The 
26th Pupil Colloquium

The 
26th Pupil Colloquium

[image: image1.wmf]Day 1

Day 2

Day 3

Day 4

Day 5

Mon 8/22/05

Tues 8/23/05

Wed 8/24/05

Thurs 8/25/05

Fri 8/26/05

Breakfast            

07:30-09:00

Breakfast            

07:30-09:00

Breakfast            

07:30-09:00

Breakfast            

07:30-09:00

Morning session          

Papers 09:00-10:30           

Morning session          

Papers 09:00-10:30           

Morning session          

Papers 09:00-10:30           

Check Out (by 10:00 

AM)

Coffee 10:30-11:00         

Papers 11:00-12:30

Coffee 10:30-11:00         

Papers 11:00-12:30

Coffee 10:30-11:00         

Papers 11:00-12:15

Lunch 12:30-14:00

Lunch 12:30-14:00

Lunch 12:15-13:30

Arrival & Registration 

(Check In after 15:30)

Afternoon session             

Papers 14:00-15:30 

Afternoon session             

Papers 14:00-15:30 

OUTING          

Hudson River Cruise

Reception                          

17:30-18:30

Coffee 15:30-16:00           

Papers  16:00-17:30

Coffee 15:30-16:00           

Papers  16:00-17:30

Pickup 13:45      

Return 17:00

Dinner                               

18:30-20:00

BBQ 19:00-20:30

Dinner 19:00-20:30

Banquet Dinner  

18:30-21:00


August 2005

Overlook Lodge, Bear Mountain Inn,

Bear Mountain, New York, USA

Harry Wyatt

Department of Biological Sciences,

State College of Optometry,

State University of New York,

New York, NY, USA

Michael Rosenberg

Department of Neuro-Ophthalmology

New Jersey Neuroscience Institute

Edison, New Jersey, USA

Peter Howarth

Visual Ergonomics Research Group,

Department of Human Sciences,

Loughborough University, Leicestershire, England, UK

Provisional Timetable

These are the first-named authors, the abstracts are listed alphabetically

	
	Day 2
	Day 3
	Day 4

	
	
	
	

	
	Thomson
	Patil (historical)
	Spare

	
	Crippa
	Szabadi (Alzheimer’s)
	Wilhelm, B.

	
	Chen
	Boetcher
	Franzen

	Coffee
	
	
	

	
	Wyatt
	Patil
	Yamamoto

	
	Bergamin
	
	Lloyd

	
	Nakayama
	Larson
	Wyatt closing

	Lunch
	
	
	

	
	Clarke
	Larson (dilation)
	Outing

	
	Berman
	Wilhelm, H.
	

	
	Yamaji
	coffee/poster session
	

	Coffee
	
	Chew, Szabadi, Silk
	

	
	Siegle
	Lowenfeld lecture
	

	
	Prehn
	Business meeting
	

	
	Steinhauer
	
	


[image: image2.png]mnnnmll ulurmn‘l. o
4 TTITT TR S





Attendee List & contact details

Bergamin, Oliver   

oliver.bergamin@usz.ch
Berman, Sam   

sam.berman@gte.net
Boettcher, Michael   

michael-friedrich.boettcher@bayerhealthcare.com


Chen, Yanjun   

yanjun_chen2004@yahoo.com
Chew, Marci   


mlcst19+@pitt.edu
Clark, Andrew   

andy.clark@nuth.northy.nhs.uk
Clarke, Robert   

clarkerj@umdnj.edu
Crippa, Sylvain   

sylvain.crippa@ophtal.vd.ch


Franzen Peter  

franzenpl@upmc.edu
Hakamata, Naotoshi   

naotoshi@hq.hpk.co.jp 
Hakerem, Gad   

gadhak@comcast.net
Haruma, Hideo   

satos-de@dp.catv.ne.jp


Ishikawa, Hitoshi  

ishikawa@kitasato-u.ac.jp, hitoshi@e03.itscom.net


Koss, Michael   

Michael-Koss@ouhsc.edu

Larson, Merlin   

larsonm@anesthesia.ucsf.edu
Lloyd, Stephen   

srlloyd@uic.edu


Nakayama, Minoru   

nakayama@cradle.titech.ac.jp


Patil, Popat   


patil.1@osu.edu
Prehn, Kristin   

kristin.prehn@charite.de


Rosenberg, Michael   

MRosenberg@solarishs.org


Siegle, Greg   


gsiegle@pitt.edu
Siminou, Kamran   

info@neuroptics.com
Steinhauer, Stuart   

sthauer@pitt.edu
Szabadi, Elemer   

elemer.szabadi@nottingham.ac.uk

Thompson, Stan    

thompson@ginniff.com


Wilhelm, Barbara   

puplab@uni-tuebingen.de
Wilhelm, Helmut   

helmut.Wilhelm@med.uni-tuebingen.de
Wyatt, Harry   

wyatt@sunyopt.edu
Yamaji, Kazutsuna   

yamaji@riken.jp


Yamamoto, Keiko    

kei5@aichi-med-u.ac.jp
Titles and Authors
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THE PUPIL LIGHT REFLEX IN MICE

O. Bergamin1, A. Wenzel1, H. Sidler1, P. Humphries2, M. Biel3, C.E. Remé1 and M.W. Seeliger4 
1 Ophthalmology Department, Zurich University Hospital, Zurich, Switzerland
2 Department of Genetics, Trinity College, The University of Dublin, Ireland
3 Department Pharmazie–Zentrum für Pharmaforschung, Ludwig–Maximilians–University, Munich, Germany
4 Retinal Electrodiagnostics Research Group, University Eye Hospital Department II, Tubingen, Germany 
Introduction/Purpose: To evaluate the waveform of the pupil light reflex (PLR) in CNGA3–/–Rho–/– mice without outer retinal photoreception in comparison to RPE65–/– and wild type mice. 
Methods: Baseline pupil area, peak response amplitude (in % of baseline pupil area), maximal contraction velocity, and response duration of the PLR were measured in dark adapted eyes from RPE65–/–, CNGA3–/–Rho–/–, and wild type mice. A full field flash was used to stimulate one eye while the fellow eye was recorded with a scanning laser ophthalmoscope. 
Results: In previous studies, the waveform of the PLR of RPE65–/– mice was found to be similar to that evoked by dimmer stimuli in control mice, suggesting loss of retinal sensitivity. Indeed, maximal contraction velocity and response duration of the PLR of RPE65–/– mice were proportionally reduced to the peak response amplitude that was reduced to 16.8% in comparison to 81.1% in wild type mice. In contrast, the peak response amplitude of the CNGA3–/–Rho–/– mice was preserved (79.3%). However, the response duration was 1.5 times prolonged compared to that observed in control mice. The maximal contraction velocity was 60% lower and comparable with the maximal contraction velocity of the RPE65–/– mice. 
Conclusions: Whereas the waveform of the PLR was preserved in RPE65–/– mice with a smaller peak response amplitude compared to wild type mice, CNGA3–/–Rho–/– mice presented with a preserved peak response amplitude but the timing of the PLR was out of proportion. This time–to–amplitude dissociation of the PLR is presumably due to the missing image–forming photoreceptors in the CNGA3–/–Rho–/– mice. 
Key Words: pupillary reflex • photoreceptors • genetics
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SPECTRALLY-DRIVEN PUPIL SIZE DIFFERENCES IMPROVE NEAR ACUITY FOR ELEMENTARY SCHOOL CHILDREN

Sam M. Bermana PHD,  Mojtaba Navvabb PHD, FIES,  Matthew J. Martinc OD.  James Sheedyd OD, PHD,  William Tithofe PHD.

a. Senior Scientist Emeritus Lawrence Berkeley National Laboratory, Berkeley, CA 94720

b. Professor, Taubman College of Architecture and Urban Planning, Univ.of Michigan, Ann Arbor MI 48109

c. Optometrist Bay City MI 48705, Michigan License # 4901004017

d. Professor, The Ohio State University College of Optometry, Columbus, Ohio 43218

e.     Director of State & Federal Programs, Bay City Public Schools, Bay City, MI 48706, USA

Introduction:   Past studies have shown that light spectrum at fixed photopic levels affects visual acuity of adults of all ages. In this study those results including the vision and energy savings implications are extended to young children.

Methods: Near visual acuity, adjusted for the typical reading condition of 40 cm distance, of 27 children ages 10&11 years was measured by a licensed optometrist under lighting provided by 2 different but readily available fluorescent lamps (CCT of 3600K & 5500K). The measurements were obtained in a school-room outfitted with specially designed fixtures that simultaneously housed both lamp types whose light levels were separately controllable by a wall-mounted switch/control. The fixtures were designed to provide equal luminance distributions for each lamp type.

Acuities were measured under 3 lighting conditions, either both lamp types providing equal task luminance or a condition where the task luminance of the 5500K lamp was set to a 50% lower value. The equal luminance conditions had the luminance at the eye of the tested student (in the direction of gaze) adjusted to the value 85 cd/m2.

Results:   For the equal lighting condition, 24 of the 27 children had better acuity under the higher CCT lamp (p<0.001, Wilcoxon sign test). There was 1 tie score while 2 scored better under the standard lamp. Paired t-tests comparing the lower luminance condition showed a significant difference for the 5500K lamps at the 2 luminances, but no significant difference when comparing the 3600K lamps at the higher luminance with the 5500K lamps at the lower luminance. (However there was a strong trend for the 5500K lower luminance condition to provide better acuity). Pupil sizes of 4 children under the 2 different lamp types for the equal luminance condition were also measured based on averaging multiple frames of calibrated video camera images of their eyes. Average pupil size was significantly smaller under the 5500K lighting as compared to the 3600K lighting for all these children consistent with prior measurements of adults. 

Discussion:  The pupil size differences suggest an explanatory mechanism of the results based on the relatively more bluish spectral content of the 5500K lighting causing comparatively greater pupil constriction and thereby improving visual optical quality. Because reading speed begins to slow when letter size is 3 to 4 times acuity size these results have practical implications for typical interior environments and also demonstrate a highly cost effective means for achieving improved vision.

REPETITIVE STIMULATION OF THE PUPIL LIGHT REFLEX - IMPAIRED BEHAVIOUR IN ALZHEIMER’S DISEASE

Daniel. M. Bittner, MD, 

Dept. of Neurology, University of Ulm, Germany

Introduction:   In a previous study, pupil light reflex was found to change systematically under repetitive stimulation. Pupil size decreased, while amplitude increased and latency got shorter. This observation was considered to be related to a decreased sympathetic inhibition of the parasympathetic system.  The current study investigated whether there is different behaviour in dementia compared with controls under repetitive stimulation.

