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Summary

One hundred and five children who had shown the
electroencephalographic (E.E.G.) features of hypsar-
rhythmia in the first year oflife (1956-62) were assessed in
1969 in respect of death and mental development. Irres-
pective of the presenting symptomatology, and to some
extent irrespective of therapy, mortality in the group was
of the order of one in four (mostly before the age of 3
years) and the incidence of mental subnormality in the
survivors was 770'. Only 18 children attained fairly
normal standards of mental development and could
attend ordinary schools. It seems that whatever the clini-
cal picture at the time, the presence of hypsarrhythmia
in the E.E.G. of an infant is a physical sign of grave
prognostic implications.

Introduction

In clinical practice electroencephalography (E.E.G.) provides
information on some aspects of cerebral function in the course
of an illness. Most E.E.G. features, like other physical signs in
medicine, can be interpreted only in the context of the patient's
clinical picture at the time. Some E.E.G. findings, however, as
with certain other laboratory investigations, may carry a special
diagnostic or prognostic significance whatever the initial clinical
circumstances, being found only in particular pathological
conditions. Such E.E.G. findings include, for example, the
periodic complexes in subacute sclerosing panencephalitis, the
repetitive discharges of Jacob-Creutzfeldt disease, or some of
the patterns in barbiturate poisoning.
Hypsarrhythmia is the name given by Gibbs and Gibbs

(1952) to a gross E.E.G. abnormality never reported in any
series of normal control children. Children with hypsarrhythmic
E.E.G.s are usually below the age of 2 years, often under
12 months, and may be suffering from poorly understood dis-
orders affecting the brain. Clinically, they present with a variety
of symptoms, often, but not invariably, including seizures of
some kind. While the syndrome of infantile spasms is known
to be commonly accompanied by the E.E.G. findings of hyps-
arrhythmia, it is not often appreciated that hypsarrythmia
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may be found in children without this syndrome, and even in the
absence of seizures of any kind (Hess and Neuhaus, 1952).
In the original work of Gibbs and Gibbs (1952) it was suggested
that hypsarrhythmia-that is, a term describing only the E.E.G.
features-was often associated with mental retardation. This
view was also supported by the work of Samson-Dollfus (1959)
on 15 children with hypsarrhythmic E.E.G.s and various clinical
features.
The present survey was planned to assess the prognostic

implications of the finding of hypsarrhythmia in the E.E.G.s of
infants, irrespective of the presenting symptomatology. The
outcome after several years was assessed in relation to survival
and general intelligence.

Subjects and Methods

During the six years from December 1956 to December 1962,
894 children in their first year of life had E.E.G.s taken at the
Hospital for Sick Children. The E.E.G.s of these infants were
reviewed, and the features of hypsarrhythmia were found in
143 cases. The presenting clinical symptomatology and history
showed a great deal of individual variation, though most of
the babies had been referred for E.E.G. studies because of
seizures of one or other kind. In a few children, however, no
seizures had been reported by the time hypsarrhythmia had
appeared.
The only two criteria for inclusion in the study were the age

of the child (up to 1 year) at the time of the relevant E.E.G.
and the features of hypsarrhythmia (see Fig.), defined as
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follows: (1) predominant generalized, irregular activity at 1-5 c/s
of at least 300 microvolts in amplitude and often considerably
more; (2) spikes or sharp waves of the order of 100-1,000
microvolts with variable distribution and phase relationship,
usually unaffected by photic stimulation but often increased
during sleep; and (3) poverty of rhythmic activity appropriate
to the child's age with only minor E.E.G. change after passive
eye closure during wakefulness.

In 1969 the clinical notes were studied with a view to assessing
the course of the illness and the developmental progress of each
child. No adequate information was available in 38 children, but
the remaining 105 had been followed up at our hospital for
periods up to a maximum of 12 years, and form the basis of the
present study. The E.E.G.s were taken with uniform techniques
and electrode placement (Pampiglione, 1956) and repeated
whenever possible.
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TABLE 1I-Influence of Spasms on Outcome of 105 Infants with Hypsarrhyth-
mia

Infantile
Spasms

With
Without

-I-

No. of
Infants

78
27

-l-

Dead

16 (205°/)
11 (40-5,)

Retarded

46 (59%)
14 (52%)

-I-

Normal
(or Nearly
Normal)

16 (20-5%)
2 (7-5%)

XI (trend) = 6-0. P < 0-05.

