
(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(10) International Publication Number
(43) International Publication Date

3 June 2010 (03.06.2010) WO 2010/062400 Al

(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
A61B 3/11 (2006.01) A61B 3/14 (2006.01) kind of national protection available): AE, AG, AL, AM,

AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
(21) International Application Number: CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,

PCT/US2009/006300 DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,

25 November 2009 (25.1 1.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

(26) Publication Language: English SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(30) Priority Data:
61/1 18,541 28 November 2008 (28.1 1.2008) US (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
(71) Applicant (for all designated States except US): NEU- GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ROPTICS, INC. [US/US]; 1001 Avenida Pico #C 495, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
San Clemente, CA 92673 (US). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

(72) Inventors; and ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,(75) Inventors/Applicants (for US only): SIMINOU, Kam-
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,ran [US/US]; 1001 Avenida Pico #C 495, San Clemente,
ML, MR, NE, SN, TD, TG).

CA 92673 (US). PRIVITERA, Claudio [IT/US]; 1001
Avenida Pico #C 495, San Clemente, CA 92673 (US). Published:
HO, Yeuk, Fai [US/US]; 1001 Avenida Pico #C 495,

— with international search report (Art. 21(3))
San Clemente, CA 92673 (US).

(74) Agents: NOLAN, James, S et al; Mintz Levin Cohn Fer
ris Glovksy And Popeo, P.C , 3580 Carmel Mountain
Road, Suite 300, San Diego, CA 92130 (US).

(54) Title: METHODS, SYSTEMS, AND DEVICES FOR MONITORING ANISOCORIA AND ASYMMETRY OF PUPIL
LARY REACTION TO STIMULUS

(57) Abstract: A Pupillometer is disclosed. The Pupillometer has a dis
play, an imaging apparatus that has a pupil finder and a microprocessor,
and a memory in communication with the microprocessor. The display is
sized to simultaneously display a video of y or more seconds in length of a
left pupil and a video of y or more seconds in length of a right pupil. The
pupil finder identifies the perimeter of a pupil. The imaging apparatus is
capable of recording images of an individual's pupils at a rate of x image
frames per second for a period of y or more seconds and playing back said
image frames as a video at x image frames per second or at another rate
that is faster or slower than x image frames per second. The memory has
stored therein a program for enabling said microprocessor to do the fol
lowing: (i) identify a center of the left pupil and a center of the right pupil
for each image frame; (ii) synchronize each image frame of the two videos
starting from the first frame; (iii) cause the display to display the two
videos simultaneously such that each of the image frames of the video of
the left eye is synchronized to a corresponding image frame of the video of
the right eye when played back on the display; and (iv) cause the two
videos to be displayed so that the center of the left pupil in each image
frame is aligned on the display with the center of the right pupil for the
corresponding image frame.

FIG. 1



METHODS, SYSTEMS, AND DEVICES FOR MONITORmG ANISOCORIA
AND ASYMMETRY OF PUPILLARY REACTION TO STIMULUS

Cross-reference to Related Application

[0001] This application claims the benefit of priority under 35 U.S.C. § 119 to U.S.

Provisional Patent Application Serial No. 61/1 18,541, filed on November 28, 2008,

entitled, "METHODS, SYSTEMS, AND DEVICES FOR MONITORING

ANISOCORIA AND ASYMMETRY OF PUPILLARY REACTION TO STIMULUS",

the entire disclosures of which is incorporated by reference herein.

Technical Field of the Disclosure

[0002] The present disclosure relates to methods, systems and devices or instruments for

monitoring anisocoria and asymmetry of reaction to stimulus between the left and right

pupil of a subject, sometimes referred to herein as a "patient" or an "individual". The

methods and systems can be implemented through devices and instruments such as

Pupillometers, which are high-tech instruments that are currently used to obtain

information about a pupil's response to a stimulus. Examples of such Pupillometers are

described in detail in U.S. Patent Nos. 6,1 16,736, 6,260,968, 6,820,979, and 7,147,327,

all of which are incorporated herein by reference in their entirety. Examples of

Pupillometers in commercial use include the ForeSite™ Pupillometer, the NPi- ™ 100

Pupillometer, the PLR- 100™ Pupillometer, the DP1000™ Pupillometer, and the A-

1000™ Pupillometer, all made by Neuroptics®, and all incorporated herein by reference

in their entirety. These types of pupillometers can be used on human or animal subjects.

Background of the Disclosure

[0003] Systems for monitoring pupil size and pupil responsiveness characteristics are

well known in the art and are generally referred to as pupillometry systems or, simply,

pupillometers. One early Pupillometer is described in U.S. Pat. No. 3,533,683, which

issued to Stark et al. on Oct. 13, 1970 and is entitled "Dynamic Pupillometers Using

Television Camera System" (incorporated herein by reference). The Stark et al. system

employed a television camera system, a digital computer system, an infrared light source,



and a visual light stimulator for determining the instantaneous size of a pupil as an eye

(or neurologic pupilary control system) of a patient was exposed to various stimuli.

[0004] More advanced hand-held pupillometers are now commercially available and can

be used in many applications including critical care, anesthesiology, research, and

refractive surgery and ophthalmology. One example is the PLR- 100™ Pupillometer by

Neuroptics®. The PLR- 100™ pupillometer is a hand-held and cordless device which

measures pupil size and dynamics. It can be used for either a static pupil measurement

protocol (i.e., reporting pupil size measurements such as weighted average pupil size and

standard deviation) as well as a dynamic pupil measurement protocol (i.e., reporting pupil

light reflex measurements including: maximum pupil size before constriction, minimum

pupil size after constriction, percent constriction, average constriction velocity, maximum

constriction velocity, dilation velocity and time to reach 75% of the initial maximum

pupil size after the constriction). The user can adjust the light stimulus intensity and

duration. Numerical results are displayed on a color LCD numerically and graphically.

