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"ABTRACT'

INH was given for one year to a group of 28 volunteer civilian
aviators. Neurological examinations, mental status, examinations, EEG's
and' visual evoked potentials were monitored at control, six months and
twelve mbnths. Minor changes were observed in all the measures; none,
of these changes were severe enough to be of great concern. No evidence
was found to justify restriction of flying during INH administration,
although the results of this study suggest that careful monitoring of
patients taking INH is indicated.
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THE NEUROLOGICAL EFFECIS OF INH

INTRODUCTION

For several years the drug isoniazid (INH) has been empi.6yed-in the
therapjeutic and prophylactic toreatment of tuberculosis. As a result,• our
knowledge of the drug's actions and side effects is considerable. Among
the various effects, the ,effects on the nervous system are ,of prime im-
portance and are most frequent.

The aviation environment demands a leyel of performance that is seldon,
required elsewhere. Consequently, subclinical problems and side eff:•"zts v"
T1 11 or iiiy other drug miy ,ause difficulty in the a4,ator which would iot
be manlfesz: in the general population. This leads to the conclusion that
reurrenr knowledge of drugs should not be applied witnout reservation lo

• Ind that drug effects in this linique envw.runment should be inten,
sively !,'O.ied.

An opportunity to pursue thib obj",tLive aro~U a,. Fuit Rucker. Sevei-
al civil ian instructor pilots were expo,-eu to a .as' of active pulmonary
tuberculosis. Subsequent tuuerculirn skin test. cecealed a positive reac-
tion in each case. In accordance with accepted me'Ldtcal standards, they
were put on a program ,of I[H therapy whLtch was lo last Ior one year. Many
volunteered' to participate in a 3tudy of Lhe C fft• ;i this program on
"-heir flying performance. Neurological, general medi.:aj, psychomotor and
ophthaL.,ologic studies were done. The results or thse studies are icport-
Pd elsewhere.7 38 86 The study by Shub, et. al.,'"' ineiely sununarizud thE
rourological results, The purpooe of 6bi, papc.- ite present these in
more detail. Computational i.rrors which were dscove-pd after public-tio,

" thr- VI r't paper and a differeiv.,. 1iu Llt Ii. -' t-,ect: popiil r~
,• '.:h j,'Iidonr ! figures are oased w[Llt hi-, j , •,De..iscrepat is.

METHOD

t ,z t, were 5A civilian ini.;ttu o, oi lot,, whO volunteevrei to
S.. .. • tudy. Tweity-one (21-•.| ' l•, ý .- - Ieted the , oi Le

' ri,,nr14. 'If therapy (12--month subje¢.rs). ,Suver (7) s.ul1jects complete'd
T It". 1.f therapy (6-vionth nub i e- 1-) . ';&? dat., presented' in rhi.

•h, *, ,h' esulting ý% subject. [he *,.it. pre',nted are prindi-
v-, I 1, ,t ir.wi 0 we 12-month sub ;ct s. When ,,atA rrom I'he 6-month ,.IŽjec. -

,. .- y will be soe(.l bl kv i.L,•.

16



'The -mean age .of the 28-subjedts was 47.2 yeats (range 39-57).. The
median age ,was 48 years. 'The meafi, ages Of the i2- and 6-imonth. subjepts
were 48.1 yea6s and 44.4 years respectively.

To bL ixicluded, in this study subjects had to be in reasonably good-
health, free of tuberculosis and :sh6w :a positive reaction to intradermal
intermediate strength ppd (i0' mm of induration after A48 to, 72 hours). For
additional details see Shub, et, a1.8 6

There was-no non-drug control group included- in the study.

Experimental Design - The design of ,the study was that subjecta were eval-
uated three times during the course of therapy.:, Once before taking INH
(referred to as control or baseline), once 6 months after being on the-drug
(6-month exam) and once 12 months after being on the drug (12-month exam).
The INH therapy consisted of a,300, mg daily oral dose (3-5 mg/kg body weight).
Ten subjects also took or were given Vitamin B6 (pyridoxine-lO0 mg/day) for
various reasons.

The. design of the study was that each of the following measures would be
taken at each examination period: Neurological history, clinical neurolog-
ical examination, mental status examination, clinical electroencephalographic
examination (EEG) and visual evoked potential (VEP).

Because of the complex nature of the methods and procedures employed in
each of these examinations, the paper is organized into four separate studies.

LITERATURE REVIEW

A considerable amount of literature exists describing the various
neurological side effects of INII. For clarity thes, are preseuced in
summary form in Table I where the effects aro lunipea into nine k9) major
categories. It will be noted that this categorization j.. not enitirely
adequate in that many of the entries miight be class.iied in several ways
and considerable overlap is unavoidable. The appropriate references are
indicated. This list is not exhaustive; perhaps 50. vF Lhe ex.bting lit-
erature is cited. The authors are not aware, howe'utr, of any other neu-
rological complications not included in the table or discussed below.
Some effects are not strictly neurological but included because of their
interest to neurologists.

Various dosage levels and species have been employed in the studies
cited. For completeness, all the effects are listed, but special attention

2



is given, to the effects found in humans taking an amount of INHW similar to
this study and tO effects found only with iNH overdose.

Since its introduction in 1951 as a chemotherapeutic agent for tuber-
culosis, INH has been extensively used and studied. After an oral dose,
peak serum levels are noted at 30 minutes 7 0 76 to one hour. 3 5 48 At five
hours the level is 66% of peak 7 6 and at six hours it is 50% of the peak
level. 32- The reported time required for complete serum clearance varies
among authors. Twelve (12) hours, 3 5 16 hours, 7 6 24 hours 7 0 and over ,24
hours 4 8 are reported. Elimination is via the renal route 3 5 48 95 and comi-
mences ten minutes after oral administration. 4 8  No accumul'ation of thedruý-
in the ~human body occurs, 7c, '#8 although Barlow, et. al.,.. report accumulat.ion*
in ,the cat hippocarpus. 6 It is also reported that nc protein binding occurs
in the serum.,5 Peak excretion races are noted fr6,n ewo to four hours after
oral dosing. 7 0

INH is excreted unchwigWd as the acetyl derivative. The respective
:)aLt entaies of secretion in each state- .te 4 to 32% and 5 to 65%.70 T"3.re

-s a direct' corrlation of serum INHi with free urine ENI! and an inverse. ck
eelation with acetyl-INI.0 41 An interesting aberration )f INH metabolism
has been noted in mongolism. Compared to matched controlq, mongoloids have
bectn noted to have lower serum levels following the same oral dose. Their
urine contained a lower than expected percentage of acetyl.-INH.100

No localization of INH in the body is seen. There is equal distribu-
tion between the blood, brain, cerebospinal fluid and the visceral organs.8  :

St is well known that the population d&,splays two patterns of metabo-
1' 4ith a less-well-defin~'d group between the extremes, characterized as

cow, intermediate and fast inactivacors. 3 2 ' This distinction is made on
Ie plasma INH level measurable six hiours after an oral test dose. Six-

"-.b, miL.rograms per ml seems to be the acc ptaulk, Aividing point. s.ib-
,'s ti, '-vels under 0.6 are classLfied As fa-;L; over 0.6 as slow; and

,.' " ntermediate.19 35 It has bnt,e 'tci hat this Jdi-
f: .rom varying genetic conaSItuL .*o- . Kast inactivation I.

i ,,.r, i,-tno•omal dominant and slow in ',t vartion as an autosoma]
. , ( .24 35 W, A slim majority of tht. population can be expeLced

'k~)xq jna.Iivatorsi and only 7% intet odi,•'".e '5 SO.ow inactivators
__.e u ý.ttater percentage of 11NH in ,be uný-etylated state8 4 and, as

-<,eztod, hovp more side effects fronm the drug ('" ind below).

.'t rio dV.sage levels employed in the presunt study nost authors re-

t-. f.w -,- no side effects. Most rate, -i si lo eff,'cts 'reported are in
t0,0 iange of .2% to 1%.- i 2 lower, Late is tigh ias 42% are reported.



At dosag. levels-of 10. mg1kg r5%. incidence is noted; if 16 to 20
mg/kg, 22.5%;' and, if 12 mg/kg, 51%,5'

The reason for this, discrepancy, is unclear. One factor certainly must
be, thr severity of the •symptoms, On-e author might consider a mild symptom
worthy . of note; another might not. For example, the American Trudeau Society
notes an 'overall incidence of 5%, but only 1% were serious enough that dis-
continuance of the idrug was considered to be advisable. 9 5 Another likely
factor is "the ,means of diagnosis. Hanson, et. al',,t report 6.2% overall
incidence ,of Side effects, ,but base this figure on subjective reports. The
hazards. of this ,are illustrated by Ferebee-2 who found i.. i.9% overall io-
cidenc& but also 'an incidence of 1.5% with a plaeebo. True side effects
occurred earlier. Other authors have noted as well Uiat side effects are
more- common• in ,unstable •people. 1 0 1

SFerebee 2 6 and Vysniauskas and BruecknerI0i raport gretex side effects
with increasing age. This would not be unexpecred since it is known .hat
older individuals tend. to• have more drug-lndu~ed side effects.

Most symptoms take one and one-half to three months to develop. 2 6 101
One author reports a 12% incidence in his population six weeks after being
on a dose of 20 mg/kg. 7 5 This increased to 51% at 20 weeks. The corres-
ponding incindencse when vitamin B6 was added were 10% to 25% respectively.
Toxic reactions are more fraquent with concomitant Ulcohol ingestion 3 and
less frequent with concomitant phenobirbital. 01 These factors as well as
the dosage and type of inactivation nt:ed Lo b.: consi.lereo it evaluating any
studies of the incidence of side LiZcL. M ,diei, such as the monumental
PHS trials using large populations vidi ,(,acc,! Q4,, cr.,s rwould be quite
desirable. 2 6

Although nearly all S'iudieS repo-c ,viuv w,,1I6 c *ipLions with 3-5
img/kg dose of INH, Vysniauskas aant i -&i .c,,o re side effects
at this level. Therefore, it cannot bu &,ssy,.d tw,• tlo Irog i ceally as
innocuous as claimed.

Side effects related to :hi . '' ,tj , , o ,; ',,ur 1o0L fre-
quently. 2 95 Thirteen and six-tonchs pereent of ,l .' roctons to INH noted
in one study were neurologic. yj v ,z . t .-,f , %4 r,-a,.t-tion'; aro re-
lated to the CNS. 10 1

The incidence of neurolglcal 'g-W&ii•A o . .:Veucd in any series
of cases is comparable to tine •~rideuce o o -. , of t, Workers employ-
ing a 3-5 mg/kg dose find no neurologic•, - , 5.5, 2%
and 3-4%8 incidence. Ferebee't' found that the p cceutage or complaints
which were neurologica- was 16.8%. IIowcv':, ': ,_ o1•c~Tu gtoup, the inci-
dence was 7%.



At higher doses ~the incidence inc-rcases. Withi 6 1.0 v&~/kg 8%,8 - -19%, 1-
ar5 reported. With 11-i5 inglkg A8) 17 CZ'ý Jh 6t 2

K kg, 44%,8 37%,75 17%,7' 29%.50 'maniy (--1 tbese figuircs art. aot c~pec.fical1y
mentioned byý the authors involved but -;tr"ed 1ro... zhir data as accurate-
ly as possible. The reasons for th*p divcti~pal)cies ý,u'lo include ~hose aiis-
cussed above. In addition, the prev.ious Jrug Hit~torl ~n to pl~ay an m
?ortant part. The incidence increaseo, U- TAU 1lad beeii takea precviously.8q
Another faccor is the way in whiceb the dru-g !. adrjninisiere~d, D1iiding t~le
doses results in lower neurologic side effe~cLs), presuN.ibly an indication
that the .peak levels achieved in the sei!.m have oticlogic s.,gnificance.

LMoney 58 reported a 20% in~cidence i-ihj.. iii- ec.' tat;Lng 4. to 6 mg/kg
but most were alcoholics and undernourished--factors which. many agree have
bearing oil the problemý.

In nearly all the studies cited perlphe.ca, J~~a.~ zw tL t, t~i an wy
the most common finding. flyperreflexGi~, cuiztchiog, i4,tiessnx~ss1 and dizzi-
ness" are also mentioned as being cominoa. lthe. iitcieciteo inc'r,ýases Ulitii the
time the drug is taken as. in the i#4~~:~i gen~ara 6U ~ects S Id~
effects are generally noted within Zour snonth8i." '

'Little doubt exists at the p~resent. time that .:'ne or rior' ofT the analogs
of vitamin B6 is intimately related to the nio.iiiA ah fcto INH
Many authors report that B6 eithur dvedts o;oecri toe izicidenct: and
severity of neuropathy. 9 1 2SO G2 'hiph.t"i i seen even if
as much as 2.0 mg/kg of INH11 is give-n. 9 75 Aa INII~e v, level aliwost:
invariably produces neuropathy. The vitamrin apj.ý:aro. to be aoce effectLv'c .14
a prophylactic agent than a therapeutic orne. 9 Near*. :1!) of-er iteutolvi-ic~iI
problems related to INMI are reported i.0 Show, Ztl1AiýLioO V-, a L'6.
question ~of whether B6 is ef fective ia seiziiýes L.. Ie.' SOI..wI.rb

report no-, ef fect and leel that the vitamin has Only po:ýiA eff-.LCtU. cýfd

no0 effeact on seizures or other CNIS prob] ein,,.~ - : te~pct Cbie VQ
"bitc-7 1 'P 32 E, It is even report~ed Lbaiý B6 ~~g~c. 'C a b"~b

FN. A correlation betwceen Cht: se,,'mr tW. tze~ "li;res and 1w
presence of neuropathy has been Shown. I' l~~.:o.. efeto
se~izures would be expected for aiiothez 1teuaon. 'Tvi'~eny4 ~~which occurs in early childhood I., jarce buL ai wv OjlI~l t.Ihal

whlere dramatic reversal of cl~ini.cal scizu~tei j,.d C'- uot EEW.f*:oJALi(!!3
thereof is seen with B16 adniinistrar.i.01o'Y hL; 1Iýs )c0JL' t'dly(COI '- ~
by demonisrration of the fact that: 136 is ..% acc1--L"y, ct ii ý'-r "tie svnLttsi
of GABA, a presuimed inhibitor transmwu.ter. jF 11~.o.1- itOf :.ikfi%- to decj-,-ass2
brain CAB3A,,7 although this effect i~j Ctnia aaat :ý ~I '..-aeatsd 17,Uvr."
A thurapeutic trial of this compound o:. g uLIfi ' -:C 1't Az iot ou' ean done, but
would be oe interest.