TABLE III-Clinical Outcome of 105 Infants with Hypsarrhythmia. 1957-62

Steroids/ Total Ded Severely Normal
Corticotrophin No. Dead Retarded E.S.N. (or NearlyNormal)

Not given .. 55 17 (31%) 25 (46%) 8 (14%) 5 (90/)
Given . .. 50 10 (20%) 16 (32%) 11 (22%) 13 (26%0)
Xs (trend) = 7 9. P < 0-01.

Results

The outcome in the 105 children was established in relation to
the latest information known up to December 1969 (see Table I).
Of the 27 deaths, 25 occurred within two years of the date of the

TABLE I-Outcome in 105 Infants with Hypsarrhythmia

hypsarrhythmic E.E.G.-that is, below the age of 3 years
and the other two at 31 and 61 years of age respectively. The
clinical "diagnoses" before death included a variety of con-
ditions: four cases of suspected degenerative cerebral disorder,
three with aminoaciduria, three with various cerebral malforma-
tions detected radiologically, three with hydrocephalus, one

child with a congenital heart disease, one was a Mongol, one

had a haemorrhagic condition, and one developed leukaemia.
In six others a "diagnosis" of cerebral atrophy was supported
by pneumoencephalography. In four children no diagnosis
was made. Most of these children finally succumbed to broncho-
pneumonia or other infection. The diagnosis therefore was

usually symptomatic and the underlying aetiology remained
obscure. Postmortem examination of the brain was obtained in
four cases, and in four others a brain biopsy had been performed.
In all these eight children the histological changes were those
of "non-specific atrophy."

In the surviving children, the clinical diagnoses were also
varied, and largely symptomatic. Of these 78 children, 60 were

found to be mentally subnormal, the subnormality being severe
in 40 with an I.Q. below 56 (often not measureable by standard
tests), while in the remaining 20 it was moderate with I.Q.s
of 56-70 (educationally subnormal (ESN) at school age).
Seizures had become less prominent as a feature in most of the
surviving children. In the group of 18 classified as "normal or

nearly normal" (I.Q. 71 or above), three were still having
occasional seizures when last seen, at 6, 71, and 9 years of age
respectively. All these 18 children were attending normal schools
though "special" teaching was required in five whose I.Q.s were

in the 71-84 range.
In the present series 27 children with hypsarrhythmia did

not have infantile spasms at any stage of their illness, though
some other form of seizure had occurred. The outcome in this
smaller group was even worse than in the larger group of children
with infantile spasms (see Table II).
The period covered in this study spanned the introduction of

corticotrophin or steroid treatment for infantile spasms which
was heralded by Sorel and Dusaucy-Bauloye (1958). We were

TABLE iv-Clinical Outcome of 78 Children with Infantile Spasms. 1957-62.

Steroids/ No Dead Severely Normal
Corticotrophin No ed Retarded E.S.N. (or NearlyNormal)

Given .. 49 10 (20-5%) 16 (32-5%) 11 (22-5%) 12 (24-5°)
Not given . 29 6 (20-5%) 14 (48-5%) 5 (17%) 4 (14%)

X2 (trend) 1-4. Not significant.

therefore able to compare the outcome of a group of 50 children
treated with corticotrophin or steroids with a group of 55 children
not so treated. While the prognosis for both groups was poor
(all with hypsarrhythmia, whatever the clinical picture), there
seemed to be a trend for a better outcome in children treated
than in those not treated with corticotrophin or steroids (P <
0-01) (Table III). However, when only the children with the
clinical picture of infantile spasms (78 in all) were considered
the difference between treated and untreated cases was no longer
significant (Table IV).

Discussion

It is generally agreed that the clinical syndrome of infantile
spasms has a poor prognosis (for reviews of the literature see
Gastaut et al., 1964; Jeavons and Bower, 1964; Chevrie et al.,
1968; among others). The incidence of mental retardation in
patients followed up for varying periods is high (Gibbs et al.,
1954) with a death rate of up to 22% (Jeavons et al., 1970).
Most of the studies in the literature, however, are based on
children with infantile spasms in whom the E.E.G. findings
were only a subsidiary concomitant of the clinical picture.
Jeavons and Bower (1964), however, recognized the presence of
hypsarrhythmia as an important loading factor against a good
outcome in 62 children with infantile spasms.
Only a few authors have considered the possible primary

