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On the occasion of the 100th anniversary of the
Electroencephalogram (EEG), Prof. Carlo Alberto Tassinari is
pleased to present an excerpt from a special publication: the
first volume of the Electroencephalography and Clinical
Neurophysiology Journal, graciously made available through
open access by the publisher in honor of the journal's 70th
anniversary.

This print edition has been made possible through the
collaboration of Prof. Tassinari with C.R.E.P. (Center for
Pediatric Epilepsy Research), Prof. Bernardo Dalla Bernardina
and the Dravet Italia Onlus association.

We would like to take this opportunity to express our sincere
gratitude to Prof. Paolo Rossini (Rome) and Prof. Gaetano
Cantalupo (Verona) for their invaluable assistance with the
editorial work of Prof. C.A. Tassinari.






70th Anniversary of Clinical
Neurophysiology

We celebrate the 70th anniversary of Clinical Neurophysiology.

This Special Issue includes three Editorials that have been written on this
occasion by the current Editor-in-Chief (Prof. Ulf Ziemann) and two
clinical neurophysiologists, one electroencephalographer (Prof.
Alberto Tassinari) and one electromyographer (Prof. Jun Kimura) who
have been born in the 1930s and, therefore, have witnessed the
course of the journal and the International Federation of Clinical
Neurophysiology (IFCN) from almost the very beginning throughout the
decades until now.

The remainder of this SI contains the full first volume, issues 1-4 of our
journal, published in 1949.

The original name of the journal was "Electroencephalography and
Clinical Neurophysiology", reflecting the dominance of EEG in clinical
neurophysiology at that time.

You will see that many of the topics from 70 years ago are still timely
today.

This illustrates nicely the longevity of fundamental research topics in
clinical neurophysiology and their relevance throughout seven
decades.

Several of the papers published in the first volume became milestone
papers in our field. For instance, the paper by Moruzzi and Magoun (p.
455-473, http://www.sciencedirect.com/science/article/pii/
0013469449902199) has revealed the fundamental role of the
brainstem reticular formation on arousal reactions of the brain as
monitored by changes in the EEG.

It is always worth looking back to the roofts.
| wish you enjoyable reading.
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Editorial

Seventy years of our journal

Check for
updates

The grounds of our journal were laid on the occasion of the
“founding meeting” of EEG researchers held in London, UK on July
14-16, 1947. Professor Herbert Jasper was appointed Editor and
an Editorial Board was chosen to represent as many countries as
possible. The official name of the new journal was “Electroen-
cephalography and Clinical Neurophysiology”, or abbreviated: “The
EEG Journal”. This reflected the dominance of EEG in the early days
of the Federation (now called the International Federation of Clinical
Neurophysiology, IFCN), which was founded during the 2nd Interna-
tional Congress in Paris, France on September 1-5, 1949. The liberal
advice of W.T. Liberson of Hartford, USA during the 1947 founding
meeting that the international journal “...should not be concerned
exclusively with electroencephalography, but be devoted to all the prob-
lems of experimental and clinical neurophysiology. . .many of us do not
commit ourselves to the problems of the electrical activity of the brain
alone, but carry on research in the fields of electromyography, electro-
dermography and electrodiagnosis of peripheral nervous diseases”
was largely ignored. Volume 1, Issues 1-4 of Electroencephalography
and Clinical Neurophysiology appeared in 1949. This first volume
contained 529 pages. Predominance of EEG topics in the first volume
is obvious from its table of contents:

Herbert H. Jasper: Electrical signs of epileptic discharge
(p. 11-18)

Warren McCulloch: Mechanisms for the spread of epileptic acti-
vation of the brain (p. 19-24)

Chester W. Darrow: Mechanisms for the spread of epileptic
activity of the brain (p. 25-27)

K.A.C. Elliott: Biochemical approaches in the study of epilepsy
(p. 29-31)

James E.P. Toman: The neuropharmacology of antiepileptics
(p. 33-44)

William G. Lennox: Influence of drugs on the human electroen-
cephalogram (p. 45-51)

V.J. Walter, W. Grey Walter: The central effects of rhythmic
sensory stimulation (p. 57-86)

Marcel Monnier: L'électro-rétinogramme de I’homme
(p. 87-108)

R.G. Bickford: An automatic electrode combination selector
switch (p. 109-113)

J. Hunter, H.H. Jasper. A method of analysis of seizure pattern
and electroencephalogram. A cinematographic technique (p.
113-114)

Forbes, A.F. Battista, P.O. Chatfiels, ].P. Garcia: Refractory phase
in cerebral mechanisms (p. 141-175)

F. Bremer: Considérations sur l'origine et la nature des < ondes
> cérébrales (p. 177-193)

https://doi.org/10.1016/j.clinph.2019.10.006

Mary A.B. Brazier: The electrical fields at the surface of the head
during sleep (p. 195-204)

Henri Gastaut: Enregistrement sous-cortical de I'activité élec-
trique spontanée et provoquée du lobe occipital humain (p.
205-221)

F.A. Gibbs, John R. Knott: Growth of the electrical activity of the
cortex (p. 223-229)

]J. ten Cate, G.P.M. Horsten, L.J. Koopman: The influence of the
body temperature on the EEG of the rat (p. 231-235)

I Charles Kaufman, C. Wesley Watson: A brief review of meth-
ods used to elicit or accentuate abnormalities in the electroen-
cephalogram (p. 237-240)

Joseph A. Epstein: A simple multilead needle electrode for
intracerebral electroencephalographic recording (p. 241-242)
C.C. Breakell, L.D.S. Manc, C.S. Parker, F. Christopherson: Radio
transmission of the human electroencephalogram and other
electrophysiological data (p. 243-244)

Kristian Kristiansen, Guy Courtois: Rhythmic electrical activity
from isolated cerebral cortex (p. 265-272)

Richard L. Masland, George Austin, Francis C. Grant The elec-
troencephalogram following occipital lobectomy (p. 272-283)
Ajmone-Marsan, M.G.F. Fuortes: Electrographic study of the
convulsant action of intravenously administered acetylcholine
(p. 284-290)

Ajmone-Marsan, M.G.F. Fuortes, F. Marossero: Influence of
ammonium chloride on the electrical activity of the brain and
spinal cord (p. 291-298)

Sam L. Clark, James W. Ward: The electroencephalogram in
cerebellar seizures (p. 299-304)

J. Hunter, H. H. Jasper: Effects of thalamic stimulation in
unanaesthetised animals: The arrest reaction and petit Mal-like
seizures, activation patterns and generalized convulsions (p.
305-324)

Samuel C. Little, Mercer McAvoy: Changes in the electroen-
cephalogram following administration of mesantoin (methyl-
phenyl-ethyl hydantoin) (p. 325-332)

Kenneth A. Blinn, Werner K. Noell: Continuous measurement of
alveolar CO2 tension during the hyperventilation test in routine
electroencephalography (p. 333-342)

F.M. Lorimer, M.M. Segal, S.N. Stein: Path of current distribution
in brain during electro-convulsive therapy (p. 343-348)
Francis M. Forster, Wilder Penfield, Herbert Jasper, Leo Madow:
Focal epilepsy, sensory precipitation and evoked cortical poten-
tials (p. 349-356)

Paul F.A. Hoeffer, Charles Markey, Robert L. Schoenfeld: A
method for automatic analysis of the electroencephalogram
(p. 357-363)

1388-2457/© 2019 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights reserved.
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Robert B. King, S.A. Trufant, W.P. Fuchs: A versatile apparatus
providing immobilization of the head for electrophysiological
studies: Accessory Equipment Described for Inserting Elec-
trodes Into Subcortical Structures (p. 365-367)

Jerzy E. Rose, Clinton N. Woolsey: Organization of the mam-
malian thalamus and its relationships to the cerebral cortex
(p- 391-404)

Herbert Jasper: Diffuse projection systems: The integrative
action of the thalamic reticular system (p. 405-420)

George H. Bishop: Potential phenomena in thalamus and cortex
(p. 421-436)

Robert A. Hayne, Louis Belinson, Frederic A. Gibbs: Electrical
activity of subcortical areas in epilepsy (p. 437-445)

F. Bremer, V. Bonnet: An analysis of the sensory responses of the
acoustic cortex (p. 447-449)

G. Moruzzi, HW. Magoun: Brain stem reticular formation and
activation of the EEG (p. 455-473)

W. Grey Walter: Coming to terms with brain waves (p. 474)
D.B. Lindsley, ].W. Bowden, HW. Magoun: Effect upon the EEG
of acute injury to the brain stem activating system (p. 475-486)
Grossman: Sensory stimulation during sleep: Observations on
the EEG responses to auditory stimulation during sleep in
patients with brain pathology (Preliminary Report) (p. 487-
490)

Joseph A. Epstein, Margaret A. Lennox, Olga Noto: Electroen-
cephalographic study of experimental cerebro-vascular occlu-
sion (p. 491-502)

Erling Asmussen, Fritz Buchthal: A method for the rapid deter-
mination of the degree of forced breathing (p. 503-504)
Georg F. Henriksen, Chaskiel Grossman, Jerome K. Merlis: EEG
observations in a case with thalamic syndrome (p. 503-507).

