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INTRODUCTION/BACKGROUND 

HORIZONTAL GAZE NYSTAGMUS ... these three words have been 
popping tJp in journals and newspapers all over the country. 
Alcohol induced horizontal gaze nystagmus has become a hot topic 
not only for optometrists but for the general public too. 
Everyone wants to know how it works, if it works and why it 
works! 

The purpose of our study was to investigate the validity of 
the horizontal gaze nystagmus test (HGNT) currently in use as a 
field sobriety testing method by many state police departments. 
We attempted this by recording eye movements and comparing them 
with subjective measurements. 

Typically, when the eyes attempt to track a slow moving 
object, they use smooth pursuit and quick saccadic eye movements. 
The smooth pursuit system has a latency of 125 msec and responds 
to the velocity of a target. The saccadic system, on the other 
hand. has a latency of 225 msec and responds to the position of 
the target. However, both systems are affected by the introduction 
of alcohol into the body. Smooth tracking seems to be affected by an 
increase in the amount of processing time required to generate an 
eve movement; while saccadic tracking is affected by a decrease 
in velocity and an increase in latency time. Alcohol affects 
both of these systems by acting on their sites of origin: the 
paramedian pontine reticular formation and the flocculus of the 
cerebellum.5 After relatively low levels of alcohol induction, 
smooth pursuits begin to depend on saccades to keep the eyes 
locked on to the moving target. The jerky movements that result 
are called nystagmus and are totally involuntary. Although 
many people will exhibit nystagmus when looking in extreme 
positions of gaze, intoxication results in an end-point nystagmus 
occurring at smaller angles of lateral deviation. The effects of 
alcohol on smooth pursuits and end-point nystagmus is the foundation 
upon which the HGNT was based. 

In 1983, the National Highway Traffic Safety Administration 
NHTSAl developed a standardized test battery for police 
officers to determine a suspected drunk driver's blood alcohol 
concentration <BAC). Due to the ineffectiveness of random tests 
being used by the various police departments~ officers were 
mainly arresting drivers with BACs in the 0.15-0.19% range. As a 
result, many drivers with BACs between 0.10% dnd 0.14% were not 
being picked up even though they were legally drttnk.l It should 
be noted that a BAC of 0.10% and above is considered legally 
intoxjcated by most states. Therefore, the NHTSA test battery 
was developed to pick up drivers with lower BACs which are over 
the legal ljmit. The Administration developed three tests which 
included the one leg stand, the walk and turn, and the horizontal 
gaze nystagmLts test. Of the three, the HGNT was determined to be 
the most sensitive in predicting BACs. The expected accuracy of 
the HGNT when used alone is 78%. When used in conjunction with 
the walk and turn test, the accuracy rises to 82%. The 
walk and tLirn and the one leg stand tests have individual 
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accuracies of 68% and 65% respectively.2 
-f C) J 1 Ov~~"·. /\. 

r··t s~.; t i rnLt J. t.t ~:; lhe procedure used to test the HGN is as 
<penlight, finger, etc.) is held apcroximatelv 1~3 inch(·:~~"; :i.n fl·-ont 

r.:··f a sub.iect's face, slightly above eye level. The stimulus is 
then moved laterally in one plane as the subject is instructed to 
follow it with his eyes while keeping his head still. As the stimulus 
is moved~ the officer checks one eye and then the other for smooth 
or jerky pursuits. Next the stimulus is moved to each eye's 
maximLtm anqle 6f deviation while any distinct jerkiness is noted. 
Last of all, the stimulus is moved slowly from one side to the 
other as the angle of onset of HGN is noted. An onset angle of 
40 degrees corresponds with a BAC of 0.10%. While an onset anqle 
of 30 deg~ees corresponds with a BAC of 0.20%. 

