
 

*Corresponding author: Dr. Pinaki Wani  

 

 

 

 

 
ISSN: 0976-3031 

Research Article 
 

THE AUTONOMIC NERVOUS SYSTEM, IT’S TESTING AND CHALLENGES IN INDIA: A 
COMPREHENSIVE OVERVIEW 

 

Pinaki Wani 
. 

DOI: http://dx.doi.org/10.24327/ijrsr.20231412.0834 

 
ARTICLE INFO                                               ABSTRACT                                    

 
 

 
 

 

 

The autonomic nervous system (ANS) plays a pivotal role in regulating involuntary bodily 

functions, such as heart rate, blood pressure, digestion, temperature control, and so on. 

Homeostasis is the interplay of the two branches (Sympathetic and parasympathetic nervous 

system) of the ANS and any dysfunction in the balance between the two systems can create a 

plethora of medical abnormalities and diseases. Hence the Understanding of the ANS, its 

function, and dysfunction is crucial in both clinical practice and medical education. In India, 

autonomic function testing has seen significant growth. Clinical applications of autonomic 

function testing in India are wide-ranging, with a particular focus on diagnosing autonomic 

disorders prevalent in the country, such as diabetic autonomic neuropathy, cardiomyopathy, 

and many more. The availability of advanced testing methods, such as heart rate variability 

analysis, sympathetic skin response testing, and tilt table testing, thermoregulatory sweat test, 

Quantitative Sudomotor Axon Reflex Testing (QSART) has greatly enhanced diagnostic 

accuracy and reproducibility. Despite its significance, autonomic function testing in India 

faces challenges in India related to the unequal distribution of healthcare infrastructure, 

inaccessibility, and lack of awareness. This comprehensive overview delves into the 

autonomic nervous system and its functions, historical development in autonomic function 

testing, clinical relevance of the Autonomic functions Tests, and challenges in autonomic 

function testing in India. 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

    
 

INTRODUCTION 
 

The concept of the autonomic nervous system (ANS) dates 

back over a century when it was first proposed by the British 

physiologist Sir Charles Scott Sherrington in the year 1890.
1
 

The term "autonomic" aptly captures its primary function – to 

regulate bodily processes that are largely beyond conscious 

control. The ANS controls a wide array of visceral activities, 

including the pumping of the heart, contraction of smooth 

muscles, and secretion of glands, all of which are essential for 

maintaining homeostasis in the human body.  
 

A Key Regulatory System 
 

The autonomic nervous system consists of two primary 

divisions: the sympathetic nervous system (SNS) and the 

parasympathetic nervous system (PNS). These two divisions, 

often described as the "gas" and "brake" of physiological 

processes, work in harmony to maintain equilibrium within the 

body.  
 

The Sympathetic Nervous System (SNS) 
 

In a stressful or dangerous situation, the sympathetic nervous 

system springs into action. This division is aptly named the 

"fight or flight" system, as it prepares the body for swift and 

decisive action. Key physiological responses include an 

increase in heart rate, the dilation of airways, and the 

redirection of blood flow from non-essential functions, such as 

digestion, to essential areas like muscles and the brain. 

Norepinephrine/noradrenaline is the primary neurotransmitter 

responsible for transmitting signals within the sympathetic 

nervous system. The release of norepinephrine triggers a 

cascade of events that allows the body to adapt to challenging 

circumstances, facilitating the survival of the individual. Its 

mechanism of action involves binding to adrenergic receptors 

on target cells, leading to various physiological responses.
2,3 

Norepinephrine primarily acts on two types of adrenergic 

receptors: alpha (α) adrenergic receptors and beta (β) 

adrenergic receptors.
4 

These receptors are part of the G protein-

coupled receptor (GPCR) family, which mediate cellular 

responses to NE. 
 