Measurements may also be printed to a portable printer via infrared (wirelessly)

transmission.

[0005] One area of pupillary clinical diagnosis and monitoring that has gained increased

attention over the years is detecting and monitoring differences in size and asymmetry in

pupillary response to stimulus between the left and right pupils. This condition where the

sizes of the left and right pupils of an individual at rest are unequal is called anisocoria.

A variety of potential causes for anisocoria exist, ranging from trivial or normal variation,

to life threatening conditions, such as increased intracranial pressure (ICP) and brain

swelling from a head injury, uncal herniation, lesions, and aneurismal compression. In

general all those neurological conditions affecting the efferent pathway of the pupil

system starting from the oculomotor nuclei in the midbrain up to the pupil sphincter

muscle can be a cause of anisocoria.

[0006] Asymmetry in pupillary response is when the left and right pupils respond to a

stimulus, such as a light stimulus, in different ways that go beyond the definition of

anisocoria. For example, the pupil size between the left and right pupils at rest may be

the same or very close in size, but the two pupils may react to a stimulus very differently,



such as having different maximum pupil size before constriction, minimum pupil size

after constriction, percent constriction, average constriction velocity, maximum

constriction velocity, dilation velocity and time to reach 75% of the initial maximum

pupil size after the constriction. Like anisocoria, asymmetry in pupillary response may

also be indicative of an underlying medical condition.

[0007] Because anisocoria and asymmetry in pupilary response may be symptoms in

some cases of very serious and immediately life threatening conditions, it is important for

medical practitioners to have tools for easy, quick and convenient ways to accurately

detect, measure, and view in real-time differences in pupilary size and pupilary reaction

to stimulus between the right and left pupils. There are, unfortunately, very few such

tools presently available. Thus, there is a need for high-tech instruments that can perform

such functions. The methods, systems and devices of the present disclosure meet this and

other such needs in the art.

Summary of the Disclosure

[0008] In one embodiment, a Pupillometer is disclosed. The Pupillometer has a display,

an imaging apparatus that has a pupil finder and a microprocessor, and a memory in

communication with the microprocessor. The display is sized to simultaneously display a

video of y or more seconds in length of a left pupil and a video of y or more seconds in

length of a right pupil. The pupil finder identifies the perimeter of a pupil. The imaging

apparatus is capable of recording images of an individual's pupils at a rate of x image

frames per second for a period of y or more seconds and playing back said image frames

as a video at x image frames per second or at another rate that is faster or slower than x

image frames per second. The memory has stored therein a program for enabling said

microprocessor to do the following: (i) identify a center of the left pupil and a center of

the right pupil for each image frame; (ii) synchronize each image frame of the two videos

starting from the first frame; (iii) cause the display to display the two videos

simultaneously such that each of the image frames of the video of the left eye is

synchronized to a corresponding image frame of the video of the right eye when played

back on the display; and (iv) cause the two videos to be displayed so that the center of the



left pupil in each image frame is aligned on the display with the center of the right pupil

for the corresponding image frame.

[0009J In another embodiment, a method for monitoring asymmetry in response to a

stimulus between a left pupil and a right pupil of an individual is disclosed. The method

includes the following steps: recording for a period of time y at a rate of x image frames

per second a response of a left pupil to the stimulus thereby resulting in a first set of

sequential image frames; recording for the same period of time y at the same rate of x

image frames per second a response of a right pupil to the stimulus thereby resulting in a

second set of sequential image frames; and displaying on a display simultaneously the

first set of image frames of the response of the left pupil to the stimulus and the second

set of image frames of the response of the right pupil to the stimulus. The two sets of

image frames are synchronized per frame starting from the first frame for each set, and a

center of the left pupil is aligned with a center of the right pupil on the display.

[0010] In another embodiment, a program product comprising a computer-readable

medium and computer-executable instructions recorded on the computer-readable

medium for performing a method is disclosed. The method comprises: recording for a

period of time y at a rate of x image frames per second a response of a left pupil to the

stimulus thereby resulting in a first set of sequential image frames; recording for the same

period of time y at the same rate of x image frames per second a response of a right pupil

to the stimulus thereby resulting in a second set of sequential image frames; displaying on

a display simultaneously the first set of image frames of the response of the left pupil to

the stimulus and the second set of image frames of the response of the right pupil to the

stimulus. The two digital sets of image frames are synchronized per frame starting from

the first frame for each set, and a center of the left pupil is aligned with a center of the

right pupil on the display.

[0011] Other features and advantages will be apparent from the following description of

the various embodiments of the disclosure, which illustrate, by way of example, the

principles of the disclosed devices and methods.



Brief Description of the Drawings

[0012] According to common practice, the various features of the drawings may not be

presented to scale. Rather, the dimensions of the various features may be arbitrarily

expanded or reduced for clarity. Included in the drawings are the following figures:

[0013] Figure 1 is an illustration of a Pupillometer having a display in accordance with

one embodiment.

[0014] Figure 2 is an illustration of the Pupillometer depicted in Figure 1 being used to

take a measurement of the pupil of a right eye of an individual in response to a visual

light stimulus.

[0015] Figure 3 shows a screen shot of the display of the Pupillometer depicted in Figure

1 showing results of a measurement of a pupil of an individual in response to a visual

light stimulus.

[0016] Figures 4A-4C depict the steps taken by the handler of the Pupillometer depicted

in Figure 1 in order to take pupilary measurements.

[0017] Figure 5 shows a screen shot of the display of the Pupillometer depicted in Figure

1 showing the left and right pupils of an individual aligned during video playback of

pupilary response to a light stimulus.

[0018] Figure 6 shows second screen shot from the same video described with respect to

Figure 5.

[0019] Figures 7-9 show different screen shots of the display of the Pupillometer

depicted in Figure 1 showing the left and right pupils of an individual aligned during

video playback of pupilary response to a light stimulus along with a graphical

representation of the pupilary response.

