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PREAMBLE 

 Autonomic nervous system innervates all internal organs for 

involuntary actions – Glands, Smooth and Cardiac muscle. 

 ANS enables to respond in emotions and to environmental 

challenges without consciousness of an individual. 

  Heart rate, Respiration, Digestion, Pupillary response, 

urination and sexual behaviour – “INTERNAL HOMEOSTASIS”. 
  Sympathetic – “Thoracolumbar outflow – Fight/Flight”. 
  Parasympathetic – “Craniosacral out flow– Feed/Breed”. 
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AUTONOMIC FUNCTION TESTS 

 1.Cardiovagal tests 2. Adrenergic tests 3. Sudomotor tests. 

(ANA guidelines -2014, AAS guidelines - 2019). 

 Ewing’s battery of tests are conventional methods to evaluate 

Cardiac autonomic function - (Ewing’s et.al-1991). 

 

 

 

CARDIOVAGAL TEST ADRENERGIC TEST SUDOMOTOR TEST 

Deep breathing test 
Cold pressor Sympathetic skin response 

Valsalva ratio 
Handgrip test Thermoregulatory sweat test 

HR - response to 

standing 

BP response to standing Quantitative Sudomotor Axon 

Reflex test (QSART) 

HR - Cold pressor test 

 

Muscle Sympathetic Nerve 

Activity (MSNA) 

HR - Hand grip test 

 

Norepinephrine spillover 

test 



DRAWBACKS OF EWING’S BATTERY TESTS 
 Data collection requires a big lab setup(field studies are not 

possible). Acquisition of data is time consuming and tedious. 

 Requires strict observation on test protocol and stabilization of 

hemodynamic parameters of the patient. 

  Some of the tests are unpleasant and reluctant to reperform. 

  Interpretation is very difficult to come to a conclusion.(Agnieszka 

Zygmunt et.al, Archives of Medical sciences - 2010) 

5 



6 

HEART RATE VARIABILITY (HRV) – SPECTRAL ANALYSIS   

 HRV is the cardiac beat to beat variation, depends on discharge of 

SA node influenced by autonomic tone. (Taskforce guidelines -1996). 

 Time domain, Frequency domain, Non-linear analysis. 

 Gold standard method – Sympathovagal balance 

 



DATA ACQUISITION & PROCESSING 
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 LIMITATIONS OF HRV 

 HRV is not the direct indices of sympathovagal balance rather it is 

the result of the influence over its effectors ( SA node receptors). 

 There is a huge differences in HRV data between short term and 

long-term recording of ECG. 

 The minimum sampling rate required for ECG is 1000/sec. however 

ECG machines in the clinical setup have the sampling rate of 250/sec 

which is not enough to analyze the variations. 

 HRV can be confounded by posture, respiration, blood volume, BMR. 
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NOVEL APPROACH OF RESEARCHERS 

 The assessment of ANS activity with these conventional tests is 

cumbersome and data acquisition, interpretation becomes difficult. 

 The researchers have been working on alternate sources for 

autonomic function evaluation which should be convenient and easy 

to analyze the obtained data. 

  Since the pupil is superficial, highly responsive among the organs 

that are innervated by ANS. 

  So the pupil size and response can be used as a screening tool to  

evaluate the autonomic tone. 
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FUNCTIONAL ANATOMY OF THE PUPIL 

 Central & transparent aperture 

 2 – 4 mm in Photopic vision 

 4 – 8 mm in Scotopic vision 

 The pupils are circular, bilaterally symmetrical and centric 

positioned within the iris. 

PUPIL 

IRIS 
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MUSCULATURE & INNERVATION 



PUPIL SIZE INFLUENCED BY 

 Age                    – Senile Miosis 

 Ambient light – Light Miosis 

 Near vision     – Accommodation reflex 

 Attention         – Mydriasis (visual acuity) 

 Cognition        – Visio spatial discrimination, Reaction times 

 Reflexive         – Pupillary light reflex, Accommodation reflex 

13 



14 

 

 

 

 

 

 

 

 

 

 

 



EFFECT OF AUTONOMIC NERVES ON PUPIL 
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 Ophthalmology – Fundal & Retinal examination,   

 Neurology – To localize lesions associated with pupil 

 Emergency medicine – Brainstem activity 

 Surgery – Brain tumours 

 Psychiatry  - Impaired cognition,  Alzheimer's disease 

 ANS activity – Autonomic neuropathy 

CLINICAL IMPORTANCE 
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STATIC & DYNAMIC PUPIL 

 Static pupil evaluation– At any given point time estimation of pupil 

size  in controlled illumination. 

 Dynamic pupil evaluation –  Dynamics of pupil changes in response 

to standardized stimulus measures amplitude, time and velocity. 