NE binds to alpha-1 adrenergic receptors located on the cell 

membrane. This binding activates the receptor, leading to the 

activation of a G protein, specifically the Gq protein.
5
 

Activation of alpha-1 receptors leads to smooth muscle 

contraction in various tissues, including blood vessels resulting 

in vasoconstriction causing increase blood pressure 
 

NE also binds to alpha-2 adrenergic receptors, located on the 

presynaptic terminals of sympathetic neurons. Activation of 

alpha-2 receptors leads to negative feedback regulation, 
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inhibiting further release of NE to modulate sympathetic 

activity. 
6 

 

NE binds to beta-1 adrenergic receptors, primarily found in the 

heart's sinoatrial (SA) and atrioventricular (AV) nodes. 

Stimulation of beta-1 receptors results in an increased rate of 

depolarization, which ultimately leads to an increase in heart 

rate (positive chronotropic effect) and an increase in 

contractility (positive inotropic effect).
7
 

 

NE also binds to beta-2 adrenergic receptors, mainly located in 

smooth muscle tissues of the bronchi in the lungs and blood 

vessels in skeletal muscles. Activation of beta-2 receptors leads 

to smooth muscle relaxation and vasodilation.
8, 9 

 

The Parasympathetic Nervous System (PNS) is responsible for 

promoting relaxation and recovery, unlike the SNS. It is 

commonly known as the "rest and digest" system and takes 

over during periods of rest and normalcy. When activated, the 

PNS slows down the heart rate, narrows the airways, and 

directs blood flow towards the gastrointestinal tract to facilitate 

digestion. This system conserves energy and ensures the 

smooth functioning of various bodily processes during times of 

rest, enabling the body to recover and rejuvenate. 
10 

 

Acetylcholine is the primary neurotransmitter in the 

parasympathetic nervous system, mediating the transmission of 

signals between nerve cells. It exerts its effects by binding to 

two main types of cholinergic receptors: muscarinic receptors 

(MRs) and nicotinic receptors (NRs). 

1. Muscarinic receptors are G protein-coupled 

receptors (GPCRs) found on the surface of 

various target cells, including those in the 

parasympathetic nervous system, smooth muscle 

cells, and cardiac muscle cells. The activation of 

MRs by acetylcholine follows a series of steps: 

Binding of Acetylcholine (ACh) 

Acetylcholine is released from the presynaptic neuron and 

diffuses across the synaptic cleft. It then binds to the 

extracellular region of muscarinic receptors on the postsynaptic 

cell. 

Activation of G Proteins 

Upon ACh binding, the muscarinic receptor undergoes a 

conformational change that activates a specific G protein (G-

protein α-subunit, or Gα). This G protein consists of three 

subunits: α, β, and γ. 

Activation of Effector Proteins 

The activated Gα subunit separates from the βγ subunits and 

initiates signalling cascades by interacting with effector 

proteins. These effector proteins can include enzymes such as 

phospholipase C (PLC). 

Activation of Second Messengers 

Phospholipase C (PLC) is activated by Gα and cleaves 

phosphatidylinositol 4,5-bisphosphate (PIP2) into two-second 

messengers: inositol trisphosphate (IP3) and diacylglycerol 

(DAG). 

Release of Calcium Ions 

IP3 triggers the release of calcium ions (Ca2+) from 

intracellular stores, such as the endoplasmic reticulum. This 

increase in intracellular calcium levels plays a crucial role in 

various cellular processes. 

Activation of Protein Kinases 

Diacylglycerol (DAG) activates protein kinase C (PKC), which 

phosphorylates various target proteins, leading to a cellular 

response. 

The specific cellular response to muscarinic receptor activation 

varies depending on the type of cell and the downstream 

signaling pathways involved. Muscarinic receptors are integral 

to the parasympathetic nervous system's control over heart rate, 

smooth muscle contraction, and glandular secretion. 

1. Nicotinic receptors are ligand-gated ion channels 

found in the central and peripheral nervous systems. 

These receptors are named after nicotine, a plant 

alkaloid that also activates them. The mechanism of 

action of acetylcholine on nicotinic receptors involves 

the following steps: 

Binding of Acetylcholine (ACh) 

Acetylcholine is released from the presynaptic neuron into the 

synaptic cleft and binds to the extracellular region of nicotinic 

receptors on the postsynaptic cell. 