A closer look to the papers published in this first volume
demonstrates, however, that Electroencephalography and Clinical
Neurophysiology was much more multifaceted than just EEG
research. It contains technical /| methodological articles that are
still forming areas of research today, such as streaming of electro-
physiological data (see article by Breakell et al., p. 243-244), mod-
eling of electrical fields in the individual brain induced by electrical
brain stimulation (see article by Lorimer et al., p. 343-348), or
automated analysis of EEG data (see article by Hoeffer et al., p.
357-363). This illustrates very nicely the longevity of fundamental
research topics in clinical neurophysiology and their relevance
throughout seven decades.

Several of the papers published in the first volume became
milestone papers in our field. For instance, the paper by Moruzzi
and Magoun (p. 455-473) has revealed the fundamental role of
the brainstem reticular formation on arousal reactions of the brain
as monitored by changes in the EEG. The paper has been cited 2181
times (Scopus) until now, a citation classic.

Many of the authors of the first volume took important roles in
the later history of the Federation. For example, Herbert Jasper was
the founding editor of The EEG Journal (1949-1961), and the first
president of the federation (1949-1953), William Grey Walter
was the organizer of the founding EEG meeting in (1947), the Euro-
pean Editor of the journal (until 1957) and the second president
(1953-1957), Henri Gastaut was the third president (1957-
1961), Mary A.B. Brazier was the fourth president (1961-1965)
and Editor-in-Chief (1973-1984), Cosimo Ajmone-Marsan was
the sixth president (1969-1973) and American Editor (1960-
1969).

Another interesting observation is that several papers were
published in French. It was only decided later, on the occasion of
the International Congress in Brussels, Belgium in 1957 that all
papers should be in English if possible.

Finally, it is absolutely worth reading the Editorial by W. Grey
Walter: Coming to terms with brain waves (p. 474), in which he
puts a strong stance on using clear nomenclature in clinical neuro-
physiology. He quoted Lewis Carol (Through the Looking Glass):
“When I use a word* Humpty Dumpty said in rather a scornful tone
"it means just what I choose it to mean — neither more nor less“, "The
question is* said Alice "whether you can make words mean so many
different things“. "The question is* said Humpty Dumpty "which is
to be master - that’s all“. And he concluded: “If we are not to be
branded as Sorcerers, Vampires or Shamanists, we must decide which
is to be master and try to make it possible to say just what we mean”.
This is still also very true now, and its importance will be reflected
in a glossary of terms in clinical neurophysiology, endorsed by the
American Association of Neuromuscular & Electrodiagnostic
Medicine (AANEM) and the International Federation of Clinical
Neurophysiology (IFCN) that will be published in Muscle & Nerve
(the organ of the AANEM) and in Clinical Neurophysiology in 2020.

The development of our journal over the decades is very nicely
summarized in two accompanying Editorials by Professor Carlo
Alberto Tassinari from the perspective of an epileptologist and
EEG researcher, and by Professor Jun Kimura (president of the fed-
eration 1990-1993) from the perspective of an EMG researcher.
Both have been born in the 30ties and have witnessed the matura-
tion of clinical neurophysiology from the early to the present days.
The steadily increasing importance of other techniques than EEG
led to the addition of two sections to the journal: “Electroen-
cephalography and Clinical Neurophysiology/Evoked Potentials Sec-
tion” in 1984, and “Electroencephalography and Clinical
Neurophysiology/Electromyography and Motor Control” in 1995.
Finally, this was all embraced under the new and still current name
of the journal in 1999: “Clinical Neurophysiology”. In 2016, the IFCN
launched a second journal “Clinical Neurophysiology Practice”. This
is an open-access journal with a special focus on educational and
practical studies while Clinical Neurophysiology aims now even
more deliberately at publishing highest-quality research articles.

Our journal has now a wide scope, including all aspects of
clinical neurophysiology in research: “Clinical Neurophysiology is
dedicated to publishing scholarly reports on the pathophysiology
underlying diseases of the peripheral and central nervous system of
humans. Reports on clinical trials that use neurophysiological mea-
sures as endpoints are encouraged, as are manuscripts on integrated
neuroimaging of peripheral and central nervous function including,
but not limited to, functional MRI, brain mapping, MEG, EEG, PET,
ultrasound, and other neuroimaging modalities. Studies on normal
human neurophysiology are welcome, if they are relevant to disease
or clinical applications. . .Clinical Neurophysiology covers epilepsy,
developmental clinical neurophysiology, psychophysiology and psy-
chopathology, motor control and movement disorders, somatosensory
disorders including pain, motor neuron diseases, neuromuscular dis-
eases, neuropathies, sleep and disorders of consciousness, auditory
and vestibular disorders, aging, Alzheimer’s disease, other dementias,
other psychiatric disorders, autonomic disorders, neural plasticity
and recovery, intraoperative and ICU monitoring, and therapeutic
clinical neurophysiology including non-invasive and invasive brain
stimulation.”

Currently, we are discussing several issues related to modern
forms of publishing such as transforming Clinical Neurophysiology
into an e-only journal, or moving from a subscription-based hybrid
model to a full gold open access publication model, where all pub-
lications would become freely and immediately accessible. If set
into action, these transformations will significantly affect authors
the way they are publishing, readers the way they can access the
content of the journal, and the publisher (Elsevier) and the federa-
tion with respect to their relations. However, no matter what will
happen, I am confident that our journal will remain the premier
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journal in its field as it has always been ever since its foundation
70 years ago.

This is a very good reason to celebrate. As the current Editor-in-
Chief, I would like to thank all the people who have contributed to
the ongoing success of our journal, in particular all the ad hoc
reviewers, members of the Editorial Board, Associate Editors and
the Editorial Officers and Journal Managers at Elsevier. As a partic-
ular contribution in celebrating the 70th anniversary, Elsevier has
agreed to switch Volume 1, Issues 1-4 of our journal to open
access. All articles of the first volume can be reached through:

https://[www.sciencedirect.com/journal/electroencephalogra-
phy-and-clinical-neurophysiology/vol/1/issue/1

Let me close this text by quoting Herbert H. Jasper, the founding
Editor. He thought that scientific investigation and brain research
“...might be an excellent channel for the promotion of better
international relations because so many of these problems are based
on malignant mental attitudes that might respond to scientific studies
of brain function as a detriment of social behavior. I feel strongly that

modern neuroscience with all its advances during recent years should
be used to apply knowledge and techniques to the understanding and
prevention of such malignant mental attitudes that form the basis for
so much conflict.” While this might be an overoptimistic view, it
articulates a self-conception of our journal: a globally interacting
family of researchers and clinicians devoted to advancing our
knowledge of the functions and dysfunctions of the human ner-
vous system, one of the most intricate unresolved enigmas in
science.

Ulf Ziemann

Department of Neurology & Stroke, and Hertie-Institute for Clinical
Brain Research, University of Tiibingen, Hoppe-Seyler-Str. 3, 72076
Tiibingen, Germany

E-mail address: ulf.ziemann@uni-tuebingen.de

Available online 5 November 2019
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Editorial

An electroencephalographer recalls the history of the Federation on the

Check for

70th anniversary of its journal, Clinical Neurophysiology

1. Introduction

The history of electroencephalogram (EEG) moves from Richard
Caton (1842-1926), a physician practicing in Liverpool, who in
1875 presented his findings about electrical phenomena of the
exposed cerebral hemispheres of experimental animals. Later the
Polish physiologist Adolf Beck published an investigation of spon-
taneous electrical activity of the brain of rabbits and dogs, that
included rhythmic oscillations altered by light; this was the first
observation of brain waves. In 1912, Ukrainian physiologist Vladi-
mir Vladimirovich Pravdich-Neminsky published the first EEG and
the evoked potential in mammalians (Haas, 2003). In 1914, Napo-
leon Cybulski and Jelenska-Macieszyna photographed EEG record-
ings of experimentally induced seizures.

