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Abstract

The Autonomic Nervous System (ANS) regulates numerous involuntary bodily
functions, including cardiovascular control, digestion, and thermoregulation. Disruptions
in ANS function are associated with a diverse array of neurological and systemic disorders.
Traditional autonomic testing methods, such as the Valsalva manoeuvre and orthostatic
tests, primarily focus on cardiovascular reflexes, offering valuable yet indirect insights into
autonomic pathways. However, technological advancements have led to the emergence
of modern methods like heart rate variability (HRV) analysis, microneurography, and
quantitative sudomotor axon reflex testing (QSART), which provide more precise
assessments of both sympathetic and parasympathetic function. Despite their potential,
the integration of these contemporary methods into routine clinical practice remains
limited due to their complexity and resource requirements. This review aims to provide a
comprehensive overview of classical and modern ANS testing methods, emphasising their
clinical relevance in daily practice to enhance patient-care.

Aims and Methods of ANS Testing: Autonomic nervous system (ANS) testing is
essential for evaluating the severity and distribution of autonomic dysfunction, diagnosing
conditions such as autonomic neuropathy and orthostatic intolerance, and monitoring
disease progression or treatment efficacy. Most tests assess cardiovascular reflexes in
response to various stimuli, activating sympathetic or parasympathetic outflow. Classical
methods, including the Ewing Battery, Head-Up Tilt (HUT) test, and Deep Breathing
Test, remain clinically significant, especially in settings lacking advanced technology.
Contemporary methods have revolutionised ANS testing, with HRV analysis providing
in-depth insights into autonomic control over heart rate, while Microneurography and
QSART assess sympathetic nerve activity and sudomotor function, respectively.

Conclusion: The evolution of autonomic function testing, from simple measures to
advanced techniques, enhances our understanding of ANS regulation. Classical methods
remain invaluable, yet newer technologies like HRV analysis and QSART offer detailed
evaluations for complex autonomic conditions. Broad clinical integration of these
contemporary methods alongside traditional approaches is essential for improving patient
care.
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INTRODUCTION

The Autonomic Nervous System (ANS) controls
numerous involuntary bodily functions, including
cardiovascular  regulation,  digestion, and
thermoregulation. Disruptions in ANS function
are linked to a variety of neurological and
systemic disorders. Historically, classical ANS
testing methods, such as the Valsalva manoeuvre
and orthostatic tests, have been used to assess
autonomic function by measuring cardiovascular
reflexes'. These methods, while still valuable,
primarily provide indirect insights into autonomic
pathways. With advancements in technology,
newer methods like heart rate variability (HRV)
analysis, microneurography, and quantitative
sudomotor axon reflex testing (QSART) have
emerged % These contemporary techniques offer
more detailed, objective assessments of both
sympathetic and parasympathetic function and
provide more accurate insights into autonomic
dysfunction.

Despite the growing recognition of these
advanced techniques, there remains a gap in their
routine clinical integration. This is partly due to
the complexity and resource demands of these
tests, which are often confined to research settings
or specialized centres. There is a pressing need
to integrate these newer methods into everyday
clinical practice, where they can complement
traditional tests and offer a more comprehensive
understanding of autonomic function.

This review article aims to provide a concise
overview of both classical and modern methods of
ANS testing, highlighting their relevance, clinical
applications, and the need for broader adoption
of newer techniques in routine clinical practice for
enhanced patient care.

Historical Perspective

Historically, the assessment of ANS function
has relied heavily on indirect measures, primarily
due to the system’s complexity. Early methods
focused on observable physiological responses to
stimuli, such as the Valsalva manoeuvre, postural
changes, and the response to cold pressor test
(ANS). Early pioneers such as Valsalva (1707)
identified autonomic control of circulation through
such manoeuvres, which remain relevant today.
Similarly, the works of Jackson, King, and Ranson
in the late 19th and early 20th centuries laid the
foundation for recognizing how neurological
diseases impair circulatory reflexes®.

The early methods often involved simple yet
clinically informative tests, such as measuring
blood pressure changes in response to posture
or isometric exercise (handgrip)®. These tests,
provided valuable insights into autonomic reflexes
and their dysfunction, particularly in conditions
like diabetes, tabes dorsalis, and spinal cord injury.

