessaloniki Dep., Greece
2

Neurologist, Kozani, Greece

©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
©2015ΕταιρείαΑναισθησιολογίαςκαιΕντατικήςΙατρικήςΒορείουΕλλάδος

light or ophthalmoscope) pupil evaluation re-
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mains an essential part of neurological clinical

on cells pass into the optic nerve, partially (on-

examination for over a century now1.

ly the 2nd, 3rd, 5th and 6th laminae) decussate in

The recent emergence of new technologies of-

the chiasm and continue (optic tract) to the

fered us a new perspective as they introduced

midbrain (lateral geniculate body), while some

us to the era of digital pupil evaluation. The

pupillary fibers bypass the ciliospinal center

present article focuses on digital portable pu-

and continue cephalad to the pretectal nuclei

pillometry and it reviews the possible applica-

at the level of the superior colliculus (thala-

tions of this technology in perioperative field.

mus). Optical cortex include Brodmann areas

ANATOMICAL AND PHYSIOLOGICAL

17,18 and 19 (occipital lobe) and inter-

BASE OF PUPIL’S DYNAMIC

connection with frontal lobe (Brodmann area

The pupils are dilated in excitement, in the

8) and several nuclei of cranial nerves (oculo-

dark, and with mydriatic agents like atropine;

motor, trochlear and abducens), (Fig. 1).

conversely they are constricted in neonates,

Figure 1.a.b.The neural efferent optical path-

during sleep, with ocular convergence as part

way.(Fromhttp://en.wikipedia.org/wiki/Pupilla

of the near reflex, with use of the miotic agents

ry_light_reflex)

like acetylcholine and pilocarpine, and also
they are constricted with light directed toward
the eye. In fact, the most impart factor for the
pupillary size is the amount of ambient light.
The size of the pupil of the eye is determined
by the balance between the tone of two muscles, the constrictor (sphincter, the circular
muscle) and the dilator (the radial muscle).
The light reflex (PLR)is the simultaneous and
equal constriction of the pupilin response to
illumination of one (direct) or the other eye
(indirect or consensual). The reflex is multisynaptic with pulse speed 160 m/sec and triggering time about 200msec. The afferent pupillary pathway is controlled by the sympathetic
autonomous nerve system (ANS) and originates in the retina. The axons of retinal gangli©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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are concerned with the near reflex, (Fig. 2a and
2b).
Figure 2. a.Schematic drawing of position of
fibers in fascicle of human oculomotor nerve.
Fibers destined for pupillary sphincter (P) occupy a rostral and medial position in the fascicle.

b
Considering the efferent arc of the light reflex,
the visceral nuclei of the oculomotor nucleus,
the nuclei that are believed to contain cell bodies of preganglionic, parasympathetic neurons
that project to the ciliary ganglion and synapse
with neurons that eventually produce both pupillary constriction and accommodation, are
located in the dorsal midbrain. These consist
of the Edinger-Westphal nuclei (also called the
dorsal visceral cell columns), the anterior median nuclei, and the nucleus of Perlia. Preganglionic parasympathetic fibers run in the ocu-

a
CCN, central caudal nucleus; CN III, oculomotor nerve; IO, inferior oblique; IR, inferior
rectus; LP, levatorpalpebraesuperioris; MR,
medial rectus; MRa, medial rectus subnucleus
a; MRb, medial rectus subnucleus b; MRc,
medial rectus subnucleusc; SR, superior rectus. (From Ksiazek S, Slamovits TL, Rosen CE,
et al. Fascicular arrangement in oculomotor
paresis. Am J Ophthalmol 1994;118: 97–103).