The modern history of Electroencephalography starts with the
research of the German physiologist and psychiatrist Hans Berger
(1873-1941) who recorded the first human EEG in 1924 and
invented the term electroencephalogram (giving the device its
name) (Berger, 1929). British scientists Edgar Douglas Adrian and
Bryan Harold Cabot Matthews in 1934 first confirmed Berger’s
findings and further developed the EEG (Adrian and Matthews,
1934). In the following years, there was a crescendo of discoveries
about the EEG. In 1934, Fisher and Lowenback first demonstrated
epileptiform spikes. In 1935, Gibbs, Davis, and Lennox described
interictal spike waves and the three cycles/s pattern of epileptic
‘absence seizures’, which began the field of clinical electroen-
cephalography. Subsequently, in 1936 Gibbs and Jasper reported
the interictal spike as the focal signature of epilepsy. The same
year, the first EEG laboratory opened in US at Massachusetts Gen-
eral Hospital. Franklin Offner, at Northwestern University, devel-
oped a prototype of the EEG that incorporated a piezoelectric
ink-writer called ‘Crystograph’. In 1947, The American EEG Society
was founded and the first International EEG congress was held.

In 1949 the first issue of the official Journal of the International
Federation of Clinical Neurophysiology was published. It was the
birth of Electroencephalography & Clinical Neurophysiology.

An electroencephalographer today can nicely recall the scien-
tific journey of Electroencephalography & Clinical Neurophysiology,
trying to highlight the insights stemming from the content of the
first issues - see the enclosed Index of Vol I - 1949 in the Editorial
from UIf Ziemann in this issue of Clinical Neurophysiology
(Ziemann, 2019).

https://doi.org/10.1016/j.clinph.2019.10.010

2. Part I - The electroencephalography: on waves and rhythms
2.1. Alpha waves

The history of electroencephalogram was not an easy one since
its first steps. Quoting from Jasper and Penfield (Jasper and

Penfield, 1949) in a twenty years later tribute to Prof. H Berger:
“his sustained vision which carried him through on exemplary series
of rigorously controlled systematic experiments on human subjects

finally convinced skeptical scientists throughout the world of the valid-
ity and value of records of the electrical activity of the human brain”.

The “sustained vision” on alpha rhythm was confirmed by
Adrian and Matthews (1934) whose work is summarized in a lively
Editorial of Brain (Compston, 2010), from which we quote, in
which is reported their “combined satisfaction” in demonstrating
that the Berger rhythm is not an “artifact “from pulsation of the ves-
sels, activity of pilomotor muscles, tremor of the head or retinal poten-
tials [...]The relationship between the Berger rhythm and vision is
clear. Nothing abolishes the activity more easily than a visual stimulus,
however uninteresting it may be. More specifically it is the recognition
of pattern in the central visual field, or the attempt to perceive it
which interferes with the rhythm. Adrian and Matthews try various
perturbations to show that the awareness of shape, not the level of
illumination, most effectively stop the rhythms [...] responding to
questions, mental arithmetic, tying and untying knots, hearing, or reg-
istering unexpected touch abolishes the potentials, although subjects
may habituate to these intrusions; [...] Flicker is able to induce
rhythms that can occur at a frequency of up to 25 cycle/s [. . .] Sitting
in front of an opal bowl with his head covered by a black velvet curtain
viewing a 30 watt bulb rotated by a gramophone motor, initially with
his eyes closed and the stable 10 cycles/s Berger rhythm in place, Pro-
fessor Adrian is exposed to the flickering light and ‘responds’ with a
series of potential waves that are mostly synchronous with the flicker.
Ideally, these need to be in the range of 10-20/s: at lower rates, the
rhythms are unstable; and if too fast, they may halve or double by
comparison with frequency of the visual stimulus”.

The ‘Flickering’ introduce us to the physiopathology of the com-
plex domain of ‘Photosensitive Epilepsies’: (i) a variety of stimuli -
characteristically related to frequency, pattern of stimulation, cen-
tral vision, intensity of luminance; (ii) a number of etiologies, and
(ii) different clinical manifestations (e.g. myoclonus, conscious-
ness, etc) from papio-papio baboon (Killam et al., 1967) to man
(Walter and Walter, 1949; Jeavons and Harding, 1975;
Takahashi,2002; Duncan and Panayitopoulos,1996). Being “evi-
dence of the existence of a functional link between the circuits that

1388-2457/© 2019 International Federation of Clinical Neurophysiology. Published by Elsevier B.V. All rights reserved.
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trigger the visual sensitivity phenomenon and those that generate the
posterior alpha rhythm” (Vaudano et al., 2017).

“What causes the beat of these occipital neurons? Adrian and Mat-
thews have already shown that the rhythmic activity observed from
the water beetle eye in darkness breaks up when retinal stimulation
is not uniform and of reduced brightness (and with all due modesty
the Nobel Laureate points out that his own Berger rhythm is more or
less identical to that of the water beetle)”.

On a more general perspective we can wonder how “similar”
waves or rhythms can be observed in extremely different condi-
tions, in the same species: the alpha of the quiet and conscious
Sir Adrian, with the eyes closed, and the alpha of a patient in a
comatose or vegetative state with the eyes open. No doubts we will
read the answer(s) in the next Centenary Editorial of the Journal.

2.2. Beta waves and the rhythm ‘en arceau’ (or Mu Rhythm)

Jasper and Penfield (1949) described rapid EEG rhythms: “the
beta rhythm (25 per sec) is characteristic of the electrical activity from
the central region- is not affected by weak visual stimuli which blocked
the alpha rhythm, [...] It was blocked by tactile stimulation to the con-
tralateral side of the body [...] Blocking of the beta rhythm occurs,
however only upon the initiation of movement and upon voluntary
termination of a posture which the patient has assumed. It is not sus-
tained during a maintained contraction such as clenching the fist, but
blocking occurs at the beginning and cessation of the act. Sustained
blocking occurs only with continuous consecutive movement or ‘readi-

ness to move’ before the movement actually begins. These findings
would be consistent with the suggestion that impulses reach the pre-
central gyrus at the beginning and at termination of a posture that
is assumed voluntarily”.

Gastaut (Gastaut, 1952; Gastaut et al., 1952) described an ‘arch-
shaped’ rhythm or “rhythm en arceau” (the mu-rhythm or ‘wicked’
rhythm) that was considered by its topography and reactivity as a
‘dédoublement’ of beta activity: “The somatotopic reactivity was pre-
cise: the mid rolandic arceau was blocked by hand mobilization, while
a “superior - rolandic” (as recorded on vertex area) was blocked

mainly by foot mobilization. Most interesting, thinking of performing
a voluntary movement was effective to produce a reactivity of both
beta and rhythm ‘en arceau”.

In a third article (Gastaut and Bert,1954) on “EEG changes dur-
ing cinematographic presentation” it was clarified how the rhythm

‘en arceau’: “It also disappears when the subject identifies himself with

an active person represented on the screen. This phenomenon is partic-
ularly interesting to study during a sequence of film showing a boxing
match. A few seconds and at times, less than a second after the appear-
ance of the boxers all type of rolandic activity disappears in spite of the
fact that the subject seems completely relaxed and that there is no
noticeable change of posture. The relation between the blocking of
the ‘arceau’ rhythm and the image of boxers in action is unquestion-
able. In the middle of this particular film strip, the camera is suddenly
turned from the ring to the spectators in the hall for a few seconds. In
many subjects the rhythm ‘en arceau’ reappears during this short per-
iod and vanishes again as the boxers reappear on the screen. The
motor characteristic of this identification is made obvious in a subject
showing a bilateral rhythm ‘en arceau’ which is blocked only on the
left hemisphere during the boxing match (it is with the right fist that
one hits)”.

It was also demonstrated that mental motor action of the phan-
tom limb in an amputee can block the contralateral rhythm ‘en
arceau’ (Gastaut et al. 1965).

Fifty years later there is a revival of mu rhythm: quoting from
Avanzini et al. (2012):

“Although already mentioned by Gastaut (Gastaut et al., 1952) the
reactivity in mu rhythm to the observation of others’ action remained

for many years neglected. The discovery of mirror neurons, a set of
motor neurons that discharge both during action execution and obser-
vation, determined a renewed interest in the cortical motor rhythms
not only during action execution but also during action observation.
A conceptual link between mu rhythm and the mirror neuron activity
was first suggested by Altschuler et al. (1997) and later confirmed by
other researchers. This proposal was based on the reactivity of both
mu rhythm and mirror neurons in response to action observation
and execution”.

The observation of motor acts determines a modulation of cor-
tical rhythm analogous to that occurring during motor act execu-
tion. In particular the cortical motor system closely follows the
velocity of the observed movements. This finding provides strong
evidence of the presence in humans of a mechanism (mirror
mechanism, Rizzolatti and Sinigaglia, 2016) mapping action
observation on action execution motor programs. These data con-
stitute the cornerstone of the modern Brain Computer Interface
(BCI) techniques. The aim is to allow humans with motor disabil-
ities to interact with the environment, by modulation of brain
waves, i.e. electric signals, to control robotic arms (Babiloni
et al, 1999) or even a ‘full-body’ exoskeleton Benabid et al.,
2019).

