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The influence of the vestibular system on autonomic responses is well known, as
seeing that the autonomic symptoms such as pallor, nausea, and sweating are com-
monly observed during acute vestibular vertigo attacks. Thinking about the con-
vergence of autonomic and vestibular afferents to the solitary nucleus and being in-
tegrated in reticular formation, it is taken to be granted that autonomic and vestibular
systems are interacted each other. In this respect, several studies using the tests for
the demonstration of the abnormalities in the autonomic nervous system have dem-
onstrated the autonomic dysfunction in the wide range of vestibular disorders. The
fluctuation of the blood pressure and the heart rate by head-up tilt test (HUTT) to
show the cardiovascular challenges have been widely studied and showed sig-
nificant results. At the same time, it has also been proposed that autonomic dysfunc-
tion can be the etiological background in some portion of the dizziness and vertigo. It
is uncertain whether the autonomic dysfunction can directly cause the vertigo or the
autonomic symptoms are simply caused by vestibular vertigo. However, by using
the well-known, non-invasive, and simple autonomic tests, causative relationship of
these two systems can be more validated. In this paper, methods for the autonomic
function tests and the reported evidence demonstrating the relationship between au-
tonomic derangement and vestibular disorders are reviewed.
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Table 1. Tests of autonomic function

1. Sympathetic function test
1) Adrenergic function test

Beat-to-beat BP (blood pressure) recordings of the Valsava
maneuver

BP and HR (heart rate) response to standing or tilt
BP to sustained handgrip
BP to mental stress
Cold pressor test
Plasma catecholamines

2) Sudomotor function test
Quantitative sudomotor axon reflex test (QSART)
Sympathetic skin response (SSR)
Thermoregulatory sweat test
Sweat imprint

2. Parasympathetic function test

1) Cardiovagal function test
Heart rate response to standing or 30:15 ratio
Heart rate response to deep breathing

Valsava ratio
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Figure 2. Head-up tilt test recording by Finapress® in the patient with
orthostatic hypotension. Beat-to-beat recordings of blood pressure
and heart rate are calculated and displayed automatically. Acute
decline of the blood pressure without increase of heart rate are noted
after tilt up from 3 to 5 minute. BP and HR are recovered promptly
by reclination. OH: orthostatic hypotension, BP: blood pressure, HR:
heart rate.

1) 7IEZAL HIOIS HARH

2 QP AR 208 Fot 7| @

QI AHEE Wk 23 ol Blo]22 80° A A4}

AA 710 AR 42 BUAZ o) §5H A9l

1okt HOR Beke S MAGA BY 24

7141 Finapres® & o]§31 9ol Al3h5 Aokt ¢ids
[e]

2) BMEIOIE g ™ 28

7|4 AU 719 5 337 o|djo]l 571 d¢o] A]o]
20 mm Hg, o]¢k7] @gfo] /ol 10 mm Hg o]4e]
2 7290 o] 15l

kA 71 Adeke A flsiMes 71" £ 5
HE7PE A0S st Ek ojeke gel A4 A
(neurocardiogenic syncope)®] 7Z--ofl= 7] 108 A=
e G Astet eA Mufo] W] wizof 20~60
e 74} AlZbo] Basieh

SA4F, FAAZ, Be) B, A LE, ogiEeh
FAWH 7 Xpostural deconditioning), L, oOFE, A,
tol 5ol 714} Aol AL v 4= glonE BEo] £

ofsfolo e,

B

AT o > Ao

¢

5108

5. X|&H Z+Zut shiol| olst Here| Hat
(BP response to sustained handgrip and cold

immersion test)®*

A&Hor 285 FEA7IY AU AHsol 715t
L), o] &=k K exercise reflex)o] 2|5to] WA A
AP ZHi2Ee] 30% HER AHAIE FHal 3~5E =
FrASRL doke S5k dl, of w, o]¢kr] ko] 15 mm
Hg ol =55k Zlo] AAoltt. of Hioll Meof &5 @7t
WA RSOl ofsl Feta} WEto] Af5ehe e o8t
At o8 4 Qi
6. mMAI|EHIS ZHAKSympathetic Skin Response,

