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INTRODUCTION: 
Hyperventilation, alkalosis, and hypocalcemia have been shown to 
signicantly improve neurological decits such as visual impairment, 
nystagmus, and ocular paresis in patients with central nervous system 
demyelination. [1]It has been suggested on theoretical grounds that 
this improvement is the result of changes in nerve ber excitability and 
enhanced conduction in demyelinated nerve bers. [2, 3]The effects of 
hyperventilation may be mediated by a number of factors. Both the 
reduction in pCO2 and the rise in extracellular pH which accompanies 
hyperventilation are known to enhance neural excitability in 
peripheral nerve bers. [4, 5]In the present study, we recorded pattern-
reversal visual evoked potentials (VEPs) before and after 
hyperventilation in healthy subjects and known visual pathway 
involvement to determine whether there is any evidence that this 
procedure improves conduction in the visual pathway.

MATERIAL & METHOD: 
This a hospital-based observational study, carried out in the 
neurophysiology lab of the Department of Physiology Gandhi Medical 
College Bhopal and associate Hamidia Hospital Bhopal. The study 
was carried out on 50 apparently healthy volunteers aged 18 to 70 years 
during the period of October 2019 to March 2020.  Those people who 
had Diabetes, Hypertension, Multiple sclerosis, or any other 
demyelinating disease which may lead to neuropathy, a history of head 
injury, cerebrovascular accident, epilepsy, idiopathic Bell's palsy, 
signicant ocular disorders, a patient suffering from cardiovascular 
illness or cardiac autonomic neuronal dysfunction, history of smoking, 
alcoholism, chronic drug intake were excluded. All the information 
about the procedure (in their native language and in English) of the test 
and plausible adverse effects were provided to the patients in detail 
(handouts of the test to be performed) before the test.

Statistical Analysis Plan- All the variables will be grouped as per 
mathematic transformation of them into nominal /ordinal/interval/and 
ratio /percentage variables. Further point estimates with dispersion 
measures will be calculated with the help of MS- Excel. All the data 
were analyzed using IBM SPSS software. Descriptive statistical 
analysis has been carried out in the present study. Results on 
continuous measurements are presented on Mean SD (Min-Max) and 
results on categorical measurements are presented in Number (%). 
Signicance is assessed at a 5% level of signicance. Chi-
square/Fisher Exact test has been used to nd the signicance of study 
parameters on a categorical scale between two or more groups. Student 
t test and ANOVA were used to compare the mean of quantitative 
variables. The null hypothesis of discrepant results was declined when 
the p-value was less ≤ than 0.05.

RESULTS:
The mean age of the volunteers enrolled in the study was 38.8 years. 
The study's youngest and oldest fellows were 18 and 80 years old. The 
following table shows the age-wise distribution pattern. 

Graph 1- Age Wise Distribution Of Subjects Involved In The Study 

Ÿ In the study maximum number of subjects involved in the study are 
of 30-40 age group

Ÿ The male-to-female ratio in the study was 1.27:1. 

Graph 2- Comparison Of Change In Latency   In Female And Male 
Subjects 

The average latency was found to be decreased after  hyperventilation 
in both males and females. The average value found is described in the 
gure as follows:Before hv- female avg latency 104   male avg latency 
107. After hv – female avg latency 102 male avg latency 10.

Graph 3- Comparison Of Change In Amplitude Between Female And 
Male Subjects 

Before HV – female amplitude 14.02 ; male amplitude 16.11. After 
HV- female amplitude 14.04 ; male amplitude 4.4

Introduction: Visual evoked potential is affected by various physiological parameters like hyperventilation, changes in 
the pH, and electrolyte imbalances. These parameters are supposed to cause changes in the electrical conductivity of 