2.3. The Delta waves and Sleep

M. Brazier (1949) introduces us to a third component of the EEG
waves’ family mainly occurring during physiological sleep: the
Delta waves, at 1-4 c/sec, quite ‘slow’, as compared to waking
alpha and beta rhythm. Quoting from Brazier: “that slow potentials
appear in the record when the subject is asleep was one of the first
observations to be established in electroencephalography: and since
Berger’s original demonstration of this change, it has been plentifully
confirmed by subsequent workers. .. The electrical activity of the brain
during sleep is not the electrical concomitant of ‘resting’ cells, or of a
quiescent brain, but the signal of activity in certain sub-cortical
networks”.

We know actually that the EEG activity for most of normal sleep
is characterized by a complex achitecture, physiologically com-
posed by macro- and micro-structure - namely the Cyclic Alternat-
ing Pattern (Terzano et al., 1985), reflecting the relationship
between other (fast) rhytms and slow wave activity (SWA). SWA
corresponds, at a cellular level, to slow oscillations of membrane
potentials of cortical neurons (Amzica and Steriade, 1998). The
amount of EEG SWA is homeostatically regulated, showing an
increment during wakefulness and returning to baseline during
sleep (Borbély and Achermann, 2005). Slow wave sleep (SWS)
has always been associated with restorative and recovery func-
tions, but what these functions do really represent remains
unclear. A hypothesis - the synaptic homeostasis hypothesis
(Tononi and Cirelli, 2014) - suggests that a consequence of staying
awake is a progressive increase in synaptic strength in many brain
circuits. Sleep ensures synaptic homeostasis by promoting synaptic
weakening/pruning after the increase of synaptic strength
occurred during wakefulness. Recent studies in children with a
high amount of paroxysmal activity during slow sleep (Cantalupo
et al., 2019), failed to show changes of the slope of the SWA, which
is a sensitive measure of cortical synaptic strength; in such chil-
dren, the impaired synaptic homeostasis in the critical period of
development may disrupt - often irreversibly — cognitive functions
and behavior (Bolsterli et al., 2011; Rubboli et al., 2019; Halasz and
Szucs, 2018).

2.4. A new language

With the end of World War II, electronic devices and human
competences became available in EEG and neurophysiological lab-
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oratories. The “Electroencephalography”, now technically vali-
dated and scientifically recognized, became a relevant and trendy
investigation in different clinical and neuroscientific domains: psy-
chology, neurology, psychiatry, pharmacology, and in any condi-
tion susceptible or suspected to modify the brain function (see
Niedermeyer’s Electroencephalography). A wealth of new rhythms
were observed from scalp electrodes, and carefully analyzed and
‘validated’ by subdural and intracerebral recordings in patients
(mainly epileptic). The introduction of microprocessors and com-
puters also allowed to average EEG signals triggered by an external
stimulus giving then the opportunity to record Evoked Potentials
to visual, acoustic, somatosensory stimuli (see Desmedt and
Cheron, 1980; Rossini et al., 1987). The possibility to record EEG
and stimuli on tape opened the door to analyze eventual potentials
preceding a given event by ‘back-averaging’ a number of repetitive
events; the Bereitschaft potentials preceding a movement as well
as the cortical spike preceding a myoclonic jerk were, for the first
time, recordable by back-averaging procedures (Shibasaki and
Hallett, 2006; Pfurtscheller and Aranibar, 1978).

In the - how useful! - “Glossary of terms most commonly used
by clinical electroencephalographers” (Chatrian et al., 1974), we
find two variants of ‘posterior 4 ¢/sec rhythm’; six variants of the
‘alpha rhythm’, six variants of ‘spikes’, thirteen ‘complexes’. The
new EEG findings were discussed for years, usually in lively and
friendly moods, at times hotly, even in the cold surroundings of
‘Alpine sky meeting’ (Miletto, 1964):

"Why - claimed an astonished ]. Stevens (USA) - the ‘14-and-6
positive spikes’ are considered so relevant and frequent in the US while
are ignored in Europe? ‘We never saw them’ was the answer of Gas-
taut and Remond”!

In turn, G. Walter stated of having “never seen” the ‘rhythm en
arceau’ (the mu rhythm). In the same ‘sky meeting’ in a discussion
on ‘spike and waves without epilepsy’, the soft spoken, well-man-
nered gentleman, Prof. Loiseau (Bordeaux) “rose to protest with
vehemence against the use of the term epileptic to describe a paroxys-
mal tracing” (Miletto, 1964, page 345).

Unavoidable to reread the Grey Walter (1949) ‘Commentaries’
on “Coming to terms with brain waves: the inevitable ambiguity of
language is the joy of poets, the despair of scientist; [...] We need
not to be afraid of naming phenomena we do not understand. It would
be ludicrous to use ‘alpha rhythm’ to mean any activity at about 10c/
sec, but equally absurd to have to write ‘rhythmic oscillations of
potential difference at 8-13c/sec, with an amplitude of 5-100 pv in
the parietal occipital region, normally attenuated by opening of the
eyes and/or mental alertness’. Perhaps we all know what we mean
by alpha rhythm, but do we all mean the same things? And what about
the others names, for some of which I must accept responsibility?”

Indeed G. Walters was responsible for the naming of theta and
delta waves.

It has been said: “The confusion arises not from things but by the
names we call them”.

3. Part II - Clinical electroencephalography
3.1. Epilepsy

It is not by chance that the first article of the first number of the
first year of our Journal ‘Electroenceph. Clin. Neurophysiol’ is
authored by W. Penfield (1949): ‘Epileptic Manifestation of Cortical
and subcortical Discharge’. It is a refreshing pleasure to quote ver-
batim the first sentences:

“The validity of the Jacksonian conception of an ictal ganglionic dis-
charge has been verified by the clinical use of the electroencepha-
graph. But the disturbance of electrical rhythms of the brain

during a seizure is only one of the manifestations of an attack. It
does not tell the whole story of epilepsy. The clinical picture is also
important and we must enquire into the pathological cause.”

From Penfield there is an additional warning. “The attempt to
classify cases of epilepsy on electroencephalographic evidence alone
tend to stop the study of a case before it is complete”. H. Jasper

(1949) a few pages later in the final comment of his article ‘Electri-

cal signs of epileptic discharge’ furtherly comments: “The clinical
pattern of an epileptic seizure is not closely related to the form of asso-
ciated EEG disturbance but rather to the functional area of the brain
primarily involved and the functional characteristics of the neuronal
circuits involved in the path of spread”.

There is an exception to these rules, i.e. an epileptic condition
that can be diagnosed ‘only’ by the electroencephalographic
recording of the seizure:

“Thanks to the pioneer work of Gibbs, Davis and Lennox (1935) an
expert is now able to recognize a three per second rhythm as charac-
teristic of idiopathic (essential genetic) epilepsy. Bursts of such
rhythms accompany the minor lapses of consciousness which have
been called petit mal”.

How still fascinating the spike-and-wave discharge of ‘Petit
Mal’, an imposing "cathedral with pinnacles and arches", so rhythmi-
cally repeated with a stereotyped common pattern and yet with so
complex correlations, with regard to unitary cell discharges
(Creutzfeldt, 1963), to spike morphology (Weir, 1965; Rubboli
et al, 1995, 2006), to concomitant DC-shift (Goldring and
O’Leary, 1957; Chatrian et al., 1968), and to motor manifestations
(Speckmann and Elger, 1983; Stefan et al., 1982; Tassinari et al.,
1998).

For years - up to now - and despite the contribution of exper-
imental works (Gloor, 1979; Avanzini et al., 2000; Noebels et al.,
2012) the issue is still complex (Loiseau and Cohadon, 1970;
Duncan and Panayiotopoulos, 1995; Hirsch et al., 2006) even for
the apparently simple “Petit Mal Absence”.

3.1.1. Automatism and finger prints

“The problem of epileptic automatisms is of great impor-
tance. . .They may follow any type of generalized convulsive seizure. ..
but occur chiefly in seizures which arises in the temporal region, and
also as the result of petit mal discharge and of anterior frontal region

without major convulsion. Actually in all automatisms there is a pare-
sis of a portion of the highest level of neural integration, and therefore

all automatism may be said to be psychoparetic not psychomotor”
(Penfield, 1949).
It is implied in a Jacksonian perspective that the ‘paresis’ can

lead to a ‘release’ of ‘some physiological mechanisms involved in

epileptic _automatisms’, as discussed, in his Lennox Lecture by
Jaspers (1964).

