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Evaluation of patient
with
autonomic disorder

Narupat Suanprasert, MD.

Case

72 yrs.-old male

5 yrs. prior pt. had numbness, prickling and tingling in both
feet up to mid ankles but this has not really been
bothering him

During this period, pt. developed erectile dysfunction and
light-headedness if pt. gets up too quickly

4 mo. prior pt. could not run as well. He had difficulty
playing tennis and running

His legs feel fatigued and run out when he walks for more
than 1-1/2 miles

No weakness , no cramp, no unusual gait
Pt. had sharp and stabbing pains in both feet
At this point, his symptoms are progressing
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Case

* PMHXx * Systemic review
— Hyperlipidemia — Wt. loss about 10 |b.
— No diabetes mellitus
* Family Hx
* Social Hx — No PN, high arches,
— 3 drinks of alcohol/d hammertoes

— Smoking 20 pack/yr.

Neurologic examination

CN — normal
Motor — no weakness
DTR

— normal elsewhere
except

— absent at the ankles
bilaterally

Skinny ankles, flat feet,
and slight hammertoes

Temperature (T)

Lo Superfi il Pain (SP)
o Suprficial Pain(SP)

Temperature (T)

2-Paint (29)

Dbl Simd Sim. (05)

Tra ues(TF)

Stereognosis (S)

4o Vibration (V)
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/2 yrs.-old male

Numbness, prickling, . . e .
ISP & X Erectile dysfunction -Difficulty playing
tingling in both feet J . .
-Orthostatic tennis and running
- No weakness -Fatigued and pain
-No weakness, no
cramp

light-headedness

Main Central Autonomic Control Area

Anterior Cingulate Control of motivated behavior
cortex

Viscerosensory and pain

Insular cortex representation for bodily sensation

Amygdala Emotional significance of sensory stimuli
Integrated control of homeostasis

Hypothalamus A ™
f— \
Periaqueductal gray = >
> / Pain modulation, autonomic

and behavioral responses to stress

Parabrachial nucleus  ——
A\ Relay of integrated pain and visceral sensation

Respiratory rhythmogenesis

. P
Nucleus of the p
N = « T First relay station for afferents
solitary tract (NTS) / - A .
. 7 that trigger cardiovascular, respiratory
- | and gastrointestinal reflexes
Ventrolateral Medullary —- A )

medulla raphe Contains neuronal groups critical for

‘\\' - - maintenance of blood pressure
| - respiration (including CO; sensitivity)

Mg
gl \ Descending pain modulation

/l Thermoregulation




Area or nucleus Level-Specific Function

Anterior Cingulate Behavioral Arousal

cortex Interoceptive awareness
Emotion
Insular cortex Stress responses
Homeostasis
Amygdala
Hypothalamus Ve NN
y /' oe Integration of autonomic
Periaqueductal gray ) ) function with arousal
\ and pain modulation,
Barrington nucleus 8 Dorsal motor
Parabrachial nucleus 4\3 4 V . nucleus
AS group e of the vagus

b o -Tonic control of blood pressure
Nucleus of the (1 /\.y = A \\ -Respiratory rhythms

solitary tract /@ % / -Autonomic reflexes
NTS . !
( ) RVLM i - circulation,

A
& / Nucleus o
Ventrolateral Medullary A mbiguus - re.sp|ra‘t.|on
medulla raphe (FALR) - mlctuntltlon .
oV - gastrointestinal
Intermediolateral ‘/’/\\;T /s\
cell column \Q}j::/ Segmental sympathetic
and sacral (micturition,

defecation, erection) reflexes
Sacral parasympathetic nucleus

Onuf nucleus

fV’ZET 753
4 v \

)
Sitie, 7
Ganglia

ethphal
\\ Ciliary
I —
S \ Miosis

Salivatory _/ Accommodation
nuclear T Pterygpopalatine
complex - \ Cramal vasodilation
4 Lacrimationn
Sumbmaxillary, otic Enteric
B nervous
system

Dorsal motor _ ) . o
nucleus of the =y =4 \ ——————{+ e} Salivation
vagus -

Gastrointestinal
& A > ~— / Motility and
Nucleus — e (&) ' Secretion

ambiguus \’\ X

Sacral heE 4 Defecation
parasympathetic [HitP _— Micturition
nucleus T _ Erection

