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'I’IIIO ljAtk lomorTs Or uoad poisonino

1>0\ L. Thurston, M I).. .1 Nk.\i, Miixi.kami* M )., and
Luzaiiktii Mason, I'm.l)

St. Lons, Mo.

1110 lair effects ol lead poisoning
Ton Ilir physical and psychological
development of children have received
lillle allcnlioii. Though thousands of
ai lides have appeared on lead only,
livers and Lord.1 Dloneu* and
Loci Isch and Mason have reported
on the final effects of lead poisoning
in patients followed lor a variable
period of time. The seiplehle of lead
intoxication in children appear to he
niainl.N psychological. Little inlerfer

eliee in physical development has
lieeli reported. However, two of olll*
patients showed optic alrophx : one
with permanent blindness.

linline ||M teii-xear period. IllId
through  I'M».  Iweiilj six ehildren
were treated for lead intoxication.

The source of the lead was either from

paint, plaster, or lead toys. Seven
children rJT per «erli died, six on
initial hospitali/ation and one two

\cars later at another hospital with
“lead encephalitis.” Llcvcli of the
remaining nineteen patients have been
followed for a to 10 Near period
during which repeated physical and
psychological evaluations have been
carried onl. including rociitgcuologi-
eal and chemical lead determinations.
Live of the eleven patients were ding
nosed and treated on an outpatient

basis and the other six were hos-
pitalized. Two of the former group
Pe*mii >ee(i1l trienl.o of I*=ad;ilric>c iin]

Ni-misvi y.  W.-isliinuloii  1'ni\crsil.v

were siibseipiently hospitali/(‘d with
interenrreiit infections which precipi-
tated a return of tin* symptoms of
lead intoxication.

To estimate the ultimate effects of
lead poisoning oil body and mind, an
accurate evaluation of the original
degree of lead encephalopathy is de-
sirable. 1voiii the data in Table 1
the hospitalized patients were empiri-
cally classified as mild, moderate,
modcratclv severe, and severe. There
is HOeillleretc basis for such an cvalua-
lion. Illo.>d and urine lead iletiermin.a-
lions van with initial therapy i(’uses
land *»i. The severily of llie central
nervous system uiauifeslalioiis ;ip-
intoxication, manner of exposure, and
precipitating illness (t'use 1' He
tails of such factors are often dIl'lL-lII!
to elicit aleeiiratelv from the parents.

The symptoms in the live olltpa
ticllls Wel e vague, iiouspeeifie. mainly
gustroinh=siinal. and of variahle dura

lion. They are listed in order of Ire
ipieUcy as follows: vomiting ifour
eases), eonstipation (three eases),

malaise tthree eases), auorexia (two
eases), piilllor (two eases), diarrhea
(one ease ). irritability (one case).
Tin* siftns. symptoms, pliysii-al and
laborat or;v findings in tlie six childreii
who wenp hospitalized for lead en
eephalopathy are listed in Table I
Lxcept for the convulsions, all the
other symptoms exhibited by the
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eleven patients persisted for variable
periods of time alter therapy as noted
in Table Il

On recent physical examination all
of the children were of normal height
and weight for age except one with
exogenous obesity. Two of the chil-
dren (18 per cent) had hilalcral optic
atrophy and a third had a high de-
gree of myopia.

The x-ray findings of the long
bones of the eleven patients are pre-
sented in ‘fable IIl. Like the symp-
toms in lead poisoning, the roentgeiio-
graphie changes showed a variable
degree of persistence. In the entire

T anhi.k 1. [tAiiio«a;.\riiie
|

ASK ONSKT oh' I

i o1l

k] IRIS

IRIS

I MUR

IRIR

li IRIR

7 1RIR

s IRIR

[ IRU

in IRill

11 IRIR
series of |\ elllx -six patients, com-

plelc lisappc nance of In " lead line

at th - distal ell.l of 1b shaft was
eventually in ted with re eurrciiec six
to sc\ cn molillts later in lwo patients.
These two |atielits \\eri proved to
hale rciusliluted the |y i1il-chewing
habit. Three patienls Ind x-ray tie-
scriptions of rausversi linear distal
dciisil ies” 2 or cm. Inmi the ends
of tin shall inlerplele 1 is ""minimal

c\idclloe of b me grow tb r +lardalion.