Along these lines, we proposed (Tassinari et al, 2009) that the
‘physiological mechanisms’ such as those occurring in ‘alimentary
or locomotor cursive automatisms’ may be the stereotypical motor
sequences generated by Central Pattern Generators. Central Pat-
tern Generators (Grillner and Wallen, 1985) are functional neu-
ronal aggregates present in spinal cord, pons and mesencephalon
(see also Reticular Formation) and under control of cortical -
mainly frontal - and subcortical - mainly putamen - structures.
When this control becomes impaired the automatic, stereotyped,
rhythmic motor sequences - or ‘automatisms’ - occur.

Significantly, Bancaud and Talairach (1991), in their report of a
stereo-EEG investigations in 233 epileptic patients, stated: “It
would be very unusual to have two absolutely identical seizures in
similar patients or even in the same patient. However, at least in the
temporal lobe epilepsies, we have to admit - in a significant number
of patients — an anatomo-electro-clinical profile strangely similar
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and extremely homogeneous as if a seizure event, in each subject,
could be programmed as a fingerprint”.

3.1.2. The Montreal-Marseille axis

Gastaut, with evident pleasure, often reminded us that he con-
sidered W. Penfield as one (the other being W. Lennox) of his
teachers. The axis Montreal-Marseille was essentially lying on
few basic common ideas:

1. There is an Idiopathic Epilepsy “which would be due to an abnor-
mality of cerebral physiology with a genetic background”. The pro-
totype of such condition is the epilepsy with Petit Mal absences
with the 3 c/sec. spike and waves (vide supra).

2. The others forms of Epilepsies should be defined on clinical
ground first, then with the investigations relevant to define ictal
and interictal EEG patterns, the etiologies and the involved
brain areas. These information will constitute the backbone
for the classification of seizures and epilepsies, ‘personalized’
according to the finalities of the various classifications and the
specific interests and knowledges (medical or surgical therapy;
genetic investigations; triggering mechanisms etc) (Gastaut and
Broughton,1972; Gastaut and Tassinari, 1975).

In Gastaut’s own word “my approach (to Epilepsy) was to be
based on the three disciplines in which I had been trained: clinical neu-
rology, electroencephalography and neuropathology”. Gastaut used

all his knowledges to produce clinical neurophysiology. In 1952
he wrote: “It now seems necessary to go beyond the static conditions
of EEG recording, as performed with eyes closed, to try and study the
bioelectrical modifications in conditions as close as possible to those of
life itself, i.e. with the eyes opened, in front of diverse and changing sit-
uation” (in this way he discovered the lambda waves and the
rhythm ‘en arceau’; vide supra).

Gastaut was very curious on the limit of impatience at times:
late on the night, on his way home, he would appear in the EEG
lab with his wife Yvette, both elegantly dressed, asking: “Did you
record the seizures? the enuresis? the apnoeas?” If so he would stay,
looking at the ‘polygraphic records’.

Polygraphic recording became indeed one of the legacies of the
Marseille School (Broughton edr., 1982) and of its disciples. The
polygraphic recordings in different domains of neurosciences fur-
ther document and expand what has been suspected or collected
on clinical ground (is it a myoclonus or a spasm? has the patient
sleep apnea and of which type? is there ictal bradycardia or tachy-
cardia? etc) or by previous EEG recordings. Consequently, various
parameters are associated with the EEG recording, to simultane-
ously evaluate muscular activity, vegetative functions, respiration,
eye movements or degree of performance/responsiveness, etc; tai-
loring each polygraphic study to the specific clinical problem that
the researcher/clinician is investigating.

The need of establishing and maintaining - as much as possible
- a continuous link with the clinical aspects was one of the efforts
of Gastaut, primarily a clinician, as Secretary, President, and Past
President of the Federation.

An important albeit difficult balance, though, and a not new
problem. In the 1962 Editorial of the journal, pag. 604, we read a
complaint: too few ‘clinical’ papers [..]? The answer was “To those
who say that the Journal is insufficiently clinical it is only possible to
replay that the remedy is in their hands [...]".

Over the years, other neurophysiological techniques have been
developed and implemented in the clinical evaluation, joining elec-
troencephalography in the diagnostic armamentarium of the clin-
ician/researcher. Appropriately, in a more general perspective “to
foster and disseminate information on all aspects of Neurophysiology,
we have changed [.. .| the name of the Journal to “Clinical Neurophys-

iology” to represent all fields of human physiology and pathophysiol-
ogy” (Celesia and Rossini, 1999).

3.2. Brain Stem Reticular Formation and Behaviors

The reactivity of the above-described rhythms requires a func-
tional interplay to connect the different rhythmogenic areas and
networks. This function is that of the ‘Brain Stem Reticular Forma-
tion’, as described by Moruzzi and Magoun in Vol. I n.1 of the EEG
Journal, 1949 (Moruzzi and Magoun, 1949).

The Reticular Formation (RF) is a neuronal network in the cen-
tral part of neuroaxis, elongated from inferior bulbar pontine
region to posterior hypothalamus. As by Magoun (1958) we can
think of the RF as a transactional center acting as an integrator
and modulator of other systems in relation also to its own internal
excitability, in turn depending of peripheral afferences, humoral
and metabolic conditions and signals and on reciprocal interplay
in the cortex.

Quoting from Moruzzi and Magoun (1949) the RF stimulation
“evokes changes in the EEG consisting in the abolition of synchronized
discharges and introduction of low voltage fast activity in its place. The
effect of Reticular Stimulation is strikingly like Berger’s alpha wave
blockade or any arousal reaction. .. The EEG modifications reflect the
transition from sleep to wakefulness or from relaxation to alertness”.
It became thus possible to correlate (a) the EEG rhythms reactivity
with the processes of attention, habituation and plasticity, and of
sleep and arousals: that is the basis of behavior (Jouvet, 1963);
and concomitantly (b) to correlate the clinical manifestations with
the motor and autonomic events.

In this context, it became rewarding to have chronic experimen-
tations, allowing to compare the behaviors in animal and in man in
wakefulness and sleep in a more appropriate ethological approach
(Jouvet, 1978; Hess, 1944; Moruzzi, 1969).

At times, the clinical conditions could offer the initial cue for
experimental investigations: the eye movements during the
dreaming of the students in the Dement and Kleitman (1957) sleep
laboratory were the first clinical observations leading subsequently
to experimental definition of a ‘new’ stage of sleep, paradoxical or
REM (Hobson et al., 1974; Jouvet and Michel, 1960).

Understandably disorders of the RF, “the modulator or transac-
tional system” attuning vigilance, muscular and vegetative activi-
ties can occur during sleep-to-wakefulness transition.

It is matter - during slow sleep - of the parasomnias (e.g. pavor
nocturnus, enuresis, somnambulism), rightly considered as ‘arou-
sal disorders’ (Broughton, 1968), or it is matter of REM-related
sleep events: violent behaviors, sleep paralysis, cataplectic attacks,
and narcoleptic episodes, examples of brain-body ‘dissociated’
behavioral disorders (Plazzi et al., 2011; Schenck et al., 1997).

4. Unending conclusions

If Hans Berger were with us now, trying to evaluate the scien-
tific accomplishments stemming from his Elektrenkephalogramm,
would he be satisfied? It is certainly so, but not completely in some
respect. Quoting from his last paper (Berger, 1938): “My preferred
interest was the psychophysiology [...] and the connection between
cerebral processes and the psychic manifestations”. In this respect
he himself considered the Electroencephalogram somewhat disap-
pointing. We can speculate, 70 years later, how the mirror neuron
system (Rizzolatti and Sinigaglia, 2016) can offer a partial answer
to Berger psychophysiology; even if, in the last decades, a rich sci-
entific production has focused on ‘Event Related potentials’ and to
those brain waves (e.g. the P300) which are mainly produced by a
cognitive/psychological process. In recent years neuroscientists
started to explore ‘brain connectivity’ as the cornerstone for better
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understanding neuropsychiatric diseases and normal brain func-
tions. Within this frame advanced mathematical analysis of EEG
signals (e.g. via graph theory) are progressively opening new ave-
nues for a better interpretation of the working brain, of its dynam-
ics as well as of its network organization in the healthy and disease
conditions (Rossini et al., 2019). However, Berger went on, quoting
Mosso (1883): “As far as we apply instruments to evaluate the human
brain functions, we should hope to understand the physical basis of
consciousness. And even if do not reach satisfactory results we are
on the right track” (as quoted by Fischgold et al., 1963).

Along this track, neuroscientists from all over the world went in
a seventy year old journey as by testimonial evidence of our Inter-
national Journal: Clinical Neurophysiology.