Physiological Anatomy of ANS

The term Autonomic Nervous System (ANS)
was introduced by Langley over a century ago to
describe the part of the nervous system responsible
for controlling visceral functions such as cardiac
muscle activity?, smooth muscle contraction, and
glandular secretions. Unlike the somatic nervous
system, most visceral activities regulated by the
ANS occur involuntarily and cannot be consciously
controlled or readily altered. The primary input to
the ANS comes via somatosensory nerves, which
originate from interoceptors like stretch receptors
and chemoreceptors in blood vessels and visceral
organs, continually monitoring the internal
environment. These signals, although usually not
consciously perceived, elicit responses that either
stimulate or inhibit target visceral structures to
maintain homeostasis.

Organization of the Autonomic Nervous System

The nervous system is divided into two parts:
(1) Central nervoussystem (CNS) and (2) Peripheral
nervous system (Fig. 1). The peripheral nervous
system (PNS) is further divided into somatic,
autonomic and enteric nervous system. The CNS
receives all the peripheral sensory information via
the sensory nerve fibres, also called the afferents
and sends the motor information to the effectors
via motor nerve fibres, also called efferent fibres.
These efferent fibres travel through the somatic
and the ANS. The input for ANS is via somatic
afferent pathway which provides information
to the CNS that in turn stimulates the ANS. This
would lead to an involuntary action. The ANS
is responsible for involuntary motor responses.
The effector may be smooth or cardiac muscle
(both involuntary muscles) or a gland. Thus, the
ANS is a visceral efferent system, which means
it sends motor impulses from the CNS to the
visceral organs. It functions automatically and
continuously, without conscious effort, toinnervate
smooth muscle, cardiac muscle, and glands. The
ANS has two parts, sympathetic division and
a parasympathetic division. The sympathetic
and the parasympathetic fibers are the efferents
that connect CNS to the visceral organs. There
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is a fine balance between these two systems is
required to maintain homeostasis. ENS comprises
sympathetic and parasympa-thetic fibers that
regulate the activity of the gastrointestinal
tract. The sympathetic and the parasympathetic

efferent pathways are composed of two neurons:
(1) Preganglionic Neurons: Originating in the
CNS, their axons extend to an autonomic ganglion
and (2) Postganglionic Neurons: These neurons
relay signals from the ganglion to the target organ.

Nervous System
| ' 1
Central nervous Peripheral
system nervous system
I - i1
Afferent division Efferent division
{Sensory) {Moltor)
{ ‘m_l’
Somatic system Autonomic nervous
{voluntary) (involuntary)
[ —
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Sympathetic system Parasympathetic system Enteri
{thorcolumbar outflow) (cranlosacral outflow) te;vcs;::;vous
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Fig. 1: Organization of ANS
Functions of the ANS cold pressor test or mental arithmetic, activate
mainly s athetic outflow. Moreover, blood
(a) Parasympathetic System (PSS): The Y symp e outrow N

parasympathetic division is responsible for
conserving and storing energy, promoting
anabolic processes during restful states.

(b) Sympathetic System (SS): The sympathetic
division, on the other hand, is catabolic and
activates the body for emergency responses.
Its effects are generally prolonged and
widespread, whereas the parasympathetic
responses are more localized and transient.

Aims of ANS Testing:

* To evaluate the severity and distribution of
autonomic function

e To diagnose limited autonomic neuropathy
* Todiagnoseand assess orthostaticintolerance
* To monitor the course of dysautonomia

¢ To monitor response to treatment

* Toserve as an instrument in research studies

Most of the tests are based on evaluation of the
cardiovascular reflexes triggered by performing
specific provocative manoeuvres. Stimuli that
raise blood pressure, such as isometric exercise,

pressure responses to orthostatic testing and
Valsalva manoeuvre are in a large part a reflection
of sympathetic activity.*¢ HR Changes during
orthostatic testing and Valsalva manoeuvre, as
well as during deep breathing or diving reflex,
reflect parasympathetic modulation.®”

Traditionally, batteries of autonomic tests have
been introduced, with the Ewing battery being the
most popular.® Ewing Battery: The Ewing battery,
developed by Ewingand Clarke, isacomprehensive
set of tests used to assess both parasympathetic and
sympathetic function. It focuses on cardiovascular
reflex responses, including heart rate and blood
pressure variations. The tests involve measuring
responses to autonomic stimuli, such as deep
breathing, the Valsalva manoeuvre, and postural
changes. They are widely used to detect autonomic
failure in diabetic patients and can reveal
abnormalities related to both parasympathetic and
sympathetic nervous systems.®