| <ine and I).nil 1 ml delerniinn-
lions contributed nothing to the fob
low-lip study

Lie stroene eplialograins wciv ob-

tainci in six of the (leveli patients.
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There was no consistency in regard
to the tilin' of the initial or follow-up
electroencephalogram as related to
the time of initial lead intoxication.
Cases 1, 2. 1), JO, and 11 had none
done. Case = initially was indetermi-
nate for age, but two years later the
record was consistent with organic
brain disturbance. Case 4. in 1048.
showed a record consistent with the
age of the child. In 1954, the child
had several grand mal seizures, but
then became well controlled on small
doses of phciioharbital. In Case 5, re-
peat records showed paroxysmal slow
dysrhythmia for two to three years.

IXIINils ix 1,0\i. Monks
KO W .r
I.NKSS | IRl 1 1954
Ul a
] a
ii
n
U} i
* n
U} i
n
i
q i
a posterior triangle loe is also being
noted on the latest xaminatioii. ‘flic
leeon s of this pal ellt have shown
the g catesl disorg ini; atimi of tin-
entire series and the child needs
psvehiat1ie guidaue » a the pres lit

tinn*.  I'lie remaining (uses (i. 7. and 8
were almost ident eal in showing
delinile slow dysrhv tlimia of a vari
able iegree.

The treatment of all patients was
i<led lisal. Sodium oilrite alone or
witli iitlie acid was givi ii to maintain
a slig-illy elevated t(» content (28
ht M im*i|. per |lit «r). ‘flic dosage
variei from o to < (em. daily in
divide d doses, for P<riod of from



TIHHK .MH'KNAI.
two weeks 1o two ami one-half
years.l " A summation of the fol-

low-up is presented in Table IV.

I*SYUIIOLIMIICALL KYA U'ATION

livers and Lord mde in their study
of twenty ehildren who had lead
poisoning in early infaney that despite
normal motor development during in-
faney only one child lived up to the
promise of his early development. In
a few ehildren successive psychological
examinations showed significant, drops

OK I'KOIATHUS

incut in the sensorimotor sphere was
the outstanding finding. Myers and
Lord felt that the lead in the circula-
tion of an infant interferes with the
changes normally occurring in the
cortex and. in a high percentage of
cases, prevents the normal growth and
development of the cortex.

Along with the dilatory effects of
mental growth, a high percentage of
behavior difliciillies were recorded by
Myers and laud. Such difliciill ies
arose from an inward drivciicss which

Tahik 1V. Summation ok toi.i.ow i

LKM.TII &K
TIMK SIN &K
KXIUKCKK
*ASK (MS. > INITIAL. KYMI- AMS sup ii\
1 m Kueeplialupatliy, ennvulsions. liesil . esis
2 1ui\ ulsimis. diousiness. .i eeplialopalliy.
right hemipuresis
3 o 1«eiargv, \oiniling Tlilalma 1oplie all=gii
4 <e=duul’ioi,’
5 - rlif=>lizil<«] 1n\, eoii\ ulsim s 11 Lelia
p.ol.Jen,
o Mild nle>l mnl -mu ... Tr.-s.led
is mil pat ieul 10 < dlalizeu 111
\till gstsl loiulest i@l 1sMi pluns
7 Kneeplialn|>ii Wiy, \\eakness Tiiladeral oplie almpl
8 r, 1lasi roinlesl inn1symptorrs. Tresiled sis lleel easd] ........
mil pal ieal
) ® (lastroinlesl inalsymptoms Tlealeil as
out palieul
10 r (iaslroinleslinal symptons  Trealeil as mil
patient. llospilali/.<i] O no. later uilli
pneumonia 7 10
1 (lastroinlesl inal symptoms ~ Trealeil as High .............. myopi