Why should this relationship of JidlI ai)d B16 VC1~ " ~ rs ppearS
to be that a B16 deficiency is producýed by IN'.. 'ilic vw.:o'I of thih- inter-
action has been studied extensively AceesL' ~ ~ nOf 86



is reported. 9 55 39 DirecLx metabolic antagonism has been shown, 3975
including depletion of tissue vitamin. 14 Presumably this results from 'the
structural similarity of the two moLicules resulting in analog formation.48
Pyridoxal and pqridoxa) phosphate as.ist penetration of the blood brain
barrier by IN1. 8 b3 It appears thae -this action accounts in part for some
of the side effects seen eird for the beneficial effects of supplemental B6
given with INH. .An additional observotion amplifying this point is the fact
that conditions where subclinical B6 deficiency would be anticipated also
show a higher incidence of oide effects, such as malnutrition,5U alcohol-
"ism,58  old agel01 "C avd deb-.litating disease, specifically TB. 9 Also,
the neuropathy of INN is stt-ed to be similar to the neuropathy produced by
a B6 antagonist. 9

In-spite of the evidence. _his suggestion is doubted by some, 3 9 because
other .signs of B6 defic -erny are not seen with INH administration, such as
glossitis and skin lesiolu.. These have been reported with INh, however,
even on low doses ot 30 rPg/day. 19 20 89 92 It is also suggested by some
that the dietary deiciency is !ifferent than that produced by INH. The
biochemical raact2.ons, for axa•il•e, are &ifferent. -One other possib'lity
has beere suggested. Caverawug-1' iotes that clinically, the neuropathy of B6
deficiency and porphyria. a-, ,o M L~ I and' that B6 deficiency has been shown
in porphyria. 'He sugJeir #,h| p.ossiblxy the metabolic defect in porphyria
and INH side effects is 4he sam.e_ rINH has been shown to interfere with
,porphyrin metabolism.3

Other metabolic ino:,iactP..s .- ( !1q1 wth other drugs have -been noted.
It. has been obs.erved tCit P•tietits taiing both INH and diphenylhydanroin
develop toxicity whereas or, ar iodentical dose of diphenylhydantoin alone,
they do not.1 26 21 This ph,3nemenoa is seen more often in slow inacti-
vators.1 52iasr. 6.ino.tivat- - a'w : steep rise of diphenylhydantoin plasma
levels up to 7 aays, whic¢.1 teaJd thereafter. ln slow inactivators the
initial rise ws steepet ind 010 plCaveau dt a higher Jovel. Those in the.
latter group who devuloý)ed .1p0eiylihyJalitoin toxi.eity showed a continuous
rise of diphenyihydarto:&i uJ.'a,, wit.hb no plateau and the slope of the in-
crease was far steeper than ; v"he' two groups. In all cases the di-
phenylhydantoin level was I-gher at :. times than when no INH was given.

In cats with vario.As d.k's;Lgz- or MIR, a direct cor-kelation has been
shown between the amount ow L*1 gi-,).t and the blood level of diphenyl-
hydantoin, "n vico nttdi^. ,o.,t-e Lhar the mechanism of this effect:
appears to be tFon.-cotnp.tý FtI,, le iiihibition of thl- enzyme system
metabo~l-irig dipheiy~hydait.o~ p-.rohydroxy1&;ion. ' 2 Inhibition was
complete with 137 itiicrogc'm. /w , l il ond 18% with 5 micrograms/ml.

Para-amirosalicyelic x•vi • r quenLly given with INH. It has been
shown char this rvstie.s I., o",- ot•aon ot the half life and flattening of



the peak levels of INH.9 8 Ceriloplasmin oxidase. is inhibited by INH, re-sulting in decreased degradation of serontonin.31 Plasma, but Not platelet

monoamine oxidase, is also inhibited. 7 2 A possible synergistic effect with
disulfiram exists. 102 Another interaction which may explain some effects
is that INH inhibits intestinal transport of amino acids.b0 15

Peripheral neuropathy- is generally considered to be the most com mon
neurological side effect of INH. As seen, it usually responds to• adminis-
tration of vitamin B6. Vitamin preparations containing all the vitamins
except B6 have no effect but, interestingly, glutamic acid does appear to
render preventive effects. 1 7 The incidence and severity is (lose relat-
e, 16 32 7 75' increased in slow inactivators,32 33 so 16 and correlated,
with the serum INH levels. 1 9 Symptoms regress when INH is stoppedi 2 8
although prompt and complete regression is observed only if no findings
on the neurological exam are noted. The time of onset of symptoms is also
dose related; higher doses cause earlier symptoms, 8 dividing the doses may
delay the onset, 9 and the incidence is greater if the patient has taken
INH earlier. 8 It is reported that the incidence of neuropathy is in-
creased 8 1 9 and decreased 32 in individuals whose urine, contaihs more free
INH and iess •acetylated INH. One interesting report 50 describes decreased
SGOT levels in patients developing, neuropathy on high doses of INH with
return to normal upon clinical clearing of symptoms by discontinuance of
the drug or B6 administration.

By the time a, patient has been on INH for ten months, it would be ex-
pected that symptoms or signs of neuropathy would be noted if they are going
to appear at all, 19 8 9 30 although the delay may be in terms of years.0
Initial symptoms are sensory--burning, numbness, paresthesia, etc.30 8 Ill 88

Only one study could be found which measures nerve conduction time. 8 8

This is regrettable since it is recognized that suggestibility and other non-
neurological factors are important. 8 26 Yet, a decreased conduction time was
seen. Cavenaugh1 '• suggests that ,motor involvement occurs but is compensated
early by regeneration and collateral sprouting of nerve fibers at the- Miluscle
level. This has indeed been demonstrated to occur in experimental animals
oin INH. 36  This might be reflected in physiologic measurements. More studies
with careful control of stimulus parameters are necessary to settle the issue.

Symptoms begin, distally and more proximal invoivcment is seen later.c'
Devadalta, et. al.,19 studied patients taking 7.8 to 9.b mg/kg/day of 1Nil.
Spontaneous complaints appeared after 2 to 10 month,. SabjectS were examined
if complaints continued and were follo,.ed-. Distal parestne,,ias were ini-
tially seen primarily in the feet. Dista. weakness wao noed by their pa-
tients but only in the hands even though all extrvtAile. a,)ptared to be in-
volved on examination. Other physical signs were .Iurgtl i±Lnited to the
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lower part of the body and consisted of hyperesthesia, hypaigesia, posterior
column findings and loss of deep -t&ndon reflexes.-, One patient had anesthesia
of the right face, shoulder arid sca-pular area. Initial signs were loss of

vibration and ankle jerks followed by hypesthesia and loss of positi6n sense.
The severest cases had Lbss of iknl'e jerks and weakness. A slow progression
and spread, of findings were- notad4i

Bienl and Nimetz, 8 in iavc *tigating peripheral neuropathy, noted an
early and late stage of develoment. The early stage consisted of only

sensory symtpoms and were reversible. The late stages were seen only in
subjects 7,eceiving 20 mg/kgý ani consisted of subjective and objective finid-
ings. Discont4nuance of NR, in these subjects produced some regression but
abnormalities persisted for months. One year afterward some subjects still
complained of ourning, had atrophy, fasiculations and weakness, implying
structural nerve damage. Some of their subjects developed contractures,
but t•hey felt this could not be definitely attributed 'to INU.

Seizures, when seen, arc usua.l.ly found in known epileptics or are
"nimcre frequent in these patients.. %I It is rare to find a case in pa-
tients taking 300 mg/day. Yet cases of status epilepticus hav been re-
ported at these l'evels.)v" These have been, again, in previous epilep-

" ~r4cs.

In view of the meiaboliz i r.ýractions of INH and diphenylhydantoin,
it is quite Lurprising zhat dipher.y1hydantoin is almost universally found
to be ineffective in control of seizures induced by INH (71 and below).
Phenobarbital has been recomecnded, ' 01 but usually is only slightly
better than diphehylhydantoin (see below). The ,effectiveness of B6 has
been discussed, and in general is superior to conventional anticonvulsants.
Pyruvic acid is scated to have a 1)coective effect against seizures. 3 9

Dizaepam and depressant drugs hate been employed with some successs (70 71
and below). Susceptibility to seizures increases with. steroids. 5 9

Reilly, et. aJ..,11 ne' lura,,o a carefully controlled stldy where the
seizures producing effect of) 1,\a was quantified. It was noted that sub-.
jects who were Lakin8 L'X exper..ratced a lowered threshold for seizures, pro-
duced by photic and aud',,ory *Orauli. The subjects all progressed through
a characteristic photogel, Ls. SI; re pattern starting with facial, seizures.
In doses ranging from 20 to 4.) m6/kkg only 35% of the trltais produced 9,gizures.
Even 45 mg/kg did not alwavo. cause seizures. The authors concluded thnt a
reliable convulsant dose co,"J not be found within their dose range. En-
hancement of photo-s•ensiLivity is also noted in epileptic baboons with 50-
150 mg/kg. fb

The above results are quit,- surprising in view of the rest of the lit-
erature,. The authors considec careful study of reports,/of INH toxiiity from



overdose to be particularly instructive. The, pertinent facts in several
cases in the literature are su~mmarized in Table 2. It will be noted that
seizures are a feature of all cases. Assuming an'average weight of 70 kg
for the subjects in the--study reported by Reilly, the dose of"INH used would
be over 3 gm. This, dose produced status and death in one case.

Table 2 is not intended to be exhaustive--merely representative. Terfiian
and Titelbaum9 4 present an excellent literature review on this subject.
Wherever known, the dose of INH is presentedz in mg/kg.

Several interesting features of this summary are appaient. First is
the striking clinical similarity of'toxic manifestations although a widely
diverse group of patients is presented'.

Coma and intractable seizures are seen in nearly all cases. Other
similarities as discussed by Terman and Titelbaum include respiratory dis-
tress, metabolic acidosis, hyperglycemia and acetonuria. The acidosis seen
in several cases is remarkable and often severe.- -Lactic acidosis is- reported-
in dOnventional doses as well 1

Another feature is the notable lack of effect of the tisual anticonvul-
sants to control the seizures, although diazepam is occasionally effective.
Often the acidosis is responsible for this and correction of it results in
control. It is notsfelt, howevet, that the acidosis per se causes seizures. 91 l
It seems that B6 is occasionally effective, sometimes dramatically so. 5 This
may relate to the dose of B6 employed. It continues to be recommended, in
cases of ingestion of more than 10 gm2 9 and on a gram for gram. basis with
INH.56 Another interesting point is that the interval between ingestion
and seizures, when given, corresponds quite-closely to the time when peak
levels are noted -on metabolic studies. Perhaps, as suggested, the rapidity
of change of serum levels and resulting penetration of the blood-brain bar-
rier is the basic pathogenesis invoived. The range of dosages involved
reveals a wide individual tolerance. The case of death following 3 gm8 5 is
the lowest lethal dose of which the authors are aware. Perhaps the alcohol
history contributed, in concert with earlier.observations in this paper.
However,, the opposite, appears to be true when alcohol ingestion was present
in patients ingesting extremely massive doses with recovery.

It is stated that acute toxicity occurs after ingestion of 80 to i00
mg/kg, 2 3 and that certain death occurs with ingestion of 200 mg/kg. 1 2  In-
spection of Table 2 will reveal that the last statement Is untrue, More
than twice that amount has been taken with favorable outcome. More than
8 grams has been consumed with absolutely no CNS effects.bZ

The cases reported by Nelson 6 2 in Navajo Indlans are especially in-
teresting because of the rapid recovery following sizable doses. However,
all the children vomited some time after taking Ehe drug, and they may have
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absorbed only a sm§l1 amcunt. Another unique feature is that the dose was
cqrefully counted before iiigestion and, therefore, quite reliable. The
ais est dose ever taken,, ,too-the author's knowledge, 1 was 40 gm, cited. by

Terman and Titelbaum. 9 4 The details were not. presented.

Large doses In animals' produce mucA th• same picture-with a good cor-
relation, between the plasma level and. the toxic effects. 7 1 76 The animals
appear to be more susceptible to INH 'Lhan humans. One hundred fifty (150)
,mg/kg7 1 or 9-35 microgram/ml 7 6 causes death. Transient CNS stimulation

occurred with 6 to 8 microgram/ml,

In regard to the mental efflcts of INH, much less literature is avail-
able. A Scandanavian group64 99 has done the greatest amount of work. Im-
pairment of memory was noted in' a majority of subjects taking conventional
dqoes of INH. This effect was more prominent with higher doses. It was
only partially reversible. Further investigation revealed this effect to
be a combination of confusion a:nd .a subtle inability to concentrate on
more than one task at a time,, revealed by a test of their own design.
Some of the-psychophystologi•Al measures in our Fort Rucker study were de-
signed to specifically inveseigate this point• 37 38 In, contrast to this
report, no change in mental.<function 3 7  or a suggestive improvement have
been noted. 26 97

The issue of mood and personality changes is likewise controversial.
Mood changes are said to be the earliest sign of toxic encephalopathy. 1

It is often noted that INli-caused ,psychosis is related to a previous un-
stable personality, 1 0 1 95 but not' strictly limited to this.I01 It is often
severe enough to require hospitalization. 5

Some of the literature on experimental INH pathology in animals a;-hll
be summarized in relation to the clinical problems discussed above. These
studies were done on rats, mice, and ducks who were givlen IN1l-in doses ranping
from 125-360 mg/kg in rodentj and 1000 to 1500 mg/kg in ducks. 15 3G 54 65 49

91 107 67 81 83 5

In studies concerned with the peripheral nervous system, with only
one exception,6 5 clinical changes were noted after pathologic changes had
occurred or were not noted (presumably because '-.e experiment was terminat-
ed before the would be expected). The delay Was as long as 7 to 8 months
in one case. Severe pathologic changes were frequently seen, yet the
animal was clinically normal 36 or only minimally involved. 1 5 65

In contrast, early changes occur in the electromyogram and nerve con-
duction Lime. Hildebrand, et. al., 3Ib studied rats given 330-360 mg/kg. An
early slowing in nerve conduction time was seen; at first only sensory.
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This was correlated with-diffuse myelin disruption in 10% of the nerve fibers.
When 32%,of the fibers showed myrelin changedioa axonal fragmentation, motor
end plate denervation and collateral sprouting and uniform atrophy of muscle
fibers to 30% of normal size were seen. There was a decrease in muscle ac-
tion~potdftial, but the motor nerve conduction time showed ofily an increased
dispersion of conduction. Only when 76% of the nerve fibers were damaged
were both the sensory and motor conductions decreased. A myasthinic dec-
rementaW risponse-was seen occasionally. Continued administration of hig&,
doses caused no further damage but increased collateral sprouting was seen.
At this stage no elictrical abnormalities were noted. At no time were any
clinical findings seen.

In other studies65 15 91 the initial pathology is in the. axont rather
than the myelin. All fiber sizes are affected with the small and medium-
sized being most affected. 1 5 This includesý.autqnomic system. 9 1 Myelinated
fibers are affected most. 8 1

The motor system shows more involvement than the sensory system, 1 5 al-
though the sensory axon changes oc•r sooner. 3 6 Although distal involvement
is greater than proximaii :arly,ýhaiges are found at both levels. Changes
are generally described in erie somatic system, but Smith9O found only changes
in the myenteric plexus. Smith also describes proximal changes occurring
prior to distal changes.