Methods:   This study examined 28 patients (age: 74.6 ± 7.5 y) with dementia (21 with Alzheimer’s Disease, 3 with vascular dementia and 4 with mixed dementia), 8 subjects (age: 68.5 ± 7.0) with Mild Cognitive Impairment (MCI) and 5 otherwise healthy controls (age: 67.6 ± 9.8 y). In all subjects 40 repetitive pupil light reflex were elicited with the Compact Integrated Pupillograph (CIP, Fa. AMTech, Weinheim).  Parameters measured were pupil diameter, amplitude, latency and relative amplitude (amplitude / pupil size) of the first and last 5 measurements.

Results:    There were no significant differences concerning age, initial amplitude or latency, but initial pupil size was smaller in dementia patients (Kruskal Wallis analyses,  X2=6.86, p=0.032). However under repetitive stimulation pupil size (Cons. vs. MCI vs. dementia: 0.40 +/- 0.25 mm vs. 0.44 +/- 0.35 mm vs. 0.15 +/- 0.29 mm; X2=6.95, p=0.031) and relative amplitude (0.056 +/- 0.016 vs. 0.037 +/- 0.047 vs. 0.026 +/- 0.033; X2=6.43, p=0.04) decreased to a larger extend in controls than in dementia patients. Moreover in Pearson correlation a higher MMSE was significant related to a larger latency decrease (r=-0.320, p=0.042) and relative amplitude increase (r=0.418, p=0.011) under repetitive stimulation. Finally a stronger increase of relative amplitude was related to a higher cerebrospinal fluid level of amyloid-beta(1-42) (r=0.453, p=0.012).

Conclusion:   From our data derive some hints that the cholinergic deficit found in dementia is reflected by a diminished change of at least some of the pupil light reflex parameters under repetitive stimulation. This might be related to an imbalance of the cholinergic system.

Certification:   This study was conducted in accordance with the guidelines provided by the Declaration of Helsinki and in adherence to applicable national and local Human subjects requirements.

LIGHT-EVOKED PUPILLOGRAPHY IS AN EFFECTIVE BIOMARKER FOR

5-HT1A COMPOUNDS WITH DOPAMINE AGONISTIC PROPERTIES

M. Boettcher, E. Brendel, J. Kuhlmann, G. Wensing 

Institute of Clinical Pharmacology, Bayer HealthCare AG, 42096 Wuppertal, Germany

Introduction:  Initial pupil diameter (INIT) and reflex amplitude (RA) can be easily determined by light evoked pupillography. Both biomarkers have been shown to quantify pharmacodynamic effects on partial or full 5-HT1A-agonists in healthy volunteers.

Methods: To investigate the pharmacodynamic effect of a new full 5-HT1A-agonist with functional dopamine agonist properties (BAY 63-9044), a single dose escalation study was performed in healthy male subjects. BAY 63-9044 was administered as an oral solution to 45 healthy male subjects in doses of 0.25mg, 0.5mg, 1.2mg, 2.5mg and 5.0mg in a randomised, single-blind, placebo-controlled, group-comparison study. Pupil reaction was monitored up to 24 hours after drug intake. In addition, body temperature, prolactin, cortisol, adreno-corticotrophic hormone (ACTH) and BAY 63-9044 plasma concentrations were measured.

Results:  The changes of INIT were observed starting with doses higher than 0.5mg and RA for doses higher than 1.2 mg. Significant changes were found for BAY 63-9044 plasma concentrations > 15µg/L (INIT) and >30 µg/L (RA). Body temperature evaluation revealed a trend in reduction of temperature starting at time of Cmax in the highest doses (2.5mg and 5.0mg). No clear effect was found on prolactin, cortisol and ACTH levels. Additionally, concentration-effect-relationship was calculated for all pharmacodynamic parameters and compared to concentration-effect-relationships of other 5-HT1A-agonists with no dopamine agonistic properties.

Conclusion:  INIT is the most sensitive parameter and underlines the role of light evoked pupillography as a ‘standard’ to measure pharmcodynamic effects on 5-HT1A-compounds.

Certification: The study was conducted in accordance with the Helsinki Declaration and its subsequent revisions, and approved by the local ethics committee.

A RAPID TEST TO EVALUATE UPPER/LOWER RETINAL ASYMMETRY IN GLAUCOMATOUS OPTIC NEUROPATHY USING THE PUPIL LIGHT REFLEX

Yanjun Chen, M.D., Ph.D.(1,3), Harry Wyatt, Ph.D.(1,2), William Swanson, Ph.D.(2), Mitchell Dul, O.D.(2)

(1) Dept. Biological Sciences, SUNY State College of Optometry, New York, NY 10036
(2) Glaucoma Institute, SUNY State College of Optometry, New York, NY 10036
(3) Dept. Neurology, St. Louis University, St. Louis, MO 63104, USA

Introduction/Purpose:   To assess the effectiveness of a rapid pupil test in evaluating superior/inferior retinal asymmetry in glaucoma patients, using a small number of large retinal stimuli.

Methods: Subjects sat 75cm away from a display monitor with one eye patched, and fixated a red cross on the monitor. During the test, stimuli were presented alternately at a pair of mirror locations above and below the horizontal meridian (Chen et.al, Vision Res., 2005).  Pupil diameter was recorded with an infrared pupillometer (ISCAN EC-101), and analysed in terms of the “contrast balance” (relative contrast of upper to lower stimulus estimated to give equal pupil responses). Two groups of subjects participated in this study: 20 normal older subjects (ages: 53.5 ( 5.8) and 20 patients with POAG (ages 63.0 ( 10.1). 

Results:   It took less than five minutes to test both eyes. Patients with glaucoma found the test was less demanding to perform than conventional perimetry. The frequency distribution of contrast balance from older normal subjects cantered at about zero, indicating a functional symmetry in upper/lower retina in the normal subjects on average. (However, there were variations in individual balances, as for younger normal subjects.) Contrast balance values from retinas of patients with glaucoma differed from those of normal subjects, and were correlated with asymmetry predicted from visual field test results (linear correlation, r=0.41, p<0.001).  Within-session and between-session test variability was fairly small and did not increase in areas of visual field defects. 

Conclusion:  The present test, measuring upper/lower retinal functional asymmetry, is a promising technique for assessing glaucomatous retinal damage. 

Certification:  The experiments were conducted in accordance with the guidelines provided by the Declaration of Helsinki and in adherence to Institutional Review Board (IRB).

The research was sponsored by (1) NIH/NEI R03 EY01459. (2) Schnurmacher Institute for Vision Research, SUNY State College of Optometry, New York, NY 10036

DOES THE PUPILLARY RESPONSE TO ANTICHOLINERGIC DRUGS CORRESPOND TO SERUM ANTICHOLINERGIC ACTIVITY?  

A HYPOTHESIS AND PROPOSED EXPERIMENT

Marci L. Chew, BS1, Stuart R. Steinhauer, PhD2,3, Greg J. Siegle, PhD3, Robert R. Bies, PhD1,3, Bruce G. Pollock, MD, PhD1,3

1. University of Pittsburgh, School of Pharmacy,   2. VA Pittsburgh Health System, Biometrics Research Program,   3. Western Psychiatric Institute and Clinic, Department of Psychiatry, Pittsburgh, PA 15261, USA 

Introduction:  It is commonly believed that age-related changes in the central nervous system (CNS) are responsible for the cognitive decline seen in older adults.  However, a significant portion of this impairment may be due to anticholinergic medications (i.e., muscarinic receptor antagonists) which are known to cause memory loss, confusion, and delirium.  Unfortunately, the muscarinic receptor binding properties of most drugs and their metabolites are unknown; therefore it is very difficult to identify patients who are suffering from anticholinergic-induced cognitive impairment.  A competitive radioligand binding assay has been used in the research setting to measure the cumulative level of muscarinic receptor binding present in an individual’s serum.  This serum anticholinergic activity (SAA) arises from the cumulative effects of exogenously administered medications, metabolites, and possibly endogenous substances.  For medications that are extensively distributed into the brain, SAA levels have been found to strongly correlate to cerebral spinal fluid (CSF) anticholinergic activity and cognitive performance.  However, SAA may not correlate well to CSF anticholinergic activity or to cognitive performance in individuals with medications or metabolites which do not readily distribute into the brain.  Pupil dilation may represent a more effective tool in this regard.  We further describe this hypothesis and an experiment to test it, so as to obtain critical commentary. 

Hypothesis:  An optimal tool would be one which better estimates drug distribution into the CNS.  Measurement of pupillary diameter to administered medications may be informative in predicting cognitive impairment due to anticholinergic medications.  The iris-blood barrier, which shares similar characteristics with the blood-brain barrier (e.g., the presence of tight junctions, efflux transporters such as P-glycoprotein, and minimal pinocytotic vesicles) limits the amount of exposure that the pupil receives to many endogenous and exogenous substances.  Furthermore, ocular drug distribution is correlated to the distribution of drug into the CNS.  Existing literature will be reviewed examining pupillary effects of scopolamine (an anticholinergic medication with significant CNS distribution) and tolterodine (an anticholinergic medication with minimal CNS distribution).

An example of experimental implementation:  We suggest that pupillary measurement can be used as a tool to predict cognitive impairment secondary to anticholinergic medications.  One proposed evaluation would be a randomised, placebo-controlled, cross-over study examining the effects of scopolamine and tolterodine.  Pupil diameter (at rest), blood samples, and cognitive assessments can be performed concurrently at multiple time points throughout an 8 hour testing session.  Non-linear, mixed effects modelling can be applied to examine the data.  Potential covariates affecting change in cognitive performance including drug concentrations, SAA levels, and change in pupil diameter over time could be examined.  Additional relevant variables would include baseline cognitive testing, age, sex, body mass index, number of medications, and total medical burden as measured by standard evaluations such as the Cumulative Illness Rating Scale for Geriatrics.   

Conclusion:  We hypothesize that SAA levels and pupillary change together would better predict cognitive impairment than SAA levels alone.  SAA levels in conjunction with pupillary response may allow us to identify and appropriately manage those elderly at risk for cognitive impairment due to anticholinergic medications.   

SHAPING THE PUPIL’S RESPONSE TO LIGHT IN THE HOODED RAT

Robert J Clarke, PhD

Dept of Neuroscience, University of Medicine and Dentistry of New Jersey, Newark, NJ Neuroscience Institute of Seton Hall University, Edison NJ. USA

Introduction:  The purpose of this study was to determine the contribution of the iris musculature to steady state and dynamic response characteristics of the pupil response to light in the hooded rat.

