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Congenital hypothyroidism, or cretinism, is a
condition believed to be present at birth or possibly
prenatally, and due to absence, or a defect in the
development, of the thyroid gland, or to a defect in
hormone synthesis. Acquired hypothyroidism arises
some time after birth and may be due to primary
atrophy of the gland, operative removal, infection,
auto-immune processes, or infiltrating conditions
affecting the gland, or to deficiency of thyrotropic
hormone as in diseases of the hypophysis cerebri.
In infancy and childhood the manifestations of
hypothyroidism consist of a general retardation of
both growth and mental development in association
with the physical stigmata affecting the face, tongue,
larynx, skin, and umbilicus that have been described
amongst others by Wilkins (1957). Confirmation
may be given by the findings of a low basal metabolic
rate and protein-bound iodine (PBI) and by the
radiographic appearances of abnormalities of
epiphysial development.
While it is well known that abnormalities in the

electroencephalogram (EEG) may be seen in
endocrine disorders (Rohmer, Wackenheim, and
Kurtz, 1959; Faure, 1959), few studies of the EEG in
hypothyroid children have been made (Avignon and
Melin, 1949; Chaptal, Passouant, Jean, Cadilhac,
and Carli, 1956; Passouant, Cadilhac, and Jean,
1956; Tangheroni and Pardelli, 1957; Nieman, 1961).
These authors have reported, amongst other EEG
features, sporadic slow activity and rather little or no
alpha rhythm. A proportional relation has been
described between the severity of the clinical signs of
mental defect and the degree of EEG abnormality
(Topper, 1951; Mai and Schaper, 1953). The EEG
abnormality has been said to improve in relation to
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appropriate hormone replacement therapy, but not
usually in those cases where there were focal EEG
abnormalities (Passouant et al., 1956). In these
children the clinical signs of hypothyroidism would
regress, but not the coexisting neurological signs.
The present study is based on a group of 34

children suffering from hypothyroidism, who were
referred by their physicians for EEG examination
either as part of the routine investigation of mental
defect or because of a neurological disorder unrelated
to the endocrine condition. In some cases EEG
examinations were made particularly for the study of
the relation between thyroid function and changes in
cerebral electrical activity. In all patients the
clinical diagnosis was confirmed by metabolic
investigations and all the patients required mainten-
ance therapy with thyroid hormone.

Material and Methods
A total of 63 EEGs was obtained from the 34 children,

15 having had two or more records at variable time
intervals. Of the patients, 15 were very young children
under 18 months of age (Table 1). Almost one-third of
the children had, in addition to the hypothyroidism, some
associated clinical condition which might have altered the

TABLE I
AGES AT TIME OF THE FIRST EEG

Age range 2-5 mth. 9-18 mth. 2-3 yr. 3-4 yr. 6-14 yr.

No. of cases .. 8 7 5 2 12

EEG in some way (Table 2). It was not possible to make
systematic EEG studies in relation to the effects of
administration of thyroid hormone, as some children
were only seen as part of the preliminary investigations,
while others were only referred after receiving some
treatment. The patients were under the care of various
physicians and were treated according to individual plans.
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EEG STUDIES IN HYPOTHYROIDISM
TABLE 2

HYPOTHYROIDISM AND ASSOCIATED CONDITIONS
(10 CASES)

Case No. Condition

8 Epilepsy, pyridoxine deficiency, and cerebral atrophy
12 Webbing of the neck (but no other stigmata of

Turner's syndrome)
19 Renal insufficiency
16 Fractured skull
9 Congenital syphilis, encephalitis, progressive cerebral

degeneration
3 Severe headaches described as 'migraine'

32 Epilepsy
29 Cerebral atrophy involving the left more than right

hemisphere
18 Epilepsy
2 Tuberculous meningitis and epilepsy

15 children had their first EEG before any drugs were
given and 6 of these were followed up in relation to the
effects of thyroid treatment. 3 other cases were studied
only in relation to test doses of tri-iodothyronine and will
be considered separately. 16 were seen only at various
time intervals after treatment had begun.
A standardized technique of electrode placement was

used (Pampiglione, 1956) with silver, silver-chlorided cup
electrodes held in position on the scalp with collodion.
The majority of the records were taken on Type D or
Type T Offner Electroencephalographs, the remaining
few being taken on Ediswan apparatus.
The appearances of the EEGs were then evaluated in

relation to the child's age, therapy, and the presence of
any condition coexisting with the hypothyroidism;
variations in frequency and amplitude of the cerebral
activity were examined in relation to what we would have
considered appropriate to the child's years and the state
of wakefulness or sleep at the time of recording.

