
136 18 January 1969 Leading Articles

stroke. His own saggestion, that injury resulting from a
lightning stroke might be caused by electrostatic forces, is
difficult to accept, as it supposes storage of large amounts
of electric charge by the body.

Recently D. F. Farrell and A. Starr10 have collected from
the literature 24 cases of delayed neurological injury with
the onset after the accident ranging from " some days " to
24 months in their own case. To explain the delayed onset
of the injuries they suggest that the endothelial cells of the
blood vessels are damaged by the current, as may happen
after irradiation, and that, " if as a result of irradiation or
electrically induced protein changes, these cells die or become
manifestly abnormal following mitosis there would be a
potential region for thrombosis and resultant alteration in
blood flow."

There is at present, as those authors concede, little sub-
stantial evidence to support this hypothesis. However,
disturbances of local blood flow, which may be immediate
or delayed, after an electric shock have been described.
Angina electrica is a recognized sequel of electric shock. J.
Marty and his colleagues' published an account of an
interesting case of thromboarteritis of the left- brachial artery
developing in a 28-year-old radio officer two and a half years
after the accidental contact of his left elbow with a capacitor
charged at about 5,000 volts, which thereby discharged
through his left arm.

Thus, although neurological sequelae associated with
electric shock have been reported over many years, it has not
been possible to explain satisfactorily their cause or causes.
The relatively few cases that occur, and their diversity, make
detailed pathological and clinical studies difficult.

Microscopical Sequelae of Head
Injury

It is disturbing to reflect that so valuable an organ as the
human brain can, with sudden changes of acceleration, be
made to resemble a quivering blancmange. Stretching and
rupturing of nerve fibres are the probable results of the
application of such stresses.
The importance of rotational shearing forces in the pro-

duction of brain injury was emphasized in the experimental
work of A. H. S. Holbourn1 2 and by R. H. Pudenz and
C. H. Shelden.3 The latter workers studied movements of
the brain in response to blows, using cinematographic pictures
of monkeys fitted with transparent calvaria. The evidence
suggests that blood vessels and axons were specially likely to
suffer damage. S. J. Strich4 confirmed the experimentalists'
work in her series of pathological findings in 20 cases of head
injury surviving for up to two years. She found lesions in
the white matter consisting of axonal swellings (" retraction
balls ") and evidence of degeneration in such pathways as the
pyramidal tracts and medial lemniscus in Marchi prepara-
tions. Her findings strongly suggested that nerve fibres were
damaged at the time of the accident. From a pathologist's
viewpoint cases of traumatic damage to the brain can roughly
be divided into those in which lacerations or haemorrhages
are at once evident on naked-eye inspection and those, more
difficult, in which no such lesion presents. In a number of

the latter cases obvious ischaemic changes, too small to be
readily visible, can be found on microscopical examination.
But in others routine examination is unrewarding.

Recently D. R. Oppenheimer studied at necropsy a series
of cases of head injury with no gross naked-eye changes. The
patients had survived for periods varying from 12 hours to
a few weeks. He pointed out that in a high proportion of
these cases capillary haemorrhages and severed nerve fibres
without haemorrhage could be found. In this work Oppen-
heimer emphasized the value of the examination of frozen
sections stained for microglia. The mature microglial cells
(or cerebral macrophages), the only representatives of the
reticuloendothelial system truly within the central nervous
tissues, are fairly inconspicuous under normal conditions when
routine histological preparations are examined, but when
active can readily be recognized by the use of silver impreg-
nations. The techniques employed mostly derive from the
silver carbonate method used by del Rio-Hortega, whose
classical work established the separation of the mesodermal
microglia from the neuroectodermal elements in the nervous
system, and detailed the reactions characteristic of these cells
in many types of disease process. Under stimulation such as
may be provided by a small focus of cellular destruction
microglia will aggregate, multiply, hypertrophy, and phago-
cytose debris. It is not always recognized that there are
satisfactory silver-staining methods for showing these cells
that are simple and easy to perform, well within the compass
of any laboratory without special experience. Such is the
modified Weil-Davenport method employed by Oppenheimer.
Its special virtue in this context is that because of their intense
argyrophilia the clusters of active microglia (indicating
damage) stand out black against the pale background, and
hence can readily be found under only low powers of magnifi-
cation, so that accurate assessment can be readily made of
the extent of destruction at various sites. In three-quarters
of the cases examined microglial clusters were found, and,
while in one case in which the patient survived 15 hours the
cells were small, from 24 hours onwards they were large and
numerous. The proliferation corresponded to the sites of
white matter destruction indicated in Marchi preparations.
As in other studies the corpus callosum and the upper brain-
stem were regions specially prone to be affected.

There can be no doubt that such silver impregnations are
a most useful tool for the neuropathologist, enabling the
recognition of lesions that otherwise would not be identified
and allowing the determination of their distribution. A
particularly useful application is in the early case of brain
injury before axonal changes and tract degeneration are con-
spicuous. It is only by using the appropriate techniques that
the problems posed by the study of such brains can be
approached, and only then can we hope to profit by further
understanding of the mechanical forces at work in the pro-
duction of the lesions concerned. As Oppenheimer says, the
demonstration of lesions other than petechial haemorrhages
in cases which were clinically labelled "concussion" is of
interest, for permanent damage can clearly be inflicted on
the brain by apparently minor injuries, and repeated blows
(as in the case of the boxer) could lead to a cumulative loss
of nervous tissue.
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