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‘Effects of a Hallucinogenic Agent in Totally Blind

Subjects

MLEX E, KRILL, M.D.; HUBERT 1. ALPERT, A.B., and ADRIAN M. OSTFELD, M.D,, Chictago

A previous study demonstrated that .ly-

sergic acid diethylamide (LSD) induced
measurable changes in hwiman retinal function
while visual hallucinations and illusions were
being experienced.! The changes were evi-
dent in both dark-adaptation and clectro-
retinographic studies and were interpreted as
mildly hypoxic or toxic retinal effects of
LSD. In the dark-adaptation curve, 15D
delayed the rod-cone break and elevated the
entire rod threshold. Inthe electroretinogram
{ERG), the drug increased the scotopic b-
wave amplitudes and in some subjects also
wcreased the scotopic e-wave amplitudes.
Because hallucinations and illusions were
reported only when measurable ERG and
dark-adaptation changes occurred, a possible
retinal role in the induction of hallucinations
was considered. Consequently, the present
study was undertaken to clarify the role of o

functioning retina in the induction of L5D- .

induced . visual changes by studying subjects
with total blindness {no light perception)
and, insofar as could be determined, normal
central nervous system function.

Method

Twenty-four totally blind subjects were studicd.
Four subjects were totally blind by the age of 2
arul were designated as “congenitally blind* All of
these subjects probably had some vision at hirth,
The otlier 20 subjects were not totally blind until
late childhood or some time thereafter; these sub-
‘jects were designated as the "non-congenital group.”
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The approximate age of complete visual loss (no
light perception in cither eye) in all subjects is
shown in the second column of Table 1. The age
range was 10 to 70 with a mean age of 44, Fifteen
were women, 7 Negro, The average education level
was 1 to 2 years of high schaol} 6 had some college
training,

All subjects were lospitalized for a minimum of
215 days. A general medical history and physical
examination  {including a complete neurological
cvaluation) were carried out on each subject.
Routine Inboratory studies were also done. Subjects
with moderately severe hypertension or diabetes

Tanng 1.
Ape Age
Sul). * {Yrs.) Race Sex Ne LP
1 16 W M £ mo.
2 71 w o 27
3 52 W F 8 mo.
4 41 N M 1
5 74 W P 74
[ 42 W F 25
7 o] w M Jil<]
3 27 W F 5
9 55 N M 47
10 o N M 15
11 44 W M 3
12 67 w P 8.5
13 48 w T 17
14 w6 W oy 43
15 it W P 0
15 44 w o 16
17 70 w oy 8
18 ‘ hi-3 N M 36
10 3 N M 30
20 an W M a7
2 &0 w r b
n 72 W ¥ 12
T wo 34 417
4 5l N ¥ 20

* **Congenital subjocls” 14; “ Nencongenltal subjocts™ 524,
t Xey for hnllucinations: ¥, Visual; T, Tsetile; G, Qustntory;
8T, Spontaneous Vismal lxperiences; O, Olfuctory; A, Auditory.

7t




- LSDHALLUCINATION - BLIND SUBJECTS

mellitus, coronary artery Jiscine, evident psychetic
or scrious ncurotic disturbances, or with any cvi-
denee of a neurological disorder oufside the visual
system were excluded [rom this study,

gt
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After the initial interview, the subjoct was given
cither a placebe or lag. per kilogram of LSI) ac-
cording to double-blind procedures. The order of -
administration was decided by coin {lips; cach ex-