METHODS OF TESTING 
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i·r, U-·,e ·fi>:C:·;tiCJI"I pJEod:E~ ~>lc<S '"~ yar·r:lstir.:k <,1hich i'ii'Oid bE!C·I ·t 

.IC• d\::>grtO:'E~ illb~!r-v .. :\1::; fcH~ u---,co• dE!tf.·1t"lltinatinn o+ l:hc onst-::,1. 
cH· HGI-.1. T hi s-:. '''"'' :s f 'i ;-: Eld ;::_;]. :i. tJh t 1 ·7· abo JE· eye 1 f:-tVE: ·: • t-'l l i ne<w 
I~ i:':< l·. hE-.•1'-

1-1.'-:;.><:;',t :i nrJ 
t:.h =H-, 3ng u l .;?d'" mG?a sut-r,:~ ltJ<:'t>:; u<:-;(,~d b (~~c au ~~ .. I':: :i. ·l; r-- (-;)s~:mb l r,~d 

cr:,ncli ti on<.; used by t.h•:· off·i.cey-~-; •.Js~?d '"hen ~J-,ey ~~dmird.ste1 c·d 
tht'? -1.-f.·?:.;t· .• 

l•J•.~ U"c.,;:~d ·1-.Eln sub,1ects -for· ClLW study, ~<11 ·:rr v-thl.•::t·- •·~e,--e 

vr::.lu.:-.1-!:~er·::; t:.hOSl?r: by 1"he l"li c.h:iqi:~n DElpar·t:mr.c•r,-i. of ~;;t,~·IG r·Di icr:~. 
lhF! c:;ubj<?c~·<o.:; l\.:e1·-e r·equir-F.:'d to +oll>::.w c:ert.=,:·in n . .1le~::; c:tnd qu:idel ir-.t::·s 
i n on.:J!;:q-- i':o p:::u·- tic i p.-:;t e, ThE!sc~ r· u l p·:::; ,-,~T e 1 is t ~?cl on p .::~gc;_. :;;pven. 
rt-,~· .. l suL•jec:i s ~--;ei " E? h1··r::iuql·,+ !:o _,-., pr·Edc·t·~·:t-m:ined alcohol l eve.l 
or·, ·I hP b.o:\:-,i ::; t.J·~ thr=:·· follo>•Jin(J f?qt.'.at:l on: 

~~ m J =--• ( "1 0 0 ) ( B {:) C > ( bod '/ o,o.H?. i g h t -1 h s • ) I ";~ '"'- .l c n h o 1 
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Th~:J 8ACs nf the ten subjects varied from 0.08% to 0. 14T<.. ThE! 
sub ·j r?ct s li-H:::r·e .. :d] owed to chosr~ t.ht?i ,~ alcohol i c bevr•r ;~q:::- <~nd thr~n 
t·~t.!IE:' t·,,-qui.r'ed I:D consume it in (.')(l minuh:?s. Fifteen min•.des 
::<ft.Fn· r:i1·inl::inq •:;tDppt::·rl. a port.3ble br<=:·atl'o tPs'ter \FEeT) ~·;as usL~d 
t.o dei'el ' frltrl£~' Lhe B(iC. rhis-. fi+i·e:·en miroute l:l.ffoL• lcelPSE· o,.:as 
1-0.•qui r·ecl foo· thE· al coho] i c::: r-E:·<:;.i clut? l:o l r?<:<v:;: l:h·~, mot•th. Ou1·· 
tF:·st:inq i.nonoE!di.::•tc•Jy· follo~••o:cl F'BT t:eslinq. Onc.e dt·:inkiroq '•"<:<_s 
d i sc on t 1 nu t~d ~ t h C·? F'B'T vJa ~'- <;Him i n i s t E•n-:d ,,. t: c.~p r-w o:; [ m.~ t e 1 y oro (}• hot11·· 
in·!: er··v.:;:, 1-::,. 

Our· t E:o<:; t i n q cons 1 s; t· !:•d r::d: no£::.-<::>. SLW i nc1 E•nd poi r it. r: y:.l: c;l q mu •:; b oi· h 
cd:•jE?ct.i-/telv e<nd ~.;:;ulecl]vr=:l·r at var-ious time::: in-l:~·~r·va:l;:;. \liE· ,;1}<:;o 
rc>•:o1 df"~t.l Uot:? ~;;moothnes~:; o-f pur·sui t e..,'C" rcoc;vemeni:c:. ·fo1·- t:hc- left ('?'-e 
.,,, .. i·ht·?se !'=.c?<ffl£-' !:.1m<::: i ntE·r-·l<-~] ::; .. 