Ion Channel Activation 

Upon ACh binding, nicotinic receptors undergo a 

conformational change that opens the ion channel that spans 

the cell membrane.  

Ion Flow 

The opening of the ion channel allows the passage of positively 

charged ions, such as sodium (Na+) and potassium (K+), across 

the cell membrane.  

Depolarization 

The influx of sodium ions leads to membrane depolarization, 

which can initiate an action potential if the threshold is reached. 

Propagation of Signals 

The depolarization and initiation of action potentials facilitate 

signal transmission along neurons or muscle cells.Nicotinic 

receptors are critical for the transmission of signals at the 

neuromuscular junction and in various areas of the central 

nervous system, where they play a role in synaptic transmission 

and excitatory communication. 
11

 

Complex Interplay and Regulation 

The autonomic nervous system (ANS) represents a finely tuned 

equilibrium between these two divisions Sympathetic and 

parasympathetic nervous system, with each reacting to specific 

cues and adjusting bodily functions accordingly. This dynamic 

interplay is essential for maintaining homeostasis, which is the 

body's ability to self-regulate its internal environment to ensure 

stable conditions for optimal performance.
12

 

Significance in Health and Disease 

The autonomic nervous system plays a pivotal role not only in 

governing the body's basic functions but also in its capacity to 

respond to external and internal challenges. Its significance 

becomes apparent when we consider the multitude of health 

conditions that can arise when the ANS is compromised. 

Malfunctions of the ANS can have profound repercussions on 

health, underscoring the critical importance of assessing 

autonomic function in clinical practice.
13

 Numerous diseases 

can impact the autonomic pathways, resulting in a broad 

spectrum of symptoms and complications. Conditions such as 
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autonomic neuropathy, multiple system atrophy, and 

dysautonomia highlight the clinical importance of 

comprehending ANS functionality.
14 

Furthermore, the 

autonomic nervous system intricately participates in regulating 

cardiovascular functions, respiratory control, gastrointestinal 

processes, and various other bodily functions. Dysregulation of 

these systems can contribute to conditions like orthostatic 

hypotension, irritable bowel syndrome, and even 

cardiovascular diseases.
15

Therefore, evaluating the status of the 

autonomic nervous system becomes a fundamental aspect of 

clinical medicine. Autonomic Function Tests, also known as 

autonomic testing or ANS testing, are useful diagnostic tools 

for evaluating the function of the ANS and monitoring its 

dysfunction, progression, and prognosis. These tests involve a 

variety of assessments that aim to measure autonomic 

responses and identify any abnormalities from the normal 

function. 
16

Some common autonomic function tests include 

heart rate variability analysis, tilt-table testing, sudomotor 

function tests, and assessment of sympathetic skin 

responses.
17

In the past, these autonomic function tests were 

highly extensive, inaccessible, elaborate, and costly. However, 

with advancements in technology, these tests have become 

non-invasive, reproducible for patients, and accessible to 

clinicians.
18

 

A Historical Overview of Autonomic Function Testing in 

India 

The evolution of autonomic function testing in India has 

paralleled the progress made in the field of medical science and 

technology. While the formal establishment of autonomic 

function testing centres in India is a relatively recent 

development, the exploration of autonomic nervous system 

(ANS) functions can be traced back to earlier research 

endeavours. 