out pat ieul

in intelligence ipiotients. These drops
were thought to be the result of
failure of mental development rather
lhan actual mental deterioration. As
the chronological age advanced, men-
tal growth did not keep pace with it.
In others, however, the intelligence
quotient, remained well within normal
limits. A specific failure id' develop

they classified as “ forced reaction to
stimuli in ihc environment." Straus
and Lchtincii. Mender.s Makwin,0 and
StrykerI' consider this as evidence
of cortical damage independent of
etiology. KilchaiiolV and associates”
describe Ilie hrain injured child as
hyperkinetic, overactive, restless, im-
pulsive. and uncoordinated, hut liy-
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pothesi/.c  that cortical maturation  covered from the lead intoxication to
with compensatory development of Jive years after the toxic state, lie-
function can occur since a less dif- cause of the immaturity of the group
ferentiated infantile cortex s in- at the first testing it was possible
volved, negating the influence of only to obtain measures of intellectual
an injury which in an adult would and social development (Stanford-
have serious long-term sequelae. Itinct intelligence scale" and the
The psychological aspect of tin* Vineland social maturity scale").
present study was undertaken to
evaluate systematically the residual
psychological effects in a group of bVfermcr to Table V shows that at
children who had had proved lead the time of the initial testing only

psYmouxnc \i, KKsiu/rx
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intoxication in late infancy. No two children had over all intelligence
records of original intellectual tune quotients below the dull normal level,
tioning were available prior to the and two were in the bright average
poisoning. Normal mental and motor to superior categories. One of (In-
developmental progress previous to patients below the dull normal level.
the lead intoxication was assumed in Case 4. was a hyperactive, irritable
each case because of the past histories child who was extremely diflicult to
given by the parents. test, and the examiner felt that Ilie

Psychological testing was done in 1.Q. measure of f3) was minimal. At
I1P%9 with re evaluation in Ib.Vl. The the lime of the second testing none of
time of the initial testing ranged the children wore below the dull nor-
from immediately after the child re- mal level of intelligence and four were
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in the luinlit average to superior
categories. The bright average to
sii|Mprior eliihlreu showed little uneven-
ness in their functioning. The type of

items most frequently failed by the
eliihlreu in the dull normal category
were items involving alistmet think-

ing. Although this is a characteristic
failing id' eliihlreu with brain damage,
it is also the type of thinking which
would lie expeeled of eliihlreu with
dull  normal intelligence natively.
Three of the eleven children shown!
some difficulty copying a diamond at
tin; seven-year level, but there was no
conclusive evidence in the over-all in-
tellectual  functioning eharaelerislie
of children with brain damage.

It is recognized that intelligence
tests, made at different limes on the
same individual, may vary as much as
ten points on the basis of chance do-
lors alone. Ib-ferenco to Table V shows
that 1.(J. changes in three of the
eleven children (Cases 4. hi were
significantly greater than would be
expected by chance. Two of these
showed improvement, while one went
down. However, with IIn*exception ol
(as** h who decreased, all of the other
children showed tin increase of from
li to!) 1.Q. |[M)inls. The difference be
tween the average I.(J. of IM at the
time of initial testing and Id- at tin
time of the last testing shows an im-
provement in intellect mil level which
is significant at the .Oo level of eonli
deuce (would Is* expected to occur on
the basis of chance only live limes out
of 100). A continuing intellectual de
dine after tin* initial testing, as ex
peep'd from tin' results of livers and
Lord, was not found in our series.
Instead, there was some evidence of
an actual increment in intellectual
fiiuct ioiiing.