Definition of Terms. The activity was defined as being
of small amplitude when no waves of more than 50,uV
occurred and when the greater part of the activity was of
less than 25ItV in amplitude. The relative amounts of
various frequencies present were assessed visually and in
particular the presence of an excess of slow wave activity
was noted. In view of the maturational changes that
occur in the EEG in the first decade of life, it is not
possible to define concisely what we have considered to be

an excess of slow wave activity, but in general terms it
should be noted that both the slow (< 3i c/s) and the
intermediate slow (4-7 c/s) frequency bands were separ-
ately evaluated in most cases.

Results

EEGs Before Treatment. The main features of
the EEGs taken from 15 children before treatment
are summarized in Tables 3 and 4. An excess of
slow activity was found in 12 and the traces were also
of small amplitude in 5 children. Small amplitude
activity was mainly seen in the younger children.

Sharp waves or discharges were seen in 3 children.
In one, a child of 7 years (Case 4, Table 3), sharp
waves were present over both temporo-occipital
regions, and there was an asymmetry in the distribu-
tion of the excessive slow wave activity posteriorly.
Only 1 (Case 8, Table 4) of the 3 children whose
preliminary EEGs showed abnormal discharges had
other complicating factors in addition to the hypo-
thyroidism. He had epilepsy, and on investigation
a cerebral atrophy was found; in addition the child
was said to have pyridoxine deficiency.
Thus in untreated cases an excess of slow wave

activity was often present, especially in those
children who were over 2 years of age, while the
younger children tended to show small amplitude
records. Abnormal discharges were seen infrequent-
ly and were associated with a history of epilepsy in
one.

EEGs Before and After a Test Dose of Tri-iodothy-
ronine. The hormone tri-iodothyronine has a very
rapid action when compared with thyroxine and can
produce clinical improvement in a hypothyroid sub-
ject soon after administration. This property oftri-
iodothyronine has led to its use in a clinical test
designed to judge the potential efficiency of thyroid
treatment in particular cases. EEGs were recorded
during these tests to see if changes appeared parallel
with the clinical improvement. A test dose (5 ,ug.) of

TABLE 3
EEG FEATURES OF CASES WITH RECORDS TAKEN ONLY BEFORE THYROID TREATMENT (9 CASES)

Case No. Age (yr.) Activity Amplltude FActvity Discharges Comment

34 2/12 + + --24 3/1215 1 2/12 + _ _ _ Drowsy during test
5 1 ~+ +

14 2 _ _ _ - Slight asymmetry posteriorly
7 2 3/12 + _ + - Sleep record after quinalbarbitone
7 2 6/12 + + + _ Sleep record after quinalbarbitone
4 7 + _ _ Sharp waves
13 8 _ _ _ Sharp waves
13 8 + _ P t

2 1 1 + - --Previous tuberculous meningitis and epilepsy
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HARRIS, ROVERE, AND PRIOR
TABLE 4

EEG FEATURES IN CASES WITH RECORDS TAKEN BEFORE AND AFTER TREATMENT (6 CASES)

Before Treatment After Treatment

No. Slow Small Fast Dis- Slow Small Fast Dis-
Age (yr.) Acti- Ampli- Acti- charg- Age (yr.) Acti- Ampli- Acti- charg- Comment

vity tude vity es vity tude vity es

17 2/12 _ + _ 2 11/12 _ -_ - Thyroid gr. 1 daily for 2 years
25 3/12 + + _ _ 4/12 _ -_ _ Rhythmic activity present at 4

months; thyroid gr. I daily for
3 wk. EEG improved

26 3 10/12 + + _ 3 11/12 + _ _ Sharp Thryoid gr. i daily for I mth.
waves

4 + _ + _ Thyroid gr. I daily for I mth.;
EEG improved less slow activity
present

8 8 10/12 + + + 9 + + + 3 similar records before treatment
and 2 after thyroxine; 6 mg.
daily without change 2 mth. later;
epilepsy, cerebral atrophy, and
pyridoxine deficiency

11 10 + _ _ _ 10 + - + Thyroid gr. 1 daily for 2 days
9 13 _ Anter- - _ 13 4/12 + - + Tri-iodothyronine trial, then main-

ior tained on thyroid gr. 3 daily;
congenital syphilis, previous
encephalitis, progressive cerebral
degeneration