The pathology found includes Wallerian degeneration, swelling, frag-
mentation, change of the internodal length, atrophy, folding and loss of
organelles. In.the myelin sheath demyelination, fragmentation, thickening,
proliferati•a of granular endoplasmic reticulum and irregular or round
Schwann cells are seen. Schroeder 82 found red blood cell accumulation and
electrodense organelles in the histocytes of the endoneurium. He feels,
therefore, that the degeneration of the axon is more tnan simple Wallerian.
Amore's and Bonavita's results 5 would support this. They found only one
out of several early biochemical changes (transient in,.rease of LD115 ) that
would be expected in Wallerian degeneration in their rats on INH. Pathology
in the spinal cord appea~s to be secondary to nerve fiber lesions.15 81

Also, at the neuromuscular junction the changes appear to be due to distal
degeneration and regeneration. 3 6 15 Both the motor aud sensory83 nerves
of the muscle spindles show theysame degenerativu PTAenomena.

A species difference appears to be importan.:. In rat• and mice, •eriph-
era! putholcqy i•. described and central lesions are 00,-d not to occur.' In
ducks central pathology Is seen with no periphera. •nvolvcmient. 4  51', The
greatest involvement in ducks is in the white matter of tue cerebellum in-
volving all structures there with corresponding c.i-ical signs.'$ 4" The
primary changes appear to be in the glial cells. in addition, ependymal
celis, eerebellar cortex and nuclei, peduncles and •-.i meauliary reticular
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formation are involved. IL rabbits, uc reased dutec.aLle neurotransmitter
and neurone degeneration is seen in tnc iiypethalamur', mostly in the para-
ventricular nucleua.67 A material not furrtha chi avasrrized was a,*s3 seen
in the pituitaýy.

Pathoiogi, bcaoie- in the human nervous, systvM , .aiot ý.-aC.tSent.
PerivascutoL: aemorrhages, optic tract demylination- . ýeaing, of Ohe vrey
matter,ý.- cerebral edema and degeneration1 0 3 were not u lnp:r.pieats who, ,led
from an overdose of INII.

Simmons and Ambler 8 8 conducted the one study which ms, sely approx-
imates the present study, Fifteen (15) healcLy aviators, ab% -it 4ocif2 ed,
were given baseline exams includin, EEC, median ner~ye motor cftductiG-I time,
physical exam and INH blood levels. Following this 300 rig of U0" were given
orally in one morning dose and subjects were reexaminet, twice a waul- for the
first two weeks and once a maonna thereafter. Subjects were studied tor oro
year. No serious side effects necessitating removal from flying dutieb Yere
encountered. All subjects were found to be rapid inactiveors. Nerve c'a.-
ducticn times were done oi L3 of the subjects, but rep:atvd on only three it
-the third montn. Of these three, one snowea 4 change from 82.5 to 53.3
meter/sec; one from 67.5 to 61.25 and 60 meter/see; ana one from 70.5 to 88.5
meter/sec. Both the subjects withi the large decrease and the one with the
increasie in conduction time complained of paresthesias with the first rer
porting headaches as well. T complaints disappeared when INH was stopped.
No other neurological tomplainr• are ",)Lad. The EEG :esults are not men-
tioned.

The literature on ELG -handcs of INH is quite sparse. Few studies in-
clude the EEG as a p.,-4::mm-tec. Nv ipecific change appears other tlhan one re-
port of increased amplitude Yf occipitat alpha and front41 s~iking. 3 2 Tri-
phasic waves were seen, buL chv patient also had cxrchosis. A photoniyo-
clonic or photoconv•ls.,Lv :,uFase has already been voteJ.,'ý 71 A lowered
threshold here is tnlm onLv CUOLL that mig~ht be attributed to INH.

Other findings , , -pe.;•epced :.n seizures iromi any Cause and oc-
curred in subjtccb experienk.ing, 6eizures. They iaciude paroxysma. slow-
ing, 5 7 60 64 six anu 14 poSiitiva spikes, 7 0 unchqracteLized patterns consis-
tent with seizures. '2 £.orL i rheta 7 0 9' and a temporal focus (of
spikes?)'2 are noted ouL xmaN resuit from anoxia. due to the seizures rather
than INH. Sharp tI~tAI ,ie: ru:,ng ,coxyswal dischirges described in this
group as part of an aie.-gic reacLLQ' miy have a aidtcront significance."

Even less iiceratur: exisc. uu v;.ual evoked potential changes. A de-
crease in threshold or rctponse Lu auuiturv and visual stimuli has been
noted previously.7' > T i: a1 iso seen in b6 deficiency. - A change
in the evoked poCenuai. U:ouiG rDe expected, but this poinL has not been
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studied. To the author's knowledge, no study of the evoked potential in
INH exists.

A few additional interesting reports are worthy of note. In rats
given. enough INH to result in peripheral neuropathy a decremental response
is seen on the electromyogram.' 0 This implies, decreased myoneural trans-
mission and 'needs to be considered in the workup of myastherria gravis.
Spastic'ity, although a rare complication, may be a presenting feature of INH
side effects.

In addition to the side effects, an allergic reaction has been reported
with INH. Burning and flushing are a feature of this. 8 4

Finally, clinicians need to recall that many of the phenomena of INN
may'be duplicated by the disease for which it is given, tuberculosis. An
excellent review of some of the more unusual presenting features of TB are
presented by Kocen and Parsons.47
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TABLE 1

REPORTED SIDE EFFECTS OF ZNH

I. PERIPHERAL NEUROPATHY

**Paresthesia 8 9 19 26 30 31 8P 69
**Numbness 8 9 19 26 30 69
**Burning8 9 19 30 89' 6••
**Weakness 8 9 19 30 6'8 69 1
**Leg Pain8 9

**Calf Tenderness 8 19 89
**Decrease Nerve Conduction Time 8 8 69
**"Peripheral Neuropathy" 50 66 90 93 95 75

Stiffness
8

Hypalgesia 8 19
Deep Tenderness 8

Decreased Vibration Sense Distally8 19 30
Atrophy

8

Fasiculations
8

Prickling Pain 1 9

Hyporeflexia
8

Decreased Position Sense'
Hypesthesia

8 19 30

II. CRANIAL NEUROPATHY

**Optic Neuritis & Optic AtrophyZ 42 (4 32
*Decreased Corneal Reflex 1 3

*Dilated Pupils 1 3 70 94
?*Constructed Pupils44
-*Decreased Pupillary Light Reflex2 3 13 80 44i
**Iridoplegia 2

**Cycloplegia2
*Blurring of Disc69 32 64

BurnLng in Face 1 9

III. AUTONOMIC DISORDERS

Postural Hypotensiont'
**Flushing]9 96

*Reported with ovecdose only
**Dose of 5 mg/kg/day or less in humans
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TABLE I.

REPORTED SIDE EFFECTS OF INH (Continued)-

ýDryness oqf MouthP8 73

Synco'pý.95

**Diffictilty with Urination95 96
Tachycardia:,75

*,Irregiiiar p'ilsd7 6

Bradycardia69 33

Sweating1 9

IV. VESTIBULO CEREBELLAR DISORDERS

*ty~ertigo2 G 34 414 32 48 33 73
**Giiddiner~sGb
**Dizziness 2 6 34 42 75 48 96

Ataxia49 75 76 44 69 32 33
*Intention Tremor49 48

Tinnitis"~ 32
Dysarthria10

Decrea~sed Fine Coordination of Hands19

*Nys tagmus80

V. ONS STIMULATION

**Hyperreflexia8 80 48 73 1 95 96
**Clonus 8O 1
**Seizuresl 23 42 46 50 51 13 62 68 70 71 75 76 77 79 80 90 9~4

101 44 32 48 33 57 73 29 45S 1 95
**Tremors7 69 33 96

Hyperventilation914 693
Respiratory Dites9

**-wirchin If 101 69 32 ;ý3 73 95 96

**Insomnia93 101 414 69 95
Lower Sensory Thre'shold7 ,

**Restlessness8O 94 1(#' 69 95 96
Excitability76

**Spasticityl
*Running Movement (Animals)7f,

**NervouslOl 95 96
**Involunltary Movements1
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TABLE 1

REPORTED SIDE EFFECTS OF INH (Continued)

VI.1 CNS DEPRESSION

Stupor"'2 75 32
**Lethargy 3 31 46 13 75 90 94 44 32 33 96

,Coma1O 23 46 68 90 103 44 45
*Respiratory Depression 1 3 76 90 41 69

**Pyramidal Tract Signs 1 0 1
*Hyporeflexial 3 70 94 44

**Decreased Superficial Reflexes1

**Paraplegial

VII. MENTAL CHANGES

**ConfusioniO 75 85 101 69 32 99 1
**Psychosis4 2 51 75 101 69 32 95
**Korsakoff Syndrome]

"Toxic Encaphalopathy•"4 2 68 32
**Disoriented for Time and PlaceI 01

Euphoria4 2 32
**Agitation1
.Memory Disturbance 80 'tit 32 99

**Deliriuml
Separation of Ideas and Reality 3 2

Loss of Self Control 3 32
**Irritability93 101 1 96
**Depression101 69 '2 106

"Unbalanced State of Mind"'"I0
**Apathy1
*Illusion""t

**Hal]ucinationsIl0
*lDelus.Lon44

**IrraLiona. 1•
**Incoherent :0A
**Uncoopcracivei i

Personality Change" 9

**Emotional Lability3 1 101

,Decreased IQ3-2

Apprvhensionl' ý'-5
**Argumentitivel 01

Premonition of Death 1 9

**Paranoid Ideation1 01 I
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TABLE 1

REPORTED SIDE EFFECTS ,OF INII (Contintied)

V LI. NEUROMUSCULAR

Weakness
Muscle Tenderness
Myasthenic Res onse6O 30
Contractureo 3 '

iX. OTHER

**H1eadache2G 838 101 44 33 115
*Exhaust ion 8 0

*Gagging 8 0

"L "Visual Disturbances"'
Flame llemorrhages - Fund." .

**Night Walking2 1
Collagen Vascular Disease Syndrome 2 2 31 -i0 78 87
Increase in Amount of Dreaming1 0 1

**Visual Acuity Decreas.,2
Worsened Conditid-ied .Reflex2 8

Neuromyelitis Optica 2 1

Myelopathy58
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STUDY 1.

NEUROLOGICAL EXAMINATION AND' CLINICAL NEUROLOGICAL EXAMINATION

PROCEDURE

History - Subjects were asked tocoumplete a prepared questionnaire which
contaified questions relating to all the neurological side effects of INH.
Subsequent interviews were held with.each subject to define further any
answer suggesting relevant symptomatology.

Neurological Examination - The neurological examination consisted of nine
subtests as4detailed below:

1. Autonomic Nervous Systr-m FUnction " Autonomic nervous system fund-
tion was evaluated by measuring the resting vital signs after lying at least
30 seconds, the vital signs immediately after rapid assumption of the stand-
ing& position and by inspection of the mucous membranes.

2. Reflexes - All the usual deep. tendon reflexes and all four abdominal
reflexes were elicited and graded on a scale of -4 to +4 (-4 = no response,,
0 = n6rmal and +4 = sustained clonus). The plantar response was recorded.

3. Sensory Nervous System Function - Pain and light touch sensibility
were evaluated in ail dermatomes. Vibration and proprioception were eval-
uated bilaterally ,at the level of the great toe.

4. Cranial Nerve function - The function of all the cranial nerves
except the first was tested including a fundoscopic examination.

5. Muscle Powvr - Distal muscle power was eva& .ated by testing the
interosseous, toe dor.iflexor, flexor digitorum profundus and superficialis,
pronation and suppination function bilaterally; proximal muscle power by
forearm flexion ann e:•tension, as described below. The results were graded
on a scale of 0-i00/ (04" is no measuraole contraction, 50% is just enough
power to overcome ýihc force of gravity and 100% is the full power an indi-
vidual of comparable "ge would possess),

6. Functional Te1sS - T'emicag wai accomplished by having subjects
stand and hop first on one foot and then stand on the toes of that same
foot. This was done for both thu left and right foot. The time required
to do 20 pushups and 20 deep knee bends was recorded. If the subjects were
unable to do 20 pushups the number they could do was recorded. Finally,
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the subject was required to lie: supine ind maintain all limbs at a 450

angle from th6 horizontalposition. The limbs were not allowed-to contact
each other, and the knee aad elbow joints had t

a had o be in full extiension. The
subject was timed fr6m-,,the dnset to the point where any limb touched the
examining table and this time recorded. Observation for muscle twitching
was done at all times.

7. Cerebellar Function - Cerebellgr function was evaluated by the

finger to nose test, ability to mako iapid alterisating movements, the Rhom-

berg Test, observation for nystagtG'; and' intention tremor and by observation
.of responses in the oatler tests whidh bear on carebellar function.

8. Gait - The subjects were observed, while ambulating normally. with

eyes open and eyes closed. Heel, toe and tandem walking was observed,.

9. Handwriting - Subjects were -asked to copy a few sentences from t,,i-

terial which remained the same at each evaluation. This test was designed

to assess handwriting and observational accuracy.

10. Peripheral Neuropathy - Evidence for the existence of peripheral

neuropathy was derived from four areas: Dc.-sed deep tendon reflexes,

corresponding muscle weakness, corresponding seusory complaints and ,.orres-

ponding symptoms. Changes were required in two of these four areas before

a subject was considered for a diagnosis,

DATA ANALYSIS

Each of the measures taken in this study was compared at 6 and 2
months, for each subject, to his pre-dzug baseline, measure in order to

determine the presence or absence of a clinical change. In most cases a

progressive increase or decrease was required.

When either the 6 or 12 month exam showed more c]l.iCally notable

findings or when several measures at one examination period showed a pat-

tern which, when considered together, suggescs a valid clinical problem a

change was recorded.

An attempt was made subjectively to assess thu relationship ("subjec-

tive correlacion") between various c.,inical measures, the kitamin B6 admin-

istration, system involvement and the INH inactivation levels.

"Multiple system involvement" means that the subject showed a change

in more than one subtest.
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The INH inactivation levels were determined as part of the overall
study done by Shub, et. al. 8 6 Each subject was classified as a rapid, slow
or intermediate inactivator.

RESULTS

History - The subjective symptoms reported by the subjects in Ehe question-
naire and in the subsequent interviews are summarized in Table 3. All symp-
toms reported are listed along with the number of subjects reporting the

.symptom, their mean age and the percentage. of the total group represented.
The last column shows uhe number of subjects, with neuri ,l i findings re-
lated to the symptom. These are called associated find',,o,- Associated
means a symptom 'which would be expected to occur with a particular disease
process and probably related to it. For example, paresthesias would be
considered an associated symptom of peripheral neuropathy.

The mean age of the 17 subjects with, symptoms was 46.7 compared to tlie
mean age of the entire group which was' 47.2. This difference -was not stam
tistically significant.