 Pupillary light reflex, Accommodation reflex. 

  Qualitative method – Swinging flash light test – subjective-PERRLA 

  Quantitative method–Dynamic pupillometry – Valuable information  
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CLINICAL EVALUATION OF PLR 

Swinging flash light test or Pen torch test 

Categorical Data – Magnitude and rapidity (4+ to 0) 
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DYNAMIC PUPILLOMETRY 

 Dynamic Pupillometry is the quantitative assessment of pupil size 

and reaction to light in relation to time which measures the pupil 

size - Amplitude and velocity of pupil constriction and dilation. 

 Pupillometer is self contained camera that objectively captures and 

measures the pupil size – Static and dynamic variables. 

 The automated pupillometers are portable, user-friendly digital 

systems using Infrared videography. 

 Though Infrared light digital videography is highly advanced, 

still it is least used in the field of medicine as it is  too expensive.  
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HOW TO OVERCOME? 

 We had designed and developed a cost effective PC based 

Dynamic Pupillometer from a regular web camera to measure the 

pupil size in relation to time. 

 The system can be used to evaluate the status of Autonomic function 

by Quantitative pupillary light reflex (QPLR) using infrared 

videography. 

 

 



CAN WE SEE A COMPLETE DILATED PUPIL WITH NAKED EYE? 
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We need a light source beyond visible spectrum to appreciate mydriasis 



 WE CAN'T SEE ANYTHING, BUT THE INFRARED CAMERA CAN… 
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INFRARED ILLUMINATION 

Myosis Mydriasis 

Effect of visible and infrared light on the pupil  



PROOF OF CONCEPT 

25 



CALIBRATION OF IMAGE J SOFTWARE 
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RAW IMAGES OF PUPIL 
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MINIMUM PUPIL DIAMETER MAXIMUM PUPIL DIAMETER 



PILOT DATA 
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BLUE LED 

   DESIGN OF PUPILLOMETER 



   DESIGN OF PUPILLOMETER 
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VIRTUAL REALITY BOX   DISSECTION 

 IR & BLUE LED  WEB CAMERA 

2 – IR 850nm 

1 – BLUE 420nm 

640X320 (30fps)  
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VR BOX  

CONTROL 

MODULE 

REAL TIME PUPIL 

ON SCREEN 

   DESIGN OF PUPILLOMETER 

INTERNATIONAL CONTROL OF ILLUMINATION – INFRA RED LIGHT 

Near infra red light                = 0.7-1.4µm – Optical image processing, Remotes 

Intermediate wave length   = 1.5 – 15 µm – Telecommunications, Missiles, Thermal imaging 

Long wave length                   =  15 -1000µm -  Infrared Laser light 
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  Debut software (version 5.09, NCH software). 

SOFTWARES 



VIDEO TO JPEG CONVERTER 
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IMAGE J (NIH) 
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DILATED PUPIL(MYDRIASIS) UNDER IR ILLUMINATION 
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CONSTRICTED PUPIL(MIOSIS) IN BRIGHT LIGHT ILLUMINATION 



 10 seconds of real-time PLR - computerized DP system. 

 Resting dilated pupil - IR illumination  

 flash of light stimulus  - constriction of pupil  

 pupil redilates on subsequent light exposure – Pupil Escape 

 video clip  - Debut software (version 5.09 of the NCH software). 

 video clip - Jpeg images (Video to jpeg converter Ver.5.0.101.201).  

 Image processing and analysis -“Image J” (ImageJ ver.1.43u, NIH, USA) 
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METHODOLOGY 



DIGITAL PUPIL LIGHT REFLEX 
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IMAGE PROCESSING 

Pupil outline Pupil edges 

Binarization 

Elimination of 

LED reflection  

Raw pupil 

Absolute pupil 



PUPILLARY LIGHT REFLEX ( ‘V’ GRAPH) 

Baseline pupil diameter (BPD)- before stimulus (Resting) 

Minimum pupil diameter (MPD)- after stimulus 

Recovered pupil diameter (RPD)- post recovery to stimulus 

Reflex Latency (RL) 

Absolute constriction Amplitude ACA = BPD-MPD 

Absolute dilation Amplitude ADA=RPD-MPD 

Duration of Constriction & Dilation (DC&DD) 

Mean constriction & dilation velocity (MCV&MDV) 

Parasympathetic Sympathetic 
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PLR variables Definition Normal range ANS Indicator 

1. Reflex latency (RL) 

It is the period from the point at which light stimulus is 

applied to the eye to the onset of pupil response. 
100 -300 m.sec 

Parasympathetic 

activity 

2. Baseline Pupil 

Diameter (BPD) 