To r·r::.'ccwcl tl"1€? P' .. tr!::u'lts. 1-.hE! sub.it::·ct. fi;·:C.\ted the tip •:1+ ;..,n 
:ink per, ~·Jh:tch vJc.<.::; ::;moothlv dt··;:•wn -::H::ro;--;s thE! FacE• o-f thf:: Y<-:,r·ci 
st1ck lo -!-·j,,e r·iqht 2r1cl lt:>ft. fhe limit.s of ·1-he movc.:rner-oi: l'-'E··r .. ~~ <::;et 
at 40 degrees on eJther side of centr~l fixatJon. 

Next a fixation target was moved in 5 decree increments to 
cal1 br .. ;,\h? the G>yc.=:· h-,:H:: for· each paU.ent. ?HtE-·r· c·al ib•·et) on, th<-:.~ 

ftx~tion tarqet was slowly moved to the limits of gaze for the 
i'' i t~ih t f?V2. The point at. t>.<h i ch ny~;t a~.:Jifl' ts oci:ur-red c.-Jas 
automatically recorded on the eye trac tape. At the samp t1me 
lhE~ t:-~·-'G.' 'l:.r ac l•J<:<s r· E .. cordi ncJ thE· reye mo•;emPn 1:: s ., ~·.•~? sub j '-"'Ct J vel-_, 
estim~ted the onset angle of nystagmus. 

nr,·J·(~ 

We noted from our 
pursuits 
fallowtnq 

I:Jf.?r· e smou 1: h 
s.-:<rr:pJ E. of 2Ht 

n:::-suJ. t s tl-t.o:•t in most cases. 
before the consumption of 
eve l_t- O:•.C i:.C:o.pe demons lr i':1tes 

recordings of 
alcohol. The 

this. 

Dc;:fon=:! :"'lcohol ccmsumpl:ion bc?q;,:u··t 7 l-Je sul:.ijectivr::·l;; noted jt":o'· k;.· 
pttr·suit :ltOVPment-s in t•.·Jo of thE· ::;,ub1ects. The bl·-e<:d::doHr, crf 
pcwsui L.s +en~ l:he r·emairdnq r::~i<,:,1ht subjects; ~-·Jc:<:s +ound to oc::ur· -:'iS 

eat·J '/ :=.s ,_:-,ne hou1'· and \~i.ftef."n mi.nutE·~,; 2.fter· clt-ir:ki nq beqan .::-•ncl .-::.s 
1 o:d:r~ -~s h·-.lo hour·s c.'tnd t~t~f'.:>nt y-seven mi. nu·tc:=::;,. One of t. he subjects 
nE·\/t:.'t- s> .. obj<=:•ct i. vel y sho~·JfJcl a bt-e<::.kdotoJI"t.. The c: ho.•t-t on p;,:oqe 
eiuht shows the actual time int~rvals for each subject 
and thE· type o-f pLwc.;u.it movemer,ts elicited. 

fJur ob ieclivf? dat.a. few the:;· mos·t pr.u .. --t, .:<qreE~d v-Jith that fc,und 
:~J.Jb.ie.ct.:ivE!I.\j. Tht:• ir·lstr··umE:~r·rt. detected thE· onsf:::t of _iet·ky pLwsuit 
soonr'?r· than :--Je did -::;ubjectjvc,;:··lv. fn contr-C'\!::..t to C11.1r 



C!l:, Sl'?J·· \· ,;d:. 1 on~:, , t IH· e<;' r:•-f t h 12 sub j r::•c t s=, sh o~·Jed jerky p tw ~=-u i t •::, bE ··h:Jl~ r;: 
alr:oh~)i~ ~onsumption bego1o. The remaining seven subiects showed 
the breakdown as early as twenty minutes aftrr Blcohol induction 
,:,,nd .~lc:; I .:::d~c: as t~..:o hoLn-s and fr.:li.I~- minutes. The c:hat·t on 
paqt::· ninrc> ;::;hoL··J::, t.he actu.=tJ ti.m<:=:·s involVC'd. Be1<::lL•J is an 
e;.,,:,mp10 Clf i·.::~·k,, I':JLWSLd t eye fT•CJVements as t·ecorded by tin;? e·v·e 
t r· i.•.c- • 