Inspection of the table reveals that the deviations of the meanl age of
the subjects reporting various symptoms, from the mean age of the group are
in the directions expected for the nature of the symptom. An exception to
this was in the case of blurring of vision. It would be anticipated that
older subjects would report more blurring but the data reveal that 14.3% of
the subjects reportea this, symptom and had a mean age two years below the
group mean.

Paresthesia w'as the most frequent symptom by far (28.6%). Almost 40/
of the group with associated neurological findings, were represented by the
subjects with paresthesias.

Autonomic Nervous System Function - Definite orthostatic changes in vital
signs occurred in two subjects. In one subject this change was seen only
at the six month exam. The changes in the remaining subjects were within
normal limits.

Reflexes - As mentioned previously reflexes were graded on a scale from
-4 to +4. All subjects showed some variation in grading. For this reason
a difference of t3 from baseline had to be reached or maintained in accor-
dance with, wae criter.za outlined :in the data analysis section.

Nineteen (19) subjects showed reflex ch'anges in accordance with these
criteria. Eighteen (18) showed decreases and one showed an increase. Two
of the 19 subjects showed reflex changes only at the six month exam. All
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these" changes were marginal ,or "suggestive" and would not be considered
significant in the-usual clinical situation.

Three subjects showed reflex asymmetry, two in the abdominal and one
in the brachioradialas and ankle jerk.

Sensory Nervous System Function - Two subjects showed hypesthesia. In one
subject this was located in the anterior tibial area only and in the other
it was located in the distal leg. No subjects showed decrease in iig: t
touch sensation. Eight subjects showed decrease in vibration sense and six
showed decrease in proprioception.

Of the subjects chac showed sensory changes, five had changes inmmore
than one modality.

In all,, 11 subjects showed changes in sensation. in tlhrce subjects the
change was noted only at the six month exam, and in one ani± at tne 12 month
exam.

These findings were barely detectable and in and of themselves would
not be considered its rupre-3entative of clinical difficulty.

Cranial Nerve Functiot - No stoject showed any detectable change in cranial
nerve function on trr- c.iiical exam.

Eighth cranial nerve iunecion was evaluated on all subjects by Shub,
et. al., 8 6 using au"o~o:,a•, •ni ice water calorics. Two subjects had
tinnitus. The zinr-iLiiY one subject showed marked progression and changes
were noted on his "uai,. anu ice water calorics. For this reason, this
subject was considered to ,,awt 8th nerve involvement. This was the only
incident of any cranial aoe've involvement noted.

Muscle Power - .,even buojeCts bnowed decrease in muscle strength. Of these,
five were consi-..ireu to be a possible clinical change; "possible" in Chat no
subjects approached a level of weakness that would be indicative oi clinical
disease.

In the otnef Lwo case.- the scores were indicative of a change but were
within the range o. 6cozing ecror and, therefore, could be no more than nor-
mal. variation. bnc, .1 OotDC exists, these cases have been included.

The weakne iz aotuL was ulifuse in five cases and localized to the arm
in one case. One subject showed only proximal weakness.

In all cases except one, the weakness was persistent throughout the
study.
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Functional Tests - The role of the functional muscle tests was to provide
additional information on muscle power. The results paralleled those, found
in the conventional muscle power tests.

Cerebellar Function - Eight subjccts showed 6cme finding, on the cereb.?J.lar
testing. The findings consisted of an unsteady )hoiiberg in four, intentioni
tremor in five, drifting of the arms in two apeo dysdiado':hoklnesia in one.
One of the eight subjects had cerebellar fin6i,tgs only at the six month
exam. One other subject showed an unsteady Rhowberg ot. the six month exam
only, but had intention tremor at the six ao'. 12 mont.. exam.

Three of these eight subjec-ts showed a mna3'ud,. of change great enough
that a clinical impression of "bossible" cereLeiJ1.:r j,-,fronction was dranm.
In the remaining five subjects a "chanb.c" was flu.-u which co,!,Id easily have
represented a variation of normal.

Nystagmus was seen in four sublects. J, .<;J , the nystarmus waj
more than just end point nystagmus. I: t: ,,. ciL-, , ,o subjects,
present only at 12 months in one, and p,-.en- o-aiy -t sixý months in the

other.

The nystagmius was horizontal bf -A,) .. t xt ia the subject with
nystagmus at six months only, where it w+s vunLiua ano obLique.

The findiag of nystagmus wus considered i :al'id clinical change in all
the cases except the subject: with nyý.tagmis tt 1. iionthý.. In that case it
was merely considered as suggestive and aol -urchv j. further consideration
due to thu small magnx'ude of the finding jau tite ,of Ippearance.

Gait - No abc.ormalities of gait were roteo i- i- .., subbect.

fianowritinr - Analysis of the hadv tieiu •,r,!l c r.aiti Ivo consistent
change in accuracy of motor c-,) odut-L.Loni -it,-.'C •nDGt,,' tdalI or iln the
group as a wnoie.

A sumiaary of the findings and symp.,omns c eaoh ,.mbjcc- will be found
in Apuend.x 1. 'fable 4 ineJudes only 0,t',V e,1a•, .c were V o,asidered

to be 'poS,,.ibl.," changes add ,xclud . , '., were mei,' e+iiid is changes
within the r,.age of corai vakciation, . wv.-., "marginal"

cnan~es, cha; %iitairn the range of scortng -iL; uk "vhi ;t." The

findings 6ua•riarized in Table 4 ace those~ whici ,oe ildicated in Appendix
I with i dark llne.

The question still remainec about -1, .,.At,., ! -1, ,,il. .ioLTiizing these

findings in t•iJc. manner. An assumptic-a -.. , d 'r , i valld clinical
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change occurred it should be accompanied• by associated symptoms. Therefore,
the "possible" changes were compared tO the more questionable changes in re-
spect to associated symptoms. It was found that there were no associated
symptoms with any "questionable" finding and that all the associated symptoms
were in the group of subjects with "possible" findings. This finding lent
some credence to the dichotomy of "cnanges."

Table 4 should not be construed ar' '.esenting definite clinical
changes, because the findings report e dre r extremely small magnitude and
might better be denoted as "subclini, a1" ftnd. ;s. No LI)Jnges which would
be expected to cause difficulty with occupatioi 1I or daily activities were
found.

Nine (9) subjects •(32.1%) were fr Ac L_ ..CVQ some evidence of periph-
eral neuropathy. In six of these cas-s (21.4%) this evidunce was insuffi-
cient to make a diagnosis of anything other tian "evidence for peripheral
neuropathy." In the other three (10.7%) caseý more evidence was present,
but the magnitude of this evidence was still insufficient to make a firm
clinical diagnosis. These cases are therefore refe•rred to as "possible
neuropathy," and are described below.

Subject 20: The subject had marked progression of vibration and
proprioceptive loss, far more apparent than in other cases. He also de-
veloped deep tendon reflex asymmetry and an unsteady Rhomberg. Although
there were no subjective complaints, the !ýensory I,.ogrcssion was so com-
pelling that a diagnosis of "possible neuro;'athy" was made.

Subject 26: Weakness and a decreased %;bratory sense were seen
on the neurological exam. Paresthesias developed ,aite early and were
relieved by Vitamin 86. Primarily because ok thib istory, the diagnosis
was made.

Subject 13: Although a few physici f Lndingr we-,:, present, they
appeared to be time-related to rather severe iý It,-sis Vich were com-
pletely reversed with B6. The diagnosis was raauwe kIsiazLily on the same
grounds as it was for subject 26.

Unfortunately, neither ,ubj.ct I iýuo z ':a ... ocn "t the time
of his greatest difficulty when a ,o poz w.e i, i .ight have been
possible.

As in the case of symptomatology an a;. -. 'tot , 2-atae to determine if
the mean age ot the subjects with the vofio tyc, -" rindings differed
from the group mean. The greatest diitefunct. foun,' that the group
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with cerebellar findings was alm-ost four years younger than the mean.
Although this difference appeared significant, the small number of sub-
jects precluded statistical testing.

The mean age of the subjects with "evidence" of neuropathy was almost
three years above rbe group mean. However, this difference is not main-
tained in the case of subjects with "possible" neuropathy who are slightly
younger than the group mean. Therefore, it appears that there is no con-
sistent relationshir between age and neuropathy.

The mean age of all che subjects with findings (those listed on Table
4) was 47.8 years, 0.6 years above the mean. This difference was not sta-
tistically significant.

Table 4 shows the number of subjects with associated Ond non-associ-
ated symptoms. Approximately 50% of the subjects in each category of
neurological findings had associated symptoms.

Several subjectb ihad involvement of more than one system (See Appendix
1). The data on multiple system involvement are summarized in Table 5. It
might be expected that older subjects would show a greater tendency toward
multiple system involvement. However, this did not seem to be the case
considering the mean ages. There was a tendency for the mean age to in-
crease from one- to two-system involvement. The failure to maintain this
trend may be due to the small number of subjects with three systems involved.

The symptoms and signs are also, noted- i• Table 5. Table 5 indicates
that most subjects showed involvement of only one systam. The total number
of signs and symptoms was also greatest in the one-system grop. The data
do not indicate that involvement of multiple systems is accompanied by
greater numbers of either signs or symptoms.

Although not detailed in the table, certain individuai signs and symp-
toms were predominantly concentrated in one group. The two-Eystem group
had most of the paresthes.as. Weakness;i both subjectivc and objective, was
also most prevalent in this group. All the orthostaLic findings were in
the one-system group.

Ten subjects (35.7%) Look Vitamin B6. These subjectb accounted for
38% of the neurolo.ic-al findings and 41% of the symptoms. The differences
in percentage figurc' were insufficient to permit a conclusion that this
group differred from the rest of the subject population. This assumes
that symptoms and findings should be randomly distributed among the sub-
jects.
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TABLE 5

MULTIPLE SYSTEM INVOLVEMENT

NO. OF SYSTEMS INVOLVED

__2 3

LNo. of Subjects 9 (56%) 5 (31%) 2 (13%)

Mean Age 45.4 51.4 45.5

No. of Symptoms 10 (42%) 12 (50%) 2 (8%)

No. of Neurological Findings 10 (38%) 10 (38%) 6 (23%)

Total No. of Signs & Symptoms 36 (50%) 26 (37%) 9 (13%)

No. on Vitamin B6 2 4 0
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The assumption was applied tO each individual sign and symptom since
lumping them together may have obscured more specific effccts. This means
that one out of three subjects with any finding or symptom would be taking
B6. This distribution was found in all cases except: None of the sub-
jects with cerebellar findings, only one of the foir subjects with blurr-
ing, none of the subjects with back paini and only ,ne of the six subjects
with "evidence" of neuropathy were taking B6.

Another way of looking at the effects of B6 is to see if there is any
correlation between the administration of B6 and a change in a finding or
symptom. This was found in three cases: Two of the three subjects •with
"possible" neuropathy and one subject with weakness. RIprovement was
reported in all three cases when B6 was taken,

The eff~ect of B6 on multiple system involvement was vxamined. Table
5 shows that none of the subjecrs• with three-system involvement were tal:ing
B6, but four of the five with ewo-system involvemenc were. Tha Lrýonsietef,
nature of these findings and 0the small number of subjectL invoivud preclude
any definite conclusions.

Since INH inactivat±on patterns were unavailable in many cases, the
data are insufficient to postulate any correlations betweea INK levels and
clinical difficulties. However, a few findings of Lnterest are uoted. Twice
as many of the symptomatic 5ubjects with known INH inactivation patterns were
slow inactivators as fast or intermediate; two of the three subjects with
possible neuropathy were rapid inactivators. In the remaining measurea, thL
number of subjects with rapid, slow and intermediate inactivation patterns
were about equal.

The time of appearance of symptoms and signs was studied. The results
are presented in Table 6. It will be noted that all the neurologic find-
ings were seen by six months and three quarters were persistent and that
nearly all the symptoms were noted by six months but most were not persis-
tent. In both cases very little was noted ar 12 months. Blurring of vision
was the only symptom or sign which did not follow che gener•al rule of ap-
pearing at six months. One subject of three with blurring; e;xperienced it
at six months; two of tne three experienced it initially at 12 months.

DISCUSSION

The most frequent 6ympto,01us was paresthesias wh;.ch was reported by 29%
of the subjects. Thc 6mosc iequernt sign was peripherai neuropathy, found
in 32% of the subjects. Oth.±r studies have also reporttcd leov a' Uie most
frequent sign and symptoms actisough the incidence figures 2ported in the
present study are higher than generally reported.



TABLE 6

'TIME AND APPEARANCE OF NEUROLOGICAL FINDINGS AND SYMPTOMS

TIME NOTED

6 Mos. Only 6 & 12 Mos. 12 Mos. Only

Neurological Findings 3 (25%) 9 (75%)

Symptoms 17 (55%) 9 (29%) 5 (16%)
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The literature indicates that when minimal,changes are sought, inci-
dence figures will increase. The reason for this is obvious. The clinical
findings in this study were indeed minimal. Because of this. it is possible
that experimenter error was introduced which could account for some of the
changes seen.

Very few studies in the literature indicare the amount of clinical
change accepted as a valid change or the minuteness of the effort employed
in examination. Consequently, it is impossible to compare directly the
incidence figures in this study to other studies. Assuming that the pres-
ent study employed greater scrutiny, the higher figures would be understand-
able.

A second possible reason why the incidence figures in this study are
higher than those previously reported is that the subjects in this study
were older. It is frequently pointed out in the literature that higher
frequency of side effects is associated with older age.

A third possibility is the fact that the subject population. in this
study consisted solely of aviators. Part of the character traits of avia-
tors might cause them to react differently to minor changes in their phys-
iology (i.e., they may show more concern about their health). In addition,

the demands of the aviation environment would be expected to accentuate
minor clinical abnormalities.

On the other hand, Army flight surgeons know that aviators flying for
the military are very reluctant to report medical problems for fear of being
grounded. This is especially important in the case of our subjects whose
livelihood is dependent on flying. This factor may have worked to bias the
incidence figures in a conservative direction.

Another possible conservative bias operating in this study was the in-
completeness of the examination. Certainly it cannot be said that it was
complete, and it might better be termed a screenin6 examination. The lim-
ited time allotted for examination of the subjects precluded the use of a
more complete clinical assessment, but it was felt thaL the examination
employed at least sampled the major areas of neurological involvement.

Since the literature indicates that older subjects would be expected
to develop more clinical problems while taking INH, an attempt was made in
this study to find correlation between age and various symptoms and signs.
No obvious correlation was found. There were some trends noted in the ex-,
pected direction. The negative correlation found between age and cerebellar
finding and non-specific CNS symptoms was unexpected.

Any attempt to establish a definite relationship between age and these
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measures in this study suffers 'from two limitations: Marked attenuation of
the age range of the subjects and the small number of subjects at each age
and in each clinical category.