lomotor nerve as it leaves the brain stem. The

b.Course of preganglionic autonomic nerve

fibers pass downward to lie inferiorly in the

fibers from the brain stem to the ciliary gan-

inferior division of the third nerve as it enters

glion. A sagittal reconstruction of the brain

the orbit. These fibers synapse in the ciliary

stem with the course of the oculomotor nerve

ganglion and give rise to postganglionic para-

is shown at top. The corresponding locations

sympathetic myelinated short ciliary nerves,

of the preganglionic autonomic fibers for pu-

about 3%-5% of which are pupillomotor. The

pilloconstriction and accommodation within

rest are designated for the ciliary muscle and

the right (R) and left (L) oculomotor nerves are
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shown in black in coronal sections through
slices at 1 (emergence from the brain stem), 2
(midpoint in the subarachnoid space), 3 (at the
point where the third nerve enters the dura),
and 4 (in the anterior cavernous sinus where
the fibers have entered the anatomic inferior
division of the third nerve). The autonomic
fibers are located superiorly as the oculomotor
nerve exits the brain stem and then come to lie
more medially as the oculomotor nerve passes
toward the orbit.

mydriasis. J NeurolNeurosurg Psychiatry1964; 27:473.).
FACTORS THAT DETERMINE THE
PUPILLARY CHARACTERISTICS. THE
DIFFICULTY

OF

OBJECTIVE

MEASUREMENT.
In a young observer, pupil diameter may vary
between 2-8 mm (i.e. a 16-fold change) with
variations in light level. In the majority of cases both pupils are equal. However, about 20%
of individuals have noticeably different diameters in their two pupils; a phenomenon known
as

physiologic

(also

simple

or

essen-

tial)anisocoria.
Pupil size is affected by diverse intrinsic and
extrinsic factors (table 1). The variations in
pupil diameter trigger changes in retinal stimulation, relevant to retinal function: changes in
retinal illuminance, the ratio of rod/cone
stimulation, spectral sensitivity and spatial
resolution7 (Fig. 3).
Figure 3. Several determinants and effects of
pupil size.
b
A, dorsal and B, ventral side of brain stem. P,
pons; M, medulla; EW, Edinger-Westphal nucleus; IIIn, somatic portion of third nerve nucleus; III, third nerve;ID, inferior division of
third nerve; SD, superior division of third
nerve; NCilV, nasociliary branch of fifth
nerve; CG, ciliary ganglion; Sym, sympathetic
route; m, medial; l, lateral. (From Kerr FWL,
Hollowell OW. Location of pupillomotor and
accommodation fibres in the oculomotor
nerve: experimental observations on paralytic
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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b. Light wavelength (red 470nm & blue 660 nm)

Stimulus variables
-light level
-spectral composition
-spatial configuration: field size, spatial structure of the
field
-monocular/binocular view
-accommodative state
-non visual stimuli : pain, noise

Observer variables
c. Distance form light source

-individual differences
-age
-day-to-day within observer variance
-biomechanical factors: respirations, heart beat
-cognitive factors: arousal, attention, fright, workload,
hedonistic content

parasympathetic tone will decline, i.e. less relative miosis in both eyes. The contrary will
happen if the light is directed to the unaffected
eye.
Fast or slow eye movements how are control
by the oculomotor system which has the goal
(Based on Sacek, Vladimir. "13.9. Eye Spectral
Response." Notes on AMATEUR TELESCOPE
OPTICS. Vladimir Sacek, 14 July 2006.
http://www.telescope-optics.net/index.htm,
Accessed Web. 18 Aug. 2014.)
Table 1.Factors affecting pupil size.
The complexity of the aforementioned anatomical and physiological pathways should be kept
in mind when assessing pupil size and reactions. For example, in case of a lesion of the
optic nerve anterior to the chiasm, there will be
a combination of vision loss, color vision loss
(dyschromatospia) and visual field defect. If
the light is directed to the affected eye, there
will be less retinomesencephalic input and
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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to keep the object of regard on the fovea, nystagmus, saccadic intrusions and oscillations
can also interfere with pupils’ assessment. Yet,
further analysis of these mechanisms is beyond
the scope of this article.
LeGrand formulated an equation estimating
the average pupil diameter from stimulus luminance and taking account of the loss of photopic efficacy of light entering the eccentric
portions of the pupil (the Stiles-Crawford effect): d= 5-3 tanh (0.4logL),
whered is pupil diameter in mm and L is luminance in cd/m2

7-8

.
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Moreover, in conditions of permanent lighting

posed to describe the light-adapted pupil size.