Detailed Description

[0020] Disclosed herein is a pupillary analysis system that includes a pupillometer, such

as the one shown in Figure 1, with features that enable it to monitor and compare in real¬

time the response of an individual's left and right pupils to a stimulus, such as a light

stimulus, auditory stimulus, or noxious stimulus. In the examples described herein the



pupillometer has a light stimulus source built into it. Variations on the type of stimulus

and the arrangement of that stimulus in relation to the pupillometer, such as those

variations described in U.S. Patent No. 7,147,327, are also contemplated and

incorporated herein by reference. The working components, electronics, and software,

other than those described below, are also fully described in, e.g., U.S. Patent No.

7,147,327, and will therefore not be further discussed herein.

[0021] Before the present subject matter is further described, it is to be understood that

the subject matter described herein is not limited to the particular embodiments

described, and as such may of course vary. It is also to be understood that the

terminology used here in is for the purpose of describing particular exemplary

embodiments only, and is not intended to be limiting in any fashion, and in particular to

the doctrine of equivalents. Unless defined otherwise, all technical terms used herein

have the same meaning as commonly understood by one skilled in the art to which this

subject matter belongs.

[0022] Where a range of values is provided, it is understood that each intervening value,

to the tenth of the unit of the lower limit, unless the context clearly dictates otherwise,

between the upper and lower limit of that range, and any other stated or intervening value

in that stated range, is encompassed within the subject matter described herein. The

upper and lower limits of these smaller ranges may independently be included in the

smaller ranges, and are also encompassed within the subject matter described herein,

subject to any specifically excluded limit in the stated range. Where the stated range

includes one or both of the limits, ranges excluding either or both of those included limits

are also included in the subject matter described herein.

[0023] It must be noted that as used herein and in the appended claims, the singular

forms "a," "and," and "the" include plural referents unless the context clearly dictates

otherwise.

[0024] Figure 1 depicts a handheld pupillometer, such as that described in U.S. Patent

No. 7,147,327. Pupillometer 10 includes a display 12, handle 15 for gripping the

pupillometer while using it, and headrest 16. Headrest 16 is used to position the

pupillometer 10 optimally to take measurements of the pupils of an individual's eyes.



U.S. Patent No. 7,216,985, which is incorporated herein by reference in its entirety,

describes headrests of the type that may be used with pupillometer 10. Pupillometer 10

also includes a keypad 14, including various control buttons including buttons 14a and

14b, which are used to operate the pupillometer 10.

[0025] Pupillometer 10 operates essentially as a handheld optical scanner. In one

embodiment, it stimulates the eye of an individual with a flash of light and captures and

analyzes a rapid sequence of digital images to obtain a temporal measurement of the

diameter of the individual's pupil. The intensity and duration of the light stimulus can be

set by the user of pupillometer 10 using the controls in the keypad 14. In one

embodiment, maximum light strength is approximately 180 µ W and maximum duration

is approximately 800 ms. Pupillometer 10 can acquire images using a self-contained

infrared illumination source and a digital camera. It analyzes the captured image data

and displays a summary of the measurement in the display 12, which can be an LCD

display. Data may also be printed out on an optional thermal printer or downloaded to an

external computer via an infrared port (IrDA) or transmitted via USB port and cable to a

computer. Pupillometer 10 can use a menu driven graphical user interface with a color

LCD screen 12 for data display. A keypad 14 completes the user interface and enables

manual entry of individual subject identification (ID) numbers and other information.

[0026] Pupillometer 10 can be powered by any number of power sources known to those

of skill in the art. In one embodiment it is powered by a 4.2 volt rechargeable lithium ion

battery.

[0027] Pupillary data sampled at approximately ten frames per second (10 fps)(or less),

approximately twenty frames per second (20 fps), approximately thirty frames per second

(30φ s), approximately forty frames per second (40 fps), approximately fifty frames per

second (50 fps), or more and for a total duration of up to about 3600 seconds (i.e., about

60 minutes) can be used in the calculation of a number of different pupillary reaction

variables that can be displayed numerically or graphically on the display 12 at the end of

each measurement. In one embodiment, the Pupillometer 10 takes one measurement of a

pupil by sampling thirty frames per second (30 fps) for three seconds to acquire a total of

approximately ninety sequential images of a pupil's response to a stimulus. Pupillometer



10 can sample data at anywhere between about 1 frame per second ( 1 fps) (or less) to

about one hundred frames per second (100 fps) (or more) for any length of time between

about one (1) second (or less) and about 3600 seconds (i.e., about 60 minutes).

[0028] Pupillometer 10 has internal memory large enough to store three hundred or more

measurements. All measurement data contained in Pupillometer' s 10 memory can be

downloaded to an external computer or laptop, such as a Window® based computer or

laptop or computer or laptop with a different operating system. Measurement data can be

encrypted and contained in a file named with the date and time of the moment of the

download and extention "dat". For example, R_20080909_1030.dat would indicate a file

downloaded on September 9, 2008 at 10:30. Previous measurements and data can be

browsed, retrieved and printed using the keypad controls 14 and appropriate menus

displayed in the screen display 12.

[0029] Figure 2 shows pupillometer 10 being used to take a measurement of the pupil of

a right eye of an individual in response to a visual light stimulus. As shown, the operator

of pupillometer 10 positions pupillometer 10 at a right angle to the individual's axis of

vision and does not tilt pupillometer. The headrest 16 can be used to provide optimum

positioning of pupillometer 10 relative to the eye being analyzed.

[0030] Pupillary measurements can be divided into three phases as shown in Figures 4A-

4C. Pressing either one of the buttons 14a (for the right pupil) or 14b (for the left pupil)

on the keypad 14 can activate the first phase, i.e., the targeting phase of pupillometer 10.