SSR)%

SSRE 714 A=olut ofe] 742 =7HAQ A= F4
DB A g o] WMlE 9l o]& olsfe] WAlEl AR

S
Fak-(skin conduction response)= =4 5Fo] n7HAl
FA TR H] 7] 5(sudomotor function)S H7FsH= Aoltt.
SSRO| MM Az eS| FraEol UA AN T
A7 Aot oz, S50 EeiA Agho] ot
A4 iRl 7sS Brleke vl -85t
HEo] A= 7| A= SSRE AARSHE 210
ek A AR AE Hasekr] flste] 1
W A S, A=8 AS HE Foll 718 ASS
- 7lEd=s v
* Juf, Woke] 2= 22~24°C o FA
EZagt uAlA o] ks vk 9 285k
& ol Al Algstojof itk oL = 32~36°
S-A5ka1, 7] (cough), & 4F|(loud noise), 7|
(electrical shock), |5 w]2]7|(stroke of the skin), 7]
A 5o GUA AEUAE SUSIE ofe] 717 A=
olgato] mRA] MRS sk

ssRe] mope ofel Szt g3e] 1o Fojse,
S4B AU WA Aol 40 ARE of
AR G QA gtk 3] BRS thf Eoflkle= A
(triphasic) 0] 1L, ‘ol A= o]/ (biphasic) o] ARt ==A T4
(monophasic) Q] 7%= PEFTE SSRO| E2 tpo|e} A
ol =, 604 o/l A oll= 0% F 5, &l
73%%w=7t WA SSRE Thestal, wWhE=ar, A HA
S 4= QAL R|&A] 0|1 A Ql HAMATE @717} oY

Bl
N
N

oS oo d
]

2

[o

=)
I oX

S K
2o 4
2ot M0 =
H e w o

o mr =

T

tlo fo ¥ X

rE



g B

ey 9 ARE dEeR o dtld ARAY A=
Ee Hae AeldAY oS Eiddthe A2 ofvl &
A ok A= A=A SF= ol sKtellA
A Aol tsto] AdRt A2l HkeS fegtow
W S AT o =S ok AR ASAEAY A
ARGl iRt ofslle F4 AWM s o Qe
AEEAIY Mok AL AT 4 s sholF,
AR = AEAE Al WakE 2disto] WA¥sks T of
Age Aske bl Ee2 2k o9 dA de Y v
So14 oAy 2ARe] AR wollA A=A 7S AR o
Fe FEHRN AEAI7IS ] oA - A
+ Stk o] HilE

A delA ARELL Qe AREAIR7 IS AR B
SR &40 s Al 4 glem, A o
WA= = 2oy ARRAlAlE A2 Wl s
wAe] dieste] Hekslr] vl 23E d=stk=d 9

Loy

o
AeAl7d71s A & AR AR HieiAs @
o] Wes 2 ek, AA-FuildA wEe] o
Tolle wEke) Hske SA4sH Hedl, Wurel Hele A

ARgLe) RS A7 o) b 9o
2] ekt wite] W

S~
P
)
H O
30
Rl

He 245 SINE HASHoR et BRay
H3ha} 9t S Ajo] S5Hs Finapress® 2 o} 83 74}
7t ol ek, 1 vpol WAkik7|o} mAPAA b} ol
AR AAA) ABAEL olafkat] ol 4 gtk

A oA BAelA] ofd AEAA7ISANE of

R R B EL EIERE I AT
of o we vt Wasi.

10.

11.

12.

13.

14.

15.

16.

17.

Ol 2 221 ofX[FHoIM TtetlE7IsFHY FAYY

REFERENCES

. Lee TK, Sung Kb. Vestibular autonomic regulation. In

Dizziness. 3rd. eds. Seoul; Dankook University Press; 2007:
p.75-94.

. Furman JM, Jacob RG, Redfern MS. Clinical evidence that the

vestibular system participates in autonomic control. J Vestib
Res 1998;8:27-34.

. Yates BJ, Sklare DA, Frey MA. Vestibular autonomic regu-

lation: overview and conclusions of a recent workshop at the
University of Pittsburgh. J Vestib Res 1998;8:1-5.

. Grubb BP, Rubin AM, Wolfe D, Temesy-Armos P, Hahn H,

Elliott L. Head-upright tilt-table testing: a useful tool in the
evaluation and management of recurrent vertigo of unknown
origin associated with near-syncope or syncope. Otolaryngol
Head Neck Surg 1992;107:570-6.

. Nozawa I, Imamura S, Hisamatsu K, Murakami Y. The rela-

tionship between orthostatic dysregulation and the orthostatic
test in dizzy patients. Eur Arch Otorhinolaryngol 1996;253:
268-72.

. Smith JJ, Porth CM, Erickson M. Hemodynamic response to

the upright posture. J Clin Pharmacol 1994;34:375-86.

. Kerman IA, Yates BJ, McAllen RM. Anatomic patterning in

the expression of vestibulosympathetic reflexes. Am J Physiol
Regul Integr Comp Physiol 2000;279:R109-17.