and eye fixation, a dynamic equilibrium of pu-

One of the most recent is the Watson-Yellot

pil size-for which the sympathetic and para-

equation: Du (L, a, y, yo, e) = DSD (F, 1) + (y-

sympathetic activity modulated by central

yo) [0.02132 – 0.009562 DSD (F, 1)where L is

nervous system is responsible-is noticed; the

kuminance, a is field area in deg2, y is age in

phenomenon of spontaneous pupillary fluctua-

years, y0 is the reference age, and e is the

tion9 (Fig. 4).

number of eyes (one or two). The reference

Figure 4. Example of spontaneous pupils
fluctuation9.

formula for the above mentioned equation is
the Stanley-Daves equation, thus the reference
age should be the mean age of the population
of observers used by Stanley-Davies; and F is
effective corneal flux density that describes the
quantity that effectively controls pupil diame-

Spectral determinations of tonic pupil size in-

ter, equal to the product of luminance area and

clude also field size and light level. For fields

the monocular effect (F=LaM(e))12. Further

>5o, pupil size is predominately determined by

analysis of the concept behind the develop-

the scotopic luminous efficiency function V’

ment of these equations is beyond the scope of

(λ) for which the rods are active. For fields

this article.

<2o, pupil size is predominately determined by

Figure 5.Reduction of eye’s pupil.Loss of eye

10

photopic luminous efficiency function V (λ) .

sensitivity (fue to reduction in exit pupil) with

Literature data also indicate that pupil diameter

age.

is smaller with binocular view, but report differ on the magnitude of the phenomenon (x2 to
x10)7.
Finally, pupil diameter is found to become
small in old age (involutionalmiosis). In fact,
its diameter decreases by 0.043 mm/yr at
9cd/m2 and by 0.015 mm/yr at 4400cd/m2
11

(Fig. 5).

Combining one or more of the aforementioned
factors, a number of formulas have been pro©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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HOW THEN CAN WE KNOW PUPIL

Table 2. Types of pupils’ disturbances

SIZE?

.

When examining the PLR, attention should be
directed to any difference in size (anisocoria),

Name

Description

Disturbance

Argyll–
Robertson

Small irregular
shaped pupils that
react (constrict) to
accommodation
but not to direct
light
Normal bilateral
light response
when the light is
shown into the
intact eye; but
when light is
shown into the
diseased eye it
responds with
dilation.
Unilateral dilated
pupil that reacts
slowly to light
after prolonged
stimulation with
slow
accommodation.
Mydriatic pupil
with no reaction
to light.
Bilateral
synchronous and
spontaneous
rhythmic
constriction and
dilatation, with
large (>1mm)
amplitude.
Bilateral or
unilateral small
pupils.

Neurosyphillis
(tabesdorsales), Adie’s
syndrome, Lyme’s disease

shape (dyscoria), or position (corectopia).
Strategies for measurement include direct
comparison with a scale, entopic method (vis-

Marcus-Gunn
(Swinging
flashlight sign)

ualize a shadow of own pupil from near point
source) and infrared pupillometry. The first is
easy but subjective and prone to error. A pupillary inequality of 0.2 mm can be detected clin-

Adie
(TonicPupil)

ically, and anisocoria of 0.4 mm is readily visible. Pupil light reactivity is graded as
“brisk”,”sluggish” and “nonreactive”. The re-

Hutchinson

flex is more difficult to detect with a wide pu-

Hippus

pil (e.g. a 0.2 mm reflex in a 5 mm diameter
pupil is only a 4% reflex, whereas the same
reflex in a 2 mm diameter pupil is a 10% reflex) and in a dark iris (as the ambientlight
must be high for the iris to be seen, which re-

Miotic Pupils
(Miosis, or
Small pupils <
2mm, Pin point
pupils)

duces the step increase induced by the penlight).If the pupillary light reflex amplitude is
less than 0.3 mm and the maximum constriction velocity is less than 1 mm/s, the reflex
is unable to be detected using a penligh13. The

Amaurotic
Pupil
(Blindeye)

No direct light
response, no
consensual
response in the
blind eye

Mydriatic
Pupil
(Large Pupils >
6mm in size)

Bilateral or
unilateral large
pupils.

rest of the pupil characteristics (velocity of response, location, presence of pathologic
movements) estimation is based on observer
experience (table 2). Entopic method, though it
uses a flashlight and a pinhole and it’s easy to
perform, it interferes with steady state pupil
size.
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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Lesions/atrophy of the
retina or optic nerve.