TIIK .HM'KN'AI,
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Kveil greater significance is added to
this finding when it was realized that
tin* one child who showed a decrease in
intellectual functioning was under
psychiatric care. A complete psycho-
logical study on this boy three months
previously was summarized as show-
ing: “Severely neurotic personality
structure characterized by marked
anxiety, regressive and repressive
trends in a child of superior intelli-
gence (l.(*. IM). Kniotiounl prob-
lems are affecting functioning and re-
lationships. Then* are also some or-
ganic indications which need further
evaluation. Treatmcul assets are:
superior intelligence, ability of ego
to maintain itself despite stress, eon
fortuity and the anxiety itself.”

It seems possible that the decline
in fundiotiiug ability in this one ease
was due. at least in part, to a func-
tional psychological disturbance.

On both testings, social develop
nieiit. as measured by the Vineland
Social Maturity, was somewhat above
intellect mil development. Although
these differences were not significant,
the suggestion is present that these
children are somewhat better able to
perform in practical everyday silua-
lions.

(In the second testing, however, the
intellectual measure obtained from
the tioodcnoiigh draw a man le-11"
was significantly lower than that ob-
tained from the Stanford Lillet ill
lelligciicc scale at the same lime.
The difference between the average
(ioodelioiigh I<y of S.i and the Lillet
I.tj. of Iif was significant at the .01
level of confidence. Though the draw-
ing lest primarily measures visual
motor functioning, while the intelli-
gence scale is primarily a verbal test,
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tlie significant positive correlation
which has been demonstrated between
these two tests indicates that they
measure two types of behavior which
tend to develop ;it similar rates. The
correlation of .o between these two

Tahik VI.
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other words, it would seem that while
the over-all intelligence of these chil-
dren remains intact and is developing
normally, a definite deficit, is seen in
their visual-motor fnnetioniim. fur-
thermore, (pialilative analysis of the
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measures lor this yroiip would indi-
cate that there is no relationship
other than chance between tin; de-
velopmental rates of these two types
of behavior for these children. In

joiriiljilion i

drawings revealed the disorganization
in body imajre and immature draw-
ings which Silver"l describes as
characteristic of children with brain
damage.
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It is of interest, then, to nolo, that
despite intollootiuil functioning with-
in the normal range, only throe of
the eleven children are reported by
their mothers to he doing well in

school. (See Table VI, Cases f5 10.
and Il.) Two of these patients
‘(Cases (i and 10) show academic

achievement below their grade place-
ment. which suggests that they are
actually having more difficulty in
school than has been reported by their
parents.

Tests of visual-motor functioning
which are specifically designed to
measure behavior characteristic in
the individuals with cortical damage
reflected considerable deficit in this
area. On the fSraham and Kendalll
visual motor test with correction for
chronological age. Cases 2 and 10
were within normal category : Cases
I and 0 were in the borderline brain
damaged category ; and Cases . o »

s. |0, and Il showed visual nioloi
deficit within the braindamaged
category. At the extreme end of the

continuum of visual-motor deficit was
Case d who is totally blind as a re
suit of the lead poisoning.

An even more-pronounced deficit
was noted in the group's performance
on the licmler <icstalt visual-motor
test.'”* Case 2 was the only child who
was able to copy the designs of this
test in a fashion which was normal
for her age level. All of the other
children showed the rotation of dc
signs, perseverations, difliculty with
angulation, and substitution of primi-
live loops and lilies for dots which
Silver"ldescribes as characteristic of
children with brain damage.

Case 2 is the one child in this
group of eleven, then, who does not
show a visual-motor deficit. This is

.JOI'KNAL.
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of particular interest when it is re-
membered that, her toxic reaction was
one of the most severe, and at the
time of her hospital admission she
suffered a left hemiplegia. This sug-
gests that there is no direct correla-
tion between the severity of the toxic
reaction and the severity of the resid-
ual effects reflected in the psycho-
logical functioning.