The literature amply demonstrates an ameliorating effect of Vitamin B6
on the side effects of INH. Since the intent of this study was not inves-
tigation of felationship of B6 to INH, our subject should not have been
"allowed to take B6 without a clinical indication. lHowever, as mentioned
previously, 35% of the group were taking it and the administration was not
closely controlled so that the dosage and total amount taken was not known
in most cases.

Normally these subjects would be eliminated from the study. It was
decided, however, to include them and attempt tv study the effects of B6.

Study of the data revealed no clear differences between the group
taking B6 and the remaining subjects. However, in three cases, the sub-
jects reported an amelioration of symptoms related to BM. These were two
cases of possible neuropathy and one case of weakness.

A proper design for study of this problem would have included a random
selection of the group designated to take B6. This was not the case in this
study. It is known that subjects who received B6 received it because of
clinical symptomatology, although the nature of the complaint and the re-
sults of the B6 are not known. Taken together, thase facts preclude any
definitive statemeht about B6 effects in this study.

Correlation of INH inactivation patterns and other muasures taken was
also attempted. It is wel l known that individuals with slow inactivation
patterns have more side effects. Confirmation of this fact was nat obtainad
because of the marked incompleteness of the cata collection. This situation
resulted from the fact that the support laboratory ,L up)ped making INRH de-
terminations and from the fact that many of the Known inactivation patterns
were in subjects with no symptoms or signs.

Review of the literature revealed that many authurb studied the clin-
ical effects of INk in many ways, but none ýt the sti~die& employed a data
analysis technique based on the number of ,,vstems involvvd. It was hy-
pothesized in the present study thaL multipl,ý system invwlvement might be
correlated with other clinical measures. This hypothesis did not receive
any support from the data.

While there were nine subjects that showed sign: and/or symptoms of
peripheral neuropathy, it must be kept in mind thaL six of these had what
could only be described as "evidence" of peripheral neuropathy. These
cases are equivalent to findings in other systems conbidered as marginal
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but are included with the data on possible' changes because of the high ina
terest of most readers in neuropathy related to INH.

The significance of the three cases of "possib-3'" neuropathy and the
six cases of "evidence" of neuropathy cannot be ascertained due to the, lack
of a suitable non-drug control group and the ' ack of data on the variations
of the neurological findings over the course of a year.

The validity of classifying subjects as "possible" or "evidence" of
neuropathy on the Vasis of marginal findings or symptoms primarily might
be questioned. Previous studies have provided support for this procedure.
The normal progression of disease is that subjects. first have symptoms
alone, then symptoms plus marginal findings, then symptoms plus definite
findings.8 14 A Studies on INH have shown that by the time symptoms
occur, structural damage is present. The study by Simmons and Ambler 8 8

supported ,this, since slowing of nerve conduction time was seen at this
stage.

A nerve conduction time would have been the most helpful measure chat
could have been added to this study. Inclusion of these data W6ald have
permitted a much more positive diagnosis of neu~opathy and permitted a
correlation of the data from this study with the data from other studies.
Although inclusion of this measure was strongly desired, thb logistics of
the overall study did not permit this.

In view of the above, it does not seem unwarranted, to suggest that
the diagnosis is justified in the three cases of "possible" neuropathy.

-One subject had father definite scapular paresthesias and part of
the history suggested radiculopathy. A paucity of findings was present
on physical exam. Devadalta, et. al., 1 9 report a similar case. This
raises the suggestion that scapular paresthesias may represent a more un-
usual and overlooked side effect of !NH.

Nearty all the signs and symptoms were noted at the six month exam
in good agreement w:Lth the literature. The fact that symptoms appeared
to be largely transitory also agrees with the literature, but then the
clinical findings shQuld parallel the symptoms. The results of this study
do not show this to be the case. No simple explanation is readily apparent.

The operation of any of several factors is possible. The clinical
findings may have been overinterpreted at both the six and 12 month exam-
ination. The symptoms n'ay have been spuriously elevated at six months or
decreased at 12 months. It is also possible that the clinical findings
represented pathology due to INH and that the subjects had adapted so that
at 12 months they were less aware of their difficulties.
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Blurring of vision appeared to be a unique symptom. It stood• out
from the other symptoms in its delayed development. Wrnile the data sug-
gest that the latency of development of visual blurring may be prolonged
over other symptoms, the number of subjects involved does not permit this
conclusion. If all four of the subjects with blurring developed it at 12
months,. perhaps more could be said.

Two subjects volunteered a history of alcoholism. While the side ef-
fects in these individuals were not particularly greater than the rest of
•the group, in, contrast to what the literature would suggest, no conclusions
regarding the interactions of alcohol and INH are justified from data with
only two subjects involved.

Thi! study was an "experiment of opportunity" and certain limitations
and deficiencies in the experimental dezign were univoidable. Several prob-
lem areas were encountered in analyzing the data. These have been alluded
to previously and will be summarized here.

The lack of adequate control data was one of the principle obstacles
in data interpretation. This resulted partially from the absence of a non-
d'ug control group. Of greater importance perhapa is the fact that only
one examination served as the baseline for all parameters. In order to
adequately establish the true baseline plus the repeatability .of the mea-
sures, more control exams should have been done. This is particularly
applicable in the area of EEG and eVokedl -p-tential where considerable
variability is known to exist. For examnple, it is not possible to identify
and label the individual deflections of the evoked potent~ial with certainty
without these repeated baseline measures. Only one baseline examination
was obtainable due to the clirvical indications for prompt initiation of
therapy.

The second major problem area over which the authors had no control
was the fact that iýý S.pervision of the adminiscration of the INH was ex-
ercised. Subjects were merely given a supply of Li131 with instructions.
In some cases the assurance that directions were followed was in question.

A third factor which could have been oF ixuza! 1;istanee in data in-
terpretation would be follow-up data aftc: tM•e subjecLs discontinued INH.
Most subjects were not available for furLher c.

Several neurological signs ind sy.iptoms are reported in subjects
taking INH in this study. Although the incidutce figures are high in
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some cases, in all cases but one they represented subclinical difficulties.
No definite evidence was found to support the idea of restricting flying
duties when INH is taken.



STUDY 2

MENTAL STATUS EXAMINATION

PROCEDURE

Three mental status tests were performed--serial subtraction, oral
recall and judgment. Although these and other similar tests are not stan-
dardized, they are part of a cofiplete neurological examination.

Serial Subtraction - Subjects were instructed to begin at 100 and subtract
by 7 serially and progress to zero. They vere instructed to perform this
mentally and give the examiner the answer for ejch subtraction. The re-
sponses were recorded along with the time required.

A score of one point was awarded for each correct answer given by the
subject, Points wdre accumulated until an error was committed. For exam-ple, if a subject gave the following sequence: 93-86-79-72-53, his score

would be four.

Oral Recall - Oral re-call was tested by reading aloud to the subjects a
paragraph-containing 26 items of information. The paragraphs were similar
in structure but varied in content at each test. The presentation was made
in a standardized manner with no repetition of any part. At the 12 month-
test a paragraph of 27 items was inadvertently used. Subjects were asked
to recall everything they could. A score of one point was given for each
fact recalled correctlyand with the proper association, or for an accept-
able synonymous fact, showing retention of the basic nature of the fact.
No score was given for any other response.

Judgment - Judgment was tested by present.Lng the subjects withra situa-
tional problem. They were requested to relate the idtizon they would take
if placed in that situation. The response was evaluated in terms of the
responses usually obtained, and a rating of normal, dbove normal or below
normal was made.

RLSULTS

Serial Subtraction - The means and standard cieviattoni for the serial sub-
traction scores are presented in Table 7. The data for the 6- and 12-month
subjects are presented separately.
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The results indicate a slight improvement ir serial subtraction scores
from control to 6 months in both the 6- and 12-month subjects. This im-
provement is maintained at 12 months. None of thes, ditfforences were found
to be statistically significant in a one-way clwsiTficatien analysis of
variance (ANOVA).

The serial subtraction time scores albo .-howea imDrov•;nent from c,,n-
trol to 6 months in both subject groups. In the i2-rrntb stibjects the ifrv.-
provement was not maintained. These differences were again not statisti-
cally significant in an ANOVA. Summary tables or t1•e iNOVA will be
found in Appendices 2 and 3.

Oral Recall - Table 7 presents the mean., acod -o.ard deviations of the
oral recall test for the 6- and 12-month •,ub-ie(cr. The rr;uits indicaite
an improvement in oral recall from control to h o•no•C1:z Iich was not" min-
rained at 12 months. A one-way classificariou ANOVA showed a significant
difference in recall scores over trials (p<.Ol). ludividual tests of mean
recall scores showed that the source o; t-,.-i lifforence was that the 6-
month scores differed from the control and 12-monk scoree (p<.01) and
that the control and 12-month scores did not differ from ea'Th other (See
Appendix 5).

An accuracy score was also derived by subtracting the number of syn-
onymous answers from the number of correct answers and dividing the dif-
ference by the total number recalled. The resulting score was expressed
as a percentage.

The mean percent recalled scores for boct the 6- and 12-month sub-
jee-s was about 37%. Scores for botn groups paixa.,-eled the results shown
fo7 oie raw scores which showed an, incroase ar t, monous. The mean accuracy
..cores ranged from 95 to 9r7%. There was no chan•e from tne control scores
in either group.

Judgment - Only two subjects out 01 tMe ent. re gXoup of 28 showed a slight
decrease in judgment over the 12 raoanhs of therapy.

0,I ,4AjSSIOX

Tise ot.J CeCali Lees," was eri- ,! Lc: a,., t o ,m memory and
serial recall. Although thle paragraph Sfio1:A ."t ,, p,.L of a stan-
dardized test, an attempt was made to eq,,,ce '•.I . , .,pe, and order
of presentation of na.e.', dc-es And ?Lact, tue , n he paragraph
(See Appendix 6 for the pnragraphlb eoploycd).

There is no ri adily apparent expiaa P .... , ,ftcant increase
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in the 6-month scores which were not maintained. One or both of the follow-
ing factors may account for the difference.

First, the 6-month stimulus material may have been less difficult
than the others.

Second, several subjects showed greater interest in this test than
in other mental status tests. This could account for an increase at 6
months, out additional explanations would be required to explain the de-
crease at 12 months.
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STUDY 3

ELECTROENCEPHAIOGRAPHIC EXAMINATION

METHOD

Apraratus and Procedure - Routine clinical EEG's were performed on a Grass
Model 3, eight channel electroencephalograph. Grass cup electrodes were
applied and secured to the head with bentonite paste aceordinf to the iO-241j
International System of electrode placement. Seven montages including
monopolar, bipolar, anterior to posterior, lateral. parasagittal and coron-
al runs covering all areas of t~he head were made. The monopolar reference
electrodes were affixed to tbý-e.ars. Three minutes of hyperventilation
were recorded. The subjects were not sleep deprived and no attempt was
made to obtain sleep tracings. Attempts were made in all cases to maintain
filter settings of HLF 70, LLF 1.

Data Analysis - Two types of analyses were performed. First, a routine

clinical analysis was done in which the tracings were read as noimal,
borderline or abnormal. Second, a subclinical analysis was done in which
more detailed and quantified measures of the EEG were sought.

For the subclinical analysis, the following criteria were employed:

Delta Rhythm - 0-4, Hz

Theta Rhythm - 4-.8 11%

Well Developed Alpha - Rhythm in the 8-13 H. range which
is more or less sinusoidal, smooth in wavforin and :lear-
ly discernible from the other rhythms present. (See Fig-
uro 1A.)

Other Alpha - Rhythm in the 8-13 liz range of low amplitude,
contaminated with other rhythms, irregular and not clearly
seen. A clear distinction with well dcveloped alpha was
usually obvious. (See Figure lB.)

Beta Rhythm - More than 13 Hz.

Organization - EEG daca often contain several rhythms which
mix or override each other, producing an irregular pattern

A3



FIGURE 1A

WELL DEVELOPED ALPHA

NI 4 -s-- -"•'

I I 4

Si i !

LJL



FIGURE iB
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of frequency and amplitude. On the other hand, there is
often a dominant frequency with little variation in ampli-
tude which ýroduces a smooth, regular appearance. The
term "organization" is used to denote this difference.
Thý fi:•t example would be classified as poorly organized;
L'e second as well organized.

Focuo - The area where a rhythm is most prominent and
hignesc in amplitudeP.

Extent - The total area where a rhythm is seen.

buildup - The EEG response to three minutes of hyper-
vcntilation which consists of slowing of frequency and
increase in amplitude.

A~y,=,uc,:, - A uiffereace in EEG patterns over homologous
brain areas. The side containing the greatest degree of
the paramater is considered to be the side possessing
the asymretry.

Shift - A change in location from one area of a hemisphere
to another of an EEC barameter. To be considered a shift,
the size of the area had to remain the same.

* Phase 1 - Three typep of ob6ervacions were made on the data in
Phase 1. The fir.ýr cif these involved recording the presence of various
frequencies of asyrLietri',: (right and left) in each channel. In the case
of beta rhythm nearly all channels cuntalneG trequencies in this range.
Therefore, only beti.. !iyVCi, whitch was h ghe=r tan the background in am-
plitude and stood alona, was counte.d.

ThL seconi invo0veq a forcea choice canking procedure which was
applied to the data on buildup, organization, .iplitude and the amount of
Seach frequency, ThŽ ior~eci choice ranking involved direct comparison of

each-montage of che control, 6-;4ionch and 12-month record for each subject.

The third involved ten measurements of alpha frequency in the
first montage (laterai monopoari).

Sumcetime:ý artft•corr !ep ),.:curred throughout a channel. When

this occurred the data were hanciled -cs it the activity in question were
present, but -no ranklng was done for the montage in which it occurred.



* Phase 2 - In Phase 2 of the analysis the following concept of
"change" was employed. Since the 6- and 12-month measures may be higher
or lower than control and vary independently of eacn other, many combi[na-
tions of conditions may result. Only three were considered in this stud'y
as a valid change over the course of therapy.

1. Progressive i.ncrease or decrease.

2. Control and 6-month measures were identical,
but the 12-month measure was increased or de-
creased.

3. A change from control at six months with the
change persisting at some degree at 12 months
(a constant shift).

The data on presence of each frequency and on asymmetries
(which were recorded for each channel) were then organized according to

the location on the head. Using this organization the following parameters
were derived: Shifts, determination of focus and extent of focus, deter-
mination of extent of the various frequencies. The areas of the head were
defined by the position of the EEG electrodes.

For the data on the forced choice ranking (involving amplitude,
organization and amount of each frequency), each montage of each EEG was
classified as showing a "change" or "no change" according to the following
scheme.

Since there were seven montages in each EEG, many combinations
of scores for each parameter were possible. In order to determine whether
an overall change in the parameter should be noted, all the possible com-
binations were listed in descending order from tue situation where all
seven montages showed the same change, and an overall change was obvious to
the situation where all montages showed no changu. The number of EEG's
showing each combination was tabulated as well ab the number of montages
showing progressive changes in each combination.

in order to determine whether or not aa overall change occurred,
a cutoff point was sought. A cutoff was made at tha point where 50% or
more of the montages showed the change. Sinac Laere was no obvious gap
there and since nearly half the number of observations lay below the line,
it was decided to search for an additional discriminator. An obvious one
was found and used.