Postganglionic denervation
of the parasympathetic
papillary innervation.
Cause unknown; may
be seen post viral
infection.(Idiopathic
internal ophthalmoplegia)
Intracranial hypertention

Barbiturate, Aconita
poisoning, metabolic
encephalophathy, epilepsy,
can be observed in healthy
persons

Certain drugs such as
acethlcholine chloride,
carbachol, cemecarium
bromide, echothiphate
iodide, isoflurophate,
physostigmine,pilocarpine,
and narcotics.
Also due to pontine
hemorrhage or infarct,
direct orbital injury to the
eye with destruction of the
sympathetic innervation
and sleep
Disease of the retina or
optic nerve

Certain drugs:
hallucinogens,antihistamin
esglutethiamide,
anticholinergics, and
dopamine. Direct eye
trauma to nerve endings of
the iris sphincter muscle
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Considering the aforementioned, it is not sur-

THE PROBLEM

prising that there are reports which describe

The previous sections highlight the necessity

inter-observer variability up to 34% 14-18.

of an objective method of pupil examination.

WHY

In fact, subjective pupil evaluation may com-

INSISTING

IN

PUPIL’S

EXAMINATION?

promise large multicenter trials’ results, like

First of all, because we can assess the func-

e.g. DECRA trial for decompresisvecraniec-

tionality of the optical structures; but most im-

tomy in traumatic brain injury43-44.

portantly, because the pupil’s dynamics reflect

INFRARED PUPILLOMETRY

the functional balance between sympathetic

Infrared pupillometry is generally classified in

and parasympathetic ANS. In fact, in absence

photographic, which does not use online in-

of injuries of the peripheral structures, pupil-

formation and requires frame-by-frame meas-

lometry is an indirect estimation of functional

urement, photoelastic (non-imaging), which

status of ANS (especially at midbrain level). In

requires calibration for each observer and vid-

combination with other methods of ANS ex-

eo camera and computer –assisted which

amination (e.g. electrodermal activity) it has

seems to be the most accurate. Unfortunately,

19

found various applications : for the evaluation

till recently, these systems were considered

of injury of parasympathetic ANS in alcohol-

cumbersome and expensive. Today, the emer-

ics20,in pain study21, in patients with diabetes

gence and availability of portable pupillome-

mellitus22, in cases of severe myasthenia23,

ters seems to offer a solution to the problem

Down syndrome24-25, Alzheimer’s disease24,

(image 1). The basic concept: automatic evalu-

depression22, mental retardation26, in Parkin-

ation of pupil response to light. The duration

27,32

son disease
29

, in cases of drug overdoses

28-

or patients with collagen disease30-32.

of emission is 100msec, while the rest of the
test parameters are manually selected.

In addition, pupil examination is related with

Image 1. Different models of portable

differential diagnosis of coma33, and it is used

pupillometers

as part of prognostic systems of survival after
trauma brain injury34-36 and as vital index in
management therapeutic strategy in cases of
both early and late brain trauma37-40. Today, it
is included in all life support protocols and it is
considered as an additional part of Coma
Glasgow scale41-43.
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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(for left to right):a. VIP 200 (NeuroOptics, Irvine, CA,USA), b: NPi-100 (NeurOptics, Ir-
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vine,CA,USA), c: EYE check (MCJ Inc.,USA)
and d: ColvardPupillometer(Optical Inc,
USA), AlgiScan (iDMed, Marseille, France).

These measurements allow not only the evalu-

With infrared pupillometry intra-examiner var-

reflects the functionality of the nerve impulse

iability can drop down to 1%

45-47

ation of pupil’s diameter but also the neurophysiology of its reaction. Thus, e.g. latency

. Apart from

transfer; the maximum constriction velocity

that, the development of quantitative scale of

reflects the parasympathetic ANS activation

pupil reaction (NPi-Neurological Pupil Index)

intense; the average dilation velocity reflects

allows a more rigorous and classification of

the sympathetic activation, e.t.c.

pupil response (image 2).