The various causes of Dlidness in all suljects  periment was done on a separate day. Both solu-
and the principal oeular findimngs are shiown in Table tions were identically flavored with cherry syrap.
1. In 2 subjects with intact normal-sized eyehalls, Tape-recorded intervicws ™ were obtained immedi-
o clectroretinograms were obtained, ately after LS or the placcho and at subsequent
: . . . . e i . ] lects pe-
: i All data pertinent to this sindy were ablained in 30 mnlmte 111thv1ls fn‘r 3V h(:lurs.l 1f S‘_jhjcc“ F&
H a small semi-soundproo! roons 734104 16 The sub-. portec ulnum:fll ]cxpcncncq;. he Interviews Aw]c‘rc
f . B - . 3 4 . 1§
| jects were questioned by ihe same fnterviewer, @ C?m“uef un l]} 1;:.slc c:pcnclncc:.l_s? genzz over t
} second-yenr medieal student, amd the Tull content of ° ’Ic‘llucshons asKe ;,5 snown in a] ct .l el
i H H N o ala
: cach interview was tape-recorded, ie tape recordings were cvalualed separately
| The t ded data ohiained srior ol hy 2 of us. Six categories of data were ahstracied
! ape- al: aine for to . . .
; . lf apc ‘rcco;-t (;.( ]l(_ﬂ'lL ;_*” l:““' .p“m(]) ,IE]": from the recordings for correlation with druy and
al exper [0 2 CHLCEOrIUS - , .
4 as ml ;:M; nmcnt c“ mL.‘ o :;:tm]l:‘{ Lo (u: placebo cffects. These categories were: (1) visual
¥ :};SM nstor_vi !'lil) o the tme ol tofa : k ‘;‘ 1‘11c.-s % history {estimated duration of normal vision and of
! e age @ 3 Was aired ; o I3 - .
- % fc AEC ;‘1 winich rlmo“ #s mipl‘l;‘;.‘ '1 ' )"’ r(12t)c total blindness) ; (2) presence or abscnce of visual
" al loss: ¢ b [ {ow 85) 3 .
§ %} vistia '1(1')‘55,. ¢, e age nl"t o ;1. :m ne ( e clements in dreams; {3) presence or absence of
. e visual experiences alter iundness i, & current spontaneous visual phenomena {such as
B subject’s visual memaory; b, the prescnce and com- - :
) plexity of visual dreams; ¢, the presence of spon- * Some of these questions were selected from a
oy taneous visual experiences: d, he nature of present  questionnaire devised by Abramson for asscssing
A enivironmental perceptions). LSD effect? ‘
o Tabulation of Dala
i Haliuclnations, LD t
. Alain Recent “
oy Dingnosls Orylor Finding 5P v A T G o
oo Congenital totaraets [hthisis hulbae O.U. — . + + - +
. ‘| ' Trouma Prithisis balbae O, - — o+ o+ — -
: Traumn Fuucleation 0.0, —_ - "t -+ -— +
_ : L Fuueleation .U, — — -+ + . e +
A Wide-angle glaucoma Enurieation O.U. + 4= .+ — -— -
- Juvenile glaucoina Phthisis butbae Q.U - R — -+ - . -+
Motastatic panopthalmlitis Phthisiz bibne OV, -+ -+ - = - -
Congenital glancoma Enncleition 013, -+ - + . — —_ s
. Absalute plancoma 0.8, .
Glaucoma 0.7, Retingd detachnment O, E + + + - -
Retinal detachmont Q.. Alzointe lancyma 0.5, .
. Uwoitis Tthisis bulbae G0, L + -+ - — —
- ) Tromna 0.0, hihisis hulbae OU. -+ + - -+ —_ -—
. , Symp, optithahnia 0,8, :
i Ophthialmin neonatorum Tivthisis buibae OU, + -+ - -+ + +
! Uvyellds Absoleie gaucoma ©.U, + 4 + + - -
B Secondary glancoma : '
f Tumor Q.D. Enuciention 0T, + + +. + s -+
1 Absolute glavcoma 9.8,
i Congenital cataracts PPhithisis bulbne 0.0, o+ + o4 -+ — .
) ; ? Euucleation O.U. -+ -+ -+ + + S
o Ophthalmia neonateram Eueleation 0.0, + + o+ + — -
i Phithisis bulbac 0.8,
t Trauma 0.U, Piithisis bulbae 0.8, -+ — —_ + — —
d Optie nlrophy O.D.
Tveitls Phihisis bulbae 0T, + - - + — +
1 Toxi¢ amblyopia Optie atraphy 0.U, + - - - — —
| Uwvoitia Eaucleatinn O.U. - — + + + -—
! Metastatic panophihalmitls  Phithisis bulbae O,U, -— - —_ —_ —— -—
L Trautas? Phthisis bulbae 0.1, — — — 4 + —
i Taucleation QU8
T Traums T'hthisis butbae 0.1, - - —_ + -_ -
i i Enucleation 0,8.
1
i
1 : i
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TanLe 2—Postdrug Questionnaire

[

. How de you foel T (details}

- How does your bedy fee)? (detalls)

. I3 there any changs in what you hear? What have you
heard?