By pressing key 14a, pupillometer 10 automatically saves the data as left eye data, and by

pressing key 14b, pupillometer 10 automatically saves the data as right eye data. In one

embodiment, the operator of pupillometer 10 holds down button 14a or 14b during the

targeting phase while keeping pupillometer 10 snuggly up to the subject's eye. During

the targeting phase, a video image of the eye is displayed in the LCD window as shown

in Figure 2 and Figure 4A. The subject's pupil must be centered within the field of view

as shown in Figures 2 and 4A.

[0031] During phase 2 of pupillary measurement, pupillometer 10 has a pupil finder that

automatically detects the pupil 20 and marks it with a perimeter 25 drawn around the

perimeter of the pupil 20. Algorithms and software for detecting a pupil and drawing a



perimeter around it are known in the art. For example, U.S. Patent No. 7,147,327,

describes various imaging processing procedures and methods that can be used to do that.

The perimeter 25 can be any color that is easy to visualize, such as green, white, red, etc.

From the beginning of phase 1 until now, the operator has been holding down the button

14a or 14b.

[0032] Once the pupil finder of pupillometer 10 has found the pupil 20 and has marked it

with the perimeter 25, the operator can now release the button 14a or 14b. Release of the

button 14a or 14b initiates the third phase, which is the actual measurement phase. In the

measurement phase, pupillometer 10 subject's the individual's eye to a flash of light

applied at time 0.0 seconds. In other words the flash of light is applied at the same

instant as the first image of the pupil is being recorded. The flash of light can also be

applied just before or just after the pupillometer begins recording images of the pupil. As

discussed above, the intensity and duration of the flash of light can be controlled by the

operator. Figure 4C shows an image on the display 12 of pupillometer 10 of the pupil as

it is being recorded during the measurement phase. The pupillometer may also be set to

operate without the flash of light, such that measurements are taken of a pupil that has not

been stimulated but is at rest. When the comparison of the left and right pupil is made for

measurements that don't involve a stimulus, the videos of the right and left pupil are

synchronized in the same manner as when measurements are taken after a stimulus.

[0033] Figure 3 shows a screen shot of the display 12 of pupillometer 10 showing a

results page that includes various measurements of the pupil that was subjected to the

light stimulus and recorded during phases 1-3 described above. The results page can

show a plot of the pupil response and can, for example, report the following information:

• ID, the identification code of the subject measured (for example 0 in

Figure 3); which eye was measured (right in the example in Figure 3), and

the date and time of the measurement. If the measurement was affected by

certain problems during phases 1-3, the data shown in the results page

may be in a special color, such as red, to indicate that there was a problem.

Some examples of problems that can occur during measurement are

excessive eye blinks or excessive pupillometer motion.



• The intensity and duration of the light stimulation. In the example shown

in Figure 3, the light stimulation intensity was 180 micro Watts for a toal

duration of 667 milliseconds. The duration of the light stimulation is also

represented by a colored vertical line superimposed over the pupil plot

(0.0 seconds is always the onset of the light stimulation).

• MAX and MIN represent the diameter of the pupil before the constriction

(MAX=2.8 mm in this example) and just at the peak of the constriction

(MIN=2.2 mm in this example), respectively in Figure 3. These

measurements are given in millimeters and are represented by two

horizontal gray lines superimposed over the pupil plot. The variable CON

is the percent of the constriction (MAX-MIN)/MAX as a percent.

• LAT is the latency and it represents the amount of time it takes before the

onset of pupilary constriction in response to the light stimulus. It is given

in seconds (for example 0.23 seconds in the Figure 3) and is represented

by a vertical colored line, different from the color of the light stimulation

duration line, superimposed over the pupil plot.

• ACV and MCV are the average and the maximum constriction velocity

and they are given in millimeters/second, respectively. The negative sign

differentiates the constriction from the opposite papillary movement that is

dilation. Both velocities refer to the constricting movement of the pupil

diameter responding to the flash of light.

• ADV is the dilation velocity (given in millimeters/second) and represents

the average papillary velocity, when, after having reached the peak of the

constriction, the pupil tends to recover and to dilate back to its initial

resting size. Pupillary recovery after a light reflex constriction is usually

characterized by an initial and more rapid phase followed by a much

slower converging movement. The dilation velocity reported here refers

to the initial and stronger recovery and is indicated in the graph in Figure 3

by a line fit to the corresponding dilation phase of the pupil profile.



• T75 is the total time taken by the pupil to constrict and then to return to

75% of the initial resting pupil size. It is given in seconds and is

represented by a vertical colored line superimposed on the pupil plot in a

color that is different than the other lines that are superimposed on the

pupil plot.

[0034] The above describes operation of pupillometer 10 with respect to each

measurement of a pupil that is taken. When taking a measurement of a pupil, the

operator uses the keypad 14 to enter various data regarding the pupil. That data can

include, e.g., the identity of the individual whose pupil it is. As discussed above,

pupillometer 10 memory stores that information and can use it to perform direct

comparisons between the response of the left eye and the response of the right eye to the

flash of light applied by pupillometer 10. Which pupil of the individual is being

measured is specified by the keypad buttons 14a and 14b. If the user presses keypad

button 14a then the pupillometer automatically stores the pupillary measurement as left

eye data, and if the user presses keypad button 14b then the pupillometer automatically

stores the pupillary measurement data as right eye data.