On perusal of our Journal I got the feeling that the people on the
Mosso track became progressively a family, a family of friends in a
common Bergerian pursuit: how “cerebral processes became psychic
manifestations?” Neuroscientists, as novel untiring Hermes, are
striving for data collection and interpretation, in an unremitting
hermeneutic endeavor, “a continuous tension between the will of lis-
tening and the will of conjecture” (Ricoeur, 1965).
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Editorial

An electromyographer recalls the history of the Federation on the 70th

Check for

anniversary of its journal, Clinical Neurophysiology

To celebrate this historical occasion, Dr. Ulf Ziemann, the Edi-
tor-in-Chief, asked me if I would contribute an editorial as an old
timer who has witnessed some of the early days of our Federation.
He instructed me to describe the historical events related to the
development of electromyography (EMG) for study of the periph-
eral nerve and muscle in the scope of scientific activities of the Fed-
eration, which initially exclusively dealt with the study of
electroencephalography (EEG) to assess cerebral function. I under-
stand Dr. Tassinari will review the more traditional accounts for
the progress of the Federation primarily as an EEG organization
(see his article in the same issue of Clinical Neurophysiology). As 1
accepted the kind offer, thousands of thoughts crossed my mind,
some of which [ will list below. I know one should avoid starting
a paper with an apology, which instantaneously weakens the posi-
tion. This notwithstanding, I admit that the article, by necessity,
describes a very private recollection only in the context of the Fed-
eration activities and may have overlooked some personalities and
historical events crucial to the development of EMG. For such unin-
tentional omissions, I can only claim my ignorance and hope others
more knowledgeable would be willing to fill in the void created in
this review.

The first volume of our journal, EEG and Clinical Neurophysiology
(EEG Journal), was published in 1949, two years after the founding
meeting in London of the International Congress of EEG (EEG Con-
gress) in 1947, when Professor Edgar D. Adrian, the President of the
UK EEG Society, suggested the formation of a World EEG Organiza-
tion and the founding of an International Journal. Herbert H. Jasper
of Montreal, the first President of the International Federation of
Societies for Electroencephalography and Clinical Neurophysiology
(IFSECN), was appointed as the founding Editor (1949-1961) for
the forthcoming journal. Dr. W.T. Liberson of Hartford, CT, USA,
already voiced a more liberal view. He argued that the Federation
and the journal should deal with all the fields of clinical neuro-
physiology, including EMG, rather than exclusively devoted to
EEG. This advice, falling on deaf ears, gained no support during
the early days. He told me all about the ordeal much later in the
late1980s, when we worked together in selecting the Muscle &
Nerve as the official journal of the American Association of Elec-
tromyography and Electrodiagnosis (AAEE).

I came to the US as a Fulbright scholar in 1962 for residency
training at the University of lowa, a distinguished neurology pro-
gram, which celebrates its 100th anniversary under the chairman-
ship of Dr. George Richerson this year as the third oldest Neurology
Department in the US. I then had my first contact with electrophys-
iology as an EEG fellow in the Psychopathic Hospital with Dr. John
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Knott, who had already established one of the first EEG laboratories
in the country. Herbert Jasper, who studied psychology in lowa
before his medical education, worked with John Knott, who also
earned PhD in the same field. The 1983 Wave Length book,
authored by W. A. Cobb of London, the second Editor-in Chief
(1962-1973), mentions that John Knott prepared the Society Pro-
ceedings to help Herbert Jasper launch the EEG journal in February
1949.

In 1969, I moved to the University of Manitoba, Canada to work
with Dr. Michael Saunders, who served as a member of the Rules
Committee for Mary A. Brazier of Los Angeles (1961-1965), the
4th President of the IFSECN. She was preceded in this capacity by
Herbert H. Jasper (1949-1953), W. Grey Walter of Bristol (1953-
1957) and Henry Gastaut of Marseilles (1957-1961). Her adminis-
tration proposed three distinguished electromyographers to form
the EMG Commission to look after EMG interests in this primarily
EEG oriented organization: Fritz Buchthal of Copenhagen, Denmark
as the founding Chairman, Irena Hausmanova of Warsaw, Poland,
and Ed Lambert of Rochester, MN, USA, as the members. Under
the 5th President, Antoine Remond of Paris (1965-1969), Dr. Saun-
ders served as the first Member-at-Large and first Chairman of the
Rules Committee. He also worked for the Journal as a member of
the Editorial Board, helping W.A. Cobb; Ed Lambert looked after
EMG matters as the second Chairman of the EMG Commission after
Fritz Buchthal.

The 3rd International Congress of EMG (EMG Congress) took
place in Glasgow, Scotland, UK (1967) following the 1st and 2nd
Congresses in Pavia, Italy (1961) and Copenhagen, Denmark
(1963). When the American EEG Society hosted the 7th EEG Con-
gress in San Diego in 1969 under the presidency of Herbert Jasper,
Ed Lambert attended to EMG interests, representing AAEE. A
change in the By-Laws allowed admission of two societies from
the same country. Taking advantage of this new rule, AAEE, an
EMG organization, joined the IFSECN as the second member society
from the US. This event reflected a new thought in the minds of
Executive Committee (ExCo) members realizing that the Federa-
tion should have more than EEG alone.

As for the journal, H.H. Jasper concluded a contract with Elsevier
in September 1960. The IFSECN apparently had serious differences
with Elsevier around 1970, when the publisher wished to draw up
a new contract. Feeling uneasy, Peter Kellaway resigned at the end
of 1971 and Mary Brazier took on the task of American Editor.
Despite the initial concern over the new contract, the income from
the Journal rose to a new high during the next Fiscal Period and
Elsevier offered to include in each number a two-page insert as
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OONews and NotesO to improve communication with member soci-
eties. Dr. Cosimo Ajmone Marsan of Bethesda (1969D1973) was
elected as President. Fritz Buchthal, founding Chairman of the
EMG Commission in the previous decade, returned for an encore
service in that same role.

Following the AAEE lead, the Belgian Society of EMG and Clin-
ical Neurophysiology applied successfully for a membership as
the second society of the country in 1971, the year the 4th
EMG Congress took place in Brussels. The IFSECN, for the brst
time, played an active role in its organization. This stood in sharp
contrast to the three prior EMG Congresses which received very
limited input from the strongly EEG oriented Federation. The
three volume treatise that John Desmedt edited as the Convener,
assembling most of the topics discussed in the Congress,
appeared in 1973 under the name of OONew Developments in Elec-
tromyography and Clinical NeurophysiologyO. | believe, and many
of my neurophysiology colleagues agree, that this masterpiece
propelled the beld of EMG to a much higher level, debning the
role of clinical neurophysiology as a practical tool. Inspired by
this development, | asked Dr. Thoru Yamada to join us as Director
of EEG laboratories, which allowed me to concentrate in my
chosen Peld.

The 8th EEG Congress was held in 1973 under the Presidency of
Henri Gastaut. Wiliam A Cobb (1973D1977) was elected as
president. Marry A.B. Brazier (1973D1984) took over the job of
Editor-in-Chief and Pierre Buser of Paris became the European
Editor. Professor A. Struppler from Munich became Chairman of
the EMG Commission.

The 5th EMG Congress, organized by AAEE, took place in Roche-
ster, MN, USA in 1975. Despite considerable anxiety expressed by
the members of the Organizing Committee for the usual lack of
communication from Ed Lambert, serving as the President, the
meeting was well attended. They provided very personal hospital-
ity, each Mayo Clinic EMG staff member inviting a group of atten-
dees to their homes for meals. | had the good fortune of having
Jasper and Cindy Daube as my host. We discussed, among other
things, how we should tie the AAEE to the IFSECN to further
develop EMG in the US and globally. Jasper promoted EMG vigor-
ously, working as the Secretary-Treasurer of AAEE, the post | inher-
ited shortly thereafter.

The EEG journal was receiving a progressively increasing num-
ber of submissions, which made publication delay inevitable with
an unacceptable backlog of papers despite a high rejection rate.
The problem was resolved near the end of the Fiscal Period by a
return to small print and the use of extra pages. The 9th EEG Con-
gress, held in Amsterdam in conjunction with the 11th World Con-
gress of Neurology (WCN), elected Robert Naquet of Marseilles
(1977D1981) as President. John Desmedt became the Chairman
of the EMG Commission.

In June 1979, the Swedish Society held the 6th EMG Congress in
Stockholm. Erik Stalberg, a close friend of mine, was helping K.E.
Hagbarth, the Convener. J. E. Desmedt represented the Federation
as Chairman of the Organizing Committee. Despite the initial con-
cern about the opposing personalities of the Convener and Chair-
man, the congress went well, drawing over 600 attendees. On a
personal note, Junko, my wife, and |, exhausted after a long Right,
took a nap on arrival. Seeing bright daylight on awakening, we
thought we had overslept. Fearing that | was about to miss my pre-
sentation scheduled for 5:00 PM, we rushed to the hotel lobby ask-
ing for a taxi and the clerk told us it was 3:00 AM, not 3:00 PM. |
visited Uppsala a number of times since, always remembering this
embarrassing experience very fondly.

