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Abstract. Relevance. The ubiquitous nature of the sympathetic and parasympathetic nervous system has allowed detailed
tests in a variety of systems, including cardiovascular, gastrointestinal, urogenital, pupillary, sudomotor, and neuroendocrine.
The most important characteristics of these tests are that they should be non-invasive, sensitive, specific, repeatable, quantitative,
clinically useful and time-efficient. These tests were designed to investigate the possibility of autonomic failure, measure
its severity, and assess its distribution. Clinical testing and research tests are the two main categories of these examinations.
Cardiovagal, sudomotor and adrenergic autonomic functions are assessed by standard laboratory tests. The sweat test based
on for measurement of the thermoregulation and the quantitative sudomotor axon reflex test (QSART) can be used to assess
sudomotor function. Response of blood pressure and response of heart rate to Valsalva maneuver and head tilt are used to assess
adrenal function, and extended hand grip tests are effective in determining the presence of autonomic failure, its natural history,
and response to treatment. The Autonomic Function Test Battery is a set of tests for autonomous functioning. The Ewing battery
is commonly used, which includes several parasympathetic and sympathetic tests. Conclusion. Autonomic function testing has
a considerable amount of diagnostic importance, which can have preventive value due to a large number of mortality due to

autonomic disorders.
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Introduction and background

The need for autonomic function tests lies in the
fact that patients with autonomic failure show increased
mortality [1]. Initially with the development of non-
invasive cardio-vascular reflex function tests, a more
systematic range is now available that is optimized
for the early diagnosis of autonomic neuropathy. The
primary need for these tests is to be noninvasive,
sensitive, specific, reproducible, quantitative, clinically
relevant, and less time-consuming [2, 3]. The appropriate
reach of the parasympathetic and sympathetic nervous
system to every organ of the body has allowed tests to
be described in various organs [4].

Indications for evaluation of autonomic
nervous System

Numerous variables such as posture of body,
mental condition, consumable meals, drugs, as well as
additional chemicals, might impact autonomic processes.
The use of caffeine and nicotine need to be resisted for
no less than 3—4 hours and 8 hours, correspondingly,
before testing [5]. Anticholinergic substances must be
ceased for 48 hours and sympathomimetic medications
between 24 to 48 hours prior assessment [6]. Different
approaches for assessing autonomic functions are
represented in Table 1 [7].

Table 1

Different approaches for assessing autonomic functions

Clinical examinations

Research examinations

1. Tests of cardiovagal function

. Evaluation of baroreflex gain

2. Tests of adrenergic function

. Pharmacologic dissection studies

3. Plasma catecholamines

. Skin vasodilation

4. Sudomotor functioning evaluations
a. Quantitative sudomotor axon reflex test (QSART)
b. Sweat test based on measurement of thermoregulation

Set of these tests sought to examine the existence
of autonomic failure, quantify its severity, and
evaluate its distribution (sudomotor, adrenergic,
cardiovagal) [8].
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. Microneurography

. Splanchnic-mesenteric blood flow

. Cerebral vasoregulation

. Cardiac innervation
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. Vasoregulation of the veins

This review aims to give a general overview of
the neurophysiological assessments utilized to assess
autonomous dysfunction [9-11]. Clinical goals in the
evaluation of autonomic function are represented in
Table 2 [12].
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Table 2

Clinical goals in the evaluation of autonomic function

To evaluate the severity and distribution of autonomic function

To diagnose limited autonomic neuropathy

To diagnose and evaluate orthostatic intolerance

To monitor the course of dysautonomia

To monitor response to treatment

As an instrument in research studies

Autonomous functional assessments

1. Sudometor function test: The most commonly
used methods for quantification of the sweat response
are QSART, Thermoregulatory sweat test, Sympathetic
skin response, and the Silastic imprinting method/sweat
imprint [13,14].

a) Thermoregulatory sweat test (TST): In
it, adequate stimulus is given for the rise of core
temperature to raise blood and mean skin temperature.
Modified Guttmann’s quinizarin sweat test (QST) is
used to conduct the TST. The sodium salt of quinizarin
(2—6-sulphonic acid) is used as a color indicator. It is
a red-brown dye. The composition of the mixture is
commonly used is represented in Table 3.