In anesthesiology, pupil reactions had been

Image 2.The NPi index.Avaluebetween 3 and

used as intraoperative algesimeter and as part

5 means normal response while a value<3 sug-

of closed-loop monitor system of general anes-

47

gest pathological response .

thesia, along with other methods (entropy,
bispectral index, etc). In the first case, a battery-operated device automatically measures,
by means of an infrared camera, pupil diameter. This is measured in response to noxious
stimulation produced by a tetanus at a frequency of 100 Hz for 5 seconds. Its intensity varies

Others parameters can be recorded to create a

from 10 to 60 mA. The recording is performed

more complete picture: the resting (maximum)

for a period of 13 seconds (3 seconds prior to

and the minimum diameter, the percentage

stimulation, stimulation for 5 seconds, 5 sec-

change(%Ch=maximum-minimum/maximum),

onds after the stimulation). An interval of 3

the latency (time difference between of retinal

minutes is allowed between the two measure-

light stimulation and onset of pupillary con-

ments (right and left), which is significantly

striction), the average and maximum con-

higher than the time necessary to return to

striction velocity and the average dilatation

normal (about 20seconds).

47

velocity (image 3) . Other studies report more

A new index, the pupillary pain index (PPI)

parameters, like e.g. maximum re-dilatation

ranges from 0 to 10 and is a composite meas-

velocity, the interval till the 75% of the re-

ure of the pupillary diameter reflex to the teta-

dilatation (t75%), and the relative reflex ampli-

nus stimuli delivered by the AlgiScan device.

48

tude . Results from new studies are expected.
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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Smaller scores indicate increased analgesia50.
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The overall use of these devices is easy and

prognostic accuracy than electroencephalo-

can be employed by both medical and para-

gram (EEG) and somato-sensory evoked po-

medical personnel.

tentials (SSEP) .in predicting outcome of post-

Limitations of the method include the relative

anoxic coma, irrespective of temperature and

high cost, the need for an open eye during the

sedation58-63. Also in post-resuscitation non-

examination, ophthalmic diseases or opera-

brain dead critically ill patients with ‘absent’

tions and the lack of global collective experi-

pupillary reflexes, the reflex has been demon-

ence and database.

strated using a portable infrared pupillome-

APPLICATIONS IN PERIOPERATIVE

ter58.

SETTING

Likewise, there is growing literature about

Among the first application were the conduc-

cases with “reversible fixed pupils” as it is re-

tion of studies for the drugs effect on pupil

alized that some of these conditions might be

light reflex (Image 4), creating databases

associated with ‘clinically undetectable’ rather

which can be used for noninvasive detection of

than ‘absent’ pupillary light reflexes64. Other

drugs, even those administered epiduraly28, 49,

phenomena like, e.g. pupillary hippus have

50

been associated with increased hospital mortal-

.

Pupillometry seems more relevant than para-

ity65 and with nonconvulsive status epilepticus

sympathetic component of heart rate variabil-

in critically ill patients65, 66.

ity to assess analgesia during general anesthe-

In neurosurgical critical care patients, there are

sia50. It had been with promising results used

several reports claiming that pupillometry can

both for general and local anesthesia, both in

detect an early increase in intracranial pressure

51-54

. Changes in PLR

(ICP). A rise of ICP above the level of

brought about by a uterine contraction may be

20mmHg decrease the constriction velocity of

used as a tool to assess analgesia in noncom-

ipsilateral to the injury pupil in values < 0.6

municating obstetrical patients as well55. Re-

mm/sec (normal range 1.48 ± 0.33 mm/sec),

sults from new studies (i.g. ALGISCAN Trial)

while changes in NPi can be detected up to

both for intraoperative condition and postan-

15.9 hours before the ICP increase1,64,67-69.

esthesia setting are expected56-57.

Apart from that, PLR measurement has been

Pupillometry has also been used for prediction

used with good results as analgesia index in

outcome after cardiac arrests: it seems that ear-

critically ill70-73.

adults and children

ly detection of PLR is associated with better
outcome; moreover, PLR and has comparable
©2015 Society of Anesthesiology and Intensive Medicine of Northern Greece
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5. Matsunaga

CONLCUSION–FUTURE

K.
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