nerve bers. The present study aims to record the electrical changes with hyperventilation.  The study was conducted in the hospital on Methods:
50 heathy-volunteers, of age group 18-70 years at the Neurophysiology lab of Gandhi medical college. The cases were enrolled as per inclusion 
and exclusion criteria. All the variables were grouped as per mathematic transformation of them into nominal /ordinal/interval/and ratio 
/percentage variables. Further point estimates with dispersion measures were calculated with the help of MS- Excel. All the data were analyzed 
using IBM SPSS v 22 software.  The mean age of the volunteers enrolled in the study was 38.8 years. The average latency was found to  Results:
be decreased after hyperventilation in both males and females. The average value found is described in the gure as follows: Before hv- female 
avg latency 104   male avg latency 107. After hv – female avg latency 102 male avg latency 10. Similarly, Before the HV – the female amplitude 
of 14.02; the male amplitude was 16.11, and  After the HV- the female amplitude was 14.04; the male amplitude 4.4.  As Conclusion:
hyperventilation affects the conduction and generation of evoked potentials across the neuron, so does hyperventilation also affect the generation 
of VEP across different neurons. Other physiological factors that affect the VEP include pupillary size, gender, age, and drugs, as well as factors 
that affect the conduction of impulses through the neurons.
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Graph 4- Comparison Of Effect Of Hyperventilation On Latency 
[both Eyes] Of The Subjects
 
Before ventilation the highest value of  latency is 110.6.After 
ventulation  the highest value of  latency is 109.8

Graph 5- Comparison Of Effect Of Hyperventilation On Amplitude 
[both Eyes] Of The Subjects

Before hyperventilation highest value of amplitude is 24.2. After 
hyperventilation highest value of amplitude is 24.07

DISCUSSION: 
VEP has been shown to be a very sensitive diagnostic tool though it is a 
non-specic one. VEPs are used to quantify the functional integrity of 
the visual pathway, i.e. the integrity of the optic nerves, pathways to the 
visual cortex of the brain, and occipital cortex. Any anomaly that 
affects the visual pathways or visual cortex in the brain can affect the 
VEP. When properly performed, VEP can contribute in providing 
important information on the visual pathways in patients with diseases 
like optic neuritis, multiple sclerosis, compressive lesions of the optic 
nerve and optic chiasm, and also in neurodegenerative diseases not 
primarily involving the visual pathways [6-8]. VEP is more sensitive in 
diagnosing abnormalities in the anterior visual pathway, i.e. before the 
optic chiasm. Every disease has its own characteristic ndings on VEP 
for example signicant prolongation of P100 latency, with relative 
preservation of amplitude is seen in demyelinating diseases like 
Multiple sclerosis.

Our study was conducted on 50 healthy volunteers with standard 
protocol. Many studies were conducted in the past for the assessment 
of visual evoked potential and its clinical applications in various 
metabolic and structural disorders of the brain and the visual pathway. 
Hyperventilation is one of the commonest maneuvers to elicit changes 
in the measured evoked potential. Similar studies were conducted 
earlier on healthy subjects to assess the effect of hyperventilation on 
VEP. [9-13]

In our study, the mean age of the group is 38.8 years. This is similar to 
that found in many other studies. There are many studies mentioned in 
the literature that had made a comparison between some pathological 
conditions and normal healthy individuals. [14-23]Apart from this, 
there are some studies that had enrolled individuals of age more than 
40 years [16], and also some had enrolled the pediatric population [24, 
25] and those the age of 17-21 years. [15]

Age is an important factor in visual electrophysiology. There were 
many studies in the literature reporting faster VEP amplitude and peak 
times before the second decade of life and progressive increased 
latencies after the seventh decade of life. Our results had shown the 
same pattern but due to less number of cases, the ndings are not 
statistically signicant. [26]The sex ratio in our study was found to be 
1.27:1. There were many studies that compared and analyzed the 
difference in latency and amplitude in males and females. A similar 
study on medical students was conducted by Sharma R et al with an 
equal ratio of males and females in Patiala. [16] In our study, we found 