Iiave you heard any confusing things®

Do things seem eotmplataly dark in this reom? If nat,
what are you swaze of? (Then Lo specifie—liphts, spots,
faces, landscapes, relation of these to sveats of past life,.)

Does the room seem different in any way?

Drocs anything foel different (bedshect, [ace, ear}?

Can you smell anyihlng? (dotuiis)

Cua you tuste anything? (detalls)

Dro you think anything is Lappening to any part of you?

10. Is it hierd to concentrate?

1L Are you tiaving a Jot of thoughts? About what?

2. Are you haviog trouble telling e about anything?
13. Do you fuc! silly?

[0 &

L -

lights, spots, faces, etc.) : (4) estimated intelligence
of the subject; (3) acuity of visual memory: (6)
the use of wvisual imagery in answers to specific
questions. Four-point rating scales (Table 3) were
devised for classifying 4 of the 6 categories of
information,

When disagreement existed between the 2 raters,
the evaluations were repeated. A subsequent evalu-
ation was made of the per cent agreement between
the 2 observers in the rating of the 6 variables,

The postplacebo and postdrug recordings were
revicwed without the reviewer's knowing the prep-

Tadle 3.~Four-Point Rating Scales

Visual Ilstory

1. Lost stght o infaney—"'conpenltally blind "
2. Lost object pereeption as o child,

3. Had good vision whils an nduit,

4. Lost all vislon within the last 3 years,

Jenernt Intélllgeuce

1, Slew of apeach, lmited vocobulary, Iess than 8 grudes of
education.

Slightly grester communleative abllity, somae high schopl *
eduention,

. Comuunicates wall, completed high school,

- Yerbal fluency, wealth of voeabulary, sowe collegs edu-
culion,

Lid

-y

Visual Momory

. Mecalls no vhjects, faces, or colors,

- Soane recollectlon of either ubjoets, fucas, or colors.

- Ruther clear recollectlon of ohiects, faces, snd colory,
« Vivid recollacilon of oll past Images.

- LS R

Visual Irasgery

1, AY nuestione answered In terms of touch, hearing, smell
without visusl reference,
2, One indigect visual reference such og mentioning one colar
or spesking of o tall person,
4. Froquent but somewhat vague visusl references a8 In 2.
4. Vivid and frequent visual references,

ARCHIVES OF OPHTHALMOLOGY

aration given, Counts were made of the number
of subjects reporting visual hallucinations, and the
number reporting tactile, olfactory, gustatory, and
auditory hallucinations, The visual hallucinations
were divided into simple and complex, chromatic
and achromatic. The definitions of the various sub-
jective phenomena used here are those of English
andd English® A comparison was made of the num-
ber of cach kind of hallucination after placebo and
LSD.

The occurrences of visual hallucinations were re-
lated to the 6 categories of duta evaluated. The
ratings and number of visuad hallucinations were
initially placed in 434 contingency tables and con-
tingency coeflicients determined. Then the 44
tables were collapsed into 22 tables and the Fisher

. exact probabilities test carried out*

Because of the small size of the “congenital
group,” a quantitative evaluation of their data was
not made. It was considercd justifable to separate
these 4 subjects hecause of the minimal amount of
preblindness experience in this group.

TarLe 4—-FHallucingtions with LSD

Noneongenitals (20) Congeniiils (4)

Taotal Total
Viznal 14 )
Simpla 12
Camplex 2
Colored 7
Noncolored 7
Auditory 11 4
‘Factilo 17 +
Olfactory 5 3
Gustatory 4 1
Results

Thirteen of the 24 subjects reported visual
alterations after 1.5ID (Table 4). Eleven sub-
jects reported simple hallucinations, and 2
subjects reported  complex  hallucinations
(faces, persons, furniture, etc.). Five of the
subjects reporting simple, and the 2 subjects
reporting complex  hallucinations described
color (Subjects 10 and 14), The frequency
of L5D-induced nonvisual hallucinations is
shown in Table 4.

