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. Nystagmus induced by lower-body suction
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We investigated the hypothesis that brain stem
ivcleaemin tnduced by the application of lower-
hinly suciion peessure (1 BSP) may disturh the
fanction of the nysfagmas generaror in the
brain stem and fead to the appearance of o
clinically sipnificant spontaneaus nystagmus.
For this, we exposed nine healthy male sub-
Jeens to graded LESP, starting at =20 mmig,
wid recorded o significanr pystaganes ar an
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cerebral eireulation |1-3] Under the emrcum-
Jtances, some derangement of function 15 hkely
o weeur. The vestibular system is one ol the
mportant systems alfecting the ahiliy 1o pilol
an atrcralt, thus making 1L unportan fesr ws 10
determine the effect af maderate hypovolsemia
uil the vestibular system

The laboratary muthod of lower-hody sub-
atmospheric pressure (LBSP) has long prayided

I wverage pressure of 489 mmHyg. The i T T e e e
b i mide of the nystagmus signal was 48,2 <4 ub” " tandard model tor contrulled. NADCRAGTET
. (SEAMD af a nwean freguency of 1.4 = .06 HE, thagic hypovulaemia 1.4, 5. Appheation ul
: onid 1xdow 65.3 L44 uVis. The panern way  Suchon al the layel of the iliac crests translo-
| divergeit i nafure, indicaring  a central cates: blood from the chest cavily Lo Lhe periph-
' nvstagmus, No significant change in the nys- 873 reducing the central and ciccibating blood
|y ragimns was observed even ol o swetion fével pf  volumes and pertusion to various tssues [, 3]
i —6f) mmHy.  The centrul generator  was  In the present study; we have used LBSE a5
1 affected as In five wther subjects, the charac- ethod af inducing controlled hypovolaemia §
1 teristics of the cold-stmulus-generated nys- without the vestihular stimulation atlendant to '
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ragmux were changed during exposure 1o d
LESP of 40 mmHyg. The cardiovasculur re-
spenses af all our subjects to LESP slress were
pormal. [ is possible that in apparently nor-
mul subjects whe have fiad vasovagal spncopal
attacks, nystagmuas generated during the ap-
plication of LBSE muay show o distincrive pai-
tern. This may alve he true for individuals who
may fave motion (@ir) sickness, The findings
sigpest inferesting possihilities for clinie
plysiclpgical  in vestigations of casex  of
aeromedica! interest,
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Muder::tc hypovelaemia (of the order of
HO0-700 ml) occurs commoniy cven un-
der nun-clinical circumstances like heal stress
and debvdeation. This is usually asvmpromatii
and the person remains normetensive and,
henee: iz considered fir for flying. Asvmpto-
matic, normotensive hypovelacmia has, how-
cver. been associated with a decrease in
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chanee in posture and studied 1ts effecl un the
nenrovestibular  svsram  using  electro-neulo-

grapits

Material and methods

~ine healthy male subjedts (mean age 285 yr;
hieiahe 170 5 em: weight 633 kg) wolunsesred (o
take part in this study, which was approved by
the local ethical commillee. The subjecty were
clinteally examined o rule oul the presence )
cardiovasculur. NS and PNT diseases. None
had 2 spontancous idiopathic nystagmus. Liach
subject was given an experience of LBSP
(—tommHg) m order to famibariz liiim
with the procedure and also Lo altay any ugsu-
ciated anxicty. He abstained from alcoliol for
24 |y betore the tesy, and from smoking and
tea coffee on the mormnmg of the test. Mane ol
the subjects were taking any lange- or short-term
medication
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A semi-eylindrical box made of seryhe and a
dmnestic  vacuum  cleaner (Ewroclean  2100)
were aed 1o apply the LIS The subject was
placed feet first inside the box at the level of the
ilimg erests after wearing # neoprene rubber
skirt, whieh was taped frmly aroumd his waist
mound the same level, The edges of the skirt
were (hen slid over the opening of the box and
taped aroumd i inorder to achieve a scitl, The
depree of suction applicd could be varied using
a perforated rotatmg cuff With ull ports closed,
the apparatus could easily generate and tnain
Gaint i LBSP of =70 mmHz, while with all ports
apen b pressure of 15 mmily could be gener
ated. LBSP was applied in a stepwise Lashion,
wlarting with & pressure of -20 mmHg and de-
creasing it by 10 mmHg every five minules.