Morerecently, new techniques,suchasevaluation
of heart rate variability or microneurography, have
been introduced as diagnostic tools.
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Assessment of Autonomic Nervous System
(ANS) Function

The assessment of ANS function has evolved
significantly, progressing from classical methods
to contemporary advanced techniques. Autonomic
function tests (AFT) are essential in confirming and
determining the severity of dysautonomia, as well
as identifying structural and functional deficits in
the ANS. These tests are crucial in both clinical
and research settings, with various techniques

developed to evaluate different autonomic
pathways.

Classical Methods for ANS Testing

Older methods of ANS testing remain

clinically significant, particularly in the diagnosis
of autonomic dysfunctions such as diabetic
neuropathy, orthostatic  hypotension, and
cardiovascular dysregulation. These techniques,
though simpler than modern methods, continue
to provide essential diagnostic insights, especially
in settings where advanced technology may not be
readily available.

The followings are the classical/older methods of
ANS Testing:

1. Head Up Tilt (HUT) / Lying-Standing Test
(LST): The head-up tilt and lying-standing
tests evaluate the cardiovascular response
to positional changes, making them critical
in diagnosing orthostatic hypotension. By
transitioning from lying to standing, blood
pools in the lower extremities, challenging
the body’s ability to maintain blood pressure
through autonomic reflexes. A significant
drop in systolic or diastolic pressure can
signal autonomic failure. HUT is often
combined with other autonomic tests for
a more robust evaluation of disorders like
postural tachycardia syndrome (POTS)®.

2. Deep Breathing Test: This test measures

heart rate variability in response to deep
breathing, exploiting the natural respiratory
sinus arrhythmia. Normally, the heart rate
increases during inspiration and decreases
during expiration, reflecting parasympathetic
activity. A reduction in heart rate variability
during this test is often an indicator of
impaired parasympathetic function, as
seen in conditions like diabetic autonomic
neuropathy?®.

3. Valsalva  Manoeuvre The  Valsalva
manoeuvre is a cornerstone of autonomic
testing, used to assess baroreceptor reflexes
and both parasympathetic and sympathetic
control. It involves forced expiration against a
closed airway, creating distinct cardiovascular
phases that can reveal autonomic dysfunction.
Patients with ANS disorders often show
abnormal blood pressure recovery and heart
rate responses during this test’.

4. Isometric Handgrip Test During the
isometric handgrip test, patients sustain
an isometric contraction by squeezing a
dynamometer, leading to an increase in
diastolic blood pressure due to sympathetic
outflow. A blunted rise in blood pressure may
indicate defective sympathetic control, which
is commonly associated with cardiovascular
autonomic neuropathy™.

5. Cold Pressor Test In this test, a patient
immerses their hand or foot in cold water,
which induces a sympathetic response,
resulting in elevated heart rate and blood
pressure. This test evaluates sympathetic
vasomotor function and is particularly useful
in assessing autonomic responses to thermal
and pain stimuli®.

The classical ANS tests can be clubbed in to
those for sympathetic and parasympathetic testing
for the ease to understand as given in Table 1.

Table 1: Different types of classical ANS tests (Sympathetic and Parasympathetic)

Method Type Description Clinical Relevance

Cold Pressor Test Sympathetic Patient immerses hand or foot in Assesses sympathetic vasomotor function;
cold water, including a sympathetic  useful for evaluating autonomic responses
response. to thermal and pain stimuli.

Isometric Handgrip Text Sympathetic Patient squeezes a dynamometer Evaluates sympathetic control of blood
to induce an increase in diastolic pressure; commonly used to assess
blood pressure due to sympathetic ~ cardiovascular autonomic neuropathy.
outflow.

Head-Up Tilt Text (HUT) Sympathetic Similar to HUT, accesses blood Used for diagnosing orthostatic

pressure changes when moving

hypotension and autonomic dysfunction.

from lying to standing.
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Method Type

Description

Clinical Relevance

Deep Breathing Text

Valsalva Manoeuvre

Parasympathetic

arrhythmia.