significance of the E.E.G. findings ofhypsarrhythmia apart from
infantile spasms syndrome (Gibbs and Gibbs, 1952; Rebufat-
Deschamps, 1958). Lombroso and Rose (1964) approached this
viewpoint but their work was limited to the neonatal period.
Burnett et al. (1958), in a complementary type of study, found
that 27 of their children with infantile spasms and a normal
E.E.G. before the age of 1 year had a substantially better out-
come than the larger number of children with abnonnal E.E.G.s.
Our studies are primarily based on the finding of hypsarrhyth-

mia in the E.E.G.s of infants, whatever their clinical history or
symptoms at the time. These children seem to have a high
mortality rate (26%) and a very high proportion of mental
subnormality in the survivors (77%) whether or not they had
infantile spasms, other seizures, or other clinical features. This
poor outcome becomes even more striking if we compare our
group of patients with the figures for the general population
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extracted from the Statistical Review for England and Wales,
1968 (Registrar General, 1970): the mortality in children
between 1 month and 5 years of age is about 1 : 1,000 while
in our group of children who had a hypsarrhythmic E.E.G. the
figure is about 1 : 4.

According to educational psychologists, an accepted figure
for children of school age with an I.Q. above 70 is about 97%,
while in our series only 23% of the surviving patients achieved
this level. If we then consider 30/ as an accepted figure for
mentally subnormal children in the general population, the
figure in our series is of the order of 770%. These findings
therefore suggest that the presence of a hypsarrhythmic E.E.G.
in the first year of life, irrespective of the clinical symptomato-
logy at the time and largely irrespective of therapy, carries
grave prognostic implications in terms of incidence of mental
subnormality and early death. Since not all infants with a
severe neurological illness in the first year of life develop hyp-
sarrhythmia in their E.E.G., it is tempting to suggest that the
presence of hypsarrhythmia might indicate a special type, or
group, of disorders as yet unidentified.

This work was partly supported by a grant from the Clarissa-
Norman Research Fund on Epilepsy and by the Joint Research

Board (Hospital for Sick Children and Institute of Child Health),
both gratefully acknowledged.
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Diagnosis of Established Deep Vein Thrombosis with the
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Summary

One hundred and two patients with clinical signs indicat-
ing a possible diagnosis of deep vein thrombosis were
studied with the fibrinogen uptake test and phlebography
to assess the reliability of the test as a means of diag-
nosing established venous thrombosis. The test gave a
correct diagnosis in 78% of the 85 legs shown to contain
thrombus by phlebography and only 19 (10%) false-
negative results in the 195 legs examined. The duration
of the symptoms, the administration of anticoagulants,
and mild leg swelling did not affect the accuracy of the
test. Very old thrombus, phlebographically more than
11 days old, was associated with an increased false-
negative rate.
The fibrinogen uptake test is accurate enough to make

it a valuable method of clinical investigation.

Introduction

Radioactive fibrinogen will be incorporated into a thrombus if it
is circulating in the blood stream at the time that the thrombus
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forms. The thrombus will then have a high concentration of
radioactivity which can be detected by external scintillation
counting. This method for detecting deep vein thrombosis was
first suggested by Hobbs and Davies (1960) on the basis of
experiments in the rabbit. Their work was not followed up with
any enthusiasm until Atkins and Hawkins (1965), Nanson
et al. (1965), Flanc et al. (1968), and Negus et al. (1968) simpli-
fied the method by using the longer-lasting isotope of iodine,
1251, in place of 13I1, and proved its reliability in patients after
surgical operations by comparing it with phlebography.
We have been more interested in the value of the 125I fibrino-

gen uptake test as a means of diagnosing established deep leg
vein thrombosis. Some of the workers already referred to men-
tioned the use of the test for this purpose but did not investigate
this aspect in depth (see Discussion). We present our clinical
experience with 102 patients who presented with symptoms or
signs of either leg vein thrombosis or pulmonary embolism.
Both the fibrinogen uptake test and ascending lower limb
phlebography were performed in all patients. The results
show that radioactive fibrinogen does accumulate in and around
well-established thrombus to a degree that makes the technique
a useful diagnostic method.

Patients and Methods

Each patient examined in this study was subjected to the
investigation at the request of the clinician supervising his care
because there was reason to think that the patient had a deep
vein thrombosis or a pulmonary embolus. The patients had
either some form of symptoms in the legs (pain, tenderness,
Homans's sign, swelling of the ankle, dilated veins, or increased