[0035) In one embodiment, pupillometer 10 has the following components that enable it

to perform a comparison between the left and right eyes of the individual. Pupillometer

10 has a display 12 that is sized to simultaneously display a video of y or more seconds in

length of a left pupil and a video of y or more seconds in length of a right pupil of the

same individual. The lengths of each video can be anywhere from 1 second or less to

sixty or more minutes. Pupillometer 10 has an imaging apparatus that includes a pupil

finder that identifies the perimeter of a pupil and a microprocessor. The imaging

apparatus is capable of recording images of an individual's pupils at a rate of x frames

per second for a period of y or more seconds and playing back said images as a video at x

frames per second or at another rate that is faster or slower than x frames per second. As

explained above, in one embodiment, the imaging apparatus records or samples the

images at a rate of approximately 30 fps for a period of approximately 3.0 seconds. The

playback mechanism of pupillometer 10 can play the videos back on display 12 at 30 fps,

or at a different rate controlled by the user using the keypad 14 to control the playback

rate. The playback mechanism can also pause the video playback or it can fast-forward



or rewind the video playback at various speeds controlled by the user using the keypad 14

controls, which can include pause, rewind, fast-forward and video playback, fast-forward

and rewind speed buttons and/or functions. For example, the user can view the images

one image set at a time and can control how long he or she wants to view the image set

before manually forwarding or advancing to the next set of images or rewinding to the

previous set of images. This can be done to compare the right pupil to the left pupil

image set by image by set for each set of images taken during the procedure. The user

can pause as long as he or she wants at a particular set of images to, for example,

compare the difference between the right pupil and the left pupil in that set of images.

(0036] Pupillometer 10 also has a memory in communication with the microprocessor.

The memory has stored therein a pupil comparison program. The pupil comparison

program can include a pupil finder as described above. The pupil comparison program

enables the microprocessor to perform the following functions:

(i) identify a center of the left pupil and a center of the right pupil for each

image frame;

(ii) synchronize each frame of the two videos starting from the first frame;

(iii) cause the display to display the two videos simultaneously such that

each of the frames of the video of the left eye is synchronized to a corresponding

frame of the video of the right eye when played back on the display;

(iv) cause the two videos to be displayed so that the center of the left pupil

in each frame is aligned on the display with the center of the right pupil for the

corresponding frame.

[0037] Figure 5 shows one example of a pupillometer display 12 showing an image

frame 2 1 of a left pupil 2OL recorded during measurement of the pupil as described

above, and an image frame 22 of a right pupil 2OR recorded during measurement of the

pupil as described above. Image frame 2 1 is part of a series of sequential image frames

of the left pupil recorded at a rate of x frames per second and which together form a video

of y seconds in length. In one embodiment, x is approximately 30 and y is approximately

3.0. In other embodiments, x can be about 10 (or less), about 20, about 40, about 50 or



more and y can be 1, 2, 4, 5 or up to 3600 or more, and in general x can be between about

1 (or less) and about 100 frames (or more) per second, and y can be any length of time

between about one (1) second and 3600 seconds (i.e., 60 minutes)(or more). Image frame

22 is part of a series of sequential image frames of the right pupil recorded at the same

rate of x frames per second and which together form a video of y seconds in length,

which is the same length as the video associated with image frame 2 1.

[0038] Thus, in one embodiment, there are approximately 90 image frames for the video

of the left pupil and 90 image frames for the video of the right pupil. Each image frame

of the video of the left pupil has a corresponding image frame in time in the video of the

right pupil. For example, image frame 1 of the left pupil and image frame 1 of the right

pupil are both taken at the exact same amount of time after onset of the flash of light from

pupillometer 10 (alternatively, image frame 1 can be taken just before or just after onset

of the flash of light). Thus, image frame 1 of the left pupil and image frame 1 of the right

pupil are corresponding image frames. Likewise, image frame 2 of the left pupil and

image frame 2 of the right pupil are both taken at the exact same amount of time after

onset of the flash of light from pupillometer 10 (or from onset of video recording without

a flash of light). Alternatively, image frame 2 of each pupil can be taken just before or

just after onset of the flash of light. Thus, image frame 2 of the left pupil and image

frame 2 of the right pupil are corresponding image frames, and so on and so forth for

approximately 90 images that when played back at 30 fps form a video that lasts about 3

seconds. In the example shown in Figure 5, image frame 2 1 is the 24th image of the left

eye taken by pupillometer 10, which means that it is taken at 800 milliseconds after onset

of the flash of light from pupillometer 10 (or from onset of video recording without a

flash of light). Likewise, image frame 22 is the 24th image of the right eye taken by

pupillometer 10, which means that it too is taken at 800 milliseconds after onset of the

flash of light from pupillometer 10 (or from onset of video recording without a flash of

light).

[0039] It should be understood that with respect to all embodiments described herein, the

first image of each pupil can be taken just before, simultaneously with, or just after the

onset of the flash of light. Thus, for example, the first image of each pupil can be taken

within one, two, three, four, five, six, seven, eight, nine or more milliseconds up to one



second before or after the onset of the flash of light. It can also be taken simultaneously

with the flash of light. In one embodiment, the first image of each pupil is taken 500

milliseconds before the onset of the flash of light.

[0040] As shown in Figure 5, the pupil comparison program enables the microprocessor

to determine the center of each pupil and to draw a straight line 30 that runs through the

center of each pupil. That way pupils 2OL (left pupil) and 2OR (right pupil) are lined up

with one another on the display. Pupil centering programs are known in the art and some

are described in U.S. Patent No. 7,147,327. Figure 5 shows just one frame of each

pupillary measurement of the left pupil 2OL being lined up with its corresponding

pupillary measurement frame of the right pupil 2OR, but each frame of the pupillary

measurement of the left pupil 2OL is lined up with its corresponding pupillary

measurement frame of the right pupil on the display 12. Thus, when the two videos are

played back on the display 12 simultaneously, it is easy to see the difference in response

of the left pupil relative to the right pupil. One of the reasons why it is so important to

align and center the two pupils in the video playback mode is to compensate for eye

movement so that the operator can easily compare one eye to the other.