Table 3
The composition of the mixture is commonly used
Component Amount
Quinizarin 2-6-disulphonic acid 35g.
Sodium carbonate (powdered) 304g.
Rice starch 60-70g.

b) Sweating is usually induced by heat, by giving
one or two cups of hot tea and 5-10 gm of aspirin
before the powder is applied. The patient is then placed
under a Specially designed sweating cabinet having the
dimensions as follows: Length 6 ft. 9 inches, Width 3
ft. 3 inches, Height 3 ft. 9 inches used for a variable
time, usually from 15 to 45 minutes, depending on
the readiness with which sweating is produced. The
temperature within the box is regulated by 12 electric
lamp bulbs of 25 watts each of them, as well as tube
warmers and carbon filaments lights installed has
a chromium-platedreflectors; Wall-mounted controls
on the exterior of the cabinets operate stacks of 3
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carbon filament lights with a power output of 24-32
candle watts. Furthermore, four 6-foot-long tubular
heaters with a 60-watt capacity per foot are installed.
When the secretion of sweat commences the hydrotic
The anhidrotic parts stay the same color while the
skin in certain places turns a violet-blue hue and the
openings of each sweating ducts appears as tiny black
spots. Body temperature measurements like skin
temperatures, rectum temperatures, mouth temperatures,
potentiometer, and cold junction are measured [15, 16].

c) QSART: It quantitatively evaluates the
postganglionic sympathetic sudomotor axon recorded
from four sites Medial fore-arm site three-fourths of
the distance from the ulnar epicondyle to the pisiform
bone; proximal lateral leg, 5 cm distal to the fibular
head; medial distal leg, 5 cm proximal to the medial
malleolus, Proximal foot over the extensor digitorum
brevis muscle [17, 18].

Acetylcholine and a constant current of 2 mA
for 5 min is delivered and the responses are recorded
in a compartment of a multi-compartmental sweat
cell. The sweat response is measured by determining
the volume of sweat with help of a sudorometer. The
composite autonomic scoring scale (CASS) is 10 point
scale that Permits 4 points for adrenergic insufficiency
and 3 points for cardiovagal and sudomotor failure,
respectively. Individuals with a CASS score of
less than three have relatively modest autonomic
dysfunction, those with scores of 7 to 10 have a severe
failure, and those with scores between these two ranges
have moderate autonomic failure [19]. Since QSART
volumes vary with age and gender, CASS has used
the correction of confounding effects of them. The
sudomotor index is scored from 0 (no deficit) to 3
(maximal deficit) [20].
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d) Sympathetic skin response (SSR): Skin potential
recordings is able to identify sympathetic sudomotor
deficit in peripheral neuropathies and central autonomic
disorders [21]. It is a momentary change of the electrical
potential of the skin, which can be evoked by various
internal or external stimuli [22]. Following thorough
cleansing of the skin’s areas, electrolyte gels should be
applied and Put the active electrodes in the bottom of
your foot or palms. SSR may also be recorded from the
forehead, the axilla, or the genitalia. The temperature
of a quiet dimly lit room is normally kept at 22—-24 °C
or higher, with the subject supine and relaxed. Most
laboratories keep the skin temperature at >32-36 °C. The
stimuli might be coughing, an electrical surge, a loud
noise, an inspiring gasp, or a skin stroke; flashing or cold
pressor test, hypodermic «injection» and other forms of
stress can also induce the SSR. Deep breathing or mixed
stimuli (electric and acoustic). Because emotions differ,
sweating glands produce sweat which brings a change
in resistance of our body. Therefore, different changes
were expected at different states of emotion in GSR,
and the production of different emotional expressions
was reflected whenever there is a change in autonomic
activity Table 4 [23].

Table 4
Different GSR ranges
Conditions GSR range (K ohms)
Normal 2510 29
Fit 30t0 40
Exercise 22t0 24

As GSR value is > 25K OHMS this will indicate
low arousal which means the brain is in a calm state
and if <5 K OHMS then this will indicate a high level.

e) Silastic imprinting method/Sweat imprint (SIM):
Kennedy E. systematically measured the number and
size of sweat droplets activated in response to direct
chemical stimulation. Skin sites on the medial calf and
foot dorsum, each measuring 2cm2 stimulated to sweat
maximally by iontophoresis of 1% pilocarpine (2 mA,
5min). The skin test sites are prepped with a 1 % iodine
solution. The skin is wiped dry and immediately the
camera was pressed against the skin, to begin image
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collection and storage. Excreted sweat from each sweat
pore after coming in contact with iodine and starch,
a tiny dark spot is formed. Transparent tape thinly coated
with starch is attached over the lens of the Sensitive
Sweat Test (SST) miniature camera. The tape prevents
the formation of a drop and sweat is forced to flow
centrifugally to form a flat expanding dark spot. The
SST device imaged spots from > 200 sweat glands (SGs)
at 1 frame/sec (area of 2 cm2) for 60 to 90 seconds,
until adjacent spots coalesced [24].