A model 71 polyegraph ({rass Instruments
e LIS AY was used 1 record the electrocardio-
pram (ECG) and the electrooculoprpm (1200
Artertal hlood pressure (BP) was recorded using
a standard anaeroid manometer,

Heurt rare (HR) using FCG  monitoring,
EOG and hlond pressure were recorded in the
(fuurlh minute at each siep. After o pressure of

50 mmHa was reached, LOG and EOG mom
toring were done  continupusly. Continuous
muniloring was starfed carlier if development of
nvsmagmis wis suspected

B0 recording was dons simultansously for
buth eves on twa separale channels of the poly-
praph. Silverssilver chlaride clectrodes were
placed on the nasion {reference glectrode) and
ul the outer canthus of cach ¢ve, Right side of
the chest was used as & common ground for
ECG (CM5 confipuration) and EOQG, so that any
disruption of weircuit could be promptiy de-
rected. The output was fad through a 7P4 am.
plifier {Grass Instruments Inc.) with a time
gonslant of 0455 and a half-amplitude high
frequency of 35 Hz.. The calibration 100 uViem
was checked hefore and after the experiment.
The pen deflections were adjusted so that the
upper of the Iwo tracings represented the right
eye, The pen representing the right eye moved
up when the right eve looked right Simitarly.

A8

the pen replesenting the Tafl ecve moved up when
the left eve lovked left. The subject kept his
eyes vlosed throughout the experiment fo pre-
vent suppression of nystagmeia

The subgect reported to the Faboralory al
about 12 noon. Aler wearing the neoprem
skirt, he was posinoned anside the LESE hos
and instrumented, A rest perund of 43 min was
piven o stahilize him, Atter reaording baseline
HE. BF and eve movements, LIS wis applicd
Sarting at 20 mmie and increased inoa slep
wise manger o =6 mmie: BECG, EOG an:d BP
recondings were done in the fourth nunute 2l
each level uf LBSP. Past-1L RS reeordings were
done immedintely, and aftec 5 and 10min o
slOpPIng suction

he experiment wis eenunated i the event
of suhjective discamfort, ar ubjective evidensy
of approaching  presyneope. The  predeter-
mined end-point was S min al a4 pressure ol
60 mmile. In the absence of suhjeclive symp
toms, the experiment was extendad if nystaginus
wits not detected hy this tims.

In addition to the cxperiment described
above, five healthy male human yalunteers were
subjected to a caloric rest before and during
LBSP ar —t0mmHz, The caloric stimulution
was done pnar to application of LUSI* and
3 min after reaching -<40 mmbg. A gap of
15 min was given between twu stimulations 1o
ensure the absence of reswdual effects, For this
purpose a straight ‘jump’ was made to a pres
sure of —40 mmHg. Ditferences belween the
recordings before and during LBSP were stud-

fedd.

Resulis

All individuals completed the experiment -
cessfully without subjective discomfort or pte-
syncope. | he cardivvascular variables shorwed
changes consistent with lhose reported by other
workers. There was a continuous [all in the
systolic blood pressurc (3BP) from 1179+
22 mmHe (mean £ SE) to 1122 +32.3 mmHg
(Table 1) The diastolic blood pressure (L)
gradually  increased from Tl6+ 1.9 to
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fable 1, Cardiovuscolon data at dilferonl Ievels af TEHSE (mean values)
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ROt o+ 24 mmllp The pulse pressure dropped Lable & Changss (with LBSP ot —40 mmbg) i the chae-
from 49,7 + 2.7 10 32.1 + 2.8 mmHg, There was  siensies af nystagmus anduegd by eald calone
dnn increase in the mean arterial pressure (MAT) it =

from §7 4 1.5 10 %1 & + 2 mmHg. The heart rate Amplirede  Duratwn Frequeney SEow-Companet

(HR} ingreased from 676 % 28 1w 95=35 (1Y) fil itz velncaty (V)
beats/min 1rrih]L 1) ~1 At 1.5 1 iy
All the nine subjects undergoing LBSP de- 0 1M (R a7
veloped 4 spontanecus, intermittent, divergent :: =220 0.4 qg
¥ L e - i —1 -3 —142
nyslagmus. This developed at an average pres = P 8% vdis

aire of 489 | 4 6 mmHg. The average fre-
quency uf the nystagmus was 1.4 1 0.06 heéats’s.
The average stow-phase velovity was 635 =
4.4°uV/s, The average amplitude uf the nvs-
tagmic beat was 48.2 L4 pV (Tabie 2}