14 + - - -

tri-iodothyronine was given to 3 of the patients in this
series. The first two were sisters aged 18 months and
2 months whose preliminary EEGs had shown rather
small amplitude activity. Five further records were
taken from each child during the 24 hours after the
test dose of tri-iodothyronine and, apart from some
fluctuations in relation to drowsiness and sleep, these
did not show any significant change, though clinically
both children were obviously brighter and the older
child appeared more playful. The third child aged
2 years and 2 months, whose preliminary record had
shown an excess of slow activity, showed no change
in the EEG appearances 5 hours after the test dose of
tri-iodothyronine, though there was a similarly good
clinical response.

EEGs Taken Before and After Treatment with
Thyroid Hormone. Replacement therapy with thy-
roid hormone or in some cases thyroxine was given
in all the children studied and in 6 instances serial
recordings were taken before and after treatment.
The findings are summarized in Table 4. In 2 of
them (Cases 25 and 26 in Table 4, see also Fig.)
there was an improvement in the EEG appearances.
In one (Case 17, Table 4) there was probably im-
provement: however, only two records were
obtained, and these were separated by a time interval
that made comparison difficult in a young child.
Another (Case 11, Table 4) had an EEG taken only
two days after beginning therapy. It showed no
change when compared with the preliminary tracing,
both showing an excess of slow wave activity. The
remaining 2 children (Case 8 and 9, Table 4) showed

no improvement in serial EEGs in relation to
thyroid administration: both presented a complex
clinical picture and treatment began comparatively
late. Case 8, who has been mentioned previously
with regard to the many abnormal electroencephalo-
graphic features, was known to have pyridoxine
deficiency, cerebral atrophy, and epilepsy; 5 records
over a period of 4 months all showed a similar
pattern and degree of abnormality. Case 9 showed
deterioration in the EEG over a period of 8 months
after beginning thyroid treatment, but this was most
probably due to the progressive cerebral degenera-
tion which was present. Thus, it is apparent that in
children with uncomplicated hypothyroidism who
are treated with thyroid or thyroxine it may be some
time before any improvement in the EEG features
occurs.

EEGs Taken Only After Treatment. 16 children
had an EEG taken after thyroid replacement
therapy had begun, there being no previous records
available for comparison. The main features of
these records and details of therapy are given
in Table 5. Four cases (Cases 28, 33, 10, and 20,
Table 5) had only been treated for one week or
less when the EEG was recorded, and an excess of
slow wave activity was present in the records of three
of them. Abnormal features were not usually
present in children who had been treated for more
than a few weeks, unless there was evidence of some
associated cerebral lesion. One child of 13 (Case 32,
Table 5) in this group who suffered from epilepsy
showed both an excess of slow wave activity and
abnormal discharges in the EEG.
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EEG STUDIES IN HYPOTHYROIDISM
TABLE 5

EEG FEATURES OF CASES WITH RECORDS TAKEN ONLY AFTER THYROID TREATMENT (16 CASES)

Slow Small
Activity Amplitude

Fast
Activity

+

+

+

Discharges

+~

+

+

Comment

On i gr. thyroid daily for 2 wk.
On i gr. thyroid daily for I wk.
On thyroid for 2 days
Thyroid for 1 mth.
Thyroid 1 gr. daily for 3i mth.
Thyroid 2i gr. daily for 5 mth.; renal

insufficiency
Thyroxine for 9 mth.
Thyroid gr. 2 daily for 6 mth.; cerebral

atrophy
Thyroid Ik gr. daily for 1 7/12 yr.
Thyroid 1 gr. daily from 2 mth.

Thyroid i gr. for 3 days; more rhythmic
activity after 15 days of treatment

Treated for 3 yr.: thyroid 1I gr. and
25 ,ug. tri-iodothyronine alternate
days; no change 2 yr. later; severe
headaches

Thyroid gr. i daily for 2 days
Thyroid gr. I daily for 6 yr.; webbed

neck
Thyroid gr. I daily from 4 mth.;

previous skull fracture; some
asymmetry in EEG

Thyroid gr. j daily since 6 yr.
On thyroid; no details of duration;

epilepsy

4685 304-60
Thyroid for 3 weeks

_

A B
FIG.-Electroencephalogram of Case 25, a cretin. A. At 3 months, taken immediately before treatment began, showing irregular slow
activity of smnall amplitude over all regions. The electrode placement and calibration signal are shown in the diagram. B. The same baby
after 3 weeks' treatment with thyroid hormone, showing an increase in the frequency amplitude and rhythmicity of the activity. The baby

lay quietly and was awake on both occasions.
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Case No.