Sympathetic &
Parasympathetic

Meaures heart rate variability
in response to deep breathing,
reflecting respiratory sinus

Patient Performs forced expiration
against a closed airway, accessing

Accesses parasympathetic function;
reduced variability indicates impaired
parasympathetic control.

Provides insights inot both sympathetic
and parasympathetic functions, revealing

baroreceptor reflexes and autonomic abnormalities in blood pressure recovery

control.

and heart rate responses.

A. Contemporary Methods for ANS Testing

1
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. With advancements in technology, newer

methods have been developed to provide
more detailed and precise evaluations of
autonomic function. These methods offer
greater insight into specific components of the
ANS and are increasingly being used for both
diagnostic and research purposes.

Heart Rate Variability (HRV) Analysis The
variations in HR can be evaluated by the
following two HRV indices":

A. Time Domain Analysis: A continuous
ECG record is taken and a normal to
normal (N-N interval i.e. all intervals
between adjacent QRS complexes,the
standard deviation of RR intervals
(SDNN) and the root mean square of
successive differences (rMSSD) are
determined.

B. Frequency Domain Analysis

It analyses  different frequency
components of the waveform. The main
frequency components that represent
autonomic activity are:

* High frequency (HF)—0.15-0.4 Hz
* Low frequency (LF)—0.04-0.15 Hz
* Very low frequency (VLF)—0.0-0.04 Hz

A

T HF

Power (ms’/Hz)

v

0 0.1 0.2 0.3 0.4
Frequency (Hz)
Frequency domain indices of HRV analysis.

(HEF: high frequency; HRV: heart rate variability;
LF:low frequency).”

The LF and HF components are relative

indices of cardiac sympathetic and vagal
activity, respectively.

HF component is because of vagal tone
during respiratory cycle.

Low frequency component results from self-
oscillation in the sympathetic component of
the baroreceptor reflex loop as a result of
negative feedback.

. Microneurography: Introduced in the 1960s,

microneurography involves inserting fine
electrodes into peripheral nerves to record
sympathetic nerve activity. This highly
specialized technique provides direct insights
into sympathetic outflow to various organs,
such as the skin and muscles. It is particularly
useful for research and clinical evaluation of
conditions such as hypertension and diabetic
neuropathy. In patients with hypertension,
microneurography has demonstrated its ability
to accurately assess sympathetic nerve activity,
which can guide therapeutic strategies.'

. Quantitative Sudomotor Axon Reflex Test

(QSART): QSART assesses sudomotor
function by measuring sweat production in
response to acetylcholine iontophoresis. This
test is particularly useful in diagnosing small-
fibre neuropathies and other conditions that
affect sweat gland function. It is particularly
beneficial for patients with suspected
peripheral autonomic dysfunction, such as
those with diabetic neuropathy or small-fibre
neuropathy. QSART provides precise insights
into sweat gland function, which is crucial for
diagnosing these conditions.'

. Baroreflex Sensitivity Testing Baroreflex

sensitivity (BRS) is a key measure of
autonomic control over blood pressure.
Traditional methods use pharmacological
agents like phenylephrine to manipulate
blood pressure, followed by analysis of heart
rate responses. Newer, non-invasive methods
use spontaneous fluctuations in blood
pressure and HR to assess BRS. This technique
has clinical utility in diagnosing syncope and
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other autonomic disorders. Many clinical
uses of this test have emerged, e.g. vasovagal
syncope, impaired baroreflex sensitivity."

6. Head-Up Tilt Test (HUTT) HUTT is
predominantly used in the evaluation of
syncope. Unlike active standing, which
can mask autonomic dysfunction through
compensatory mechanisms, HUTT provides
a controlled environment for assessing
cardiovascular responses to orthostasis. It is
particularly useful in diagnosing vasovagal
syncope and orthostatic hypotension."

7. Sympathetic Skin Response (SSR) SSR is
a simple, non-invasive test that measures
the electrical potentials generated by sweat
gland activity in response to stimuli such as
noise or electrical stimulation. It provides
an assessment of cholinergic sympathetic
function and is often used in the diagnosis
of disorders such as diabetic neuropathy and
Guillain-Barré syndrome.”