. Yates BJ, Miller AD. Properties of sympathetic reflexes elicited

by natural vestibular stimulation: implications for car-
diovascular control. J Neurophysiol 1994;71:2087-92.

. Mori RL, Cotter LA, Arendt HE, Olsheski CJ, Yates BJ. Effects

of bilateral vestibular nucleus lesions on cardiovascular regu-
lation in conscious cats. J Appl Physiol 2005;98:526-33.
Wilson TD, Cotter LA, Draper JA, Misra SP, Rice CD, Cass SP,
et al. Effects of postural changes and removal of vestibular in-
puts on blood flow to the head of conscious felines. J Appl
Physiol 2006;100:1475-82.

Nakagawa H, Ohashi N, Kanda K, Watanabe Y. Autonomic
nervous system disturbance as etiological background of verti-
go and dizziness. Acta Otolaryngol Suppl 1993;504:130-3.
Pirodda A, Brandolini C, Cado Modugno G. Hypotension asso-
ciated with autonomic dysfunction: a possible cause of vertigo?
Med Hypotheses 2004;63:1086.

Yang CS, Young YH. Clinical investigation on hypotensive pa-
tients with vertigo. Eur Arch Otorhinolaryngol 2006;263:804-8.
Staab JP, Ruckenstein MJ. Autonomic nervous system function
in chronic dizziness. Otol Neurotol 2007;28:854-9.

Yamada M, Mizuta K, Ito Y, Furuta M, Sawai S, Miyata H.
Autonomic nervous function in patients with Meniere's disease
evaluated by power spectral analysis of heart rate variability.
Auris Nasus Larynx 1999;26:419-26.

Jauregui-Renaud K, Gresty MA, Reynolds R, Bronstein AM.
Respiratory responses of normal and vestibular defective hu-
man subjects to rotation in the yaw and pitch planes. Neurosci
Lett 2001;298:17-20.

Thurrell A, Jauregui-Renaud K, Gresty MA, Bronstein AM.
Vestibular influence on the cardiorespiratory responses to

S109



Res Vestibul Sci

18.

20.

21.

22.

23.

Vol. 9, Suppl. 2, Dec. 2010

whole-body oscillation after standing. Exp Brain Res
2003;150:325-31.

Yardley L, Gresty M, Bronstein A, Beyts J. Changes in heart
rate and respiration rate in patients with vestibular dysfunction
following head movements which provoke dizziness. Biol
Psychol 1998;49:95-108.

. Jauregui-Renaud K, Yarrow K, Oliver R, Gresty MA, Bronstein

AM. Effects of caloric stimulation on respiratory frequency and
heart rate and blood pressure variability. Brain Res Bull
2000;53:17-23.

Radtke A, Popov K, Bronstein AM, Gresty MA. Evidence for a
vestibulo-cardiac reflex in man. Lancet 2000;356:736-7.
Radtke A, Popov K, Bronstein AM, Gresty MA. Vestibulo-au-
tonomic control in man: Short- and long-latency vestibular ef-
fects on cardiovascular function. J Vestib Res 2003;13:25-37.
Jauregui-Renaud K, Hermosillo AG, Gomez A, Marquez MF,
Cardenas M, Bronstein AM. Vestibular function interferes in
cardiovascular reflexes [corrected]. Arch Med Res 2003;34:200-4.
Balaban CD. Projections from the parabrachial nucleus to the
vestibular nuclei: potential substrates for autonomic and limbic
influences on vestibular responses. Brain Res 2004;996:126-37.

S110

24.

25.

26.

27.

28.

29.

30.

Pezzoli M, Garzaro M, Pecorari G, Cena M, Giordano C,
Albera R. Benign paroxysmal positional vertigo and orthostatic
hypotension. Clin Auton Res 2010;20:27-31.

Consensus statement on the definition of orthostatic hypo-
tension, pure autonomic failure, and multiple system atrophy.
The Consensus Committee of the American Autonomic Society
and the American Academy of Neurology. Neurology 1996;
46:1470.

Assessment: Clinical autonomic testing report of the Therapeutics
and Technology Assessment Subcommittee of the American
Academy of Neurology. Neurology 1996;46:873-80.

Shields RW. Autonomic nervous system testing. In: Levin K,
Luders HO. Comprehensive clinical neurophysiology. Philadelphia:
W.B. Saunders Company; 2000. p.307-24.

Low PA. Testing the autonomic nervous system. Semin Neurol
2003;23:407-21.

Ravits JM. AAEM minimonograph #48: autonomic nervous
system testing. Muscle Nerve 1997;20:919-37.

Freeman R. Assessment of cardiovascular autonomic function.
Clin Neurophysiol 2006;117:716-30.