With the news that the World Federation of Neurology would
hold the 12th WCN in Japan, the IFSECN immediately accepted
the bit to hold the 10th EEG Congress in Kyoto in 1981. Professor
Naquet and the members of ExCo wondered in amazement why

Japanese appointed such a huge local organizing committee of
some 150 members. They had no knowledge of the traditional
practice in Japan to round up as many names as possible in the
honor role, the trend | inherited when we later organized the
EMG Congress in the same venue in 1995. The ExCo members
praised not only the scientibc presentations but also the ladiesO
programs as one of the best, contributing to the value of the meet-
ing. Since then, Japanese organizers consider an international
meeting a big success if the accompanying persons® programs go
well. In passing, | should mention that the success of this joint ven-
ture prompted another similar arrangement later in Vancouver
between the 15th WCN and 13th EEG Congress, which Andy Eisen
of Vancouver and | had the honor to help organize in 1993.

To celebrate the 30th anniversary of the journal in 1979, the
February number came out in a pale green cover, containing a brief
history by Brazier and Cobb entitled OO Thirty years.O Hans van Duijn,
working in Amsterdam close to the Elsevier ofpce, replaced Peirre
Buser, who, after 6 years of distinction, resigned as European Edi-
tor. R. J. Ellingson (1981D1985) was elected as President and Mary
Brazier was reappointed as Editor-in-Chief. The 7th EMG Congress
took place in Munich in 1983 with A. Struppler as the Convener. J.E.
Desmedt, as the Chairman of EMG Commission, represented the
Federation in the Organizing Committee. In 1984, Marry Brazier,
after 11 years of yeoman work, relinquished the post of Editor-
in-Chief to Hans van Duijin (1984D1987) conveniently placed in
Amsterdam for daily contact with the desk Editor at Elsevier.

W.A. Cobb, serving the IFSECN as the Publication Editor, edited
OORecommendations for Practice of Clinical NeurophysiologyO, and
authored, OOWave LengthO in 1983. With about 3000 subscriptions,
the journal had consolidated its position in the competitive Peld of
neuroscience publications. The 11th EEG Congress was held in Lon-
don in August 1985 with A.M. Halliday as the Convener. Although
the meeting offered a very good scientibc and educational pro-
gram, Pnancial issues developed because of the unexpectedly high
cost for the use of Barbican as a venue, the problem unresolved
until the next Fiscal Period, when John E. Desmedt (1985D1989)
served as President and Stephane Metral from Paris, as Chairman
of the EMG commission.

The 8th EMG Congress was held in Sorrento, Italy in May, 1987
at the invitation of the Italian Society of EEG and EMG, celebrating
the 40th anniversary of the founding Federation meeting in 1947.
Giuseppe OOPeppinoO Caruso served as Convener and John E. Des-
medt represented the Federation as President. Coinciding with
the start of the conference, Italian railroad workers went on strike,
which shut down all transportation serving Rome and Sorento. As a
result, a group of us were stranded in Milan and, to my great regret,
| could not deliver a scheduled talk. When | bnally arrived at the
Congress hall, | was warmly greeted at the entrance by Convener
Caruso himself who stated OOwe were all worried about youO in
his concerned and personal way, saying nothing about the missed
session. | still remember my ordeal and the lesson | learned from
Peppino on how to handle invited speakers who have failed to
show up for their assigned role.

The 12th EEG Congress was held in Rio de Janeiro, Brazil in Jan-
uary 1990, summertime in the southern hemisphere. The Brazilian
Society of Clinical Neurophysiology served as the host society with
Gilson E. Goncalves e Sila as Convener and Joao Nobrega as Trea-
surer. John E. Desmedt represented the IFSECN as the President.
The Council, in a historical move, voted to disband the EMG Com-
mission, which, formed at the brst EMG Congress in 1961, contin-
ued its work to promote EMG in the EEG oriented Federation for
three decades under the chairmanships of Fritz Buchthal (1961
and 1969), Edward H. Lambert (1965), Albrecht Struppler (1973),
John E. Desmedt (1977 and 1981) and Stephane Metral (1985). This
decision clearly signaled the recognition of EMG as a core disci-
pline equal to EEG. Refecting this sentiment, the Nominations
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Rules were also altered to guarantee fair representation of the EEG
and EMG disciplines in the ExCo composition.

With the realization that the IFSECNOs focus had now expanded
well beyond EEG itself, the 1990 General Assembly in Rio de
Janeiro voted in favor of changing the name of the Federation to
International Federation of Clinical Neurophysiology (IFCN), a for-
ward step to indicate that we should encompass all disciplines of
clinical neurophysiology. The name change signaled the new era
of the organization which now recognized equal importance of
EEG and EMG, refRRecting the unity of clinical electrophysiology.
For the brst time, the Federation, under the new name IFCN, repre-
sented all disciplines of our belds. The Council also approved ExCo
proposal to amend the by-law on Other International Meetings to
state: OOIn addition to the International Congress of EEG and Clinical
Neurophysiology, the IFCN organizes an International Congress of
EMG and Clinical Neurophysiology and may organize or sponsor
other interim meetings on any topic related to clinical neurophys-
iologyO. The main quadrennial convention called EEG Congress
now dealt with a broader representation of techniques, including
EMG materials. Similarly, the midterm convention, known as the
EMG Congress, encompassed a wider scope of clinical neurophysi-
ology, a trend already noticeable at the 1987 EMG Congress in
Sorrento.

The name of the journal, Electroencephalography and Clinical
Neurophysiology, remained unchanged until the end of that decade
to preserve the high impact factor linked to the well-established
name. Hans van Duijn, Editor-in-Chief, and Mary A.B Brazier, Wes-
tern Hemisphere Editor, both expressed their wish to step down
from their duties for personal reasons. Timothy Pedley (1987) from
New York, appointed as Western Hemisphere Editor, resigned after
several months and was succeeded by Gastone Celesia from Chi-
cago (1988D1999). Francois Mauguiere from Lyon (1987D1995)
was appointed as Editor for the European Ofbce. For the brst time,
both Editors served with the title, Editors-in-Chief, and a full vote
each in the ExCo. The journal expanded to include a six-issue vol-
ume each year dedicated to EMG and Motor Control following the
procedure four years earlier of adding a six-issue volume named
Evoked Potentials.Both separate volumes were published in parallel
with the main journal, which had two six-issue volumes. There-
fore, the journal reached four volumes and 24 issues each year.
The journal achieved the highest impact factor in the categories
of clinical neurophysiology.

A group of EMGers, trying to further consolidate the trend to
establish EMG as an equally important discipline as EEG in clinical
practice, suggested that | run for the Ofbce of the next President.
Needless to say, | had no guarantee to win against internationally
prominent opponents, who mostly represented EEG. At the end it
became a contest between the two disciplines involving tradition-
ally strong EEG and newly emerging EMG. | felt all along that | had
a slight edge as a candidate nominated from Japan, which had
never had a post in the ExCo despite early participation and contri-
bution to the affairs of the Federation. Thus, | found myself in the
right place at the right moment to win the race despite my inexpe-
rience. It was a triumphant moment, for sure, although | had con-
siderable anxiety on how to handle this added responsibility as |
had just accepted the offer to return to my alma mater as Chair
of Neurology and relocated the Editorial Ofbce of the Muscle &
Nerve from lowa to Kyoto.

Political tensions in the near East worsened and war broke out
in Kuwait and Iraq in February and March, 1991 threatening the
9th EMG Congress in Jerusalem originally scheduled for June
1991. Israel found itself under air attack. When the hostility ceased
and an uneasy truce declared, the political outlook continued to
raise concern for further provocative actions against Israel. The
Organizing Committee of International Congress (OCIC) and Israel
Society of Clinical Neurophysiology represented by Dr. A. Gilai as

the Convener considered and reconsidered various options on
many occasions. The discussions remained congenial although
we found it difpcult to secure a mutually agreeable plan. In the
end, | recommended to postpone the meeting to 1992 as a compro-
mise, a plan eventually supported by both sides. When the Con-
gress bnally took place in the following year, more than 500
physicians and scientists participated in the meeting from all cor-
ners of the world. This attendance clearly exceeded the originally
anticipated size, although smaller than the typical EMG Congress.
The meeting had strong scientipc and social programs, which
included the Kugelberg Lecture delivered by Arthur K. Asbury on
OOPolyneuropathies of the MillenniumO and the Adrian Lecture, by
John Newson-Davis on OONew Concepts in Neuromuscular
DisordersO.