2. Neuroendocrine function test.

Acute exposure to CO2 (acute hypercapnia) can be
used as a biological stressor for assessing hypothalamic-
pituitary-adrenal (HPA) and sympatho-adrenomedullary
(SAM) axes [25]. HPA and SAM are neuroendocrine
components of responses to stress. The CO, test
involves taking a single Vital Capacity (VC) breath of
four different concentrations respectively 5 %, 25 %,
35 %, 50 % [26, 27]. Physiological, psychological, and
neuroendocrine responses against CO, exposure are
measured. Alone 35 % of CO, can be used.

a) Physiological measures and psychological
measures: Subjects are rested for 30 min before
physiological monitoring and blood sampling. Baseline
cardiovascular measures are taken at the end of the
rest period with continuous monitoring starting 5 min
before the CO, and continuing 5 min after completion
of exposure. Continuous blood pressure and pulse
are measured. Subjective feelings of anxiety, fear,
breathlessness, relaxed are recorded by a visual
analog scale, for the recording of somatic symptoms
of panic similar analog scale is used with 39 point
questionnaire. Questionnaire and blood samples are
taken simultaneously every 15 min, starting 30 min
before exposure and continuing 60 min after it [28].

b) Biochemical measures: Plasma cortisol, salivary
cortisol, ACTH, prolactin, arginine vasopressin, FSH,
LH, GH, TSH, renin, noradrenaline, and adrenaline are
measures against CO, exposure [29-31].

3. Pupillary function test.

Pupil tests provide a convenient, simple, and
non-invasive method for the evaluation of autonomic
functions [32]. Balance of activity in parasympathetic
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and sympathetic are standardized or controlled for the
measurement of pupil size and can be used to identify
parasympathetic or sympathetic deficits. All modern
pupillometers are based on the principles of having
an infra-red source that illuminates the iris, a video
camera records the reflected light, to detect the pupil
computerized image analysis techniques are used
within each video frame which provides continuous
measurement of pupil size, and a light stimulus to the
eye by using a photostimulation.

4. Gastrointestinal function test.

Gastrointestinal scintigraphy: The accuracy and
ease of quantification of radiolabeled solids and liquids
had made scintigraphy the gold standard for testing
gastric emptying [33-35].

5. Urogenital function test.

In these tests, urogenital autonomic functions,
sexual dysfunction, and bladder dysfunction are assessed
[36, 37].

a) Urodynamic tests: These tests observe using the
urethra, sphincters, and bladder to store and release pee.
The capacity of the bladder to retain pee and release
it consistently fully is the primary objective of these
examinations. Additionally, they demonstrate if the
bladder is leaking urine due to involuntary spasms [38].

b) Sexual dysfunction tests: Assessing genitourinary
autonomic functions erectile dysfunction (ED),
retrograde ejaculation, and female sexual dysfunctions
are assessed by a detailed medical history, sexual
function history, medication history, assessment of
glycemic control; a hormonal and psychological
evaluation [39, 40].

6. Cardiovascular function tests.

Cardio vagal and adrenergic function tests

Cardio vagal functions are assessed by the Valsalva
ratio and heart rate response to deep breathing or
standing up and adrenergic functions are assessed by
the blood pressure response to the Valsalva maneuver or
Isometric handgrip test [41-50]. A number of other tests
of cardiovascular reflex function have been described,
the arterial blood pressure response to different stresses
including mental calculation, loud noise, ice and lower-
body negative pressure being used [51, 52].
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a) Mental stress test. For two minutes, the
participant is required to complete a typical arithmetic
exam that involves repeatedly deducting 17 from a four-
digit figure. Systolic blood pressure increases more than
10 mmHg are regarded as typical.

b) Cold-pressor test. The participant’s hand was
submerged in ice-cold (0—4 °C) water for three minutes.
It is assessed how much the opposing arm’s systolic
blood pressure increased [53, 54]. The afferent pain and
temperature fibers from the skin are activated by the cold
stimulation. The nerve impulses cause the contraction of
arteries elevated arterial pressure, and an accelerated heart
rate as they travel along the spinothalamic tract to reach
certain brain regions. A reading of > 15 mmHg is normal.