During the early to mid-20th century, Indian physiologists and 

researchers made notable contributions to the understanding of 

autonomic nervous system function. Their investigations 

delved into areas such as heart rate variability and blood 

pressure regulation.
19

 

As we move into the late 20th century, several medical 

institutions and hospitals across India embarked on the 

establishment of autonomic function testing centres. These 

centers were equipped with specialized instruments designed 

for the assessment of autonomic function.
20

Concurrently, 

Indian researchers engaged in in-depth studies focusing on 

autonomic disorders, particularly within the context of 

conditions such as diabetes, neuropathy, and cardiovascular 

diseases.
21

 

With the advent of advanced technology, healthcare institutions 

in India have adopted more sophisticated autonomic function 

testing methodologies. These include heart rate variability 

analysis, sympathetic skin response testing, and cardiovascular 

autonomic reflex tests.
22

Furthermore, Indian researchers and 

institutions have actively participated in global research 

collaborations within the field of autonomic function testing, 

making substantial contributions to international research 

efforts.
23

 

The tests for Autonomic Function and dysfunction– 

Many symptoms of autonomic dysfunction can mimic those of 

other diseases. This can make it challenging to diagnose 

autonomic disorders accurately. However, there are several 

approaches to ensure a more accurate diagnosis and rule out 

other potential causes of similar symptoms: 

A thorough medical evaluation by a healthcare provider is 

essential. This includes a detailed medical history, physical 

examination, and assessment of symptoms.
24

 Following this, 

there are elaborate Autonomic function tests, such as heart rate 

variability analysis, tilt-table testing, and sudomotor function 

tests, which can provide objective data on autonomic nervous 

system function. These tests can help differentiate autonomic 

dysfunction from other conditions that may present with similar 

symptoms. 

Below are various autonomic function tests along with 

references for further reading: 

1 Heart Rate Variability (HRV) Analysis measures the 

variation in time between successive heartbeats, 

providing insights into the parasympathetic and 

sympathetic control of heart rate. It is influenced by 

various factors, including respiration, blood pressure 

regulation, and circadian rhythms. used to evaluate 

autonomic nervous system function. Reduced HRV is 

often associated with conditions such as diabetic 

autonomic neuropathy, cardiovascular diseases, and 

stress. 
25

 

2. Tilt-table testingevaluates the body's response to 

changes in posture, helping diagnose conditions like 

orthostatic intolerance, postural orthostatic tachycardia 

syndrome, and vasovagal syncope.
26

 

3. Autonomic Reflex Testing (ART): assesses autonomic 

function by examining reflexes such as the pupillary 

light reflex, the Valsalva maneuver, and the heart rate 

response to deep breathing.
27

 

4. Sudomotor Function Testingmeasure sweat responses 

and can help diagnose autonomic neuropathy.18 

5. Quantitative Sudomotor Axon Reflex Testing 

(QSART): assesses sweat gland function and can 

identify autonomic neuropathy, particularly in patients 

with small fiber neuropathy. 
28

 

6. Deep Breathing Test measures the heart rate response 

to slow, deep breaths and is used to assess 

parasympathetic function.
29

 

7. Valsalva Maneuverassesses cardiovascular autonomic 

function by monitoring blood pressure and heart rate 

responses to a forced expiration against a closed 

airway.
30

 

8. Cold Pressor Testevaluates autonomic function by 

measuring changes in blood pressure and heart rate in 

response to cold water immersion of a hand or foot.
31

 

9. Sympathetic Skin Response (SSR) Test assesses the 

sympathetic nervous system's response by measuring 

changes in skin electrical conductance in response to a 

stimulus.
32

 

10. Blood Pressure Response to Standing evaluates 

orthostatic changes in blood pressure and is used to 

diagnose conditions like orthostatic hypotension.10, 
33

 

11. Thermoregulatory Sweat Test (TST) evaluates the 

distribution of sweating in response to temperature 

changes and can aid in diagnosing conditions like 

hypohidrosis or anhidrosis.
34
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12. Gastric Emptying Scintigraphy: assesses the rate at 

which the stomach empties, providing insights into 

autonomic regulation of gastrointestinal function.
35

 

13. Quantitative Pupillography measures pupillary 

responses to light, providing information about 

autonomic control of the pupils.
36

 

14. Spectral Analysis of Blood Pressure Variability: 

assesses the frequency components of blood pressure 

fluctuations and is used to evaluate the autonomic 

function, particularly in cardiovascular research.
37

 