Onuf nucleus External sphincter
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Sympathetic nervous system

Intermediolateral
cell column

b—— E.¥

Melatonin secretion

Cranial and cerebral
vasoconstriction

Enteric
nervous

o Mydriasis system

o(< — —@ Facial

sweating

- r Paravertebral Y
J chain Cardiac &
/ stimulation >
i ;
\ < ‘{ Inhibition of
gastrointestinal

L& ——  # Vasoconstriction motility
- T Vasodilation

Prevertebral Sweating

Urine storage

— E: Adrenal Ejaculation

medulla

Neurochemical Transmitter

Preganglionic
neuron

Preganglionic
neuron

—<

Sympathetic output

Ganglion

ACh \
—

anAChR

Parasympathetic output

Ganglion
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Acethylcholine (Ach)

* Ganglion nicotinic ACh * Muscarinic receptors
receptor — M1
— autonomic ganglia, * activate secretion from stomach
adrenal medulla, - M2
enteric nervous * inhibitory cardiac automatism
system * contraction of smooth muscle in
bladder and gut
— M3
* contraction of smooth muscle in
visceral organ
* exocrine glandular secretion,
sweat gland

* Vasodilatation, pupil
constriction

ACh receptor

Ganghonic (ex. a.384)

Neuromusc ~ .
leuromuscular Central Neuronal(ex. «dp2)

Intracellular
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Norepinephrine (NE)

* o-1receptor B-1 receptor

— contraction of smooth — stimulation of cardiac
muscle in blood vessels, automatism, excitability
bladder neck, and vas and contractility

deferens B-2 receptor

— pupil dilation — relaxation of smooth

* a-2 receptor muscle in blood vessels,
— inhibit ACh release from bronchi, bladder, gut
presynaptic B-3 receptors
parasympathetic terminal — lipolysis in brown fat >

thermogenesis

AUTONOMIC : SOMATIC

[ Sympathetic innervation Sympathetic Parasympathetic |
of adrenal medulla

Preganglionic
neuron {
Ganglionic
transmitter Acetylcholine Acetylcholine Acetylcholine i No ganglia
3 T

Sites of action

= " 17 ofganglionic
= — /1//" | blockers
Nicotinic /‘/(" Nicotinic - Nicotinic (_x

Ji’ receptor jreumor receptor k“‘;

Site of

Postganglionic
Adrenal medulla

Neuroeffector 2 action
A phrine h Acetylcholine of neuro- | Acetylcholine
transmitter into the blood

‘ muscular
J {/ ‘ { blockers | ‘
- ® gy,

——N\ o
= =
m'::::gj;_::/’/(’*{ustarlnlc v HicoinicR s

receptor

-
Site of action
of antimuscarinic
drugs

e receptor

Effector organs Striated muscle




Autonomic neurons

Transmitter characteristics
(not all inclusive)

Sympathetic neurons
Paravertebral ganglia
Prevertebral ganglia
Terminal ganglia

(previsceral ganglia)

Parasympathetic neurons

Major parasympathetic ganglia
Ciliary
Sphenopalatine
Otic
Submandibular/sublingual
Pelvic ganglia

Terminal parasympathetic
ganglia (previsceral ganglia)

Enteric neurons
Myenteric plexus (Auerbach’s)
Submucosal plexus (Meisner’s)

Enteric ganglia

Chromaffin cells of adrenal medulla

Paraganglia-chromaffin
SIF cells, ganglia

NE, CCK, somatostatin,

SP, Enk, ACh

VIP, 5-HT, NPY, DYNI1-8,
DYN1-17

ACh, VIP, SP, CAs-SIF, NPY, NO

GABA, ACh, VIP, 5-HT
SP, Enk, SRIF, motilinlike
peptide, bombesinlike peptide

E, NE, Enk, NPY, APUD

Varicosities

Synaptic vesicles

varicosities

Postganglionic
axon

Smooth —
muscle

Neurotransmitter
receptors

Neurotransmitter

-

Sarcolemma
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Central - peripheral autonomic control

Spinal
ganglion
Afferent Parasympathetic
autonomic ‘ L
fiber
Medulla

Vasomotor
Sudomotor
Pilomotor fibers

Gray

communicating ramus Paravertebral .
(post ganglionic) <€ ganglion Poslganghomc

Sympathelic
Efferents

White
oommumcanlng ramus Splanchnic
(preganglionic) nerve
Prevertebral
<4— ganglion