Methods:   The consensual pupil light reflex was recorded in 20 adult Long Evans rats of either sex under Ketamine/Xylazine anaesthesia. Six of these rats were surgically prepared for electrical stimulation of the parasympathetic fibres in the IIIrd nerve root and pupil recording in the ipsilateral eye. The research was conducted in accordance with international standards of animal care and treatment as set out by ARVO and was approved by the institutional an animal care and use committee of Seton Hall University.

Results: The amplitude of transient and tonic phases of the consensual pupil response to light depended on luminance intensity, stimulus size, and position of the light stimulus in the visual field. The pupil responded best to stimuli presented in the lower nasal retina and least in the upper temporal retina. The waveforms of pupillary contractions to single or brief trains of electrical impulses applied to the IIIrd nerve were virtually identical to those elicited with short duration light flashes. Individual contractions could be resolved at stimulation rates of 2Hz and below but the size of the contractions declined with increase in frequency. The pupil responded to long trains of stimuli above 2Hz with smooth tonic contractions. Steady state contraction amplitude was linearly related to log stimulation frequency. The mean time constant of pupil constriction to stimulus trains was 1.41s (SD+ 0.71s) and the shortest mean latency was 292msecs (SD + 30msecs). The fastest mean latency of pupil constriction to the brightest light flash used was 295msecs. In contrast, the time constant of pupillary dilation was 7s (SD+ 1.4s) and the latency was 485msecs (SD+ 74msecs). 

Discussion:   The intrinsic properties of the iris musculature are responsible for the asymmetries in pupil contraction, dilation, and latencies as well as low flicker fusion frequency and constriction amplitude characteristics of pupil responses to light.

Support: Fight for Sight

MID-SIZE TIME FOR PUPILLODILATION : A NEW PARAMETER FOR DETECTING HORNER’S SYNDROME

Sylvain V Crippa, Orthoptist ; Aki Kawasaki, MD, MER ; François-Xavier Borruat, MD, PD, MER ; Randy H Kardon, MD, PhD, Prof.

Introduction:   A slow and delayed pupillodilation in darkness is a characteristic finding in an eye with an oculosympathetic defect (Horner’s syndrome). We sought to develop a novel approach for detecting delayed pupillodilation based on the amount of time that a pupil remains at a mid-size percentage of its maximal dilation.

Methods:   13 patients with unilateral Horner’s syndrome and 26 normal subjects were tested with binocular computerized pupillography. The stimulus sequence was a 1 second bright light followed by 19 seconds of complete darkness; the sequence was repeated 4 times. For analysis, each valid pupillodilation curve was partitioned into 10% increments of recovering pupil size, starting from the minimum size (point of maximal pupil contraction) to 100% of the pre-contraction (baseline) pupil size. The number of seconds that the pupil remained at each 10% interval (0-10%, 10-20%, 20-30%, etc) of its baseline size was determined. We then calculated the total amount of time that the pupil remained in a mid-size state (operationally defined as between 40% and 80% of the baseline pupil size) during the 20 seconds recording. This was referred to as mid-size time. Abnormally slow dilation was defined as mid-size time exceeding the 95% upper limit of normal subjects .The inter-eye difference in the time spent in each size interval was also assessed. A comparison of methodologies was made.

Results: The median mid-size time for the normal subjects was 4.83 seconds and 8.70 seconds for the Horner patients. The 95% limit of the normal group was 8.64 seconds and 11 of 13 (85%) of patients with Horner’s syndrome exceeded this upper limit. The inter-eye difference of the mid-size time showed approximately the same results as the unilateral pupil analysis. When we applied a previously described method of detecting dilation lag using decreasing anisocoria between 5 and 15 seconds of darkness to our 13 Horner’s patients, only 7 (54%) showed a positive dilation lag.

Conclusion:  This novel approach to detecting abnormally delayed pupillodilation in patients with Horner’s syndrome has several advantages: it allows for a monocular assessment of dilation lag, can be applied to any standard pupillogram that records pupillodilation and is relatively unhampered by artefacts. Given its relatively high sensitivity for detecting dilation lag, this approach may be particularly useful when combined with the decreasing anisocoria method which has 100% diagnostic specificity.

Pupillography and the assessment of neurobehavioural consequences of sleep deprivation

P.L. Franzen, PhD; D.J. Buysse, MD; D.N. Duryea, BA; G.J. Siegle, PhD
University of Pittsburgh, Pittsburgh USA

Introduction:  Sleep deprivation (SD) is associated with a complex pattern of neurobehavioral consequences across cognitive and emotional domains. Prefrontal cortical function is degraded during SD with corresponding deficits in executive functioning. SD is also consistently associated with mood dysregulation, although past research has relied solely on self-report measures. Pupillography is an ideal objective method to measure emotional processing, sleepiness, and their interaction. Pupillary instability reliably measures sleepiness, and pupil dilation can be used as an index of both cognitive and emotional processing. The extent to which these measures vary independently is unclear. The current pilot study was designed to examine this question.

Methods:   Healthy young adults were randomised to a night of total SD or a night of normal sleep (NS). Emotional processing, executive function, and sleepiness were assessed the following afternoon during continuous pupil diameter recording. Pupil dilation was measured during the emotion task which consisted of viewing positive, negative, and neutral emotional pictures (6 s stimulus duration, 6 s inter-stimulus interval). The Pupillary Unrest Index (PUI), the amount of change over time in pupil size, was calculated during the Pupil Sleepiness Test when participants fixated on a red dot for 11 minutes. Every two hours throughout the day, psychomotor vigilance performance and sleep latency (i.e., Multiple Sleep Latency Test, MSLT) were assessed. The afternoon testing session was repeated 1–2 weeks later in all participants under rested conditions (i.e., NS trials). Preliminary analyses were conducted on 6 SD and 4 NS participants. Pupil data cleaning, reduction, and analysis used standard methodology employed in Dr. Siegle’s lab.

Results:   The PUI was significantly higher during SD than NS, Wilcoxon Z=-2.0, p<.05, and the association between the PUI and MSLT scores was nonsignificant but in the predicted direction, r=-.47, p=.27. There was more pupil dilation/less constriction to negative pictures during SD compared to NS, significant from .7 s post-stimulus onset until 1 s post-stimulus offset, t(12)=2.71, p<.02, Cohen’s D effect size=-1.46. Additionally, the light reflex following stimulus onset was inhibited in SD. Valence-specific pupil responses were assessed by subtracting neutral from negative responses; a pupil dilation response in SD and a constriction response in NS were observed. SD and NS differed significantly for first second post-stimulus onset, t(12)=3.49, p<.01, Cohen’s D=-1.89. 

Discussion:   The association between sleepiness as measured by the PUI and the MSLT was in the expected direction, providing validation for the pupillary approach. The data also suggest that SD disrupts normal processing of emotional stimuli, as indicated by greater initial and sustained pupillary responses to negative pictures. The results provide preliminary support for the hypothesis that SD leads to greater emotional reactivity and negatively impacts emotion regulation. Pupillary variation associated with sleepiness did not interfere with ability to detect emotional information processing disruptions. Assessing pupillary responses to emotional and cognitive processing in SD may provide important insights into various neurobehavioral consequences and their inter-relationships. 

Certification: This research was conducted in accordance with the guidelines provided by the Declaration of Helsinki and in adherence to applicable national and local Human-Subjects requirements. All co-authors have read the final, submitted version of the abstract and consented explicitly to having their names included in the list of authors.

Acknowledgement:   Supported in part from MH16804, MH30915, RR00056, MH24652, and AG00972

WHAT I KNOW ABOUT PUPILS: THE FOURTH LOEWENFELD LECTURE

Professor Michael C. Koss, Ph.D.


Department of Cell Biology

The University of Oklahoma

940 Stanton L. Young Blvd.
BMSB 553
Oklahoma City, OK 73104

USA

Dr. Michael Koss received his Ph.D. from Columbia University in New York City in 1971.  While doing his student research, he met Irene Loewenfeld who was then at the Eye Institute at the same University.  This meeting led to the use of an animal electronic pupilometer that he used to map the CNS sympathetic pupilomotor neural pathways in the cat.  

Dr. Koss will discuss his subsequent research on central nervous system control of the pupil with emphasis on CNS adrenergic parasympatho-inhibitory mechanisms.  Using an illustration from one of Dr. Loewenfeld’s publications as a guide, many of the neuronal pathways involved in control of the pupil will be explored.  Both sympathetic and parasympathetic mechanisms will be discussed concluding with a consideration of potential alpha-adrenoceptor subtype(s) involved with activation of the iris dilator muscle.
 

EFFECT OF SEVERE PAIN ON PUPIL SIZE DURING OPIOID THERAPY

Merlin D. Larson, MD1 and Oahn Ha, MD2
1Professor, Department of Anesthesiology, University of California, San Francisco 

2 Assistant Professor, Department of Anesthesiology, UCSF, San Francisco, USA
Introduction:  Pupillary constriction is a measure of the central pharmacodynamic effect of opioids and acute pain is known to dilate the pupil.  The present study asks the question whether severe pain can dilate the pupil in the presence of opioid therapy.  If pain activates an inhibitory pathway into the PCN and opioids depress this pathway by their antinociceptive activity, then severe ineffective opioid-based pain therapy might be manifested by pupillary dilation.  

Methods:  Eight patients with severe postoperative pain consented to have pupillary measurements in darkness before after administration of thoracic epidural analgesia with ropivacaine.  Patients were all taking maximum doses of Patient Controlled Intravenous Analgesia consisting of Dilaudid 0.2 mg/6 min for at least 6 hours and were in severe pain as measured with the Visual Analogue Scale (9-10/10 pain).   Both the patient and the nursing staff were concerned that additional opioid therapy would produce undesirable side effects.  Static and dynamic pupillary measurements were taken from the left eye with the Neuroptics Foresite hand held pupillometer.  The left eye was covered with a rubber eyecup and ambient light was excluded from the right eye.  

Results:   Age of the patients was 47 +/- 14 yrs.  Epidural analgesia reduced pain scores from a VAS score of 9.5 +/- 1.2 to 1.4 +/- 0.2.  Dark pupil size decreased from 3.5 +/-  1.3 mm to 3.3  +/-  1.1 mm (NS) after epidural analgesia was established.   Time between measurements was 36 +/-( 4 min.  Several hours after epidural analgesia was established and in the presence of adequate pain control with Patient Controlled Epidural Analgesia, pupil size increased to 4.7  +/-  1.1 mm.  Significant changes in blood pressure, heart rate, respiratory rate, and mental status were observed following epidural analgesia.   Subtle changes in the shape of the light reflex were observed but could have been related to the small change in pupil size.  