30
28
33

18
19

6
29

21
27

10

3

20
12

16

22
32

Age (yr.)

3/12
3/12
4/12
5/12
9/12912

1 1/12
1 5/12

2
2 2/12 and

2 9/12
4 6/12
4 6/12

6
8

8
9

12

12
13

Indira G. 3mths.
4572 5-4-60
Before treatment

__~~~~
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Discussion

Although the group of children studied is not
large nor particularly uniform as regards age or stage
of treatment, we had the opportunity to examine a
relatively high proportion of untreated infants and
to carry out serial recordings on many occasions.
Some general trends are apparent from the results
presented, which are of interest clinically, particularly
in view of the recent experimental work on the
abnormalities of development of cerebral activity in
thyroid deficiency (Bradley, Eayrs, and Schmalbach,
1960).
The older children suffering from hypothyroidism

in this series have tended to show an excess of slow
components in their EEG. We have less often seen
this feature in the EEG of babies of a few months of
age before treatment; in this age-group the activity
is more likely to be of small amplitude. This feature
is difficult to evaluate as there may sometimes be
little activity present in the EEG of a restless wakeful
baby, and it was not always possible to obtain
records during sleep. However, the activity found
in these babies was of smaller amplitude than is
usual in our experience of other babies of compar-
able age. No change was seen in the EEG features
immediately after a test dose of tri-iodothyronine or
where treatment had only been given for a few days.
Improvement was seen after a few weeks or months
of thyroid hormone therapy and some of the
abnormal EEG features still present in older
children treated for a long time were often probably
due to some associated cerebral lesion.
These findings should be considered in the light of

the experimental work done by Faure (1959) and by
Eayrs and Taylor (1951), Eayrs (1955, 1960), and
Bradley et al. (1960). Faure showed the changes of
cerebral activity in relation to various hormones.
Eayrs and Bradley and their co-workers showed that
ablation of the thyroid gland in newborn rats caused
histological cerebral changes only after a period of
time. The neurones appear to be immature for the
chronological age, and at the same stage small
amplitude activity was seen in the EEG. If the
ablation was done at a later stage of development,
however, the neuronal and EEG changes were less
marked. If the results of this animal work can be
applied to man, it should follow that the EEG
changes would be more marked in cases of congenital
or early acquired hypothyroidism than in cases
arising in older age-groups where the nervous
system is mature. It has been shown by Lansing
and Trunnell (1963) that in adults with acquired
hypothyroidism the EEG changes are not very great
and that they are reversible. The alpha rhythm,
which tended to be relatively slow before treatment,

increased in frequency when thyroid hormone was
given; however, the EEG would return to the original
state if the hormone was withdrawn. It is likely,
therefore, that these changes seen in adult patients
were due to metabolic rather than structural changes
in the central nervous system. In the present study,
the patients were children in whom, as shown by
Bradley et al. (1960) in the rat, the effect of thyroid
hormone deprivation is greater on the immature
brain than on the mature brain from both the EEG
and the histological aspects. Improvement in the
EEG occurred when thyroid had been given for
more than a few days in the younger patients. No
EEG change, however, was seen in response to a test
dose of tri-iodothyronine or in older children who
had been successfully treated with thyroid. This
might indicate that the time taken for the EEG to
improve in response to thyroid replacement therapy
in the immature human brain may also depend on
structural as well as metabolic changes in the central
nervous system. It is unlikely that sufficient
histopathological studies combined with EEG
documentation could be obtained in children with
hypothyroidism to elucidate the problem of subse-
quent cerebral maturation in relation to the duration
of the hypothyroid state in the immature human
brain. However, in the light of present knowledge,
the experimental findings quoted might be considered
to offer a reasonable explanation for the EEG
changes in relation to age and treatment found in the
children in this study.