Postganglionic " Preganglnoqnc
visceral nerves to smooth muscle of 15 Sympathetic
inner organs & visceral blood vessels G Prevertebral Efferents

Ganglia

Fight and flight

* Maintain blood
pressure
Thermoregulation
Cardiovascular and
metabolic response
— exercise
— stress

— emotion
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Parasympathetic nervous system

Rest and digest
* Gl motility and digestion
Lacrimation
Urination
Defecation
Sexual arousal

Target

Pupil

Ciliary muscle

Salivary and lacrimal glands
Heart

Bronchi

Muscle vessels
Skin vessels

Visceral vessels
Sweat glands

Gastrointestinal motility
Gastrointestinal secretion

Bladder detrusor
Bladder neck

Rectal smooth muscle
Erectile tissue

Vas deferens

Endocrine secretion

Sympathetic (Receptor)

Dilatation (o)

Inhibition (presynaptic [o;?])
Stimulation (3,)
Dilatation (3;)

Constriction (o) (o)
Dilatation (3;)

Constriction (o)
Dilatation (NO?)

Constriction (o)
Stimulation (Ms)
Inhibition (3;)

Inhibition (o)

Inhibition (3;)
Stimulation (o)
Inhibition (3;)
Constriction (o)
Contraction (a4)

Stimulation of epinephrine,
glucagon, renin, and thyroxine (32)

Parasympathetic (Receptor)

Constriction (M3)
Accommodation (Ms)
Stimulation (M5s)
Inhibition (M)
Constriction (Ms)

Dilatation (M5 via NO; VIP)

Contraction ( Ms,)
Relaxation (NO, VIP)

Gastric stimulation (M,)
Gut and glands (M3, VIP)

Stimulation (M3, M,; ATP)
Inhibition?

Stimulation (Ms)
Dilatation (NO)

Stimulation of insulin,
gastrin, secretin,
cholecystokinin, and
pancreatic polypeptide (M3?)
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Autonomic testing

Autonomic testing

Sustained handgrip test
Squat test

BP response to alternate
stressors

Plasma catecholamine levels
(supine/standing)

Microneurography
Mental stress tests
Cold pressor test

Spectral and transfer function
BP analysis

Vasomotor testing

Pharmacologic challenges
Pupillary testing (pharmacologic)
Pupillometry, pupillography
Urodynamics/cystometrogram
Gl motility studies

Gl manometry

Salivary testing/Schirmer test
Penile plethysmography
Neuroendocrine tests
Neurogenic flare test

Cardiac fluorodopamine PET
scanning

9/4/19

11



Indications for Autonomic Function Tests

Quantitative autonomic testing

Phillip A. Low, M.D.

Suspected
— autonomic neuropathy

— distal small fiber
neuropathy

— orthostatic intolerance

— vasovagal syncope

Quantitative sudomotor
axon reflex test (QSART)

Thermoregulatory
sweat test

Heart rate variability to
deep breathing

Valsalva maneuver
Tilt table test

Monitor - course of
neuropathy
— autonomic involvement?
severity
disease progression
response to Rx
Sympathetic dysfunction in
sympathetically maintained
pain

In clinical treatment trials

9/4/19
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Goals of clinical autonomic testing

To detect autonomic involvement in peripheral
nerve disease

To quantitate the severity and type of deficits

— sudomotor

— adrenergic

— cardiovagal

To determine the distribution of autonomic failure
To determine the site of the autonomic lesion

Patient preparation

No food, nicotine — 4 hrs. before study

No alcohol, caffeine — 12 hrs. before study
No acute illness in the previous 48 hrs.
Avoid vigorous exercise - 24 hours.

13



Patient preparation

* Stop medication — 48 hrs.