Discussion: This data shows that the pupil is still in a miotic state during severe pain in the presence of opioid therapy.  In awake experimental animals, pain produces widely dilated pupils but the effect of opioids on the pupil is species dependent and thus meaningful data on the effect of pain on pupil size during opioid therapy is best obtained from human subjects.  During general anaesthesia in humans, intense painful stimuli dilate the pupil to diameters above 6mm and this dilation is uniformly blocked by opioids.  A reduction of pain in the present study did not significantly alter pupil size and thus pupil size is a reliable measure of central opioid levels even in the presence of pain.  The results suggest that opioids initiate a process in the midbrain that produces miosis but is not necessarily related to analgesia.

Certification:   This study complies with ethical standards as approved by the Committee on Human Research at the University of California 

EFFECT OF AMBIENT LIGHT ON PUPILLARY REFLEX DILATION DURING GENERAL ANAESTHESIA

Merlin D. Larson, MD

Department of Anesthesiology, University of California, San Francisco, USA

Introduction:  Pupillary reflex dilation during general anaesthesia in humans has been described as a robust dilation proceeding in two distinct phases in response to a brief nociceptive stimulus.  Opioids are known to depress this reflex in a stereotypical manner but their mechanism of action on the pupil is unknown.  One theory proposes that the effect of opioids on the pupil is brought about by direct stimulation of the PC nucleus.  If this is true, then other means of stimulating the nucleus might have a similar effect on the reflex as has previously been shown to result from opioid administration.  The present study examines the effect of additional ambient light on PRD in lightly anaesthetized human subjects. 

Methods:  Eight consenting patients undergoing surgery with combined epidural – general anaesthesia were studied.  PRD was elicited by nociceptive stimulation of the C5 dermatome with a 3 second tetanic electrical current of 70 mamps.  Measurement of PRD from the right eye was first taken in total darkness.   Five minutes later a continuous light stimulus of 150 lux was directed into the left eye while measuring PRD from the right eye.  Five minutes later another measure was taken in total darkness.  PRD was quantified as the area above the curve for a ten second pupillary scan following the start of A 3 sec nociceptive stimulus.   

Results:   The addition of light directed into the opposite eye had a profound depressant effect on the magnitude of PRD. The effects were most apparent on the secondary phase of the dilation with only minimal effect on the first 4 seconds of the scan.  The basal pupil diameter constricted 0.1 +/- 0.01 mm.  

Discussion: This data shows that excitation of the PC nucleus by light in the anaesthetized human subject has a profound depressant effect on PRD.  This effect is similar to the effect of opioids on PRD during general anaesthesia.  Although the difference is small, light directed into the opposite eye constricted the pupil.  Previous studies with alfentanil and fentanyl did not show an effect of these drugs on pupil size during general anaesthesia.  The best explanation for the effect of opioids on the pupil remains a loss of tonic inhibition into the PC nucleus.  It is theorized that these inhibitory cells are activated by the alerting stimulus and their effect on the PC nucleus is blocked by opioids.  

Certification:   This study complies with ethical standards as approved by the Committee on Human Research at the University of California

PUPILLARY UNREST IN SLEEP DISORDERED VERSUS NON-SLEEPY HEALTHY SUBJECTS

Stephen  Lloyd, PhD1, Fred Meyer, MA1, Boris Vern, MD, PhD2, Christopher Olepade, MD3, Joan Shaver, PhD, RN1.  

 (1) College of Nursing, University of Illinois at Chicago (UIC), Chicago, IL, USA, (2) Dept. of Neurology and Rehabilitation, College of Medicine, UIC, (3) Dept. of Medicine, College of Medicine, UIC, Chicago, USA

Introduction:  The Pupillary Sleepiness Test (PST), as measured by the Pupillary Unrest Index (PUI), a measure of pupil size instability, is relatively quick and non-invasive but requires additional validation as a measure of alertness.  In this study, we compared PUI with MSLT sleep latencies (SL) as a measure of daytime sleepiness in subjects with Narcolepsy off treatment (n=23), Obstructive Sleep Apnea (OSA) off treatment (n=13) and in non-sleepy healthy controls (n=36).

Methods:   Subjects were assessed in an academic health centre sleep laboratory and underwent comprehensive health pre-screening.  Following overnight PSG, a MSLT was conducted at 1000, 1200, 1400, and 1600 hours while PUI testing was conducted at 900, 1100, 1300, and 1500 hours with an AMTech GmbH pupillometer.  During PUI testing (duration = 11 min.), subjects were seated comfortably in a quiet, dark room with instructions to stay awake and keep their eyes open.

Results:   Mean PUI and SL scores across the four testing periods were compared among the three groups.  Univariate Planned Contrast analyses were performed to test the specific hypotheses that the Narcolepsy and OSA groups differed from non-sleepy controls.  These analyses found significant differences between the sleep disordered groups and the control group in both the mean SL (t60.0=12.23, p<.001) and PUI (t53.6=5.49, p<.001, adjusted for non-homogeneity of variances).  The correlation between the SL and PUI across all 72 subjects was moderately high (r = -.506, p<.001).

Discussion:   The PST/PUI successfully distinguishes between sleep disordered and non-sleepy healthy subjects.  In contrast to the MSLT, a more time consuming although current standard measure of daytime sleepiness, the PST offers a quicker determination of excessive drowsiness without the need for naps.  Unlike the MSLT, the PST can detect drowsiness before a person actually falls asleep.  This has implications for timely detection of excessive sleepiness, which may impair function in real-world situations.

Certification and Acknowledgements:  This research involved human subjects and was reviewed and approved by the institutional review board (IRB) of the University of Illinois at Chicago and complies with U.S. federal regulations and HIPAA standards regarding privacy of medical information. It was supported by a grant from the National Institute of Nursing Research, NIH, RO1 NR04959 and by Mr. J.A. Piscopo.  This research project was initiated and directed by the late Sharon Merritt, EdD, RN. 

INVESTIGATING THE ESTIMATION PERFORMANCE OF PUPIL-SIZE DURING BLINKS

Minoru Nakayama
The Center for Research and Development of Educational Technology (CRADLE), Tokyo Institute of Technology, Japan

Introduction:  Pupillography can be used as an index of mental activity and sleepiness. Most methods of measuring pupil-size are based upon the image-processing of the eye. Therefore any 'eye-blink' problem can affect measurement due to the eye being obscured by the eye lid during 'blink periods'.  Some estimation methods for pupil-size have been developed and used, however accuracy is often an issue for discussion. 
Purpose:  In order to improve the estimation performance of temporal pupillary change, an estimation procedure and technique were examined. Estimation performance depends on restoration accuracy therefore pupil-sizes during blinks should be defined appropriately. An estimation model of pupil-size was developed based on support vector regression (SVR) with the prototype patterns of pupillary change. The performance of pupil size was assessed using these estimation methods.   
Methods:  To obtain periodic pupillary responses, brightness stimuli which consist of four square waves (T=4,3,2,1 sec.) and three triangle waves (T=2.2, 5.3, 10.7 sec.) in the range of 10cd/m2 and 80cd/m2 were used. Three subjects who have normal visual acuity took part in this experiment. The pupillary responses to the stimuli were observed using EMR-8. 

The pupil-sizes during blinks were determined by referring to the periodical pupillary change. The training data for the estimation of pupil-size was prepared as a pair of pupillography with and without blinks. Two out of three sets of participant data were assigned as training data and the remaining set of participant data was assigned as evaluation data.
Results:  The performance of the optimised model was compared with test data from other methods, namely, SVR or MLP (Nakayama and Shimizu, 2001), automatic correction, and raw data. Automatic correction is the condition where pupil-size during blink keeps the latest regular size. The total sum of square error was reduced to 25% in the MLP estimation and 47% in the automatic correction. The sum of square error during the blink was reduced to 43% in the MLP estimation and 28% in the automatic correction.  In addition, this estimation procedure was applied to the task-evoked pupillography (Nakayama and Shimizu, 2003), where a group of subjects were asked to undergo a series of tests that required them to solve and verbally report either a 1x1 or a 1x2 digit calculation while being asked to follow a switching visual target. The control condition was an ocular following task with no calculation.  The power readings generated by the power spectrum density (PSD) for pupillography were compared across three experimental conditions. The filtering performance using estimation of the optimised model for inappropriate power spectrums was higher than that of other processing.  Also pupillography differences in the two task types were found again. The PSD in the area over 2Hz was significantly affected across the three experimental conditions 

Conclusion:  The estimation method of pupil-size during blinks was developed by the use of support vector regression technique while the training data was prepared from pupillary response for periodical brightness change. The result demonstrates that the estimation is effective for pupillography observation data such as frequency analysis.

Acknowledgement:  This research was partially supported by the Ministry of Education, Sports, Culture, Science and Technology, Grant-in-Aid for Exploratory Research 16650208, 2004-2005.
HISTORICAL PERSPECTIVES ON THE DISCOVERY OF THE USEFUL MIOTIC AND MYDRIATIC ALKALOIDS.

Popat N. Patil  PhD

The Ohio State University, College of Pharmacy,  Div. Pharmacology, Columbus, Ohio, 43210, USA

The medicinal values of Opium and Mandrake have been known through ages.  Flower pollens of Ephedra altissima and other plants were discovered near a 60,000 year-old burial in Shanidar Cave of N. Iraq.  The evidence suggest a potential use of plants during prehistoric times.  Since early times, interesting stories are connected with the utility of Atropa belladonna and Calabar Bean.  The isolation of pure active alkaloid of popy-capsule by the German pharmacist Friedrich Sertürner in 1805 paved the way for the isolation of atropine (1831), cocaine (1860), physostigmine (1864), l-ephedrine (1887 & 1924), and pilocarpine (~1870).  Even though pure morphine was isolated that long ago, the complete steric structure was not elucidated until 1955.  J.N. Langley, ~1889, used Nicotine as a tool to localize the ganglia and outline the nervous system.  He used pilocarpine, nicotine and (+)-tubocurarine to postulate the “Receptive substance”.  Along with the other uses of alkaloids, the miotic and mydriatic actions were recognized as morphine addicts develop a pin-point pupil.  The morphologic site of miotic effect of morphine in dog has been localized by Lee and Wang (1975).  K.K. Chen discovered the ethnicity related pigment dependent unequal mydriatic effects of ephedrine, atropine and cocaine.  Salazar et al (1976) deduced that atropine deposits in ocular pigment are the basis for the long duration of the effect.  After pilocarpine was introduced as a miotic-ocular hypotensive agent, its partial agonist activity on human iris sphincter was recognized.  The relative order of partial agonist activity of pilocarpine on iris sphincter varies:  Bovine, 100>Human, 80%>Horse, 67%(Cat, 61-70%>Pig, 50%>Rabbit, 11%.  In vitro, pilocarpine functions as a competitive antagonist of the muscarinic receptor of rabbit iris sphincter, with K( of 4 (M.  Thus, the affinity of the molecule for the receptor in various species is nearly equal while the intrinsic efficacy differs greatly.  Arecoline from Betel nut is a full agonist on human iris sphincter and is ~3 times more potent than pilocarpine.  In 1884, Carl Köller introduced cocaine as the topical aesthetic in corneal surgery.  The indirect mydriatic effect of the alkaloid is observed.  In Horner’s syndrome if post ganglionic sympathetic neurones are completely destroyed, the topical application will not produce the mydriatic action as seen in the normal eye.  Similarly, acetylcholinesterase inhibitor physostigmine, a miotic drug, will not produce miosis in Adie’s pupil if cholinergic neurones or the endogeneous acetycholine is completely lost.  Recently discovered Hyperzine-A from Chinese club moss Huperzia serrata is more potent than physostigmine.  New opportunities for the therapeutic application exist.