[0041] The pupil comparison program provides another feature that makes it even easier

to follow the difference in the pupillary responses of the left and right pupil. The pupil

comparison program enables the microprocessor to draw a pair of parallel straight lines

that extend from the perimeter of the left pupil to the perimeter of the right pupil in each

image frame. As shown in Figure 5, the parallel lines have a first section 32L/31L and a

second section 32R/3 IR, wherein in the first section 32L/3 IL the distance between the

parallel lines is defined by the diameter of the left pupil 2OL for each frame, and in the

second section the distance between the parallel lines 32R/3 IR is defined by the diameter

of the right pupil 2OR for each frame. The diameter of the left pupil 2OL is defined by the

pupil perimeter 25L, which is established by pupillometer 10 using its pupil finder. The

diameter of the right pupil 2OR is defined by the pupil perimeter 25R, which is likewise

established by pupillometer 10 using its pupil finder. In order to further make it easier to

visualize the difference in response between the left and right eyes, the first section lines

32L/3 IL can be a different color than the second section lines 32R/3 IR. For examples

parallel lines 32L/31L can be red while parallel lines 32R/31R can be green.



[0042] Figure 6 shows the 72nd image frame of each video of each eye, which means that

each frame was taken at 2.4 seconds after onset of the flash of light of pupillometer 10.

At 2.4 seconds after onset of the flash of light, the pupils 2OL and 20R have dilated back

to their resting position. Looking at the still images in Figures 5 and 6, it would appear

that there is very little pupil size asymmetricity in this individual. But for a better

understanding, one would view the video comparing the two sets of images at 30 φ s or

perhaps at a slower speed such as 10 φ s to get a much clearer view of whether or not

there is substantial anisocoria or asymmetry in pupillary response to light stimulus. The

pairing of parallel lines 32L/3 IL with 32R/3 IR makes it very clear whether there is

anisocoria or asymmetry in papillary response to light stimulus.

[0043] Figures 7-8 show a further feature of pupillometer 10. This further feature allows

the user to see on the display 12 of pupillometer 10 not just synchronized and centered

videos of the left and right pupil at the same time, as described above, but to view a

graphical representation of the pupillary response of the left and right pupils

superimposed together on a single graph. Images in Figure 7 are taken at about 600

milliseconds after onset of the flash of light from pupillometer 10 (or from onset of video

recording without a flash of light) as the pupils 2OL and 2OR are dilating. There is some

minor difference as depicted in the graph below the images of the pupils 2OL and 2OR

and as shown by the disconnection between sections 32L/31L and 32R/31R of the

parallel lines. Images in Figure 8 are taken at about 1.5 seconds after onset of the flash of

light from pupillometer 10 (or from onset of video recording without a flash of light) as

the pupils 2OL and 2OR are recovering back to their resting state. There is again some

minor difference as depicted in the graph below the images of the pupils 2OL and 2OR

and as shown by the disconnection between sections 32L/31L and 32R/31R of the

parallel lines. Images in Figure 9 are taken at about 2.6 seconds after onset of the flash of

light from pupillometer 10 (or from onset of video recording without a flash of light) as

the pupils 2OL and 2OR have fully dilated back to their resting position. Again, there is

some minor difference as depicted in the graph below the images of the pupils 2OL and

2OR and as shown by the disconnection between sections 32L/3 IL and 32R/31R of the

parallel lines. If viewed in rapid succession at 30 fps or even if slowed down to 10 φ s,

the operator of pupillometer 10 would be able to clearly see the difference in pupillary



response between the left and right pupils to the flash of light from pupillometer 10 (or

from onset of video recording without a flash of light). For example, the user can view

the images one image set at a time and can control how long he or she wants to view the

image set before manually forwarding or advancing to the next set of images or

rewinding to the previous set of images. This can be done to compare the right pupil to

the left pupil image set by image by set for each set of images taken during the procedure.

The user can pause as long as he or she wants at a particular set of images to, for

example, compare the difference between the right pupil and the left pupil in that set of

images.

[0044] Methods for monitoring asymmetry in response between the left and right eye are

also described herein. The methods are directed to whether or not an individual has

either anisocoria and the level and severity of anisocoria, or asymmetry in response

between the left and right eye to a stimulus, such as a light stimulus or other stimulus (or

no stimulus at all). Determining whether a patient has anisocoria or asymmetry in

response can have diagnostic value.

[0045] In one aspect, a method for monitoring asymmetry in response to a stimulus

between a left pupil and a right pupil of an individual involves the following steps, which

can be performed with the aid of pupillometer 10 described above and illustrated in

Figure 1, or other diagnostic equipment. An operator, usually a medical professional,

will position pupillometer 10 with the headrest 16 against the patient's face around her

left eye with the body of pupillometer 10 being perpendicular relative to the patient's axis

of vision as shown in Figure 2. It does not matter which eye is analyzed first as long as

the data regarding whether the pupillary measurement is of the left eye or right eye is

entered prior to taking the pupillary measurement. Pupillometer 10 is activated as

described and it is used to record for a period of time y at a rate of x image frames per

second a response of the left pupil to a flash of light (or simply recording the pupil at rest

without a flash of light). When the measurement phase is activated, pupillometer 10 will

issue a flash of light in the field of view of the left eye (or simply recording the pupil at

rest without a flash of light) and will simultaneously begin recording images of the left

pupil for a period of time y at a rate of x image frames per second as noted above.

Recording will automatically stop after the period of time y has elapsed, and the images



will be stored in the memory of pupillometer 10. The result of the recording is a video

made up of a number of sequential image frames that when played back depict in a movie

format the response of the pupil to the flash of light (or simply recording the pupil at rest

without a flash of light). The same steps are then performed on the right eye and the

image data of the right eye is also stored in the memory of pupillometer 10.