RIGH 

•• 
[ n <.• 1- ·i emp-t- i nq !- o ~-r.~cot-d t.he on':".~?t o·f HGi'l, :,>Jp ciJ =:r:c.~vet ed th·~ 

ltmJi~tjons the Pye tr3c imposed. Due to inh~rent problems with 
c;,•J.ibr·i:·~t-ior, <-JI'•d t-hr::· limit.:::·lion~, i.n i·.t·".7<ckinq 1<:;r·qp 1?'/e e;·:cur-siot1<=:>. 
the ria+~ collected w~re deemed Jnaccurate. An eye trac has a 
r· i"• ro C1 j~l of ~· p p r· 0;·! j iil.o< t. "~ 1. '7 I 0 d (' :~:jt' PE'S on e i u-. f?t'' ::; i. dE:- (.)·~ ce:.·n -~~ ,-. .:t] 

fj:.f,:;tiun" l•.ihc?r-e<:<s. th~;? c::·yr·' rnn\ti·~;nc?nl:.::; ~JE:• WPJ"e attempting to 
r·e·:cH c; r·anr;_red i~r .. nm ::;o to '50 clt:.''v-r;:''"''S'i. Ther-~::fot •::!!~ ~·.te hc:•\,..e r:o 
of::i_H?ct]v:'? met:lSUr<=:··= of l·iGN to comp2r~? VJith our· ~ut)jPcti-..;r.? 
f ·i. n cl in q e-;. l•.IE:· c nul .-J h ot.,le ·~·~'·r· • c omp c:rr· e our subject i ve r•s i: i m.;:tt. e:·s n·f 
Hf'~i'.! '"':1 !: h Flr~:1Cs.. Th j s c: ompar i c.~. on wc.s on] y mad10~ 11-1i th five of the 
sub.,i ;::~c.·ls t-·,d:hF·r .. i·r:an <=•11 t:...:-n. l,JE, 1'=ound thc.t in eleven of the 
thlrteen readings taken, we would correctlv have identified a 
su.bjo'=!ct. '"'c::; hc·'ln•;J lcqallv intO'· i cc.ted ~.ol•?lv· on the b.:~r=>is of !·.he 
HGNT. 

Pr rM'd .. Y ~3 T ;'3 

Tht·c.:.uqh tt-L::.l E.rnd erTor, ~>Je detE·t-mine·cl the e·;--'e t.r-C:~c teo be 2•1-, 

e>:cel.l. (:;'nt i n<::;i:n .. 1mc:2nt ·fc:w the r-t?!:-cwdj t«J of put·-st\i +·. eye fir0\"'2munts. 
l-lc.1\l~l~VE·I-, it l•J<:•s i nDdeqrt<:· l·e i~or -l:he me;'!lsur-pment <='•nd r<:?cot-dj ng o-F 
end po1ni: nysi:.<::~~JiliU!5 .. Th€'~ 1--r~,·fore, ~H:.:? VH?re un.:~b.IF !:o subst.:..nt.:i2<te thr~, 
rPlatianshir between BAC and the onset of horizontal na~e 
n•Jst.:;gnou~; .. 1;n in·fr-c"'.l"'l·::·d r-~·,;e mon i. tor, li·Jhich was u.na\/C:<il-:4.b]e to LEo; 

,:.;t lrre tinrF! u-f DLW ~-,tucly cuu]d pos=-,ibl;,.. gj\n::• the '..t.=:<lido:rtic:.r1 LJi-;! S>•ek. 

Hu~·JeVPI-~ t.h::<L L'<~iJJ bt=.! ti"H'2 sub.iect: o·f .·:;~nothr::r- stud;-'· 
p,,-,c.,}ysi.<; of i:JUI" pl.II""SIIi.l'_ t:·:·•(I'D CllCl'.IE••itl':?rll-. di:.<!--:?.: ·si";O::JI.o.)O::~I'j t:.hf? e;-·''2 t·t"2<L: 