According to this scheme, if a change waF- noted in more than

50% of the montages and two or more of the change- were progressive (12
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mo > 6 mo > control), an overall change was recorded for the EEG. If not,
no change was recorded,.

Since the data on-bijldup involved only one measurement, these
and the data of the third observation involving alpha frequency, were re-
corded as a change or no change, according to the definition outlined in
the beginning of this section.

* Phase 3 - In Phase 2 the data were categorized according to
whether a change occurred. In Phase 3 the nature of the change was exam-
ined (increase or decrease). These determinations were recorded in tabular
form for each of the parameters.

The data which were organized according to location on the head
were recorded as a change from one area to another, rather than an increase
or decrease in one area.

Since the EEG electrodes defined a number of subdivisions of the
head in the anterior to posterior direction and since medial or lateral
shifts-could occur in any or all subdivisions, several medial-lateral shifts
could occur. Rather than attempting to derive an overall medial-lateral
shift measure, a shift was recorded in each area where it occurred.

The nature of this data was such that no meaningful statistical anal-
ysis could be performed. Therefore, overall changes in the EEG were con-
sidered according to two criteria: (I) More than 50% of the subjects
had to show a change and (2) Since changes in opposite and mutually ex-
clusive directions occurred, twice as many subjects had to show a change in
one direction as the number of subjects showing a change in the opposite
direction. Both the above criteria had to be met for a change to be con-
sidered to have occurred in a given parameter. For example, if eight of 20
subjects showed no change in alpha frequency, seven showed an increase and
five showed a decrease, no overall change in alpha frequency would be con-
sidered to have occurred. However, if five subjects out of 20 showed no
change in alpha frequency, 11 showed an increase and four showed a decrease,
an overall increase in alpha frequency would be recorded.

RESULTS

Clinical - Only one subject showed an EEG abnormality. Two others showed
some abnormality at some time during the study.

The first subject had a normal control EEG. At six months a definite
burst of slow activity was noted, which was labeled "paroxysmal." This is
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illustrated ineoFigure 2. Considerably more buildup was noted on hyperven-
tilation at this time. This record was considered suspicious. At 12 months,
two paroxysmal bursts of slowing were seen in the resting record and sevT
eral more during hyperventilation. This record was considered as "border-
line abnormal." Thus, 7ne EEG abnormality was found, yielding an incidence
of 3.6%.

The other subjects th~at showed some abnormality only showed it at one
oi the three, testing periods, The nature of the abnormality in each case
was slowing, at the control EEG in one case, and at the 6-month EEG in the
other. All other EEG's on these subjects were normal.

Subclinical - The results of the subclinical analyses are presented in
Tables 8 to 10. The derivation of this information and definitions of
terms are given in the data analysis section.

In general, the following changes. were noted:

Alpha - There was an increased extent of alpha focus, principally
in the medial and parasagittal areas.

Beta - There was an increased amount seen with no change in ex-
tent. More asymmetry was noted. The asymmetry was widespread,'seen in
the frontopolar, frontal, postei~ior temporal and parietal areas. The
medial, lateral and parasagittal areas all demonstrated the increase.

Theta - An increased amount was noted.

Buildup - Buildup was increased in the 6-month group only, al-
though the change was noted in 86% of that group.

DISCUSSION

One subject had a clearly abnormal pattern of EEG's in the study.
Two other subjects had what would be considered abnornal EEG's, but they
were of a transient nature. It could be argued that these subjects should
have been considered to have abnormal patterns. In the clinical domain
transient abnormalities are reported.

However, it was elected not to consider this as an EEG change due
to INH because the EEG is a variable measure within the same subject, and
the transient changes may be reflecting just this. In the one subject
manifesting a clear progression of change, the possibility of this being
a normal variation was much smaller.
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In this one subject with progres:ivi- Aicýrw1.i _ '.t , the changu con-
sisted of the appearance of paroxysmal burstb -t th,i 6 and 12 month
exams. Paroxysmal bursts are non-speelfic i h io'xi2noei defined as sudden
short appearances of activity, obviously di ffrent t;.,n rive other activ-
ity on the page ana usually present in 11l 1-. 1 .. .rmot oases the
paroxysmal activity consists of slower f,'o', '. ", and/or spikes.
It is most compatible with sei'urc Pt,,, ,* i- -,.,"
hyperventilation in the normal individo l . X' Fn .!I -11C phon ",
change may be seen in an individual who o .pr•fe,,y rorm,'1 clinicqlly
and does not imply that the subject has seizures.

Paroxysmal slowing as well as ut.uer LEG torrviptes of se.zuretb .flt
report.ed to occur with 1ll adminQ:i rauton. ii rhi pro.;ent study only
one case of progre.,sive paroxysmal slowing w, ,.r 1"ot~iad. ft is not: known
whether or not this change might not have occured normailv, or whether
it was due to some other cause. This subject also wa', classified as
"possible" ne,,ropathv, and thi. clinical evidence, I ,,ether with the
fact rhat t:• EEG change wos progres~iv,-, .-n,•lcates thAt he was indeed
experiencing neurological side effects )F INH.

The remaining EEG analysis which has been called subclinical anal-
ysis was done in an effort to extract the maximum amount of information
from the data on hand. Short of spectral analysis or some other com-
puterized techniques, the authors are unaware of another study utilizing
this approach. 'While the results of the p•est:it study may not have any
particular clinical significance, it is hoped ta.at as our knowledge of
EEG expands we may one day understand the meaning of changes such as we
describe here. With this hope of contrcibution to our knowledge in the
future and for the interest it may have for. :he present reader, the
analysis was under-taken. We emphasi.,e agaiv that the significance of
this analysis is unknown and no valid U.G change is being suggested.

In addition to tie above, azothe- factr of umporcance should be
noted. Throughout the analysis, subject. ,i ry is dominant. The defini-
tions of change and significance as -ailtd Cie t'e report were purely
a, bitCary. A knowledge of varibt.l•n of oo,.al i1EG pdati.,:rns over time
does not eXit at this level 4nd a coatco- gwiul ,.,s ,rt included for
cmpari.son. Jud;rnentis about rhe EkL,'s. wrre taI ly .uIjllcrive. The
designations of ell-devclopl-A 'pb.*ri .', ainc, iv were generated
oy the autho's for purposez of d i', . ,;,,. be taken in that
light oniy.

For all these reasons no statL:,t:,1 ', :1., " .,-u- on the final
"d"ta, since more significance wou~d aav.• ol c a J than was warranted.
The fina] results were merely pre..,-t l " , tY I, at ).nterpretation.



STUDY 4

VISUAL EVOKED POTENTIAL

METHOD

Apparatus and Procedure - Visual evoked potentials were recorded on each
subject. The stimulus consisted of 100 flashes of light from a Grass PST
2100 bulb at the rate of one flash per second. The flashes were controlled
by a Grass PS3 photo stimulator unit. The intensity was set at 16, which
corresponds to a maximum flash intensity of 1,500,000 candella. The lamp
was placed directly in front of the subject's face, 15 cm from the nose.
No shielding of the face of the lamp nor interval filtering of the flash
was done. The subject was requested to keep his eyes closed and to look
through his eyelids in the direction of the flash. An attempt was mde to
maintaip alertness by the use of high ambient noise levels and verbalS~~stimulation. •

Only 100 -ight stimuli were given, and the VEP's were recorded from
four different areas simultaneously. Recordings were made in the bipolar
mode from four electrodes placed as follows: Oz - over the inion; Pz -
in the midline parietal area corresponding exactly to the placement of
the 10-20 International System; 01 and 02 - 3 cm lateral and 3 cm supe-
rior to 0,. VEP's were recorded between 0I and 02, 02 and Oz, 01 and Q.
and OZ an(IP z (Channels 1, 2, 3 and 4 respectively).

A pulse artifact corresponding to each flash from the PS3 stimulator
and the subject's EEG response were recorded on paper and magnetic tape.

,%u Ampex SP300 recore - was employed with recordings made in the FM

mode. The output from the Grass EEG machine was fed through a voltage
divider system to the input of the recorder. The input sensitivity of
the recorder was adjusted so that a 100 microvolt calibration signal from
the ,EEG machine produced a peak to peak voltage deflection of 1.5 v as
measured on a CRO monitor at the output of the recorder. The stimulus
artifact was recorded, on a sepacaze data channel, with the input sensi-
tivity level adjusted in the same manner.

The raw data were procesbcd off-line. The output of the Ampex re-
corder wab ied into a Nuclear Da,'a Inc. Aodel ND-800 Enhancetron 1024
for averagiag. The output of toe averager was viewed on a Tektronix
Type 503 oscilloscope. The potential was written out on a Hewlett-
Packard Model 7000 AM XY recorder.



Data Analysis - The potentials were inspected visually to detect any
obvious changes. None were detected. Consequently, a more critical
analysis was undertaken.

First, a baseline was drawn for each VEP. Since there was apparent
drift in some cases, the best-fitting baseline was selected. In most
cases it was an obvious one. A straight horizontal or nearly horizontal
line was the best fit in most cases. Most potentials contained sinusoidal
deflections. The points that bisected these deflections, along with the
initial. starting point of the deflection, were used to determine the base-
line.

Second, the potentials were divided into three parts corresponding
to the: (1) Specific, early or primary complex; (2) non-specific, secon-
dary complex or "main" discharge; (3) the afte" daseharge. In many cases
the points of division were obvious, based on a change in character of
the complexes, amplitude of the waves, baseline width of the waves, etc.
When the division was not obvious the points were located by identifying
the wave which corresponded to wave -five (r.c'ýording to Gestaut) and,
with this, locating waves three and six. Wave f~ve was identified as
the one with the largest amplitude, the most complexity or the latency
of approximately 130-200 mSec.

Vertical lines were drawn bisecting wavws three and 'six, and these
lines were used as division points. Boch syscems resulted in approximately
the same division points.

When the VEP was thus divided, the amplitude, complexity and width
of each section ware determined. The -JMpLACud;2 Ir:uasurements were in ar-
bitrary units and reprezented the peak ro peal- ampli.ude of the largest
wave within trw complex. "Compplexity" ,,e dt-i- , as the number of
changes in poilcity in the def!,;±(:. or oc•- ifutg '.~hin the division. In
deterinin.Lng wThether a change, in polarity o: oefl,ýCcion represented a wave,
it was required that it either crossed •, badlin9 or wa_. the point of
an obvious coange in overall zrencl. ' O-med without reversal of
polarity w;re nuot counted, nor we.. s&.Lrple nc'OiUes on A large wave.
Latenu3.es co trne peak deflect..ort of the VEP w !:e A1•o determined.

in the ,,iezsureaevL: ok peak def0 , lc, .. a,1 i• ir wA., found that,
in general, cne w~ve was largesL in .rnMpLOio,'. ý two deflections
of equal anmpiitude w'..ru found. in .za.. t.• ,awc corresponding
most ciostly to the sblbshed pr:,eri- ). K', chainel was selected
for n.s-e:,,*nt. The peak aeflec.oi1 .-' -,tnn,'.o but not always, wave
five as defined by previous criteria.

% ..od from each channel wer.: ; r~i"zwd , A mean and

a



standard deviation were computed for each measurement. A separate, one-
wa- classification ANOVA was performed on the data from the 12-month
subjects. where two or more measures were derived, they were analyzed
separately by trials (0, 6, 12 months).

In one VEP reliable measurement of the latency to peak deflection
could not be made. A valu& was estimated for the analysis according to
the method outlined in Winer.1 014

Tu .y-four VEP's were suitable for analysis. Eighteen in the 12-
month group and six in the 6-month group.,

RESULTS

The means and standard deviations of the nine (9) measurements are
presented in Table 11. Significant differences between means are indi-:
cated. The analysis of variance and post hoc tests on which these dif-
ferences are based are presented in Appendices 2 to 49.

No grossly vdisible differences were noted in any of the VEP's.

Primary complex amplitude - There was an increase in primary complex
amplitude in channels two and threeat six and 12 months. The difference
in channel three was significant (p<.05). Post hoc tests demonstrated that
the source of the difference was that both the 6 and 12 month scores dif-
fered significantly from control (p<.05), but not from each other. In
channel two-, the control amplitude was higher than either 6 or 12.months.

Primary complex complexity " There was a significant increase at
6 and 12 months in channel one (p<.05). All other channels showed an in-
crease at 6 and 12 months, but none of these differences were significant.

Secondary complex latency -No significant changes nor trends were
seen.

Secondary complex width - A significant decrease (p<.05) at decrease
was found in channel one compared to the 12 month and control values.
Channels three and four of the 12-month group and all channels of the 6-
month group show the same decrease at 6 months.

Secondary complex latency to peak deflection - No significant changes
nor trends were seen.