[0046] Now the operator can use the pupil comparison feature of pupillometer 10 to

display on the display screen 12 of pupillometer 10 simultaneously the first set of image

frames of the response of the left pupil and the second set of image frames of the

response of the right pupil to the flash of light (or no stimulus at all). This will initiate

the playback feature on the pupillometer 10. The pupil comparison feature of the

pupillometer 10 will arrange the two sets of image frames on the display so that the

center of the left pupil is aligned with the center of the right pupil on the display and the

two sets of image frames are synchronized per frame starting from the first frame for

each set with a straight line running from the center of both pupils. Stated somewhat

differently, the two videos, the video of the left pupil and the video of the right pupil, will

be aligned on the display 12 so that the center of the left pupil is aligned with the center

of the right pupil on the display 12 and pupillometer 10 will then play the two videos

simultaneously and in a synchronized fashion on the display screen 12.

[0047] To further enhance the ability of the operator to perceive any anisocoria, the

comparison feature of pupillometer 10 draws a pair of parallel straight lines that extend

from the perimeter of the left pupil to the perimeter of the right pupil in each image

frame. The parallel lines have a first section and a second section, wherein in the first

section the distance between the parallel lines is defined by the diameter of the left pupil

for each image frame, and in the second section the distance between the parallel lines is

defined by the diameter of the right pupil for each image frame. The color of the parallel

lines in the first section can be different than the color of the parallel lines in the second

section to make it easier for the operator to perceive any anisocoria. For example, the

parallel lines in the first section can be green and the parallel lines in the second section

can be red or vice versa. In addition, the user can view the images one image set at a

time and can control how long he or she wants to view the image set before manually

forwarding or advancing to the next set of images or rewinding to the previous set of



images. This can be done to compare the right pupil to the left pupil image set by image

by set for each set of images taken during the procedure. The user can pause as long as

he or she wants at a particular set of images to, for example, compare the difference

between the right pupil and the left pupil in that set of images.

[0048] In another embodiment, ppupillometer 10 can be binocular (not shown) so that

measurements of the left and right eye are taken simultaneously. Binocular

Pupillometers, such as Neuroptics'® DP-1000 Pupillometer for Research are well known

in the art.

[0049] While the invention is susceptible to various modifications and alternative forms,

specific examples thereof have been shown by way of example in the drawings and are

herein described in detail. It should be understood, however, that the invention is not to

be limited to the particular forms or methods disclosed, but to the contrary, the invention

is to cover all modifications, equivalents, and alternatives falling within the spirit and

scope of the appended claims.



We Claim:

1. A method for monitoring asymmetry in response to a stimulus between a left

pupil and a right pupil of an individual comprising;

recording for a period of time y at a rate of x image frames per second a response

of a left pupil to the stimulus thereby resulting in a first set of sequential image frames;

recording for the same period of time y at the same rate of x image frames per

second a response of a right pupil to the stimulus thereby resulting in a second set of

sequential image frames;

displaying on a display simultaneously the first set of image frames of the

response of the left pupil to the stimulus and the second set of image frames of the

response of the right pupil to the stimulus,

wherein the two sets of image frames are synchronized per frame starting from

the first frame for each set, and

wherein a center of the left pupil is aligned with a center of the right pupil on the

display.

2. The method of claim 1, wherein the steps of recording the left and right pupils are

done simultaneously.

3. The method of claim 1, wherein the steps of recording the left and right pupils are

done sequentially.

4. The method of claim 3, wherein the left pupil is recorded first.

5. The method of claim 3, wherein the right pupil is recorded first.



6. The method of claim 1, wherein for each image frame displayed on the display in

sequence the center of the left pupil in that frame is aligned with the center of the right

pupil in the corresponding frame.

7. The method of claim 1, further comprising a pair of parallel lines that extend from

the perimeter of the left pupil to the perimeter of the right pupil in each image frame, the

parallel lines having a first section and a second section, wherein in the first section the

distance between the parallel lines is defined by the diameter of the left pupil for each

image frame and in the second section the distance between the parallel lines is defined

by the diameter of the right pupil for each image frame.

8. The method of claim 7, wherein the color of the parallel lines in the first section is

different from the color of the parallel lines in the second section.

9. A Pupillometer comprising:

a display that is sized to simultaneously display a video of y or more seconds in

length of time of a left pupil and a video of y or more seconds in length of time of a right

pupil;

an imaging apparatus comprising (a) a pupil finder that identifies the perimeter of

a pupil and (b) a microprocessor, said imaging apparatus capable of recording images of

an individual's pupils at a rate of x frames per second for a period of y or more seconds

and playing back said images as a video at x frames per second or at another rate that is

faster or slower than x frames per second; and

a memory in communication with said microprocessor, said memory having

stored therein a program for enabling said microprocessor to:

(i) identify a center of the left pupil and a center of the right pupil for each

image frame;

(ii) synchronize each frame of the two videos starting from the first frame;



(iii) cause the display to display the two videos simultaneously such that

each of the frames of the video of the left eye is synchronized to a corresponding

frame of the video of the right eye when played back on the display;

(iv) cause the two videos to be displayed so that the center of the left pupil

in each frame is aligned on the display with the center of the right pupil for the

corresponding frame.

10. The Pupillometer of claim 9, wherein the program further enables said

microprocessor to generate a pair of parallel lines on the display that extend from the

perimeter of the left pupil to the perimeter of the right pupil in each image frame, the

parallel lines having a first section and a second section, wherein in the first section the

distance between the parallel lines is defined by the diameter of the left pupil for each

image frame and in the second section the distance between the parallel lines is defined

by the diameter of the right pupil for each image frame.

11. The Pupillometer of claim 10, wherein the color of the parallel lines in the first

section is different from the color of the parallel lines in the second section.

12. A program product comprising: a computer-readable medium; and computer-

executable instructions recorded on the computer-readable medium for performing a

method comprising:

recording for a period of time y at a rate of x image frames per second a response

of a left pupil to the stimulus thereby resulting in a first set of sequential image frames;

recording for the same period of time y at the same rate of x image frames per

second a response of a right pupil to the stimulus thereby resulting in a second set of

sequential image frames;



displaying on a display simultaneously the first set of image frames of the

response of the left pupil to the stimulus and the second set of image frames of the

response of the right pupil to the stimulus,

wherein the two digital sets of image frames are synchronized per frame starting

from the first frame for each set, and

wherein a center of the left pupil is aligned with a center of the right pupil on the

display.