¢) Cold face test. Participants are asked to breathe
normally and to avoid breath-holding, deep breathing,
or hyperventilation [55]. After resting for 15 min in the
supine position, the CFT was induced by the application
of three cold packs bilaterally (0.5C) at the forehead,
face(excluding the eyes), and nose, for 1 min. Heart
rate, blood pressure, and skin temperature should be
recorded from 5 min before CFT (baseline) to 5 min
after the CFT.

d) Lower body negative pressure. The lower body
negative pressure (LBNP) test is a useful choice for
individuals who are incapable to complete the Valsalva
Maneuver (VM). An applied pressure of around —40
mmHg creates a blood volumetric range, identical to
what happens with the VM, which leads to a reduction in
venous return, a decrease in venous pooling throughout
the body, and comparable changes in blood pressure
and heart rate. Cardiovascular reflexes and orthostatic
tolerance have been studied in relation to submerging,
inaction, extended rest in bed, and weightlessness during
spaceflight using LBNP [56-58]. Each supine participant
positioned his lower body within the cylindrical suction
chamber, which is sealed behind the sternum and has
a Neoprene skirt on it. To keep people from moving,
foot supports were positioned within the room [59, 60].

Baroreflex sensitivity testing
Stretching sensors called baroreceptors, found in the
aorta and carotid sinus and react to artery wall expanding
detects changes in blood pressure [61-63]. The brain

99



Gupta K., Saini R., Jangid N. Bectauk PYJH. Cepusa: Meguuuna. 2025. T. 29. Ne 1

stem receives burst-like information about each blood
pressure pulse from aortic and carotid baroreceptors via
the afferent vagal and glossopharyngeal pathways. An
increase in afferent input into central autonomic nuclei
(nucleus tractus solitarius) is the consequence of this
increase in stretching, which also causes a transient
rise in blood pressure. The baroreflex’s sensitivities
may be understood as its reactivity to blood pressure
challenges. It can be described as the level of alteration
in sympathetic neural activity (SNA) for any variation
in blood pressure [64, 65]. A vasoconstrictor drug
(phenylephrine) can be injected to raise blood pressure,
which will naturally lower heart rate (HR) and raise
IBI. This will allow BRS to be assessed.Most often,
natural heart rate variability (HRV) and blood pressure
variability (BPV), which are derived from a continuous
noninvasive finger arterial pressure measurement
using the Finapress technique, may also be used to
noninvasively assess BRS [66]. The theory is that there
is constantly random BPV because of the resonance
phenomena described above as well as breathing, which
beat-to-beat regulates cardiac filling, stroke volume,
and, therefore, the BP pulsations (Mayer [67-70].

Conclusion

Autonomic functions could be tested by various
methods most of them noninvasive consist sympathetic
and parasympathetic types of tests. Due to the pervasive
nature of autonomic functions, autonomic function
testing (AFT) includes a wide range of tests related
to different physiological systems of the body. AFT
has a considerable amount of diagnostic importance,
which can have preventive value due to a large number
of mortality due to autonomic disorders.
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TecTupoBaHMe aBTOHOMHbIX QYHKLMIA

K.I'ynta ', P. Caunu B, H. /I>xanrup,

Mepmuuunackuri Komemk CaBaid Man Cunrx, Jocatinyp, e. Padscacmxan, MHOust
P sainiravi414@gmail.com