Summary
Studies were carried out on 63 EEGs taken from

34 hypothyroid children, aged 2 months to 14 years,
in relation to age, therapy, and associated disorders.
Most of the EEGs on the untreated cases showed an
excessive amount of slow activity, though this feature
was less prominent in young babies than in older
children. Babies tended to have records of unusu-
ally low amplitude. No EEG changes occurred in
relation to a test dose of tri-iodothyronine in 3
children, in spite of clinical response. With thyroid
replacement therapy for more than a few days,
uncomplicated cases usually showed a return to
normal in the EEG. The implications of these
findings are discussed in relation to the experimental
findings in young rats deprived of thyroid hormone.

We should like to thank Dr. E. M. Creak, Dr. R. H.
Dobbs, Dr. P. R. Evans, Dr. A. White Franklin, Dr. R.
Lightwood, Professor Sir Alan A. Moncrieff, Dr. G. H.
Newns, Dr. A. P. Norman, and Sir Wilfrid Sheldon who
referred the children for EEG studies. We are grateful to
Dr. G. Pampiglione for his help and advice in the prepar-
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EEG STUDIES IN HYPOTHYROIDISM 617
ation of this paper. One of us (M.D.R.) was holding a
Fellowship of the World Health Organization.

REFERENCES

Avignon, M. d', and Melin, K. A. (1949). The electroencephalogram
in congenital hypothyreosis. Acta paediat. (Uppsala), 38, 37.

Bradley, P. B., Eayrs, J. T., and Schmalbach, K. (1960). The
electr-oencephalogram of normal and hypothyroid rats.
Electroenceph. clin. Neurophysiol., 12, 467.

Chaptal, J., Passouant, P., Jean, R., Cadilhac, J., and Carli, N. (1956).
La souffrance cer6brale dans le myxoedeme de l'enfant; etude
electro-encephalographique. Presse med., 64, 2257.

Eayrs, J. T. (1955). The cerebral cortex of normal and hypothyroid
rats. Acta anat. (Basel), 25, 160.

- (1960). Influence of the thyroid on the central nervous system.
Brit. med. Bull., 16, 122.

-, and Taylor, S. H. (1951). The effect of thyroid deficiency
induced by methyl thiouracil on the maturation of the central
nervous system. J. Anat. (Lond.), 85, 350.

Faure, J. (1959). Ietudes experimentales de l'influence des facteurs
hormonaux et metaboliques sur l'activite 6lectrique de cerveau.
Rev. neurol., 100, 255.

Lansing, R. W., and Trunnell, J. B. (1963). Electroencephalographic
changes accompanying thyroid deficiency in man. J. clin.
Endocr., 23, 470.

Mai von H., and Schaper, G. (1953). Beitrag zur Klinik der Hypo-
thyreose. Studie uber die nach langdauernder Thyreodinbe-
handlung erreichte Intelligenz und uber das Verhalten des
Hirnstrombildes. Ann. paediat. (Basel), 180, 65.

Nieman, E. A. (1961). The electroencephalogram in congenital
hypothyroidism: a study of 10 cases. J. Neurol. Neurosurg.
Psychiat., 24, 50.

Pampiglione, G. (1956). Some anatomical considerations upon
electrode placement in routine EEG. Proc. Electrophysiological
Technologists Ass., 7, 80.

Passouant, P., Cadilhac, J., and Jean, R. (1956). Les anomalies EEG
selon l'origine thyroldienne ou cerebrale du myxoedeme de
1'enfant. Rev. neurol., 95, 569.

Rohmer, F., Wackenheim, A., and Kurtz, D. (1959). L'EEG dans
les syndromes endocriniens, hypophysaires, thyroidiens, surr6naux
et dans la tetanie de l'adulte. ibid., 100, 297.

Tangheroni, W., and Pardelli, L. (1957). Rilievi comparativi fra
sviluppo psichico e attivita bioelettrica cerebrale nell'ipotiroidismo.
Minerva pediat., 9, 1631.

Topper, A. (1951). Mental achievement of congenitally hypothyroid
children; a follow-up study of 20 cases. A.M.A. Amer. J. Dis.
Child., 81, 233.

Wilkins, L. (1957). The Diagnosis and Treatment of Endocrine
Disorders in Childhood and Adolescence, 2nd ed., pp. 88-109.
Blackwell, Oxford.

copyright.
 on M

ay 15, 2023 by guest. P
rotected by

http://adc.bm
j.com

/
A

rch D
is C

hild: first published as 10.1136/adc.40.214.612 on 1 D
ecem

ber 1965. D
ow

nloaded from
 

http://adc.bmj.com/