13. The program product of claim 12, wherein for each frame of film displayed on the

display in sequence the center of the left pupil in that frame is aligned with the center of

the right pupil in the corresponding frame.

14. The program product of claim 13, wherein the computer-executable instructions

for performing a method further comprise generating a pair of parallel lines that extend

from the perimeter of the left pupil to the perimeter of the right pupil in each image

frame, the parallel lines having a first section and a second section, wherein in the first

section the distance between the parallel lines is defined by the diameter of the left pupil

for each image frame and in the second section the distance between the parallel lines is

defined by the diameter of the right pupil for each image frame.

15. The program product of claim 14, wherein the color of the parallel lines in the

first section is different from the color of the parallel lines in the second section.

16. The method of claim 1, wherein y is about three seconds in length of time, and x

is about thirty.

17. The method of claim 1, wherein y is between about one second and about sixty

minutes in length of time, and x is between about 1 and about 100.



18. The pupillometer of claim 9, wherein y is about three seconds in length of time,

and x is about thirty.

19. The pupillometer of claim 9, wherein y is between about one second and about

sixty minutes in length of time, and x is between about 1 and about 100.

20. The program product of claim 12, wherein y is about three seconds in length of

time, and x is about thirty.

21. The program product of claim 12, wherein y is between about one second and

about sixty minutes in length of time, and x is between about 1 and about 100.



















International application No

PCT/US2009/006300

A. CLASSIFICATION OF SUBJECT MATTER
INV . A61B3/11 A61B3/14

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

A61B

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal , WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where approp πate, of the relevant passages Relevant to claim No

X ,P "Instruction Manual NeurOptics(TM) 1,3-21
NPi(TM)-IOO Pupillometer"
4 May 2009 (2009-05-04), 20090504 ,
XP002559248
pages 1,8
page 19 - page 24
figures 3.4, 3.7

NEUROPTICS: "The NPi-100 Pupillometer 11

XP007911723
Retrieved from the Internet:
URL :http ://www .neuropt ics .com/i ndex .php?pa
ge=critical-care>
[retrieved on 2010-02-12]
the whole document

-/~

Further documents are listed in the continuation of Box C See patent family annex

* Special categories of cited documents
"T" later document published after the international filing date

or pπoπty date and not in conflict with the application but
"A" document defining the general state of the art which is not cited to understand the principle or theory underlying the

considered to be of particular relevance invention
Ε " earlier document but published on or after the international "X" document of particular relevance, the claimed invention

filing date cannot be considered novel or cannot be considered to
"L" document which may throw doubts on priority cla ιm(s) or involve an inventive step when the document is taken alone

which is cited to establish the publication date of another "Y" document of particular relevance, the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

O " document refernng to an oral disclosure, use, exhibition or document is combined with one or more other such docu¬
other means ments, such combination being obvious to a person skilled

"P" document published pnor to the international filing date but in the art

later than the pπoπty date claimed '&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

18 February 2010 26/02/2010

Name and mailing address of the ISA/ Authoπzed officer

European Patent Office, P B 5818 Pateπtlaaπ 2
NL - 2280 HV Rijswijk

TeI (+31-70) 340-2040,
Fax (+31-70) 340-3016 Gartner, Andreas

Form PCT/ISA/210 (second shee!) (April 2005)



International application No
INTERNATIONAL SEARCH REPORT

PCT/US2009/006300

C(Coπtinuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category * Citation of document, with indication, where appropnate, of the relevant passages Relevant to claim No

TAYLOR WILLIAM R ET AL: "Quantitative
pupil lometry, a new technology: normative
data and preliminary observations in

patients with acute head injury. Technical
note"
JOURNAL OF NEUROSURGERY, AMERICAN
ASSOCIATION OF NEUROLOGICAL SURGEONS, US,

vol. 98, no. 1 ,

1 January 2003 (2003-01-01), pages
205-213, XP002559199
ISSN: 0022-3085

US 5 784 145 A (GHODSE ABDOL HAMID [GB] ET 1-2,9, 12
AL) 21 July 1998 (1998-07-21)
column 1 , line 5 - line 10

column 5 , line 3 - line 59
column 6 , line 40 - line 55
column 7 , line 5 - column 8 , line 5
col umn 8, l ine 44 - col umn 9, line 14

figures 1-3,7-11

US 2 445 787 A (EDGAR LILIENFELD JULIUS) 1-2,6,
27 July 1948 (1948-07-27) 16-17
column 3 , line 7 - column 6 , line 34 7-15,
figures 1-6 18-21

US 5 187 506 A (CARTER ELBERT P [US]) 1-21
16 February 1993 (1993-02-16)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)



International application No
Information on patent family members

PCT/US2009/006300

Patent document Publication Patent family Publication
cited in search report date member(s) date

US 5784145 21-07-1998 AT 164052 T 15-04-1998
CA 2145639 Al 14-04-1994
DE 69317570 Dl 23-04-1998
DE 69317570 T2 22-10-1998
EP 0661946 Al 12-07-1995
WO 9407406 Al 14-04-1994

US 2445787 A 27-07-1948 NONE

US 5187506 A 16-02-1993 AT 155988 T 15-08-1997
DE 69127092 Dl 04-09-1997
DE 69127092 T2 05-02-1998
EP 0550673 Al 14-07-1993
JP 6500938 T 03-02-1994
UO 9205736 Al 16-04-1992

Form PCT/ISA/210 (patent family annex) (April 2005)


	front-page
	description
	claims
	drawings
	wo-search-report