AnHoTtanusa. AkmyaibHocmb. IloBcemMecTHast IPUPOZa CUMIIAaTHUeCKOM 1 apaciMIaTHyeckoi HepBHOM CUCTeMBI [103BO/IH/IA
TIPOBO/JMTH MOZIPOOHbIE TECTHI B PA3/IMUHBIX CUCTeMaXx, BK/IFOUasi CepAEUHO-COCYUCTYIO, ey 0UHO-KUILIEYHYH0, MOUEII0/I0BYIO,
3pUTe/IbHYI0, CYZIOMOTOPHYIO ¥ HeHpO3H/J0KpHHHYI0. Hanbosiee Ba)KHBIMH XapaKTepPUCTUKAMH 3TUX TECTOB SIBJISIOTCS TO, UTO
OHH [I0JDKHBI OBbITH HeMHBa3UBHBIMY, UYBCTBUTE/IbHBIMY, CIIELIU(PUUHBIMY, IOBTOPSIEMbIMHU, KOJIMUeCTBEHHBIMU, KIIMHUUECKU
T10/1e3HBIMHU U 3P ()EKTUBHBIMY 110 BpeMeHU. JTU TeCThl ObUIM pa3paboTaHbl [/ UCC/Ie0BaHNs BO3MO)KHOCTH aBTOHOMHOMN
HeJJ0CTaTOUHOCTH, U3MepeHHs ee TSDKeCTH U OL|eHKH ee pacnpocTpaHeHus. KiMHHUYecKye UCIIBITaHUS U UCCIe/j0BaTe/IbCKIe
TeCTbI SIB/ISIIOTCS [IByMsI OCHOBHBIMU KaTeropysiMU 3TUX 00c/esjoBaHUH. KaparoBarabHble, CyZlOMOTOPHbIE U aJjpeHeprudecKue
aBTOHOMHBIe (DYHKILJMY OLIeHHUBAIOTCS C IOMOLLIBIO CTaH/apTHBIX JIab0paToOpHBIX TeCTOB. TeCT Ha IIOT, 0OCHOBAHHBIN Ha H3MepeHUN
TepMOPpeTry/IsLNY, U KO/IMueCTBeHHbIN TecT pedrekca cyromMoTopHoro akcoHa (QSART) MOXKHO MCII0/Ib30BaTh [J1s1 OL|eHKU
CyZJOMOTOPHOH (yHKLMH. Peak1yst apTepraibHOrO aB/ieHNs ¥ peakiiyisl YacTOThI CepieuHbIX COKpalljeHHii Ha MaHeBp BasbcasbBbl
1 HaKJIOH I'0JIOBBI MCIIO/Ib3YIOTCS [J1s1 OLleHKH (PYHKLIMK Ha/JTIOYeUHHKOB, a TECThI C PaCIIMPeHHbIM 3aXBaToM PYKU 3 (eKTUBHBI
U151 OTIpeie/IeHNs] Ha/IMuKsl aBTOHOMHOM HeZJ0CTaTOYHOCTH, ee eCTeCTBEHHOrO TeueHUsl U peakliuy Ha jiedeHue. Habop TecToB
aBTOHOMHOM (YHKLIMM NpeiCTaB/sieT OO0 COBOKYIHOCTb TECTOB /I/IsI OLIeHKU aBTOHOMHOT'O (PyHKIJMOHHPOBaHUsA. OObIUHO
rcronb3yeTcst Habop FOuHra, KoTophlii BK/IIOYaeT HECKO/IBKO TeCTOB /IS [TapacuMITaTHYeCKOH M CHUMIIaTUueCcKO HepBHOMH
cucTeMbl. Bbigodbl. TecTrpoBaHue (yHKLIMHY BereTaTUBHOI HEPBHOM cUCTeMbl UMeeT O0JIblIoe JUarHOCTHUECKOe 3HaYeHHe,
KOTOpOe Tak)Xe MOKeT UMeThb U Mpo(UIaKTHUYeCKOe 3HaueHue BBy 0O/bILIOr0 KoMyecTBa CMepTeid 13-3a pacCTPOHCTB
BereTaTUBHBIX (PYHKLMI.

KinroueBble cj10Ba: Kap/uoBaranbHblii, Habop TectoB FOuHra, napacuMmnaTiuecKuid, Cy0MOTOPHbIH, CUMITaTHYe CKUH

Mudopmanus o puHaHCHPOBaHUU. ABTODBI He TI0Tyuav (PUHAHCOBOU TOA1epKKHY 3a UCC/Ie/[OBaHKE, aBTOPCTBO U TTyO/MKALHIO
9TOH CTaThH.

Bxknap aBTopoB. PaBu CavHu — 0030p /tuTepaTyphl, Hanvcanve Tekcra; HavHa [Ikanrug — c6op 1 o6paboTKa Marepuasos;
Karmn I'ynta — KOHLIeNIUS U iW3aliH UCCefoBaHusl. Bce aBTOpPbI BHEC/IM 3HAYMTE/IbHBIN BKJIa/| B Pa3paboTKy KOHLIETIIIHH,
WCCJIeIOBaHNs U TIOITOTOBKY PYKOMHMCH, TIPOUMTAJIM U 0/[00PH/IM OKOHUATE/TbHYH0 BEPCHI0 Tiepes myOTuKaLiuen.
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Nudopmanys o KOHQINKTe HHTEPeCcoB. ABTOPHI 3asIB/ISTIOT 00 OTCYTCTBUM KOH(IMKTA MHTEPECOB.
JTH4YecKoe yTBep K/ eHHe — HelIpUMeHHMO.

biarogapHoCTH — HePUMeHUMO.

HNudopMupoBaHHoe coriacue Ha MyOJIMKaLUI0 — HEPUMEHNMO.
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