Resting  diameter of the pupil in complete darkness 

under  infrared light  
3 -7mm 

Sympatho – 

parasympathetic 

balance 

3.Absolute constriction 

amplitude(ACA) 

Change in pupil size from BPD to MPD after exposure to 

light stimulus. ACA = BPD – MPD 
1 – 3 mm 

Parasympathetic 

activity 

4.Duration of constriction 

(DC) 

The time for constriction of the pupil from BPD to MPD is 

taken. The strength and duration of the stimulus affect it. 
500-1800m.sec 

Parasympathetic 

activity 

5.Maximum Constriction 

Velocity (MCV) 

Rate of constriction which indicates rapidity of the PLR.  2 – 6mm/sec 
Parasympathetic 

activity 

6. Minimum Pupil 

Diameter (MPD) 

Minimum pupil diameter attained after the light reflex 2 – 4 mm 
Parasympathetic 

activity 

7. Recovered Pupil 

Diameter (RPD) 

Redilated pupil diameter up to 75%  3 – 6 mm Sympathetic activity 

8.Absolute redilation 

amplitude(ADA) 

Change in pupil size from MPD to RPD. It is due to the 

constriction of dilator pupillae.  
1-2.5 mm Sympathetic activity 

9. Duration of redilation 

(DD) 

Time is taken for the redilation of the pupil from MPD to 

RPD. 

1000 – 2500 

m.sec 
Sympathetic activity 

10.Maximum Redilation 

Velocity (MDV) 

Rate of redilation of the pupil after light exposure, indicating 

rapidity of the dilation of the pupil.  
2 – 5mm/sec Sympathetic activity 



DIABETIC AUTONOMIC NEUROPATHY (DAN) 

 

 

 

 

 

 

PLR OF DIABETIC PATIENT PLR OF HEALTHY PARTICIPANT 



COMPARISION OF PUPIL IMAGES 

DM patient dilated pupil (BPD) DM patient constricted pupil(MPD) 

Normal dilated pupil (BPD) Normal constricted pupil(MPD) 



COMPARISON OF PLR GRAPH 
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ADVANTAGES  

 Creates darkness & external light  has no influence on the results 

 Pupil – Large computer screen  

 Inexpensive, Non invasive tool – Evaluation of ANS activity. 

 The procedure takes less than 10seconds which does not require 

active patient participation. It requires minimal computer 

knowledge compared with other neuro-imaging techniques. 

 It is portable which can be used in community studies to screen 

large population. 

 This is the first ever Indian study on indigenous Dynamic 

Pupillometry to the best of our knowledge. 
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LIMITATIONS 

  The data is processed offline due to which real time results are not 

possible.  

 We can not record binocular pupillary light reflex simultaneously. 

 Multiple softwares were required and data processing is tedious. 

Velocities should be calculated from the graphic plot. 

 We are also planning to make a second version in which the results 

are displayed in real time and the stored data can be shared to 

cloud. 
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APPLICATIONS OF DYNAMIC PUPILLOMETRY 

 To evaluate the early diagnosis of Autonomic dysfunction (Muppidi et al – 2013) 

 To find out the activity of higher centers in Head injuries (Kenneth etal – 2017) 

 To approximately localize the Brain tumours  (JG Park – 2015) 

 To distinguish the effect of various drugs on the higher centers (Fliegert et al -

2005) 

 Pre-surgical evaluation during surgical procedures. (Lukaszewick etal-2015) 

 To Diagnose autism and neurodevelopmental disabilities (E Blaser et al - 2014) 

 To monitor Intensive care Unit patients (CS Vrettou et al – 2020) 

 To diagnose neurodegenerative diseases like Parkinson's and Alzheimer's 

disease (Shaun frost et al – 2017) 

 To measure cognitive disabilities (A Trapper et al - 2021) 
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HORNERS SYNDROME 
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OCCULOMOTOR NERVE PALSY 
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CUSHING’S SYNDROME 
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POOR GLYCEMIC INDEX 



52 

SUMMARY 
 Dynamic pupillometry is a novel, simple noninvasive screening tool 

to quantify the pupil size using simple infrared digital videography. 

 ‘V’ shaped graphical plot provides numerous static and dynamic PLR 

variables.  

  Phase–A = Parasympathetic activity, Phase–C = Sympathetic activity 

 Static variables – BPD, MPD & RPD. 

 Dynamic variables – ACA, ADA, DC, DD, MCV & MDV 

 It has more advantages compared with the clinical examination.  

 Inexpensive, and user friendly tool which has significant role in 

neuroscience and clinical practice. 
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“Humans may either blush or turn pale when emotionally agitated, but his 

pupils always dilate.”  - LOEWENFELD (Father of Pupillometry) 