— anticholinergic - antidepressants, antihistamines,
cough suppressant, cold medication, diuretics

— sympathomimetics agents
— parasympathomimetic agents

* Short-acting a and B antagonists - 24 hrs.
* Opioid - avoided the day of the test

Quantitative sudomotor
axon reflex test
(QSART)

9/4/19
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Thermoregulation

_—Hypothalamus

—Medial preoptic
arca

T INAH3
Increase

in core

~~Third ventricle PreoptiCJ Inputs from
coId receptors

Heat defense responses

—— Cold defense responses

v
Skin vasodilation - Skin vasoconstriction
Sweating Nonshivering thermogenesi
Shivering

Thermoregulation

& * Exposure to cold
Vasodilation

fl —
N ~. M al receptors
Cooling

Hypothalan — preserve heat
* skin vasoconstriction

D|aphore5|s —=
* piloerection
External Negative

factors Fedback * Exposure to heat
External

mm—
=" i — cholinergic M3 receptors
l, A)/asoconstnct Q — liberate heat

Warming Hypothalamus * sweating

2 * skin vasodilatation
Shivering

9/4/19
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Quantitative sudomotor axon reflex test
(QSART)

Quantitative sudomotor axon reflex test
(QSART)

Postganglonic
sympathetic

Ecarine
sweat
glands ||

Skin

Acetylcholine

Sudomotor axon reflex Direct response

16



9/4/19

QSART- normal
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Severity of abnormal QSART

CASS=0

CASS =1

Table 44-10. Male QSART Responses: Mean, 5th, and 95th Percentile Values

10-29 yr

30-49 yr

Sites Mean 5th 95th

Mean Sth

95th

Mean

Forearm 2.67 0.76 5.06
Proximal leg 2.67 121 434
Distal leg 3.8 137 527
Proximal foot ~ 2.58 087 448

2.67 0.76
2.32 0.93
2.55 0.98
217 0.78

5.06
419
455
407

267
197
183
175

Table 44-11. Female QSART Responses

: Mean, 5th, and 95th Percentile Values

10-29 yr

30-49 yr

Sites Mean Sth 95th

Forearm 115 02 278
Procmalleg 148 036 317

Distal lcg 1.83 061 2.85
Proximal foot 1.27 023 307

5th
020
0.36
0.39
0.18

95th
278
317
2.28
285

Reference value

9/4/19
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Thermoregulatory sweat test

Distal anhydrosis Patchy anhydrosis  Global anhydrosis

19
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Lancet Neurol. 2010

Central or Peripheral
autonomic disorder

20
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Central- peripheral autonomic disorder

HYPOTHALAMUS

thermoregulatory
deep brain CACLRY
temperature

[ [ oo

EFFECTOR H
a4 Peripheral | Decreased | Decreased

skin skin
temperature arterioles

visceral
temperature

e
®

VLM

L
Nucleus
ambiguus Rostral Rostral
VLM VLM

l l Nucleus

ambiguus -
Cardiovagal Sympathetic S Arterial
output output | - Pressure

Ii ‘// Caudal
VLM
HR sV

> \‘
Cardiac j
: \ output
Cardiac Total w _ Towl
output peripheral ’ fosistance

resistance Sympathetic

output
Skeletal muscle
and splanchnic
vessels
Arterial blood

pressure
—| Decrease

—» Increase

Baroreceptor

21
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Respiratory reflex

Pulmonary
mechanoreceptors
K VLM
Nucleus L

ambiguus
VLM

l !

Cardiovagal Sympathetic
output output

iR//J

H SV
\ /
Cardiac Total

output peripheral
resistance

NS
Arterial blood_/

pressure
—— Decrease
—» Increase

* During inspiration
— Inhibit cardiovagal
neuron in nucleus
ambiguus
— tachycardia
* During expiration
— Withdrawn inhibition of
cardiovagal neurons in
nucleus ambiguus 2>
bradycardia

HR variability to deep breathing

22



9/4/19

HR variability to deep breathing

[+2]
o

Normal

Heart rate (bpm)
-
o

0 3 6 10 13 16 19 23 26 28 32 35 38 41 45 48 651
Time (sec)
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Table 44-12. Heart Rate Response to Deep Breathing:
2.5th, 5th, 95th, and 97.5th Percentile Values by Age

Percentile

2.5;5.0
95; 97.5

11-29yr 3049yr 50-69yr =T0yr

13; 14 9: 10 7.7 7.7
4]; 43 33; 36 27: 29 27,29

Valsalva maneuver

9/4/19
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Valsalva maneuver

Valsalva maneuver

- Legend
59.70
13528
97.15 Mean BP

25



BP response to Valsalva maneuver
(Normal)

S

8

S

Blood pressure
=]
o101 HOSH

5 8

o

>

Minutes

BP response to Valsalva maneuver
(Abnormal)