Newer AFT methods offer significantly
improved diagnostic accuracy compared to older
techniques. HRV analysis has demonstrated
a sensitivity of 90% and specificity of 85% in
detecting autonomic dysfunction, particularly
in cardiovascular conditions like heart failure,
whereas traditional tests like the Valsalva
manoeuvre show lower sensitivity, around 70-
75%. Similarly, microneurography, which directly
measures sympathetic nerve activity, achieves
95% diagnostic accuracy in conditions like
hypertension, outperforming older orthostatic tests
with a sensitivity of only 65-70%. Additionally, the
Quantitative Sudomotor Axon Reflex Test (QSART)
exhibits a sensitivity of 92% and specificity of 89%
for diagnosing small fibre neuropathy, surpassing
the cold pressor test, which has a sensitivity of 60-
70% for similar dysfunctions.™

FUTURE DIRECTIONS

The field of ANS testing continues to evolve,
with new technologies being developed to improve
accuracy and reduce invasiveness, which gives
an extremely high Value: Risk ratio. Non-linear
analysis of HRV, for example, is gaining traction
as a more sophisticated method for assessing
autonomic modulation. Similarly, advances in
wearable technology may soon allow continuous
monitoring of autonomic function in real-world
settings, providing valuable insights into disease
progression and treatment efficacy.

CONCLUSION

AFT is an essential component of diagnosing
and managing a variety of conditions, particularly
those affecting the cardiovascular system. Both
classical and modern methods have their place in
clinical practice. AFT can non-invasively evaluate
the severity and distribution of autonomic failure.
They have sufficient sensitivity to detect even
subclinical dysautonomia. As technology advances,
the integration of these methods into routine care
promises to enhance our understanding of autonomic
dysfunction and improve patient outcomes.

REFERENCES

1. Spalding JMK. Disorders of the autonomic
nervous system. ] Neurol Neurosurg Psychiatry.
1966; 35:276-91.

2. Freeman R, Wieling W, Axelrod FB, Benditt
DG, Benarroch E, Biaggioni I, et al. Autonomic
nervous system testing: a review of the literature
and current clinical applications. Neurology.
2013; 80(1):1-13.

3. Benarroch EE. The autonomic nervous system:
basic anatomy and physiology. Continuum
(Minneap Minn). 2013; 19(1):19-39.

4. Zygmunt A, Stanczyk ]. Methods of evaluation
of autonomic nervous system function. Arch
Med Sci. 2010 Feb; 6(1):11-8. DOIL: 10.5114/
aoms.2010.13500.

5. Shaffer F, Ginsberg JP. An overview of heart
rate variability metrics and norms. Front Public
Health. 2017;5:258.

6. Lombardi F. Clinical utility of heart rate
variability: perspectives from the European
Society of Cardiology Task Force. Card
Electrophysiol Rev. 2002; 6(3):245-9.

7. Malik M. Heart rate variability: standards of
measurement, physiological interpretation, and
clinical use. Circulation. 1996,93(5):1043-65.

8. Ewing D], Clarke BF. “Diagnosis and
management of diabetic autonomic neuropathy.”
Br Med J. 1982; 285(6346):916-918.

9. Low PA, Tomalia VA. “Clinical autonomic
testing: then and now.” Clin Auton Res. 2015;
25(2):85-89.

10. FreemanR.”Autonomic peripheral neuropathy.”
Lancet. 2005; 365(9466):1259-1270.

11. Malliani A, Pagani M, Lombardi F.
“Cardiovascular neural regulation explored
in the frequency domain.” Circulation. 1991;
84(2):482-492.

12. Ewing DJ, Hume L, Campbell IW, Murray A,
Neilson JM, Clarke BF. “ Autonomic mechanisms
in the initial heart rate response to standing.” J
Appl Physiol Respir Environ Exerc Physiol. 1980;
49(5):809-814.

International Physiology / Volume 12 Number 2-3 / May - December 2024



49

13. Valsalva AM. De aure humana tractatus. Utrecht: accidents. Lancet. 1966; 1(731):276-80.
Traj ad Rhenum; 1707. 15.  Varshney VP, Bedi M.Ghai’s textbook of practical
14. JohnsonRH,Lee GD]J,Oppenheimer DR, Spalding Physiology, 10% Edition, 2023;2.29;186-91

JMK. Autonomic function in cerebrovascular

International Physiology / Volume 12 Number 2-3 / May - December 2024