THE ROLE OF MOLECULAR IONIZATION AND LIPOSOLUBIILITY ON THE ESTIMATES OF AFFINITIES OF MYDRIATIC-CYCLOPLEGIC DRUGS.

Popat N. Patil  PhD 

The Ohio State University, College of Pharmacy,  Div. Pharmacology, Columbus, Ohio, 43210. USA

The slow onset of mydriatic and cycloplegic effects of atropine-like drugs is well known.(1).  The onset, the magnitude and the duration of the ocular response of a topical medication is influenced by the corneal transport, the drug-disposition and the molecular affinity for the muscarinic receptor at the iris sphincter and ciliary muscles.  The chemical structure of the mydriatic drug dictates the affinity.  The ionization (pKa) and the liposolubility (log Pc) markedly influence the molecular penetration to the site of action and affect the estimates of “affinity”, the measure of clinical-efficacy.  On the isolated human iris sphincter, the potency (IC50) of the blocker was obtained as the dose counteracting the cholinergic carbachol induced response to half.  The classical method calls for studying the parallel shifts of the dose-response curve of the agonist on the iris-sphincter in the presence of the blocker to obtain the affinity constant (K().  IC50/K( ratios under ideal experimental conditions should be close to 1.  However, K( and IC50 values for atropine (pKa 9.8) were 2 nM and 20 nM respectively, giving a IC50/K( ratio of 10.  Methylatropine, which is 100% ionized, produced the ratio of 11.  Cyclopentolate, with the pKa 7.93 and log Pc of 2.51, had a K( and IC50 of 8.3 nM and 30 nM respectively; the IC50/K( ratio was 3.6.  On the ciliary muscle, IC50/K( ratios for atropine, methylatropine, scopolamine, cyclopentolate, tropicamide, oxybutynin and pirenzepine were 15, 23, 4.4, 2.6, 1.66, 1.46 and 1.71, respectively. K( values for each antagonist differed as expected, and higher IC50 values of atropine or methylatropine were related to the abundance of ionized molecules with low liposolubility, properties that limit quick access or the “ideal-equilibrium” at the receptor.  On the contrary, the relative affinity, based on K(, compared to atropine, of scopolamine, cyclopentolate and tropicamide was ~½, ¼th, ⅛th, respectively.  The presence of relatively more unionizable molecules at pH 7.4 and/ or high liposoluble properties provide better penetrability of the medication at the receptor compartment.  This is reflected in low IC50/K( ratios of these drugs.  Thus the quick onset and faster recovery of some topically applied mydriatic and cycloplegic drugs is explained.(2,3).  

(1) The Goodman and Gilman’s Pharmacological Basis of Therapeutics, Editors J. Hardman, L. Limbird and A. Gilman Jr., (10th  Ed) McGraw Hill, New York, 2001.

(2) Reversal of Cholinergic Response of Atropine:  Drug Antagonism re-examined, Popat N. Patil, In Pharmacology and Therapeutics in the New Millennium P.579-586, (Grupta S.K. editor) Narosa Publishing House, New Delhi, India, 2002.    

(3) Parameters of drug antagonism: re-examination of two modes of functional competitive drug antagonism on intraocular muscles. Popat N. Patil, J.Pharm.Pharmocol., 56, 1045-1053, 2004.      

processing of cognitive and EMOTIONAL aspects in decision making – evidence from pupillometry

Kristin Prehn, MS1,2,3, Hauke R. Heekeren, MD, PhD1,2, and Elke van der Meer, PhD3
1Berlin NeuroImaging Center, Charité Campus Mitte, Berlin, Germany;   2Department of Neurology, Charité Campus Mitte, Berlin, Germany;   3Department of Psychology, Humboldt University, Berlin, Germany

Introduction:  Everyday decision making includes emotional as well as cognitive aspects. If one decides to buy a certain type of car, for instance, a person is guided by both facts and feelings. However, it is still unclear how emotion and cognition interact in information processing. With the present study we aimed to clarify which aspect dominates the other in decision making.

Methods:   To approach this question, we developed an analogical reasoning task. Two word pairs were presented simultaneously (n=216). Between the words of each pair there was an emotional (neutral, positive, or negative valence) and a semantic relation (actor, object, or location relation). Half of the items were identical in both their emotional and semantic relations (tumour : brain / rat : cellar). The other half did not correspond, either in the emotional relations (tumour : brain / shell : beach) or in semantic relations (tumour : brain / snake : bite), or both (tumour : brain / bird : chirp) did not correspond. Participants (n=30) had to compare emotional and semantic relations and had to decide whether the word pairs corresponded in their emotional as well as in their semantic relations. Response times, error rates, and pupillary responses as a reliable indicator for resource consumption were recorded. To assess emotional arousal, skin conductance was measured.

Results:   For response times a 2 x 2 repeated measure ANOVA and paired t-tests were performed. There was a significant main effect for emotional correspondence (F(1,29) = 71.69, p < .001). Subjects responded faster when emotional relations did not correspond. There was no main effect for semantic correspondence (F(1,29) = .81, p = .38). For pupillary responses a 2 x 2 repeated measure ANOVA and paired t-tests showed that both factors had a significant impact on pupil dilation (emotional correspondence: F(1,29) = 18.28, p < .001; semantic correspondence: F(1,29) = 24.31; p < .001, no significant interaction: F (1,29) = .45, p = .51). Pupil dilation increased when either the emotional or the semantic relations did correspond. The highest increase in pupil dilation was measured when both the emotional and the semantic relations did correspond.

These data indicate that processing corresponding relations is more demanding than processing non-corresponding relations. In particular, response time data show that emotional processing is faster than semantic processing. Pupillary responses, however, clearly indicate that semantic processing is consuming as much cognitive resources as emotional processing. This result suggests that both cognitive and emotional aspects are processed in parallel. Skin conductance data confirm that differences in pupillary responses are not caused by differences in arousal between the experimental conditions. This study emphasizes the need of using both behavioural and psychophysiological measures to differentiate between emotional and cognitive aspects when investigating information processing.

Certification:   This research was conducted in accordance with the guidelines provided by the Declaration of Helsinki and in adherence to applicable national and local Human-Subjects requirements. 

The study was supported by grants from the Gruter Institute of Law and Behavioural Research, the Graduate Program Berlin (Scholarship Nachwuchsfoerderung), and the BMBF (Berlin NeuroImaging Center, BNIC).

USING PUPIL DILATION AND fMRI OF EMOTIONAL INFORMATION PROCESSING TO PREDICT RECOVERY IN COGNITIVE BEHAVIOUR THERAPY (CBT) FOR DEPRESSION

Greg Siegle1, Stuart Steinhauer1,2, Michael Thase1. 

1University of Pittsburgh School of Medicine, 2VA Pittsburgh, Pittsburgh, USA

Introduction:  Unipolar depression is characterized by automatic sustained ruminative and elaborative processing of emotional information, particularly negative information. Cognitive Behavioural Therapy (CBT) depends on depressed patients learning to use strategies that interrupt automatic and sustained emotional processing with more controlled processing. Having the ability to interrupt sustained emotion-related cognitions when subsequent alternate, non-emotional cognitions are required has been proposed as a pre-requisite for response to cognitive therapy. As CBT is effective for  ~60% of depressed patients, being able to predict recovery in this therapy could increase treatment response and decrease unnecessary cost. 

    Pupil dilation indexes the time course of cognitive and emotional processing on a quick time scale; the pupil remains dilated during sustained cognitive processing. Similarly fMRI indexes the time course of activity throughout the brain on a coarser time scale. We have shown in multiple studies that compared to never depressed individuals, depressed individuals display increased and sustained pupil dilation as well as sustained limbic reactivity measured using fMRI in response to emotional stimuli, and that these patterns of reactivity are related to self-reported rumination. Many depressed individuals continue to display sustained pupil dilation even during a non-emotional information processing task that follows the presentation of emotional stimuli. Thus, sustained pupil dilation and limbic reactivity in response to emotional stimuli may represent indices that could be used to predict recovery in CBT. 

Methods:
   41 healthy control participants and 47 unmedicated participants with unipolar major depression completed a task requiring alternation between naming the emotional valence of negative, positive, and neutral words, and putting 5 digits in numerical order during measurement of pupil dilation. 28 of the depressed participants then received 12 weeks (16 standardized sessions) of Cognitive Behavioural Therapy. 15 also completed assessment of emotional information processing using event-related functional magnetic resonance imaging (fMRI). Depressive severity was measured before and after therapy using the Beck Depression Inventory.

Results:  Depressed participants reliably displayed sustained pupil dilation for up to 25 seconds following the presentation of emotional words for 250ms; this sustained pupil dilation lasted throughout the completion of subsequent digit-ordering trials. Sustained pupil dilation to negative words 22-23 seconds following emotional stimuli explained 28% of the variation in residualized post-CBT depressive severity, having covaried out initial severity. fMRI data revealed that subgenual cingulate activity in response to negative words explained 57% of the variation in response to CBT. Sustained pupil dilation explained an additional 17% of the variation above and beyond fMRI, which represented a statistically significant contribution. Together these measures explained a total of 74% of the variation in response to CBT.