Ao ziated above, the nysiagmus was intermit-
tent, It was not related to any subjective sensa-
tion of Lurning ot spinning. The fystagmus Wwas
disconjuzated in that the movement of one cye

Ihe offect of LBSP on cold caloric-induced
nystazmus was also studied. The amploude as
well as the frequency of the caloric-induced
nystaemus betore and during LBST were difter-
ent though a definite pattern could nol be es
tablished (Table 3.

was not associated with the movement of the Discussion

ather. Tn addition, the cyes intermittently devel [he changes in the curdiovascular variables on
pped a divergent nystagmus, i, the slow com-  application of LBSP were similar to those re-
ponents of the nyslagmus in both the cyes were ported in normals by other authors 11, 3,4, 5]
facing opposite directions, and the fast compo- In a study with normal subjects, Giller et al. [3]

pents towards cach other have demonstrated a decrease in cerchral per

nd, J Avragpiace Med. 38025 1994 ]
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fusion ol the order of 26% under sanilae cir
cumstanees, wsing transcrantal Doppler o thei
study,; the michlle cerebral artery blood Mow
vielowily decreased by 16« a8 while there was
an incréase ino the ratio between the sstemic
and ranseramal Doppler pulsitahites, mdiabng
small vessel denstriction dae o svmpathebu
stimulation under FRESE 1o the present stuily
gl braim pertusimn wis i measured, the
risponse ehtained 15 indicative of o reducthion n
the central Blood volume, as evidenced by o fall
i systolic blood prossure and an ineresse o
Bewrt rate, It has been assumed that a redoction
i e centeal Blood salume woold have resulted
in reduced cerebral perfusion

U he subicot Tnding of the Srady, not hereto
fore teported o the literatore, b5 that LESE
which ia kaown to decrease corehrul perluson
caused A sponbancouns, divergent, intermiiienl
nystagmus o healihy subjects, with  normal
cardinvascular responses in the ghsence of ang
overl vestihulur stimulation This was nol ac
companied by any subjective teelngs of dis-
comlurl, vertigo or nausea The ampliude and
trequency recorded were Cpathologiesl’ for a
spontaneous nvstagmus 6]

The mast prabahle cause for the nvsagmus
appenrs 1o be central cerchrul ischaenma. Chni-
cally, verlebrobasilar insufficiency (VBI) is known
to cause imappropriate vestibular stimulation. sath
a nystagmus of central origing Unilareral nys-
tagmus, as seen in the study, has been reporied
with a lesion of the cerebellumn, or of the ceniral
comnecting pathways Twi reeently reported clini-
cal cases ol divergent nysiagmus wore proven 1o
have an ischacmie pathology on MRI [7]

Crur livpothesis of & disturbance in the fmne-
tigning of the vestibular apparatus during the
applicatian of LESF was also tested by compar-
ing the results of cold calurie stimulation before
and curing LSBP, using experiments very sim-
lar tév those used by Claussen and De Sa [6]
While o derangemient was seen o all the cases.
aur resulls differed from those of Claussen and
e Sa i ol we could establish no consistent

fanl

relationship between the amplitude, Trequency
of the power density spectium of the avstagmius
hefire  and  during  LIASP This,  howevet,
strengthens our arguiient that central verclwal
echaemia, an indueed by LBSP, ¢auses 3 -
rangement rather than stimulalion (or depres
ston) of the central dystagmuos  prendralor b
bvpothesized by Clanssen and De Sa 6]

T vicw of our observaliom we liypathesize
that if the nvstaemus generator s alfveled by
locilized cerebeal ischnemin, then during +laz
manoeuyres ol CRageeraed effewt o the some
areas may. in Fact, contribute to n-tlight disori-
entution. We are also of the vpimon that a study
of the charaeteristics of nysagmuy nduced by
LBSE may be used as an ivestipalive Luol
cases ol asromedical interes }ILJILIL{:’.Il-II'l_\' Lhese
af o U tolerances, ‘-d‘-ll'n'.'l:':'l.'ll SENLO wiee o
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