Secondary complexity amplitude - A significant increase at 12 months



TABLE 11

VISUAL EVOKED POTENTIALS

12 Month Group 6 Month Group
n 8 n 6

Parameter . ' Mean SD Mean SD

Primary Complex

Amplitude
1

Channel 1
Control 12.33 8.68 11.17 7.17
6 Months 11.00 7.03 27.00 15.0i
12 Months 15.78 1.4.01

Channel 2
Control 12.39 9.08 17.33 14.05
6 Months 20.94; 14.24 18.00 9.10
12 Months 21.50 16.92'

Channel 3
Control 14.89 8.11 16.33 14.64
6 Months 22.44* 11.13 16.J.7 9.33
12 Months 23.78* 11.64

Channel 4
Control 33.44 28.94 23.00 16.59
6 Months 27.61 22.97 44.17 14.73
12 Months 28,11 36.08

Complexity

Channel 1
Control. 2.44* 1.04 2.33 1.37
6 Mondhs 3.67 3.85 3.67 1.03
12 Monlths 3.78 1.96

Channe t 2
Control 3.17 . 25 2.00 .63
6 Months 3.67 1,85 3.83 .75
12 Months 3.50 L.69

Channel 3Control 3.06 .87 1.67 .82

6 Months 3.83 ,.'2 4.00 .89
12 Months 3.28 /,I ___
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TABLE 11 (Continued)

VISUAL EVOKED POTENTIALS

12 Month Group 6 Month Group
n 18 n= 6

Parameter Mean SD Mean SD

Channel 4
Control 2.83 1.10 2.33 1.03
6 Months 3.28 1.07 2.67 1.21
12 Months 3.00 1.14

Secondary Complex

Latency to Beginning
3

Channel 1
Control 74.72 19.96 65.83 11.58
6 Months 76.67 21.07 85.00 18.17
12 Months 70.00 29.46

Channel 2
Control 77.50 16.56 74.17 8.01
6 Months 72.22 19.50 87.50 12.14
12 Months 67.22 21.50

Channel 3
Control 71.39 16.96 70.00 8.94
6 Months 71.11 15.20 82.50 18.64
12 Months 68.61 19.99

Channel 4
Control 63.33 16.09 62.50 15.73
6 Months 70.56 23.45 77.50 31.10
12 Months 59-.17 16.29

Width3

Channel 1
Control 162.50 33.00 179.17 38.52
6 Months 14 6 . 9 4L"* 36.83 i43.33 26.96
12 Months 163.33 38.39

Channel 2
Control 150.00 34.39 150.00 33.91
6 Months 152.22 37.78 144.17 37.07
12 Months iE'- 44 43.99



TABLE 11 (Continued)

VISUAL EVOKED POTENTIALS

12 Month Group 6 Month Group
n=18 n=6

Parameter Mean SD Mean SD

Channel 3
Control 147.22 40.04 161.67 28.75
6 Months 134.72 34.28 140.83 34.27
12 Months 142.22 40.81

Channel 4
Control 161.39 35.31 150.67 9.83
6 Months 160•.28 36.60 136.67 16.93
12 Months 162.50 41.56

Latency to Peak Deflection 3

Channel 1
Control 152.78 27.07 157.50 33.58
6 Months 150.00 35.31 175.83 37.61
12 Months 158.61 57.77

Channel 2
Control 147.17 42.35 148.33 29.44
6 Months 144.17 41.03 170.83 20.35
12 Months 1,48.61 54.58

Channel 3
Control 135.83 27.08 126.6-7 23.59
6 Months 152.78 38.81 150.83 28.88
12 Months 130.56 51.27

Channel 4
Control 143.06 ý"2.50 150.00 18.17
6 Months 152.78 59.88 141.67 42.03
12 Months 141.39 40.83

Amplitude

Channel 1
Control 40.94 3t. 9 0 5b.67 33.01
6 Months 32.17 19.03 42.00 21.88
12 Months 82.28"* 74.27



TABLE 11 (Continued)

VISUAL EVOKED POTENTIALS

12 Month Group 6 Month Group
n = 18 n 6

Parameter Mean SD Mean SD

Channel 2
Control 30.22 19.52 44.17 25.95
6 Months 34.11 17.91 41.33 21.20
12 Months 60.89* 47.56

Channel 3
Control 42.39 26.67 57.33 33.39
6 Months 38.28 23.27 41.83 33.87
12 Months 63.33* 34.25

Channel 4
Control 119.78 50.61 81.17 27.24
6 Months 79.78 41.11 93.33 54.37
12 Months 93.39 79.27

Complexity

Channel 1
Control 4.56 1.76 4.00 1.10
6 Months 4.50 2.01 3.83 .98
12 Months 5.28 1.53

Channel 2
Control 4.39 1.94 3.33 .52
6 Months 4.56 1.85 4.83 1.72
12 Months 5.44 2.12

Channel 3
Control 5.50 1.72 4.83 1.60
6 Months 5.06 1.89 4.33 1.51
12 Months 4.72 1.45

Channel 4
Control 5.17 1.69 4.67 1.51
6 Months 5.44 1.46 4.33 1.21
12 Months 5.28 1.99



TABLE 11 (Continued')

VISUAL- EVOKED POTENTIALS

"12 Month Group 6 Month ,Group
n =18 nI6

Parameter Mean SD Mean SD

After Discharge

Amplitude

Channel 1
Control 1.7.00 11.92 24.33 12.40
6 Months 21.28 12.02 25.83 11.25
12 Months 33.82* 24.92

Channel 2
Control 19.33 12.15 25.67 17.49

Months 21.56 13.61 26.00 17.26
12 Months 26_.07 21.00

Channel 3
Control 23.94 13.93 37.00 34.62
6 Months 26.78, 13.55 29.00 19.91
12 Months 34.50 18.87

Channel 4
Control 1 64.17 32.32 46.67 24.55
6 Months 46.06 26.78 63.67 41.02
12 Months 51.67 50.04

Complexity

Channel 1
Control 6.50 2.,68 6.00 1.90
6 Months 8.33 2.45 6.83 .41
12 Months 7.83 2.62

Channel 2
Control 6.89 2.49 5.67 1.03
6 Months 8.17 3.31 6.50 2.07
12 Months 8.56 4.26

Channel 3
Control 8.00 2.59 6.67 2.58
6 Months 8 ,6 .104 8.50 1.22
12 Months 9.44 3.90



TABLE 13 (Continued)

VISUAL EVOKED POTENTIALS

12 Month Group 6 Month Group
n = 18 n = 6

Parameter Mean SD Mean SD

Chanhel 4
Control 7.39 2.12 7.50 2.59
6 Months 7.61 2,43 7.17 1.47
12 Months 9.00 3'ý53

IAmplifude is in relative units.

2Complexity refers to the number of ch&nges in polarity within the com-
plex.

3In milliseconds.

4The analysis of variance revealed a sign1ficant difference at the .31
level of confidence, but the source of the difference was identified
only at the .05 level.

*p<. 0 5
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compared to control on 6 monLhs was seua 1r ,satc clo-incl,: Channel 2
(p<.O1), channel 3 (p4.05), channel 4 (p-.05).

Secondary complex complexity - .o .U d fferences nor trends
werv iutn.

After dIscharge amplitude A $igri , ,. , . (p .05) at 12
months compare" to control and 6 mornths . jrouwuo )j, ,aannel one. Chan-
nels two anc three also showed an iicle ý,' i:, , tcr diLcharge amplitude,
but the increase was not statisticall% •,;n3Ucar,.

After discharge complexity - The 6 ana 12 monLh values were higher
than the controi values in al' chun1;eib 0o bt,! ' ,uup•. These differ-
ences were not found to be stati.stica])y ýýig.glu.1,A.L, however.

The ..cattvred significa.it dicr,,' Al ah' %,cy, found in the visual
evoked potentJal data are difficuL.L Lo _ue~p ti. ,. coms reasonable
to expvct that any real change ocourrii.g wsWuJ1 oe )ound in all channels.
This was found tzo be the casre regaru.Z;,g t.le r,• ny of the primary
complex and Cie after discharge, buz only in tlic p1i;..Jry complex were
any of the differences significait. 'the fo)lLa tr,3d~tional measures of
latency ax'd amplitude did not sliow (ý :ba Ll •ec consistently in all
channels.

One other (fnding ts b s'- ,.,. the three channels
showlng arn eva!-i c in the anp: i I a. ýA , , -,ry iooplex at twelve
-,.oftis, Alth ;, the fourth dh.,n,,c .,. • , change, the over-
all trend hngi~t he considered u • o LM on the evoked poten-

c';t, i', ae . r, if ol ýupport in
,h.nl the changv.ý

A :I ` ":!V. -it Ll., ;. k.t'.d potentials
S,:.Ut haw.,- .I-cs, , . 0.,)t :ntial would

, e , -u : , ." , : a,) I, tk•c enld. Coa-
t , '¼,.. Lxptriencv

,- -*•. lopoida: ,licrC I. -,, v.c, d have been
p,'t , fr. tt, ,, .,ccurately. Ai-

t'hou~sh ,ýt( t.•ta ' ,,,o-w ado 4v nut,,,.;'o' a, . t, t, s, certain

j._f ,r., ,, the lo'fr Ot " ', -O I (ions, ctc.,
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col /o e-irle n a aeinlecdtefnlptnil

Vai~tLo f 'a )~oolgc, taeo* .h sbec s nwnt hv
cosiurb'.. l ti -\,kdpceta. hsvaibe/a n

could oe -aitro.ile i nd mayq1 c hare dinfcluece th nepe t Tinal po enal.in
Var§athniqof e,'s'.'c-ologicbcu datieso aihe- subjectete is knintoferec
conherab'. nonee,,;d. , try be co ed pocntin. This variabed was uhn-e
kn owntic ýan werr sbct.ctapliy :nois or sfevea differen pyilevelc of stin
ulusver :.a. uroul: the rba:n ix-ýc~ .thaty or, secuencay cmipl aex wouddeon
,ao a- aaach oth. 2Ci-1A andUy hzv be-,;,nsna. should hntI ave been mpOyed
tile r:~.vr L.--- uime res of thi ,tudycannoty beodirectliy compMred
wtlh cA-ýer; rin i~ SUC abISoue aOfima de mLeaasuresý were3 not avai.ýlal.

Therii cu- cb'iesI caaamplý j,, art difficut .Zobu inepe . Th - asur-Ikngw
tevigu tae underyi.ae yhyloo~ o;.a bc cdres ieiy hav crpeatdal diff;.er~penc.

i Ihre on reaisons 1c the oter signfiat de changs aere untledas. changs

however, tr wau they hrtdjeaL~v te that thewhsccondary hoaplebewouldund,
hadnda~ierent methe: ýPe :cioploynd inv ten. presn udyChne in the ~ri a.O

tose ofne 1N ý-vc r Like. .o~ipitodoog as n dfcndile abovpe would beini
e~c.1u Sinc c obcralig sL'i Wa)isC Uot nsa)iakhed ý rt isliely tha these

chalg.e ,cc toe unriyohg wAhyi.ýog oi. rthe~ nvormal variat ions.noptc

Tn~ reasons 2o V the 01hc siiicn thnes are uncllSear.iC is

ion uf I., u ivc o~r, , Iw _ý,i%~td aese *.c~ad abovie wold baLe.mi

Becau.,e "ý .thodo~ký tý_L coj~rd osoa t:io fact that no grossly
visii~ a~w cei, . uiuJl rmethoa.s oý data! arhoIvs.L were

not 10.~:.~ i .'c~ :uui' btý fouaJ 'Or tioc P~resen~t method
of dato . ŽJ .t~~ewrx~ ew. of looking at

Tb.!C ýU.c -ý "" 1ý _ro .c -1 iiai _yse .~~t.W1re performod, it
is pc.-s io1,2 t,,. z,, in c aý A o l, of ti-oz ýignificant dif-
ferencvbs wL! .,, - ffec¾,
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SUMLARY AND CONCLUSIONS

Careful study of the results has disc~oced several changes based
on inspection of the data and on stati.iical analysis. Although it is
impossible, f r -Leasons detailed in this serieb of studies, to establish
with certainty -That INH was responsible for changes found, it is not
possible to exclude INII as a cause either. The changes which were found
were minimal and scattered and may have little or no significance. The
clinical data probably raise the greatest q.,estlon. Althougii the c'fin-
ical findings were minimal inmost cases, the significance is apparent,
especially for aviators. The incidence of neuropathy is especially dis-
turbing. Most flight surgeons would not want to allow aviators to fly
with the probability of side effects which were found. Therefore, fur-
ther studies are needed in order to estabLt`si whether the present data
are spurious or would hold up for larger populations.

Meanwhile, although the resultj o! r.ýe )r. -int stu y do not indicate
that INlI is innocuous and causes only noyisi.ýDificant effects, they also
offer no conclusive evidence that should cause aviators co be grounded
simply because IN}{ is being administered.

In the final analysis iz would seem wise to mjke judgment on an in-
dividual basis. The data strongly suggest that r.rvfuJ. study of treated
aviators is indicated. Policy stacements on LMI oho,:ld await further
studies.

7,I
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APPENDIX 2

SUM4IARY OF ANALYSIS OF VARIANCE
SERIAL SUBTRACTION - SCORE

Source SS df MS f

Between Subjects 773.94 20

Within Subjects 1108.67 42

Trials 80.03 2 40.02 1.56

Residual 1028.63 40 25.72

TOTAL 1882.62 62

APPENDIX 3

SUMMARY OF ANALYSIS OF VARIANCE
SERIAL SUBTRACTION - TOTAL TIME

Source SS df MS f

Between Subjects 27916.41 20

Within Subjects 15412.67 42

Trials 345.27 2 172.64 0.46

Residual 15067.40 40 376.69

TOTtT, 43329.08 62



APPENDIX, 4

SUMMARY OF ANALYSIS OF VARIANCE
ORAL RECALL - SCORE

Source SS dc' MS f

Between Subjqets 435.27 ,20

Within, Subjects 264.00 42

Trials 106.13 2 53. 07 13.45**

Residual 157.87 40 3.95

TOTAL 699.27 62'

**p< .01

APPENDIX 5

TESES ON DIFFERENCES BETWEEN TOTALS
ORAL RECALL - SCORE

Ordered -Tests Control 12 Mo. 6 Mo.

TOTALS 181 188 242

Control 181 --- 7 61**
12 Mo. 188 --- 54**

6 Mo. 242 ---

Truncated Range r 2 3

q.99 (r, 40) 3.82 4.37

/nMSrds q.99 (r, 40) 34.791 39.8002

**p<.O 1



APPENDIX 6

PARAGP•PH STIMULI FOR THE ORAL RECALL TEST -

CONTROL Mary Jones, age 23, of 157 North Walnut Sý,reet, Pbiladel-
phia, Pennsylvania,. -was seen. wandering on the 3500 block
of South Main Street, at 3:00 a.m. yesterday, the,13th of
August 1959, -having wrecked .her 1957 Buick on the Johnson
Bridge,.

6 MONTHS John Smith, age 46, of, 235 South Cherry Street,, Chicago,
Illinois, was apprehended at the 1600 block of North
Devon Street, at 1:00 a.m; -yesterday, the 23rd:;of July
1969, aftdr stea-ling a 1968 Cadi1lac from Nicho1as.Motor
Company.

12 MONTHS Bill Morrisý ,age 29, of 758 West Holly Lane,, Baltimore .
Maryland', wa\s observed at 2900', East Lombard Street at
5:00 p.m. yesterday, the 16th of October 1970. He had
just left the 301 Club located next to the First Nation-
al Bank Building.



APPENDIX 7

SUMMARY 'OF ANALYSIS OF VARIANCE
AMPLITUDE OF AFTER DISCHARGE - 'CHANNEL 1

Source SS df MS f

Between Subjects 5796 17

Within Subjects 12388 36

Trials 2756 2 1378 4.85*

Residual 9652 34 284

TOTAL 53

'*p<. 0 5

APPENDIX 8

SUMMARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF AFTER DISCHARGE - CHANNEL 2

Source SS df MS f

Between Subjects 41-54.81 17

Within Subjects 9018.67 36

Trials 509.04 2 254.52 1.02

Residual 8509.63 34 250.28

TOTAL 13665.48 53

85,•



APPENDIX, 9

SUIVMARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF AFTER DISCHARGE - 'CHANNEL a

Source SS df MS f

Between Subjects 6580.37 17 ,

Within Subjects 6972.66 36

Trials 1074.48 2 53i24 3.10

)Residual 5898.19 34 -. ,48

TOTAL 13553.64 53

APPENDIX 10O

SU mmRY OF ANALYSIS OF VAR>*jCE
AMPLITUDE OF AEFTER DISCHARGE - CHANNEL 4

Source SS df, MS f

Between Subjects 44165.26 ;J

Within Subjects 31438.67 3b.