Discussion:    As in our previous studies, depressed individuals displayed increased and sustained pupil dilation in response to emotional stimuli. Assessment of pupil dilation in response to emotional stimuli further represents a promising technique for understanding which depressed patients are likely to respond to an empirically-supported therapy for depression. fMRI also represents a promising, if more expensive technology in this regard. fMRI and pupil dilation explain independent variation in recovery and thus, having both measures yields excellent predictive information regarding recovery in therapy.

Supported by: MH064159, MH30915, MH58356, MH55762, NARSAD, Veteran’s Research Foundation

PUPIL DILATION AS A MEASURE OF EMOTIONAL PROCESSING IN CHILD AND ADOLESCENT DEPRESSION

Jennifer S. Silk, Greg J. Siegle, & Ronald E. Dahl
University of Pittsburgh, Department of Psychiatry, Pittsburgh, USA.

Introduction:  Emerging evidence suggests that child and adolescent affective disorders are associated with disruptions in the processing and regulation of emotion. Pupil dilation during emotional tasks is a peripheral measure of brain activity that can provide valuable information about the intensity and temporal course of emotional reactivity and regulation. Research indicates that adults with Major Depressive Disorder (MDD) show sustained pupil dilation to negative words relative to controls up to 12 seconds after the word has been presented (Siegle, Steinhauer, Carter, Ramel, & Thase, 2003). This study examined whether children and adolescents with  MDD and other affective disorders also show sustained pupil dilation to negative words. 

Methods:   Subjects (n = 42) were participants in a longitudinal study of neurobehavioral factors in paediatric affective disorder. Participants (27 female, 15 male) ranged in age from 7 to 16 (M = 12.70). Structured diagnostic interviews were administered to establish lifetime psychiatric diagnoses and familial genetic loading for affective disorder. Participants were divided into five groups: (a) Major Depressive Disorder (MDD, N=15); (b) Anxiety Disorder (ANX, N=11); (c) High Risk Normals (HRN, N=5); and (d) Low Risk Normals (LRN, N=11). HRN’s had at least one first and second-degree relative with a lifetime depressive disorder. Pupil dilation was recorded at 60 Hz using an ISCAN eye-tracker while participants completed a Word Valence Identification Task (VID). Participants were instructed to identify the emotional valence (positive, negative, or neutral) of 66 words by pressing a corresponding button as quickly and accurately as possible. Words were matched for length and frequency. Each trial included a 1 second fixation mask, the presentation of the word for 5 seconds, and a mask (row of X’s) for the 6 second inter-trial interval. 

Linear trends were removed to eliminate effects of slow drift in pupil diameter not related to trial characteristics, and mean diameter during the first 166 ms of each trial was subtracted as a baseline to index dilation. Linear Mixed Effects Models were computed with subject as a random effect and second and valence as repeated effects. Fixed effects included group, valence, second, and all interactions. 

Results: Across diagnostic groups, participants showed greater pupil dilation to emotional than to neutral words. In contrast to adults, MDD children showed blunted pupil dilation relative to low-risk normals 9-12 seconds after the word was presented. High-risk normals and children with anxiety disorders also showed blunted pupil dilation to negative words during the seconds following word presentation. 

Discussion:   Blunted pupil dilation in children with, and at risk for, affective disorders may indicate a pattern of avoidance of emotional stimuli or affective flattening. This pattern differs from that of adults and suggests that children with affective disorders may have an ability to “shut-off” emotional processing that is lost later in development. Findings also suggest that pupil dilation during the VID task can be used successfully as an index of emotional processing in child and adolescent populations. Blunted processing of negative emotional information during childhood or adolescence may be associated with risk for affective disorder. 

Supported by: MH064159, MH041712-18

PUPIL DILATION DURING A SUSTAINED PROCESSING TASK IMPLICATES INTACT EFFORTFUL PROCESSING IN SCHIZOPHRENIA.

Stuart R. Steinhauer, Ph.D.1,2, Greg J. Siegle, Ph.D.2, Ruth Condray, Ph.D.2, Belinda E. Barnett, Ph.D.1, John A. Gurklis, Jr. , M.D.1
1VA Pittsburgh Healthcare System;   2Department of Psychiatry, University of Pittsburgh School of Medicine, Pittsburgh, USA

Introduction:  Schizophrenia is characterized by a wide variety of deficits in cognitive functioning and attention.  This includes neuropsychological dysfunction, as well as deviant psychophysiological reactivity during cognitive tasks, including decreased phasic pupillary dilation to signal stimuli.  It has been argued that a generalized deficit syndrome may be responsible for both the behavioural and psychophysiological deficits, so that a failure to attend to task demands underlies more complex processing abilities.  We have suggested that changes in tonic pupillary activity modulated by the parasympathetic pathway are sensitive to basic effortful processing demands, and could be used to establish relative effort applied to differential tasks.  In order to further distinguish sympathetic and parasympathetic contributions, modulation of ambient light can be used to selectively enhance the parasympathetic contribution to dilation.  In this study, sustained task activity was examined in schizophrenia patients and healthy controls in order to determine the extent to which pupillary changes could be observed as task demand was increased.

Methods:   Pupil diameter was measured in 30 healthy controls (15 female) and eight schizophrenia patients (2 female).  In a high-load condition, subjects were asked to perform serial subtraction of 7 from a random seed number, verbalizing successive subtractions for one-minute.  In the low-load condition, subjects were required to add the number 1 to successive numbers.  Each recording began with a 5 sec baseline before responses were cued by a tone.  Both tasks were performed in room darkness, and during moderate room illumination (.59 cd/m2).  After artefact correction, average diameters during pre-response baseline and during the response period were automatically calculated.

Results:  Across both groups, there was significant dilation between baseline and response periods (p < 0.001), and as expected, larger diameters in dark than light (p < 0.001).   Controls showed greater dilation than patients between baseline and response (p < 0.001).  In analyses separated by group,  control dilations were greater for -7 than +1 (p = 0.001) and the difference in dilation between conditions was greater in light than the darkness (task x light, p = 0.002).  For patients, an interaction of task x response indicated greater dilation to the –7 than to the +1 condition, regardless of light condition (p = 0.01).

Discussion:   Increased dilation during task performance was indicative of allocation of resources in both patient and control groups.  Controls showed modulation of differential response amplitude that was greater for recordings obtained under the light than dark conditions, while patients showed similar increases in dilation to the difficult task (-7) in light and dark.  The most critical aspect of these findings is the presence of significantly increased dilation in patients during the difficult task, reflecting greater allocation (or effort) as monitored by pupillary dilation, and evidence of activation of processing resources in patients.  The findings are not consistent with notions of generalized deficit in the schizophrenia patients.

Supported by USPHS MH-55762 and the Medical Research Service of the Dept. of Veterans Affairs.  This research was approved by the IRB of the Dept. of Veterans Affairs and is in accord with the Helsinki agreement

POTENTIATION OF TROPICAMIDE-EVOKED MYDRIASIS BY CLONIDINE: A POSSIBLE MODEL OF TROPICAMIDE-HYPERSENSITIVITY IN ALZHEIMER’S DISEASE

Szabadi E, Hou RH, Samuels ER, Langley RW, Bradshaw CM

Psychopharmacology Section, Division of Psychiatry, University of Nottingham, Queen’s Medical Centre, Nottingham, NG7 2UH, England.

Tropicamide, a muscarinic cholinoceptor antagonist, is used topically for diagnostic pupil dilatation. Patients suffering from Alzheimer’s disease (AD) may show increased sensitivity to tropicamide1. As AD is associated with a severe loss of noradrenergic neurones in the locus coeruleus (LC)2 which contributes to pupillary regulation3, the possibility arises that increased pupillary sensitivity to tropicamide in AD may be due to diminished LC activity. We examined this hypothesis by recording pupillary responses to tropicamide in healthy volunteers after the administration of the α2-adrenoceptor agonist clonidine which can acutely “switch off” LC activity. 

Sixteen (16) healthy male volunteers participated in two experimental sessions (clonidine 0.2 mg or placebo) one week apart, according to a double-blind balanced design. In each session tropicamide (0.01% 10 µl × 2) was applied to the left eye and artificial tear (10 µl × 2) to the right eye. Pupillary functions (resting pupil diameter in darkness and at three luminance levels, light and darkness reflexes) were recorded with binocular infrared television pupillometry, alertness was measured using critical flicker fusion frequency (CFF) and visual analogue scales (VAS), and blood pressure, heart rate, temperature and salivary output by conventional methods. Data were analysed by ANOVA, with multiple comparisons.

Clonidine reduced CFF, alertness on VAS, systolic and diastolic blood pressure, salivation and core temperature. Tropicamide increased resting pupil diameter, velocity and amplitude of the darkness reflex response, and decreased recovery time of the light reflex response. Clonidine affected all these pupillary measures in the opposite direction with the exception of the recovery time of the light reflex response, which remained unaffected by the drug. Although absolute pupil size after treatment with tropicamide was reduced by clonidine, the mydriatic response to tropicamide, obtained as the difference between the sizes of the two pupils, was increased by pre-treatment with clonidine. 

The effects of clonidine on alertness and non-pupillary autonomic functions confirm its sedative and sympatholytic effects. The pupillary effects of tropicamide are likely to reflect its parasympatholytic effect, whereas those of clonidine may be related to its sympatholytic/parasympathomimetic effects. The enhancement of tropicamide-evoked pupil dilatation by clonidine may be due to the abolition of the increase in parasympathetically mediated pupil constriction due to reduced LC activity. Thus, reduced LC activity in AD may underlie the increased sensitivity of patients to tropicamide.

The study was approved by the Ethics Committee of the University of Nottingham Medical School.

1.
Scinto LF, Daffner KR, Dressler D et al., (1994). Science, 266:1051-1054.

2.
Lyness SA, Zarow C, Chui HC (2003). Neurobiology of Aging, 24:1-23.

3.
Szabadi E, Bradshaw CM (1996). Journal of Psychopharmacology 10(Supplement 3):6-18.

A CASE OF INTERMITTENT INTER-NUCLEAR IRIDOPLEGIA

Szabadi E, Langley RW, Bradshaw CM
Psychopharmacology Section, Division of Psychiatry, University of Nottingham, Queen’s Medical Centre, Nottingham, NG7 2UH, England
A 57-year-old woman has been suffering from an intermittent multi-focal neurological disorder for the past six years. Her illness started suddenly with flu-like symptoms in January 1999. Since then she has had a number of episodes of malaise, fatigue and neurological focal signs, including facial weakness, impaired vision in the right eye, dry mouth and dry eyes, impaired taste sensation, hyperacusis and pulsatile tinnitus, difficulties with swallowing and vocalisation. 