Assessing autonomic function in India presents several 

challenges. Here are some of the challenges along with 

references for further reading: 

1. Limited Access to Specialized Facilities: Specialized 

autonomic function testing equipment and expertise 

may not be widely available in India, especially in 

rural areas.
38

 

2. Healthcare Disparities and Accessibility: Healthcare 

disparities exist in India, with urban areas having 

better access to medical facilities compared to rural 

areas, making autonomic testing less accessible to 

all.
39

 

3. Lack of Awareness and Training: Healthcare 

professionals in India may have limited awareness and 

training in autonomic function testing, leading to 

underutilization of these tests.
40

 

4. Financial Constraints: Autonomic function tests can 

be costly, posing financial barriers for both healthcare 

institutions and patients, which may limit their use.
41

 

5. Shortage of Skilled Personnel: There may be a 

shortage of trained medical professionals who can 

perform and interpret autonomic function tests 

effectively.
42

 

6. Cultural and Language Diversity: India's diverse 

population brings cultural and language diversity, 

which can affect the communication and 

understanding of autonomic function test results.
43

 

7. Research and Data Gaps: There is a need for more 

research in India to establish normative data and 

reference values for autonomic function tests among 

the Indian population, which may differ from Western 

populations.
44

 

8. Awareness and Patient Participation: Patient 

awareness about autonomic function testing and its 

significance may be limited, and patient participation 

may be low, affecting the quality and reliability of test 

results.
45

 

Addressing these challenges requires a concerted effort from 

healthcare authorities, institutions, and professionals in India to 

improve awareness, accessibility, and training in autonomic 

function testing. This would ultimately enhance the country's 

diagnosis and management of autonomic disorders. 

CONCLUSION 

In conclusion, the Autonomic Nervous System (ANS) stands as 

a remarkable regulatory system, finely balancing the 

sympathetic and parasympathetic divisions to maintain the 

body's internal equilibrium. This dynamic interplay is pivotal 

for sustaining homeostasis, and ensuring the optimal 

functioning of vital bodily processes. The significance of the 

ANS in health and disease cannot be overstated. It orchestrates 

fundamental bodily functions and responds to a multitude of 

external and internal challenges. Dysfunctions in the ANS can 

lead to a wide array of health issues, underlining the imperative 

need for assessing autonomic function in clinical practice. 

Conditions like autonomic neuropathy, multiple system 

atrophy, and dysautonomia highlight the clinical relevance of 

comprehending ANS functionality. Additionally, the ANS 

plays a multifaceted role in regulating cardiovascular, 

respiratory, gastrointestinal, and other bodily functions. 

Dysregulation of these systems can contribute to conditions 

such as orthostatic hypotension, irritable bowel syndrome, and 

cardiovascular diseases. The autonomic nervous system 

assessment is a fundamental aspect of clinical medicine, with 

Autonomic Function Tests serving as invaluable diagnostic 

tools. These tests, including heart rate variability analysis, tilt-

table testing, sudomotor function tests, and sympathetic skin 

responses, provide objective insights into autonomic responses 

and deviations from normal function. Advancements in 

technology have made these tests non-invasive, reproducible 

for patients, and accessible to clinicians. A historical overview 

of autonomic function testing in India reflects the country's 

progress in medical science and technology. Indian researchers 

have made significant contributions to understanding 

autonomic function and disorders. The establishment of 

autonomic function testing centers and research in areas like 

heart rate variability and blood pressure regulation underscores 

India's commitment to advancing knowledge in this field. 

However, assessing autonomic function in India comes with 

challenges. Among the hurdles are limited access to specialized 

facilities, healthcare disparities, lack of awareness and training, 

financial constraints, and shortages of skilled personnel. 

Addressing these challenges necessitates concerted efforts from 

healthcare authorities, institutions, and professionals to enhance 

awareness, accessibility, and training in autonomic function 

testing. This collective endeavor will undoubtedly improve the 

diagnosis and management of autonomic disorders in India, 

furthering the progress of medical science in the country. 
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