;;. '='• 1::-,.:? i nq 5 .l i ~~h j-] V mt-,r- 8 S~?n =' i t i V~·' I he<n t hl="> human r,~yE> i n d et (·?Ct j nq 
JE·~t~ky ""iE·· tfoovement"~ .. l·!c,•.·~e-,··h~''-" the eyf~ L".:.o:s r·em,u ko:::blv .~r:cr .. u··ate. 
Out of the ~0 r~adings taken~ subjective and object1ve data 
·f:,,j l·::·cl i_r.; ril::t"b:h Ol'tl'/ c:.i:: i::irnE·S. Tr·ris i.s c•.ro c"<CCIJt ~""H:y" ,~.:;:.te crf 85:~. 
In C'c•mp.:·\t".l nq oa .. u- ::;.ubjr?t:i:j v'C? mc=·a·.=;:w(?<, c_..f ] co-qal j nto;d ;;>cl-_1 nn v.J:i t:h 
l'hr;se -f•·u,u J-he., PFn ~ o•.w <~cr:tw.::•c·v r·.:;;d·(:' ~E:lS 6':1 so ;:J~i/~ .. 
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CDi,!CL U~! I mJ 

!··iuc::h fitllt ('·! t"F•Std·<:ot 1:h CCiU l d t1e r.fDI"n:: i. n U-, i. :;-, i:.'il~e~.r i. -f I: I rt::~ p1·op~:!1' 

inr.;trUIT!I?rlt:,,.·t::icln couJci br.'? ::\l:quino?d. The? c?·f·h::>cts oF varyinq thr~ 

slimulrts d·islJ<f1CL1 should br! looked ., •. t tltote r:Jo".;t:!l•r. AJ.so the:- ":}'y'f::~ 

mo•'t'?ITli::·•nt · ~:; nf t~ht'" ,..hi''Dnic dr· i nkpr· ·J'C?t~sus the:) GLC<:.•si on;~] d1· i nkG.>I'" 
cou'lr..l hP compo:u-f~!LI. C1:i.n·i.r.:al.Jy. tht::! infotnk,Lton fr .. nm l·his 
r-p~">E•ic'li''Th t.nuld be> c!ppl.ied in l:hp f'··~:i:Hllinati.on of pr.·~tjE-•nts. I LlSC?d 

my l::nowleclr.:1E· of c::\lc:ohol i.ndut.:..ed ho t"'i 7.onL~rl nvst<.lqmu~:; c<S d l. 1 ue i.n 
dE·?·I E'lrmi ni nq wh<~•thE~r .. a pdt:i l·?rd .. o·f m:i.nc-? h.:~d n:::•d r::>·y·<:•~:; -t·n~)rn ,:.n t:};dend<=.>d 

WE~ ,:n r.unt.ac:L J.f:?ns; VE!I'"<.::;us i.rlt:cn:jc,::d:'ion. I c)l.so f~::-el. il. is 

import·;,:1.nt -few u~; t:.o r·e;;dizE! the di·ffr:?r··c:mcc-~ bc•twc:;JL~n c.1 

p<,;thol oqi call,; ,~elatE-~d t1yst·2;qmus ar.d ,;m id.cr:Jhol /di'"L I Cj r-eL:•b:cl Dr1e .. 

r.::

··· 
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Requlations and Conditions 

I. Subjects must not drink any alcoholic beverage within a 24 
hour period before the experimental session. 

2. Subjects must not take any stimulus~ depressants or 
tranquilizers within a 24 hour period before the experimental 
:::;r:::·?·:;;~:;. :i C)f'i., 

:;';. f.,!o onE! C e:-..1··, bE.'! E•. :sub i t=!C t ·f 01'- t.l···: i •::.; E.~;.; p E"!l' .. i ifl("•n t ~·.JI···: i 1 t? -1::. i::<. k :i. 1" .. 19 D.n \/ 

prescribed medication. 
4. Anyone who is alcoholic, or who has had serious personal 

problems with the use of alcohol cannot be a subject. 
5. Only that amount of alcohol required to reach a predetermined 

blood alcohol concentration will be administered. No 
additional alcohol will be allowed. 

6. Subjects will not be required to finish the alcohol dose if 
they feel they cannot or do not want to drink it all. 

7. Subjects will not be required to finish the experimental 
session if they feel they cannnot or do not want to continue. 

8. All subjects whether they complete the experiment or not must 
have a blood alcohol concentration below 0.05% before they 
are allowed to leave supervision of the experimenter. 
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