Trials 3094.49 2; 1547.25 1.86

Residual 28344.18 34 833.65

TOTAL 157248.07 53



APPENDIX 11

suMMARY OF ANALYSIS-OF VARIANCE
AMPLITUDEI•OF SECONDARY ,COMPLEX - CHANNEL 1

Source SS df MS f

Between Subjects 40230'.09 17

Within Subjeqt.s 102630.67, 36

Trials 25779.70 2 12889.85 5.70**

'Residual, 76850.90 34 2260.32

TOTAL 142850.76 53

**p< .01

APPENDIX 12

:SUMMARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF SECONDARY COMPLEX - CHANNEL 2

Source SS df MS f

Between Subjects 10571.70 17

Within Subjects 49346.67 36

Trials 10571.70 2 5285.85 4.51*

Residual 39810.97 34 1170.91,

TOTAL 60418.37 53

*p<. 0 5



APPENDIX. 1:3

SUMMARY OF 0ANALYSIS OF VARIANCE
AMPLITUDE OF SECONDARY COMPLEX - CHANNEL 3

Source SS df MS f

Between ,Subjects 12780 17

Within Subjects 34960 36

Trials 6500.11 2 3250.06 3.88*

Rcsidual 28459.89 34- 837.06

TOTAL 76i99,.89 53

*p<.05o

APPENDIX 14

SUMMARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF SECONDARY COMPLEX - CHANNEL 4

Source SS df MS f

Between Subjects 65884.31 i7

Within Sub-j'e6ts 12810. 36

Trials 14889.81 2 7444.91 2.24

Residual 113218.19 34 3329.95

TOTAL 193992.31 53



APPENDIX 15

SUMMARY OF ANALYSIS OF VARIANCE
WIDTH OF SECONDARY COMPLEX - CHANNEL 1

Source SS df MS f

Between Subjects 56616.66 i7'

Within Subjects, 19366.67 36

Trials 9363.88 2 4681.94 15.94**

Residual 10002.79 34 294.20

TOTAL 75983.33 53

**p<.O 1

APPENDIX 16

SUMM&ARY OF ANALYSIS OF VARIANCE
WIDTH OF SECONDARY COMPLEX - CHANNEL 2.

Source SS df MS f

Between Subjects,. 54750.00 17

Within S§U1ects 24683.33 36

Trials 2177.77 2 1088.89 1.65

Residual 22505.56 34 661.93

TOTAL 79433.331 53



APPENDIX.17

SUMMARY, OF ANALYSIS OF VARIANCE
WIDTH OF SECONDARY COMPLEX - CH'NNEL 3

Source SS df MS f

Between Subjects 45870.83 17

'Within Subjects 31100.00 36

T-.:ials 1425.00 2 h12.50 .82

Recidual 296Z5.00 34 872.79

TOTAL 76970.83 53

APPENDIX 18

SUMMARY OF ANALYSIS OF VARIANCE
WIDTH OF SECQNDARY COMPLEX - CHANNEL 4

Source SS df MS f

Between Subjects 56987.50 17

Within Suibj edts 16•383.33 36

Trials 44.44 2 22.,22

Res•Ldual 16338.89 34 430.56 .05

TOTAL 7337C,83 53
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ýAPPENDIX 19

SUMMARY OF ANALYSI$ AOF• VARIANCE.
COMPLEXITY OF PRIMARY COMJ!LEX - CHANNEL I

Source SS df MS f

Between Subjects 43.3 17

Within Subjects 90 36

•Trials 17.3 2 8.65 4.05*

Residual -72.7 34 2.14

TOTAL 133.3 53

*p<. 0 5

APPENDIX 20

SUMMARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF PRIMARY COMPLEX - CHANNEL 2

Source SS df MS f

Beiween Subjects 69.33 17

Within Subject: 66 36

Trials 2.33 2 1.17 .62

Residual 63.67 34 1.87

TOTAL 135.33 53

9,/



APPENDIX 21

-SUYIiARY OF ANALYSIS OF- VARIANCE
COMPLEXITY OF PRIMARY COMPLEX CHANNEL 3

Source SS df MS f

-Between Subjects 62.83 17

Within Subjects 42 36

Trials 5.77 2 2.89 2'.70

Residual 36.23 34 1.07

TOTAL 104,83 53

APPENDIX 22

SUMMARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF PRIMARY COMPLEX - CHANNEL 4

Source SS df MS f

Between Subjects. 17.26 17

Within Subjects 46.67 "• 36

Trials 1.82 2 .91 .69.

Residual 44.85 34 1.32

TOTAL 63.95 53



APPENDIX 23

SUMMARY OF ANALYSiS OF VARIANCE
COMPLEXITY OF SECONDARY COMPLEX - CHANNEL 1

'Source, SS df MS f

Between Subjects 98.66 J.7

Within Subjects 68.67 36

Trials 6.1' 2 3.39 il86,

Residual 61.90 34 1.82

TOTAL 167 .,3 53

APPENDIX 24

SUMMARY OF A1'ALYSIS OFtVARIANCE
COMPLtXITY OF SECONDARY COMPLEX - CHANNEL 2

'Source SS MS f

Between Subjects 68,.j/6 17

Within Subjects 142.00 36

Trials 11. 59 2 5.80 1. 51[

Residual 130.41 34 3.84

TOTAL 210.76 53
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APPENDIX 25

SUMMARY OF ANALYSIS OF VARIANCE
)COMPLEXITY OF SECONDARY COMPLEX CHANNEL 3

Source SS 6cf MS f

Between Subjects 66.54 i7i

Within Subjects -86.06' 36

Trials 5.4 8 2;. 74 i, 16

Residual 8b.,2 34 2.37

TOTAL 152.54 53

APPENDIX 26

SUMMARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF SECONDARY COMPLEX - CHANNEL 4

Source SS df MS f

Between Subjects 81.93 17

Within Subjects 71.33, 36

"Trials .761 2 .35 .17

Residual 70,63, 34 2.08

TOTAL 153.26 53



APPENDIX 27

SUMMARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF AFTER DISCHARGE - CHANNEL 1

Source SS df NS f

Between Subjects 155.33 17

Within Subjects 2Y'; . 36

Trials )'2.33 2 16.11 :.96

Residual 185.67 34 5.46

TOTAL 373.33 53

APPENDIX 28

SUMM1ARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF AFTER DISCHARGE - CIANNEL 2

Source SS df MS f

Between Subjects 300.76 17

Within Subjectb 327.33 36

Trials 27.37 2 13.69 i.51

Residual 299.96 34 8. t,

TOTAL 628.09 53



APPENDIX 29

SUMMARY OF ANALYSIS OF VARIANCE.-
COMPLEXI-TY OF AFTER DISCHARGE - CHANNEL 3

Source SS df MS f

Between Subjects 246.67 17

Within Subjects 215.33 36

Trials 19.11 2 9.56 1.66

Residual 196.22 34 507

TOTAL 462.00 53

APPENDIX 30

SUMMARY OF ANALYSIS OF VARIANCE
COMPLEXITY OF AFTER DISCHARGE - CHANNEL 4

Source SS df MS f

Between, ,Subjects 236.67 17

Within Subjects 179.33 36

Trials 27.44 2 13.72 3.07

Residual 151.89 34 4.47

TOTAL 416.00 A
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APPENDIX 31

SUMMARY OF ANALYSIS OF VARIANCE
LATENCY TO PEAK DEFLECTION -,CHANNE'L 1

Source SS df MS f

Between Subjects 55630.09 17

Within Subjects 35466.67 36

Trials 695.37 2 347.69 .34

Residual 34771.30 34 1,022.69

TOTAL 91096.76 53

APPENDIX 32

SUMI*MY OF ANALYSIS OF VARIANCE
LATENCY TO PEAK DEFLECTION - CRANNEL 2

Source SS df MS f

Between Subjects 36163.64 17

Within Subjects 73760.67 36

Trials 185.03 2 92-52 .04

Residual 73575.64 34 2163.99

TOTAL 109924.31 53
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APPENDIX 33

SUMMARY 'OF'ANAYSIS OF- VARIANCE'
LATENCY TO ,PEiAK DEFLECTION -- CHANNEL 3

Source 'SS df Ms' fi

Between Subjects 20870.83 17

Within Subjects ,66750.00 36

Trials 4852.77 2426.39 1.33

Residual 61897.23 34 1820.51

TOTAL 87620.83 53

APPENDIX 34

SUMMARY OF ANALYSIS OF VARIANCE
LATENCY TO PEAK DEFLECTION - CHANNEL 4

Source ss df MS f

Between Subjects 55687.04 17

Within Subjects 51933.33 36

Trials 1362.04 2 681.02 .46

Residual 50571.29 34 1487.39

TOTAL 108620.37 53
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APPENDIX 35

SUMMARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF PRIMARY COMPLEX - CHANNEL 3

'Source SS df MS f

Between Subjects 1.556.60 17'

Within Subjects 4117.33 36

Trials 318.82 2 109.41 95

Residual, 3898.51 34 114.66

TOTAL 5673.93

APPENDIX 36

SUMM•RY OF ANALYSIS OF VARIANCE
AMPLIhUDE OF PRIMARY COMPLEX - CHANNEL 2

Source SS df MS f

Between Subjects 2420.1b 17

Within Subjects 8462.67 36

Trials 939..11 2 1169.5o 2. L_

Residual 7523.56 34 22i.28

TOTAL 10882.83 511



APPENDIX 37

SUkHARY OF ANALYSIS OF VARIANC.
AMPI'rUDE oF PRIMARY COMPLEX -,CHANNEL 3

'Source SS df MS f

Betweeni2Subjects 2205.92 17

Within, Subjects 4146.67 36

Trials 827. 26 2 413.63 4.24*

Residual 3319.41 34 97.63

TOTAL 6352.59 53

/*pi.05

APPENDIX 38

SU•MARY OF ANALYSIS OF VARIANCE
AMPLITUDE OF PRIMARY COMPLEX - CHANNEL 4'

Source SS df MS f

Between Subjects 16514.83 17

Within Subjects 29200.00 36

Trials 376.33 2 188.17 .22

Residual 28823.67 34 847.76

TOTAL 45714.83 53
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APPENDIX 39

SUMMARY OF ANALYSIS OF VARIANCE
SECONDARY COMPLEX - LATENCY TO ,BEGINNING - CHANNEL 1

Source SS df MS f

Between Subjects 14396.76 17

Within Subjects 15100.00 36

Trials 423.15 2 211.58 .49

Residual 14676.85 34 431.67

TOTAL 29496.7b 53'

APPENDIX 40

SUMMARY OF ANALYSIS OF VARIANCE
SECONDARY COMPLEX - LATENCY TO BEGINNING - CHANNEL 2

Source SS df MS

Between Subjects 8385.6: 17

Within Subjects 11550.00 36

Trials 950.93 2 475.47 1.53

Residual 10559.07 34 311.74

TOTAL 19935.65 53
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APPENDIX 41

SUMMARY OF ANALYSIS OF VARIANCE
SECONDARY COMPLEX - LATENCY TOý BEGINNING- CHANNEL 3

Source SS df MS, f

Between Subjects 10075.92 17

Within Subjects 5616.67 36

Trials 8M .26 2 42.13 .26

Residual 553 .41 34 162.72

TOTAL 15692.59 53

APPENDIX 42

SUMMARY OF ANALYSIS OF VARIANCE
SECONDARY COMPLEX - LATENCY TO BEGINNING;- CHANNEL 4

Source SS, df MS, f

Between Subjects 9468.98 17

Within Subjects 9983.33 36

Thials 1195.37 2 597.69 2.31

Residual 8787.96 34 258.47

"TOTAL 19452.31 53
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APPENDIX 43

TESTS ON, DIFFERENCES BETWEEN TOTALS
AMPLITUDE OF AFTER DISCHARGE - CHANNEL 1

Ordered Measures Control 6 1o. 12 No.

TOTALS 306 383 609

Control 306 --- 7,7 303*
6 Mo. 383 --- 226*
12 Mo. 609

Truncated Range r 2 3

q.9 5 (r, 30) 2.89 1.49

N7Src s q95 (r, 30) 206.37 249.22

*p<.05

APPENDIX 44

TESTS ON DIFFERENCES BETWEEN TOTALS
AMPLITUDE OF PRIMARY COMPLEX- CHANNEL 3

Ordered Measures Control r mo. 12 Mo.

TOTALS 268 404 428

Control 268 --- 136* 230*
6 No. 404 --- 24
.12 4,io. 428 ---

Truncated Range r 2 3

q.95 (,r, 30) 2.89 3.49

/nMSres q95 (r, 30,) 83.84 125.76

*p<.0 5
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~APPEilbIX 45

TESTS ON ,DIFFERENGES BETWEEN TOTALS,
COMPLEXITY OF PRIMPtV 'COMPLEX - CHANNEL 1

Ordered Measures Control- 6 Mo'. i2 Mo.

TOTALS 44 62 68

Control 44 18* 24*
6 Mo. 62 -- 6

12 Mo. 68

Truncated Range r 2 3

q.95, (,r, 30) 2.89 3.49

n/nMSTesF q95 (r, 30) 17.49 21.66

*p< .05

APPENDIX 46

TESTS ON DIFFERENCES ,BETWEEN TOTALS
WIDTH OF SECONDARY 'COM4PLEX - CHANNEL 1

Ordered Measures 6 Mo. Control 12 Mo.

TOTALS 2645 2925 2940

6 Mo. 2645 --- 280* 295*
Control 2925 15
12 Mo. 2940

Truncated Range r 2 3

q95 '(r, 30) 2;89 3.49

vGnMSres q95 (r, 30) 210,31 253.97

*P-,.05
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APPENDIX 47

TESTS ON DIFFERENCES BETWEEN TOTALS
AMPLITUDE OF SECONDARY COMPLEX - CHANNEL 3

Ordered Measures 6 Mo. Control :1.2 Mo.

TOTALS 689 763 1140

6 Mo. 689 --- 74 451.*
Control 763 --- 377-
12 Mo. 1140

Truncated Range r 2 3

q9 5  (r, 30) 21.89 3.49

"nMSres q95 (r, 30) 354.74 428.39

*p<. 0 5

APPENDIX 48

TESTS ON DIFFERENCES BETWEEN 'TTALS
AMPLITUDE OF SECONDARY COMPLEX -'CMANNEL 1

Ordered Measures. 6 Mo. Con•trol 12 Mo.

TOTALS '579 737 14 18

6 Mo. 579 --- 1-58 , 02-z
Control 737 --- 744*
12 Mo. 1,48].

Truncated Range r 2 3

q95 (r, 30) 2.89 3.49

iVnM res q95 (r, 30) 583.42 704."

*p< .05
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APPENDIX 49'

TESTS ON DIFFERENCES BETWEEN MEANS
AMPLITUDE OF SECONDARY COýIPLEX - CHANNEL 2

Ordered •Measures Control 6 Mo. 12 Mo.

TOTALS 544 614 1096

Control, 544 70 552*
6 Mo., 614 --- 482*
12 Mo. 1096

Truncated Range r 2 3

q.95 (r, 30) 2.89 3.49

Cýffsres -q95 (ri 30)- 419.56 506.67

*p< .05
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