that the values of latency and amplitude in females were smaller than 
that of males. Similar results were found in many other studies that 
were conducted in different parts of the world and in different 
eras.[17,18] Many studies were done to explain this and the 
explanation is based on the ndings of functional MRI such as larger 
brain size, a higher percentage of white matter, and a lower percentage 
of gray matter in men in relation to women.[27]    In a study, it was 
postulated that gender-based effects on VEP were attributed to 
differences in the central processing of patterned stimuli, possibly by a 
heightened sensitivity in older females.[28]  The exact cause of this 
gender difference in VEP parameters is not clear but it may be related 
to anatomical or endocrinal differences [29]. In a study conducted by 
Marsh MS et al., [30] compared the differences in the pattern VEP 
between pregnant and non-pregnant women, it was observed that the 
mean P100 latencies for all responses were shorter in the pregnant 
women. The difference in blood levels of sex steroids may be the likely 
cause of differences in P100 latencies between pregnant and non-
pregnant women. They postulated that this endocrine difference may 
also account for the gender difference in VEP latency. Similarly, 
Kaneda Y et al., postulated that the sex differences in VEP may be 
attr ibuted to genetically determined sex differences in 
neuroendocrinological systems. [31] In another study, women 
presented higher P100 amplitude in relation to men. Similar ndings 
were obtained in our results that the VEP latencies are comparable 
between both genders. The probable explanation for this nding is the 
inuence of hormones that seemed to contribute to higher amplitude in 
women. [32]    The mean values of latencies, before hyperventilation 
among the females and males, were 104ms and 107ms while it was 
decreased to 102ms and 106ms respectively after hyperventilation. 
This is in accordance with the results of many studies conducted in the 
past. [31-34]In our study, the mean latency (in milliseconds) of the 
P100 wave in normal female subjects was 88.31 ± 8.799 and 88.788 ± 
8.984 in the left and right eye respectively. The mean latency (in 
milliseconds) of P100 wave in normal male subjects was 93.214 ± 
10.656 and 93.41 ± 10.628 in the left and right eye respectively. In a 
study done by Shibasaki H and Kuroiwa Y, the mean peak latency of 
N70, P100 and N145 waves in normal subjects were 67.8 ± 4.04, 92.5 ± 
4.44 and 136.0 ± 12.11 respectively. In a previous Indian study of 
Visual Evoked Potentials in young adults, Tandon OP and Sharma KN 
reported P100 latency of 95.37 ± 6.85 msec for males and 91.07 ± 49 
msec for females.[14,16] The difference in the values in this study and 
in past literature may be due to the difference in the recording 
instruments and their calibration which differs from institute to 
institute, therefore there is need for each institute to have its own 
parameters according to the device.Our results showed that the 
latencies of N70, P100 and N155 waves were signicantly longer in 
males as compared to females. The amplitude of P100 wave was higher 
in females in both left and right eye as compared to males. Our results 
were in agreement with the results of previous studies [33-35] which 
showed shorter latencies and higher amplitude in females. On the 
contrary, some studies showed no signicant gender difference in VEP 
latencies. [14,16,32]   The probable explanation to this nding is based 
on the fact that hyperventilation leads to reduction in pCO2 and 
increases alkalinity of the extracellular compartment. Also, it lead to 
secondary reduction in the levels of serum-ionized calcium, thereby 
enhancing the axonal excitability and increasing the safety factor for 
transmission.   

The average height of the subjects included in our study was 157 cm. 
After seeking various studies conducted in the past, we found that 
Kothari et al. performed Pattern reversal visual evoked potential 
(PRVEP) recording from normal subjects in accordance with the 
s t a n d a r d  d i r e c t i v e  o f  t h e  I n t e r n a t i o n a l  S y s t e m  o f 
Electroencephalogram electrode placements and found a positive 
correlation between the VEP latencies and increasing height and hence 
concluded that it is inuenced by the height of the individual. In our 
study, we were unable to establish such a relationship.

 Eye dominance had an inuence on the VEP. In the literature, it has 
been shown that information perceived by the dominant eye strongly 
activates the ipsilateral visual cortex, Schintu S et al. hypothesized that 
eye dominance may modulate visuospatial attention bias. [35] Many 
studies were conducted in the past that suggested that the mean latency 
of the P100 peak was signicantly shorter with stimulation of the 
dominant eye. [36]It was observed that there were disparities in the 
values of latencies and amplitudes between the dominant and the non-
dominant eyes, suggesting electrophysiological evidence of 
lateralization in the nervous system. The results of our study are in 
accordance with those of many other studies. [38] 
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CONCLUSION: 
The study was conducted on healthy volunteers. VEP measures the 
time that it takes for visual stimulus to travel from the eye to the 
occipital cortex. It gives us an idea of whether the nerve pathway is 
abnormal in any way, this means that it takes a longer time for electrical 
signals to be conducted from the eyes, resulting in an abnormal VEP. 
Many physiological factors affect the VEP like pupillary size, gender, 
age, and drugs and it also gets affected by the factors affecting the 
conduction of impulses through the neurons, as hyperventilation 
affects the conduction and generation of evoked potential across the 
neuron, so hyperventilation also affects the generation of VEP across 
different neurons. 
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