A closer consideration of the type
of errors made by these children in
their visual-motor functioning shows
behavior which is paralleled in their
academic achievements. The rota-
tions of their drawings of designs
placed directly in front of them sug
gest that these children would find it
difficult to learn to read in a leaching
situation which requires them to
recognize the visual picture rather
than paving allcution the pli* ie
c<ontils of the Wold This was
borne mil in llo Ir leading tests bv a
considerable number ol reversed
letters, 1evers.d of wind* Wolds, and

of misreeognition of words due I»

attention to the first letters
nisei ss1bx
Thorough physical and lalmralorv

examination revealed little that could
lie attributed to the late clTcd ol lead
intoxication in a group of children
followed for a live to ten vear period
of time. The effect of increased inlra
cranial pressure in |‘asc ® resulted in
blindness as the milv physical lesid
iiiiii 0N whole group.

However, the organic brain damagt
that resulted is only apparent in the
specialized psychological tests done
repeatedly, and the results arc quite
similar h» those seen in children with
brain damage dm- to birth injuries or.
more specifically, cerebral anoxia

Ilic
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I'Yoin previous pathological studios
of our own and others, serious vascu-
lar damage, cerebral edema, with re-
sulting cortical injury, is the under-
lying basis for the picture of lead
encephalopathy.1” The intellectual deg-
radation as reported by livers and
Lord is not confirmed and lhc out-
look should be definitely more hope-
ful.

It would seem that, these children
with visual-motor deficit are placed
in an extremely frustrating position
during their primary grades. Though
their learning rapacities are within
normal range, tin- visual-motor deficit
presents a serious handicap to the
child ill the sell. ml

pre;scut syslein.

The pni-sciilation DY visual stimuli lor

learuing is friislr; 11illg. Special tut.u

iug in 1bis nil. aiea oi |>laci-iiielit in
a s. ho.m situation wli'li w.mid all.»w
till- 1S.+ ol other sense modalities in
learning, such as plionclite or kilncs-
1In lic approach. s might minimi/.e
this I'llisliation

trasc IS pics. llled in support of
this Ivpotin-sis Though Hi. pathol
og.v in his home silualion cannot be

denied. 1lie inl.-line.lialc |csling priior

to .nil ailfi- to selliool viel.led an 1
of I'IT. Inning Iline school years. his
teachers complained that lie was "a
ncgal ivisl ic. restless, poorly attentive
child, who refused 1o learn.” I.c
cause of such bchalior and because
of lhc general family silnation, psy-
chiatric help was advocated. The ex-
tremely frustrating sitnation pro
senled a buy of superior intclli
gence who is handicapped ill learning
1 poor visual motor coordination
cannot In overlooked. This handicap
might be a contributory factor in
his need for psychiatric help.
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The pictures presented by Cases |
and d arc more hopeful and suggest
that, with understanding help, the
children may learn to adapt to the
deficit. Case | is the oldest child in
the series and her lead intoxication
occurred ten years prior to the last
evaluation. She has attended paro-
chial school and has received a good
deal of individual attention. The
primary grades presented difficulties
characteristic of any brain damaged
child and there was failure to pass
the second grade. Her mother reports
that she is doing well in school now.
but is slow in arithmetic. Her achieve-
ment. test scores corroborate this, as
she is at her grade level in reading
but is retarded in arithmetic. The
visual-nmlor deficit is not as pro-
nounced as in many of tlx- other
cases. This suggests that the effects
of cortical injury may be negated as
ihc central nervous system matures.
I'alieiit s totally blind and has been
receiving training at the Missouri
Slate School or the Lliud. Neither
difficulties in the primary grades imr
the behavioral troubles arc as marked
as in the other children.