I I | T 111
1“ W\Imw" i g

oJDJ UDOH

Blood pressure

Minutes
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Tilt table test

Normal

N
=)

8

=
S

S
2101 DSH

Blood pressure
S

Minutes
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Neurogenic OH

Blood pressure
ol pJpaH

8
Minutes

Postural tachycardia syndrome
(POTS)

S

8

o
o

Blood pressure
>
o
2101 UDBH

5 3

8 9 10 11 12 13 14 15 16 17
Minutes

9/4/19
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Syncope

o
(=]

(o TN o1
o O

o1DJ UDOH

Blood pressure

S
(=)

o

3 45 67 8 9111121314151617 1819 20 21

Minutes

Autonomic test

System evaluated Pathways

Interpretation

Valalva rafio

BP responses o
Valsalva Maneuver

HUT

Plasma NE supine/
standing

Cardiac MIBG

Postganglionic sudomotor  Axon Reflex
Sudomotor Central, preganglionic, postganglionic
pathwasys and eccrine sweat gland

Cardiovagal function Vagol offerent and efferent pathways

Cardiovagal function Vagal pathway mediating baroreflex
function

Adrenergic funcfionand  Baroreflex afferent and efferents
baroreflex sensifivity

Bororeflex function Baroreflex afferents and efferents

Adrenergic ferminals and - Baroreflexes and adrenergic terminals
baroreflexes

Adrenergic function Postganglionic innervation of the heart

Defines distribution of sweat loss

Provides accurate pattemns of
anhidrosis; pattern can suggest
site of lesion

Normal or impaired cardiovagal
function

Normal or impaired cardiovagal
function

Baroreflex function

Detection of OH
NE response fo standing

Postganglionic adrenergic
denervation

9/4/19
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Composite Autonomic Severity Score
(CASS)

Sudomotor Subscore
0 Normal

1 Any of the following alterations:
a. Single QSART site reduced but = 50% of lower limit or
b. Distal sweat volume << 1/3 of forearm or proximal leg
values or
c. TST anhidrosis present but < 25%
Any of the following alterations:
. Single QSART site = 50% of lower limit
. = 2 QSART sites reduced
. TST anhidrosis 25%—50%
3 . 2 or more QSART sites = 50% of lower limit
. TST % anhidrosis = 50%
Cardiovagal Subscore
0 Normal
1 HRpp or VR reduced but > 50% of the lower limit of normal
2 HRpp or VR reduced to = 50% of the lower limit of normal
3

Both HR; and VR reduced to = 50% of the lower limit of
normal

Composite Autonomic Severity Score
(CASS)

Adrenegic Subscore
The adrenergic subscore is based on alterations in blood
pressure in response to the Valsalva maneuver and HUT

0 Normal

1 The presence of any of the following changes on the
Valsalva maneuver:

a. Phase II; reduction = 30 mm Hg MBP or

b. Phase II; does not return to baseline or

c. Pulse pressure reduction to = 50% of baseline

The presence of any of the following changes occur

on HUT:

d. Excessive oscillations in MBP (= 20 mm Hg occupying at
least 50% of HUT)

e. Fall in pulse pressure = 50%

f. Transient fall in SBP = 40 mm Hg with recovery (within
1 min)

g- SBP reduction = 20 mm Hg beyond 1 min

h. DBP reduction = 10 mm Hg beyond 1 min

30
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Composite Autonomic Severity
Score (CASS)

2 If a score of 1 is determined from the Valsalva maneuver, it
can be increased to 2 if the following changes occur on

HUT:

a. Transient fall in SBP > 30 mm Hg with recovery within
2 min

b. SBP reduction = 20 mm Hg beyond 1 min
c¢. DBP reduction = 10 mm Hg beyond 1 min

A score of 3 is assigned if the following changes occur on
the Valsalva maneuver:

a. Phase II; reduction > 40 mm Hg MBP + absent
phases II; and IV

An additional point is assigned if a reduction in manual
SBP = 30 mm Hg occurs beyond 2 min and is sustained for
at least 2 min

Clinical autonomic tests

* Indirect assess the integrity of sympathetic
and parasympathetic output in target organ
* Response affected by
— patient’s preparation, effort
— age
— underlying disease — heart, lung
— environment

— drugs
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