No subjects reported subjective visual
phenomena when the placebo trial preceded
LSD. However, when the placebo trial fol-
wwed 1.5, 3 sulijects reported visual hallu-
cinations. Two of these 3 subjects reported
more vivid visual hallucinations in the prior
LSD trial. Four subjects reported nonvisual

7ol, 69, Feb., 1963 76




LSD HALLUCINATION---RILINI SUBIECTS .

hallucinations when the pincebo trind wis first
and 10 when the placebo trial wis second.
There was complete agreement befween the

-2 observers in evaluation of 3 of the G cate-

gories of data, The muxinnm disagrecment
was in the evaluation of estinated inteliigence
{4 subjects). However, in no cilegory was
the disagreement in ratings more than 1 scale
unit.

The reporting of visual hallucinations was
related 1o only 1 of the & categories of data.
Only subjects who reported visual phenom-
ena in normat lfe experienee reported visual
hallucinations after LS ( P<0.002).1 Sub-
jeets who normally perceived anly a constant
homogenous gray or black field «id not ex-
perience  hallucinations after the drug
(bottom of Table 1). Thase who perceived
spots, flickers of light, or colors during ordi-
nary lifc experiences were the only ones who
reported such occarrences after 1.5, Tt ap-
peared that 1SD increascd the {requency and
intensity with which such events took place,

Three subjects. with spontaneous visual ac-
tivity did not experience visual hallucinations

after LSD (Subjects 18, 19, anil 207, Two-

of these 3 subjects (both with total optic
atrophy) had at least 1 eye with a functioning
retina, on which electroretinograms were ob-
tained (Subjects 18 and 20). The post-LSD
ERG of these 2 subjects tested showed b-
wave amplitude increases (Table 5) similar
to those noted in recordings from normal-
sighted subjects reporting hallucinations,?

despite the fact that neither blind subject re-

% Through the use of thé Fizher exact prohabili-
ties test for 22 tables.

TABLE S.=—B-Wave Amplitude Changes,

Microvolls
Postplaccho
i1 2 It 18 1é
Bubject 18 ~—40,0 -352.5 —G5.0
Subject 20 ~100.0 ~4.0 —32.6 —Ii80 —G00
Past-LED
1 I2 It 18 Ii6
Sabject 18 125 +3.0 4152.5

Subject 20 - 440 860 +04.0 +76.0 ~-28.0

w7 Krill et al.
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ported - visual phenomena. The pustplacebo
LERG showed b-wave amplitude decreases
(Table 5). The postplacebo ERG from nos-
mal subjects also showed a decrease in b-wave
amplitude or in a few subjccts did not change
in sized

Comment

Tt is evident that a normal retina is not

‘needed for the occurrence of LSD-induced
vistal experiences. These visual experiences -

do not seem to differ from the hallucinations
reporied by normat subjects after L5D,

Such phenomena occurred only in blind
subjects who reported prior visual activity.
The drug increased the frequency of visual
events such as spots, lights, dots, and flickers.
However, the complex visual experiences re-
ported by 3 subjects after LSD did not occur
after placebo or in ordinary experience,

It is interesting to note that duration of

blindness was not related to the occurrence of
visual hallucinations; nor was intelligence,
acuity of visual memory, or use of visual
imagery in speech.

Three other reports deal with the effects of
haliucinogenic drugs on blind subjects.
Alema  reported that 50ug. of orally admin-
istered LSD induced elaborate visuai haliuci-

nations in a subject with bilateral enucleations '

of the eyeball, However, the effects of 50ug.
of LSD are stated to have persisted for the
incredibly long period of 5 days (they usually
Jast 6 hours). This subject was noted to have
spontaneous visual activity. Zador ¢ adminis-
tered mescaline orally in doses of 0.05 to 0.4
gm. to 10 blind subjects. Elaborate visual
hallucinations usually followed, Most of the
subjects had prior spontaneous visual activity,
but it is difficuit to evaluate this activity be-

cause they also had central nervous system .

diseases. The presence or absence of light
perception was not specified for this group,
and no control studies were carried out. For-
rer and Goldner 7 gave LSD, lug. per kilo-
gram, to 2 blind volunteers, both of whom

" had suffered destruction of the optic nerves.