The patient’s pupil functions were tested on three occasions on 9 November 2004 (Session 1), on 27 January 2005 (Session 2), and on 19 May 2005 (Session 3).  The patient was well at the time of Session 2, and unwell at the times of Sessions 1 and 3.  The tests carried out included measurement of resting pupil diameter in darkness and at three increasing levels of luminance, and pupillary light reflex responses to a series of light stimuli of increasing intensity applied to each eye separately, while recording the responses of both pupils. Pupil diameter and light reflex responses were recorded with binocular infra-red electronic/television pupillometry.

In all three sessions there was a marked anisocoria, the right pupil being consistently larger than the left one. Both pupils were sensitive to light on each testing occasion. In Session 2, there was a good consistency between the responses of the two eyes, each pupil responding to light to the same degree when either eye was stimulated. However, in Session 1, the left eye showed a reduced response when the right eye was stimulated; the stimulation of the right eye evoked a normal response in the right eye. In Session 3, the pattern was different. There was a full response in the left eye when the left eye was stimulated; however, the stimulation of the left eye resulted in a reduced response in the right eye.  Furthermore, the stimulation of the right eye evoked reduced responses in both eyes. In Sessions 1 and 3, the recovery time of the light reflex response appeared to be prolonged.

In Session 2, when the patient was well, there was a normal pattern of pupillary responses to light stimulation.  In Sessions 1 and 3, when the patient was unwell, there was evidence of impairment of the consensual light response indicating internuclear iridoplegia. The lesion is likely to be in the pretectal area. Furthermore, in Session 3, there was also evidence of an afferent pupillary defect in the right eye consistent with the patient’s complaint of loss of visual acuity in the right eye, which may reflect an additional lesion of the retina/optic nerve. The elongation of the recovery time of the light reflex response in Sessions 1 and 3 is indicative of a sympathetic deficit. The identification of internuclear iridoplegia was a significant finding, since hitherto the patient’s symptoms had been ascribed to multi-focal damage to peripheral nerves.

DOPAMINERGIC REGULATION OF PUPILLARY FUNCTION

Szabadi E, Samuels ER, Hou RH, Langley RW, Bradshaw CM
Psychopharmacology Section, Division of Psychiatry, University of Nottingham, Queen’s Medical Centre, Nottingham, NG7 2UH, England

The central noradrenergic nucleus locus coeruleus (LC) plays a prominent role in controlling arousal and autonomic functions, including pupillary activity. The LC contributes to sympathetic outflow and also tonically inhibits the parasympathetic Edinger-Westphal nucleus (EWN). Recently, we have shown that modafinil, a wakefulness promoting drug, increases arousal and sympathetic activation of the pupil, consistent with increased LC activity1. It has been proposed that modafinil may act by enhancing the tonic dopaminergic activation of the LC via an excitatory meso-coerulear pathway projecting from the ventral tegmental area (VTA) of the midbrain to the LC2. On the other hand, the sedative anti-Parkinsonian drug pramipexole may cause sedation by “switching off” the dopaminergic activation of the LC via the stimulation of inhibitory D2 dopamine receptors on the dopaminergic neurones3.  We examined this hypothesis by comparing the effects of modafinil and pramipexole on arousal and autonomic functions in healthy volunteers.  

Sixteen (16) healthy male volunteers participated in four experimental sessions (placebo, pramipexole 0.5 mg, modafinil 200 mg, pramipexole 0.5 mg + modafinil 200 mg) at weekly intervals, according to a double-blind balanced design. Alertness was measured using critical flicker fusion frequency (CFF), visual analogue scales (VAS), and pupillary fatigue waves (pupil diameter fluctuations in darkness). Pupillary functions (resting pupil diameter, light and darkness reflexes) were recorded with binocular infrared television pupillometry, and blood pressure, heart rate, body temperature, and salivary output by conventional methods. Data were analysed by ANOVA, with multiple comparisons (criterion p<0.05).

Pramipexole reduced CFF and subjective alertness and contentedness, and increased pupillary fatigue waves (pupillary unrest index, total power). Pramipexole increased pupil diameter, reduced light reflex amplitude, and tended to increase light reflex latency. Modafinil had no effect on alertness but tended to increase pupil diameter, caused small but significant increases in systolic and diastolic blood pressure, and tended to increase body temperature. Modafinil failed to counteract the sedative effect of pramipexole, but increased its mydriatic effect.  Salivation was not affected by the drugs.

The sedative effect of pramipexole may reflect the withdrawal of the tonic dopaminergic activation of the LC which was also expected to cause miosis, via a central sympatholytic/parasympathomimetic mechanism. The unexpected finding of a mydriatic effect of pramipexole suggests that this sympatholytic mechanism was superseded by the operation of a central parasympatholytic mechanism. We propose that this parasympatholytic mechanism may be the “switching off” of a putative excitatory dopaminergic output from the VTA to the EWN, due to the activation of inhibitory autoreceptors on VTA neurones by pramipexole. Although modafinil had negligible effect on arousal, it showed sympathomimetic effects, consistent with LC activation.

The study was approved by the Ethics Committee of the University of Nottingham Medical School.
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ARGYLL ROBERTSON’S PUPIL IN 2005

H. Stanley Thompson, MD  and  Randy H. Kardon, MD, PhD


There are four main classes of pupillary light-near dissociation:

1) CENTRAL - in which the light reaction is impaired by a problem in the dorsal midbrain and the near reaction is spared, e.g. :
                  a. a dorsal midbrain tumour such as a pinealoma.
                  b. neurosyphilis 

2)  PERIPHERAL - in which the nerves to the iris sphincter and ciliary muscle are damaged, resulting in a loss of pupil constriction to both light and near (an “efferent pupil defect”). The near reaction is then restored by aberrant regeneration of fibres into the iris sphincter - fibres that were originally destined for the ciliary muscle. The tonicity of the action in the re-innervated muscle is characteristic of this kind of sloppy nerve regrowth, e.g.: 
                     a. Adie’s tonic pupil. This results from autonomic nerve damage to the cholinergic postganglionic fibres serving the iris sphincter and the ciliary muscle. It is an idiopathic, focal, ciliaryganglionopathy and/or autonomic neuropathy and it may occur in one eye or in both eyes sequentially.
                     b. diffuse autonomic neuropathy such as is seen in diabetes and other peripheral neuropathies – usually involving both eyes.

3)  OCULOMOTOR NERVE. Some of the damaged 3rd nerve fibres may regrow into the ciliary ganglion resulting in a pupil constriction with any adduction of the eye.

4)  BLINDNESS  In the absence of a visible near target a firm constriction of the pupils can still be evoked by crossing the eyes, but there is little or no pupil response to light because of damage to both retinas and/or optic nerves.
 
If we set aside temporarily the patients with either abnormal eye movements or poor vision (groups 3 and 4 above) only two groups remain: the central (midbrain) “Argyll Robertson” group, and the peripheral (Adie’s tonic pupil) group. These should be easy to separate.  The central variety has a weak light reaction but the near response is spared and strong, thus there is a clear light-near dissociation without any sector palsy of the iris sphincter, and no tonicity of the pupillary near response. The peripheral variety (most commonly seen in Adies’s syndrome) has certain characteristic features: a sector sphincter palsy to light, and certain sectors contracting tonically to a near effort. These diagnostic, localizing signs can be seen with slit lamp videography, infrared video pupillography, and infrared video transillumination of the iris sphincter. 

We will present the pupil signs of the peripheral and central causes of light near dissociation using these tools; and since Argyll Robertson pupils are now relatively rare, we would like to encourage widespread study of the light-near dissociation that is seen in association with neurosyphilis, and of the light-near dissociation seen in patients with dorsal midbrain tumours with a view to confirming that this latter group does indeed consistently lack the sectoral signs of peripheral orbital involvement.

FIT FOR DUTY?  A Report on first practical Applications of Pupillography at the Work Place
Barbara Wilhelm, Anja Widmann, Wilhelm Durst, Holger Lüdtke 

Steinbeis Transfer Centre Biomedical Optics and Function Testing at the University Eye Hospital, Department for Autonomous Nervous System and Safety Studies,  Schleichstr. 12-16, D - 72076 Tübingen,  Germany

Introduction:   Sleepiness, being a substantial source of failures and accidents at work, is a permanent challenge for preventive strategies. A first objective study aimed at the assessment of the amount of sleepiness present in certain high risk areas of shift work. Target groups of this study performed by order of the Bavarian ministry of health, Germany, were physicians after night duties and miners under extended shift durations at a tube tunnel construction site.

Methods:  We applied the Pupillographic Sleepiness Test (PST) which records and analyses pupillary sleepiness waves in darkness and silence for 11 minutes. The PST is a standardized and validated physiological measure of sleepiness that has been widely used in the past years in middle Europe for purposes of sleep research and sleep medicine. Testing is performed in the sitting subject after ten minutes without physical activity. Parameter of evaluation was the natural logarithm of the Pupillary Unrest Index (lnPUI).

34  physicians (Hospital Kempten) were examined during the first half of the day by the PST and subjective scales. Recordings after a normal night were compared to those after night duties. The miners (U3, Olympiapark) were measured at 6 am, 2 pm and 6 pm by the PST during one day of a day shift week following one week off work. The standard distance to last caffeine / nicotine consumption of four hours was reduced to one hour for compliance reasons.

Results and Discussion:   We found a substantial increase of objectively measured daytime sleepiness (Wilcoxon test, median of the difference in ln PUI between conditions 0,19, minimum –0,71 , maximum 1,29, p = 0,03)  in the physicians after a night duty even though the subjects had the possibility to sleep about four hours during the night. Obviously, early morning naps were helpful to prevent or minimize daytime sleepiness. How the existing daytime sleepiness would have increased in case of continued work on the day after the night duty cannot be answered because all physicians had one day off after night duties. 

In 50% of the workers working day shift in a tunnel already after 8 hours of work extreme daytime sleepiness was found with a high tendency to fall asleep. Five workers fell asleep several times during the recording middle of the day. Mean difference in lnPUI between the morning (1.96) and the second recording (2.38) was significant (0.42; Wilcoxon test: median 0.34, minimum -0.29, maximum 1.2, p <0,001). PUI-values after 8 and 12 hours work did not differ significantly (Wilcoxon test median 0.05, minimum 0.61, maximum 0.74,  p=0.42).

Onto the end of the 12 hour shift duration (including altogether 2 hours of rest distributed over the day) their sleepiness remained at this high level. One has to take in account that these miners’ work was physically hard and especially challenging. The question is how the amount of sleepiness at the work place could be prevented by special break schedules or shorter shift duration. 