At lhc lime of the initial testing
live of the children presented Ilie
driven, ncgalivislic. hyperactive be-
havior which is characteristic of cliil
drcii with brain damage. Nolle of the
children displayed this type of be-
havior at the time of llo- final ex
animation. t'.mpeiation was excel-
lent. even with tin- boy who is under
psychiatric care. It was only when
his mother entered the room that his
negativism was evidenced. The one
common personality trail exhibited by
the group was that of strong nioliva
lion to achieve in all tasks, with re-
pealed voicing of fears that they were
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not doing well or might fail. Such
dissipation of hyperactivity or in-
ward driveness witli cortical matura-
tion associated with Home types of
brain damage concurs with previous
reports by other authors.

The attitudes of the mothers to-
ward these children were of interest.
The fact that eleven mothers out of
a possible nineteen brought their
children in for re-evaluation is an
evidence of their conscientiousness.
In most of the eases there appeared
to be an overproteetive attitude. The
mother of Case 1 wondered if she
“babied her daughter too much” and
feared the family was overproteetive.
The child is obese and diuretic.
.Case 2’s mother has showered an
unusual amount of attention on her
child “ because she has been so sick.”
The child’s teachers complain that
“she acts up in school and refuses to
obey,” although the mother denies
this problem at home. The mother
of Case fi wondered if her son’s fear-
fulness, excessive sense of guilt, and
“sissy behavior” were the result of
lead intoxication and admitted the
need of protecting him because of his
lack of assertiveness.

The parents naturally assume a
certain amount of responsibility for
the lead intake and resulting lead in-
toxication. Such responsibility s
associated with consequent guilt feel-
ings and is reflected in the overpro-
tectiveness of many of the parents in
this series. I'cdiatric counseling of
the parents of children with lead in-
toxication should help them with their
subsequent attitudes and do much to
prevent the development of additional
personality problems. Realization of
the visual-motor deficits in these chil-

OF PEDIATRICS

dren should be of aid to their t<i
and prevent to a certain extent
development of problems &
described.

summary

Kleven eases of lead into\i,
have been followed for a peri-,
from five to ten years with n
physical, psychological, and 1
tory examinations.

The physical sequelae consist,
blindness and cerebral dysrhu

Sodium citrate was the st
therapy in all eases and was
over a variable period of time
there was no laboratory cvitl. ¢
lead intoxication.

There is no evidence in this
of continuing mental deteri.o
Considering the major mode
struction in the primary grad*
fell that these children are at
oils disadvantage and should <m
special attention to offset llieii
motor deficit. As the child n
there is a gradual loss of the i
driven hyperactive behavini
giicntly seen in braiu-daiiiau«
dren. There is no direct mi
between the severity of the illn*
the amount of residual effeel.

Pediatric, counseling might
fluential in reducing a par*
overproteetive attitude which e
the child’s problems.

The million* wonltl like to grai-
knowledge tin* assiHlioien of Win. A
aor, M.D., Edward I'oarey, M.P.. =
Caldwell, PIi.P., in Hid |irc|>nr;iti*r
report.
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A l'mblim in Sinihniiifi i'f

«i.l « Mill. One of the demons of Hoston chillch, .1..... 13ml liiiel ii daughter
ai- of age, who I»iug playing with other children about a call, the liimler
ol fellupon the child's heml, nml an iron slicking out of it struck into the
«l. ami drove apiece of the skull before it into the biaiu, so as the brains came
«veil surgeons fsome of the country, \cry experienced men. and others of the
f rode in the harbor* being called together for ad\ice, etc, did all conclude,

the  brains, (Iwing about half a spoonful at one lime, and more at other
I that there was no hope of the child’s life, except the piece of skull could be

Hat one of Hie ruling elders of the chureh, an experienced and very skilful
i«d not to lake that course, lad applied only plasters to it, an withal earnest
m made bv the Church to the lLord for it, and in six weeks it pleased (lod that
% ‘'kail consumed, and so came forth.*.pml Jjie child recovered perfectly; nor
the senses at any time.

W iltiii;o[*k .lot icnai. 1<130 1(519. .1 I\. liosMKt:, Kniiog. New Yoik, 190S.