Neither reported visual hallucinations, no
mention was made of prior sponfaneous

e ATy T
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184 .

hallucinations, and no mention was made of
prior spontancous visual activity,

Clearly, LSD does not affect the visual
system exclusively, -In the blind subjects as
in the normal ones, nonvisual hallucinations
oceurred. However, auditory, tactile, oliac-

tory, and gustatory hallucinations occurred

more frequently than is usually reported by
normal subjects {Table 43, In 4 studies of
normal volunteers,!'® 279% 1285, 7%, and
37% of the subjects reported auditory hallu-
cinations, and 0%, 7%, 13%, and 4% report-
ed gustatory hallucinations. In this study 536
of the subjects reported auditory haltucina-
tions, and 20% reported gustatory haltucina-
tions,

. There are at least 2 probable reasons for
the increased frequency of nonvisual hallu-
cinations in the blind group. Blind subjects
tend to note and report nonvisual phenomena
more carefully. Furthermore, their depend-
ence on nonvisual senses may physiologically
alter other perceptual functioning in such a
way as to make this group more susceptible
to the nonvisual effects of LSD.

The IiRG findings in 2 subjects (Subjects
18 and 20), both with total optic atrophy,
establish an independent retinal effect of
1.5D), since centrifugal control from higher
visual centers was unlikely. In normal sub-
jects the simultaneous occurrence of retinal
amf higher visual center changes (interpreted
as hallucinations) may reflect a similar LSD

sensitivity of various segments of the visual
- pathways.

The absence of visual hallucinations mn
these 2 subjects indicates that not all totally
blind subjects with spontancous visual ac-
tivity experience visual hallucinations after
LED (3 in this study),

The simple and complex hallucinations of
the totally blind subjects in this study can be
related in sume degree to the experiments of

" Penfield 't in which electrode stimulation of
Area 17 prinduced simple noncolored forms,
and stimulttion 6f the temporal lobe producedd
colored and compdex hallucinations, However,
what results would be obtained from direct
electrode stimulation of the optic radiations,
optic tract, optic chinsm, or optic nerve? It

ARCHIPES OF OPHTHALMOLOGY

has been demonstrated that stimulation of
most of these ardns by other means (e.g.,
small tumors) can induce simple or complex
visual hallucinations.’® The dilemma of the
origin of LSD-induced hallucinations has not.
been solved, )

Localization may be a meaningless concept
in terms of hallucinations, Rather, the func-
tional status of the visual network must be
consicdered, The impurtance of this functional
concept is implied in this study by the oc-
currence of drug-induced hallucinations in
only those subjects experiencing spontaneous
visual activity.

Summary

Twenty-four totally blind subjects were
given lysergic acid diethylamide (I.SD) and -
a placebn, in double-blind fashion and random
order,

All subjects were interviewed before and
after drag administration with standard
questionnaires, All iuterviews were tape-
recorded and evaluated by 2 observers. An
attempt was made to correlate certain cate-
gories of data with the reporting of visual
hallucinations, Ilectruretinograms were re-
corded in 2 subjects before and after LSD
and placebo administration.

Thirteen subjects reported visual halinei-
nations after LSD which were similar to
LSD-induced hallucinations reported by nor-
mal-sighted: subjects. All 13 blind subjects
I hadd prior spuntaneous visual experiences.
Subjects having no prior visual experience
did not report drug-indueed visual hallucina-
tions., )

LaD-induced nonvisual hallucinations ocs
curred more frequently in the blind subjects
than usually occur imnormal-sighted subjects.

The EIRG changes after 1.SD in 2 blind
subjects with total optic atrophy were similar
to those changes noted in normal subjects
reporting visual hallucinations !; however,
neither bling subject reported hallucinations,

Conclusions

LESD-induced  vismal  hallucinations
occur withaut o functioning retina,

can

1700, 69, Feb., 1063 8
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LSD HALLUCINATION-- 870N SURIECTS

"Lal praduces independent rvetinal and
higher visual pathway effects. I normal sub-
jects the simultancous oceurrence of retinal
changes and visual hallucinitiions suggests a
similar LSD seasitivity of various segments
of the visual pathways.

A visual system with some degree of fune-
tion appears necessary for drug-induced hal-
lucinations 1o occur. All subjects reporting
visual hallucinations after L.51 had a history
of previcus spontanecus visual activity,

Acknowledgement is made 1o Miss Miriam Jack-
son for editorial advice,

A, L Krill, M.D, Sectivn oi Ophtlialimalogy,
Usniversity Clinics, 950 E, 59 =i, Chivago 37, 111
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