Conclusions:   The PST can help to detect daytime sleepiness at the work place. It may be used to find out optimal working schedules and conditions in occupational medicine. Another possible application is that of a “fit for duty” test for the preventive identification in certain high risk professions to limit the hazards of sleepiness in the interest of safety.

Acknowledgements:  This study was sponsored by the *Bayerisches Staatsministerium für Umwelt, Gesundheit und Verbraucherschutz, Referat 742 Arbeitsmedizin, Arbeitssicherheitsorganisation, München. We thank Cornelia Köhler for her help with the recordings, Kurt Vogt for his support at the Kempten Hospital, Wilhelm Uschold for excellent organisation at the construction site and Gerhard Otto for a very stimulating and enjoyable cooperation.

MUSCARINIC RECEPTOR SUBTYPES AND THE PUPIL – INSIGHTS BASED ON A NOVEL CLINICAL SYNDROME

H. Wilhelm1, J.K. Pomper2, S.K. Tayebati3, T. Haarmeier2
1 Department of Neuro-ophthalmology and Pathophysiology of Vision and 

2 Department of Neurology, University of Tuebingen, Germany

3 Sezione di Anatomia Umana, Dipartimento di Scienze Farmacologiche e Medicina Sperimentale, Universita di Camerino, Italy

Case Report:   A 37-year old male was assigned to the Department of Neurology because of bladder dysfunction and lower back pain. History taking and physical examination revealed a syndrome composed of photosensitivity due to bilateral Mydriasis, anuria with renal dysfunction as a result of recurrent cystitis due to bladder detrusor acontractility, dry skin due to hypohidrosis, underweight probably due to reduced food intake and reduced motility of the upper gastrointestinal tract.  

On examination, his pupils were extremely dilated, without light and near response. The sphincter region showed marked atrophy. No constriction was seen on pilocarpine 0.1 and 2 %, however, the pupil (already 9 mm in size) dilated by 0.5 mm after instillation of pholedrine 5%, indicating functional sympathetic innervation and responsive dilator muscle. The patient was about 5 D myopic. He had normal visual acuity both at far and near distance wearing his far correction glasses. Accommodation was in approximately normal age range (somewhat reduced but explainable by small depth of focus) and the accommodative changes of the lens could easily be observed and videotaped during slitlamp examination. Other ophthalmological findings were normal.

Discussion:  The complete dissociation of accommodation and pupillary sphincter function is puzzling. Taking the other symptoms, signs and diagnostic results into account, we hypothesize a deficiency of the muscarinic receptor subtype 3 (M3). This hypothesis is supported by M3-knocked out mice that show an almost identical phenotype. A Western Blot analysis of muscarinic receptors in peripheral blood lymphocytes yielded an absent band of the M3-protein. Whether the lack of this protein is acquired or genetic awaits further clarification. History taking points toward a congenital disorder that exacerbated in the thirties. Following the M3-deficiency hypothesis the pupillary sphincter muscle function in humans is dependent on M3 whereas the ciliary muscle function providing accommodation is maintained by other receptors.   

This finding shines new light on other rare but merely unexplained findings, e.g. the predominant involvement of accommodation in botulism with relative pupil sparing.

All research in this patient has been done in accordance with the declaration of Helsinki.

USE OF RESPONSE AMPLITUDE TO COMPLEMENT RESPONSE BALANCE IN A PUPIL-BASED SYSTEM FOR ASSESSING GLAUCOMATOUS DAMAGE

Harry J. Wyatt, Yanjun Chen, William H. Swanson & Mitchell W. Dul

State University of New York, State College of Optometry, New York, NY, USA

Introduction:  We have described a shaped-stimulus system for assessing glaucomatous damage by means of the pupillary light reflex (PLR).  A pair of stimuli, mirror-symmetric about the horizontal meridian, are presented alternately for 1 sec each. The shapes of the stimuli were designed to capture territories of probable focal damage due to glaucoma. In our initial work, we concentrated on the "response balance", which assessed the relative sensitivity of the pair of territories. Since glaucoma sometimes causes more diffuse loss, we also wanted to know if useful information would be available from the response amplitudes to upper-field or lower-field stimuli.

Methods:   In the process of analysing the data to determine response balance, the separate response amplitudes to the upper- and lower-field stimuli were determined. In a single 18-sec experimental trial, there are 3 responses to the upper stimulus and 3 to the lower. The averages of the upper and lower response amplitudes were determined separately. The subjects in these ongoing experiments are recruited for two groups: GP subjects are patients with diagnosed glaucoma; ON subjects are over 45 and have no known ocular pathologies.

Results:  The ON data in the form of log amplitudes were reasonably well described by normal distributions, with somewhat different means for the different stimuli. (The distribution was somewhat truncated at the large-amplitude end; except for that, the shape was quite normal.) When the distributions of response amplitudes for the ON and GP groups were compared, there were clear differences. The GP data had smaller mean values and showed a low-amplitude tail. 

The ability of the measures of response balance, response amplitude, and a combination of the two to discriminate glaucomatous from normal eyes was assessed using receiver operating characteristic (ROC) analysis. Both response balance and amplitude had considerable power (ROC areas = 0.81 and 0.82, respectively), and a logical combination of the two was somewhat more effective than either alone (ROC area = 0.86).

Conclusions:  When response amplitude measures are combined with response balance measures, this test shows considerable promise for fast, easy assessment of glaucomatous damage in an eye. 

PUPIL PLATFORM ON NEUROINFORMATICS DATABASE: XooNIps
Kazutsuna Yamaji, Ph.D., Hiroyuki Sakai, Ph.D., Yoshihiro Okumura, M.S. and Shiro Usui, Ph.D.
Neuroinformatics Laboratory, RIKEN Brain Science Institute, Wako, Saitama, Japan

Introduction:  Neuroinformatics (NI) is a new research tool that promotes the organization of neuroscience data and knowledge bases by means of Internet technology such as open access databases (i.e., platforms). The Visiome platform is a pioneering example of such a database in vision science realized using NI concepts [Error! Reference source not found., Error! Reference source not found.]. Similar databases in other fields will be established in near future. A customisable base platform system is necessary for the development of these databases. In this study, we present the NI base platform system XooNIps and apply it for developing the pupil platform. 
Base Platform System:  XooNIps was developed as one module of XOOPS [Error! Reference source not found., Error! Reference source not found.] which is a contents management system that has been most actively utilized and developed. Data in XooNIps are systematically stored in a tree-structure keyword index that allows users to keep track of the progress in their particular research fields. Several types of user authorization are supported for secure operations. In addition to the directory and keyword search within a certain database, XooNIps searches simultaneously across other XooNIps-based databases on the Internet. Reviewing systems for user registration and for data submission are incorporated to impose the quality control. XOOPS modules containing news, forums schedules, blogs and other information can be combined to enhance XooNIps functionality. These features offer better scalability, extensibility, customisability to the general neuroinformatics community. 

Pupil Platform:  Several steps are required in the construction of the Pupil platform based on XooNIps. Based on experience with the Visiome platform [Error! Reference source not found., Error! Reference source not found.], it is not easy to create a keyword list encompassing the broad array of pupil research. In the case of the pupil, however, a handbook written by Loewenfeld [Error! Reference source not found.] can be used as a starting point since the handbook provides a comprehensive treatment of pupil research. The next step is the preparation of the initial set of items. Eventually, the pupil platform will be opened to the public and digital resources will be voluntarily exchanged through the platform. Initially however, attractive features may be necessary to draw users to the platform. Thus, we will prepare appealing features in terms of literature information, mathematical models, experimental data and conference information. 
Conclusions:  The pupil platform will be one of the first practical applications of XooNIps. We anticipate that the platform will promote knowledge sharing and advance systematic understanding of the pupil.  Finally, it is an honour to be involved with the development of a tool that will facilitate the transfer of research efforts by pioneers such as Larry Stark and Irene Loewenfeld. This will enable future generations of researchers to better understand and appreciate their great achievements.

Reference(s):  
1. S. Usui, Visiome: neuroinformatics research in vision project, Neural Networks., 16, 1293-1300 (2003).

2. Visiome Platform, <http://platform.visiome.org>.

3. XOOPS official site, <http://www.xoops.org>.

4. SourceForge.jp site of XooNIps project, <http://sourceforge.jp/projects/xoonips>.

5. I. E. Loewenfeld (Ed.), The Pupil: Anatomy, Physiology, and Clinical Applications, Oxford: Butterworth-Heinemann, (1999).
CHANGE IN PUPIL DIAMETER RELATES TO SUBJECTIVE DROWSINESS
Keiko Yamamoto1, Reiko Hori1, Hirohito Tsuboi2, Yasuhiro Akamatsu1, Fumio Kobayashi1
1 Department of Health and Psychosocial Medicine, Aichi Medical University, Aichi, Japan, 2 University of Hamamatsu, School of Health Promotional Science, Department of Epidemiology and Public Health, Division of Health and Psychosomatic Medicine, Japan.
Introduction:  Sleep-deprivation experiments have indicated effects on the stability of pupil diameter.  The effects of chronic partial sleep deprivation on pupil diameter were investigated. 

Methods:   Subjects were 13 healthy male students (mean age 21.1 years). Each subject was required to get 8 hours of sleep (baseline, from 2300 to 0700) for 7 days, and 5 hours of sleep (sleep restriction, from 0100 to 0600) for 7 days in an ambulatory condition. The order of the two sleep schedules was randomly assigned. The sleeping hours were estimated using a wristwatch-type action monitor (AMI Co., Ltd., Micro Mini Actigraph). Subjective sleepiness was assessed by a Visual Analogue Scale (VAS), which was a 10-cm straight line. Changes of pupil size in darkness were recorded continuously for 720 seconds using an infrared video camera (IRIS C7364, Hamamatsu). The low frequency components less than 1.0 Hz were calculated by using FFT. 
Results:   The increase in VAS score in 5-hour sleep deprivation from the baseline was positively correlated with the increase in the low frequency components in FFT (r=0.77 p<0.001).
Conclusion:    We found a strong correlation between subjective drowsiness and instability of pupil size.
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						Lunch 12:30-14:00		Lunch 12:30-14:00		Lunch 12:15-13:30

				Arrival & Registration (Check In after 15:30)		Afternoon session             Papers 14:00-15:30		Afternoon session             Papers 14:00-15:30

				Reception                          17:30-18:30		Coffee 15:30-16:00           Papers  16:00-17:30		Coffee 15:30-16:00           Papers  16:00-17:30		Pickup 13:45      Return 17:00

				Dinner                               18:30-20:00		BBQ 19:00-20:30		Dinner 19:00-20:30		Banquet Dinner  18:30-21:00
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