We had the OCIC meeting in Kyoto, July 1993 when John Des-
medt, Immediate Past President, and Carl LYcking, President Elect,
found something resembling a gavel in a small antique shop near
Kiyomizu Temple. Dr. Hiroshi Shibasaki, who later served as the
Federation Secretary and President, told us that this wooden piece
called OONyoi-boO, described in a Japanese folk story, belonged to an
ape warrior who helped a Chinese priest seeking the Buddhist
Bible. The Saiyuhki, O0a tale of a venture to the WestO, written in
ancient China, proposes the belief that, Nyoi-bo, a magic bar, helps
one accomplishes the esteemed goal for the benebt of all mankind.
The Nyoi-bo was handed over to me as the 11th President (1990
1993) during the OCIC session in Kyoto with the intention that this
instrument would serve from that point forward as the ceremonial
gavel for the president to use during the delegate meeting. Given
its tradition, it also symbolizes, as a sign of hope, that the president
and the Federation will achieve the objective during each term.

Andrew and Kathy Eisen, residents in Vancouver, handled much
of the difpcult and often controversial issues with bPnesse for the
13th EEG Congress in September, 1993. Because of a major delay
of their RBight from Tokyo, the Japanese contingent barely made
the Opening Ceremony which took place at the historic beautifully
restored Orpheum Theatre. My wife and | were amongst them.
Andy sent a limousine to pick us up and we came straight to the
OO0peningO in a T-shirt and jeans. | wanted to OOshow upO rather than
OOdress upO to pay our respect and gratitude to the local organizers
who spent countless hours preparing for the occasion. From my
vantage point, the meeting offered one of the best scientibc and
social events we have ever experienced.

At the Vancouver General Assembly in 1993, | presented the
Nyoi-bo for the brst time as a ceremonial gavel to Carl LYcking of
Freiburg (1993D1997), the incoming President, wishing him and
the new ExCo success in the coming four years in what they hoped
to accomplish for the course of IFCN. Since then, each succeeding
President has received the Nyoi-bo from the outgoing President
at the end of the quadrennial General Assembly as a ceremonial
token of their authority in the ofpce and wish for good fortune
throughout their term of ofbce. Thus, Nyoi-bo has found its way
to Presidents Marc Nuwer from Los Angles (1997D2001), Franciois
Mauguiere from Lyon (2001D2006), Hiroshi Shibasaki from Kyoto
(2006D2010), Paolo Rossini from Rome (2010D2014), Mark Hallett
from Bethesda (2014D2018), and Walter Paulus from GSttingen
(2018D2022).

| had the privilege of serving on the Organizing Committee for
the 10th EMG Congress in Kyoto, Japan as the Convener and Imme-
diate Past President of IFCN in 1995. Carl LYcking represented the
Federation as the new President. Nobuo Yanagisawa served as Sec-
retary, Koki Shimoji, as Treasurer and Hiroshi Shibasaki, as Chair of
the Program Committee. Ichiro Akiguchi, Ryuji Kaji and Nobuo
Kohara ran as the Secretariat instead of a professional congress
organizer to reduce the cost as we anticipated difbculty in fund
raising for three adverse factors we experienced: strong Japanese
currency, reaching 80 yen per 1 US dollar, an incident of under-
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ground sarin poisoning and a major quake with epicenter in Kobe
located only 60 km from the conference venue. Despite such con-
cern, the congress went well drawing over 1500 participants, con-
sidered a record high at that time. The scientibc program covered
not only EMG but also EEG and other disciplines of clinical neuro-
physiology. Stephen Waxman presented the Adrian lecture on OOlon

Channels and Nerve ConductionO. K.E. Hagbarth discussed OOMuscle

Spindle and Fusimotor SystemO for the Kugelberg lecture.

The 14th EEG Congress held in Florence, Italy in 1997 with
Roberto Zappoli as the Convener celebrated the 50th anniversary
since the 1947 founding meeting in London. The ExCo referred to
the 1999 Conference that Zdenek Ambler organized in Prague,
Czech Republic as the 11th EMG Congress for the last time. Since
then, EEG and EMG Congresses were combined into a unibed Inter-
national Congress of Clinical Neurophysiology (ICCN). For the
record, | wish to enumerate the subsequent conventions held
under this new designation, listing the name of the convener,
venue and year for each: Carlos Medina, Buenos Aires, Argentina,
2001; Mark Hallett, San Francisco, CA USA, 2003; Jonathan Cole,
Edinburgh, Scotland UK, 2006; Hiroshi Shibasaki, Kobe, Japan,
2010; Otto Witte, Berlin, Germany, 2014 and Marc R. Nuwer,
Washington, DC, 2018.

The Peld of clinical neurophysiology has undergone marked
changes backed by many technical advances in the past several
decades. It is now obsolete to separate neurophysiology, the IFCN
Congresses or ExCo ofbcers on the basis of EEG and EMG as clinical
neurophysiology has expanded to include several other sub-spe-
cialties such as transcranial magnetic stimulation and intraopera-
tive monitoring. The time has come to integrate all these
techniques under a large umbrella of clinical neurophysiology so
that we can take advantage of various subdisciplines, as needed,
in conducting clinical evaluations. We have also experienced a
major gain in molecular biology and imaging techniques applicable
to the disorders commonly seen in electrophysiologic laboratories.
| believe that all these methods compliment rather than compete
in the evaluation of our patients

In retrospect, it was my good fortune to have had a very early
contact with EEG as the only electrophysiologic technique useful
in clinical evaluation in the early 1960s and have witnessed
brst-hand how EMG has developed slowly but steadily to match
the EEG in its scope towards the end of 20st century. This was fol-
lowed in the 21st century by somewhat explosive advance of var-
ious other electrophysiology techniques, which are closely
interrelated, making divisions into subdisciplines difpcult and
irrelevant. | wish to conclude my treatise with the observation that
a wider scope of clinical neurophysiology, refRecting technical
advance, now encompasses much more than traditional EEG and
EMG with no clear division among different belds. Clinical neuro-
physiology remains an important tool to understand and diagnose
common disorders of the nerve and muscle as the only discipline to
evaluate their function and dysfunction. To keep pace with the
rapid advances of the related belds, we should always disseminate
the latest advances in clinical neurophysiology as they apply to

clinical assessment of neurological patients.

Our journal has played a crucial role in keeping clinical neuro-
physiologists up to date as the emphasis changes from time to time
to satisfy the needs of the readership. An electronic version of the
EEG Journal became available in 1996. The journal marked its 50th
Anniversary in 1999 and changed its name to  Clinical Neurophysiol-
ogy. A new cover went into effect at the same time. When Francois
Mauguiere resigned in1995, Paolo Rossini (1995D2003) took over
the position of European Editor-in-Chief. Gastone Celesia retired
at the end of 1999 and Mark Hallett (2000D2008) replaced him
as American Editor-in-Chief. The ExCo, after lengthy discussion of
pros and cons, decided to return to the previous policy of a single
Editor-in-Chief. When Paolo Rossini stepped down in 2003, Mark
Hallett continued as the sole Editor-in-Chief until 2008, when
David Burke (2008D2015) replaced him. UIf Ziemann of TYbingen
serves as the current Editor-in-Chief since 2016. The IFCN
launched, on line, a new Open Access journal, Clinical Neurophysiol-
ogy Practice in 2016 with David Burke as the founding Editor-in-
Chief.

| credit the exceptional growth of the Federation in great part to
the scores of member leaders who have served as Editors-in-Chief
of the journal. They have given us enormous amount of volunteer
time to disseminate information vital to the progress of our disci-
plines. As we celebrate the 70th anniversary, | wish to congratulate
the past and current Editors-in-Chief and their Editorial teams for a
job well done and wish them the best for continued success for the
benept of us all. | also want to thank Marc R. Nuwer and Carl LYck-
ing for their time and effort for contributing OOWave Length and
Action Potential: History of the International Federation of
Clinical NeurophysiologyO (Supplements to Clinical Neurophysiol-
ogy, Volume 61, 2010). | recommend this volume highly to readers
with an interest in historical accounts of IFCN or Clinical
Neurophysiology.

Respectfully submitted,
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Volume 1

Issues 1D4 of Electroencephalography and Clinical Neurophysiology appeared in 1949.

This first volume contained 529 pages. Predominance of EEG topics in the first volume is obvious from its table of contents:
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Symposium - 1949 - Physiological basis of Epileptic Discharge

Ralph W. Gerard: Opening remarks

Wilder Penfield: Epileptic Manifestations of cortical and supracortical discharge
Herbert H. Jasper: Electrical signs of epileptic discharge

Warren McCulloch: Mechanisms for the spread of epileptic acti- vation of the brain
Chester W. Darrow: Mechanisms for the spread of epileptic activity of the brain
K.A.C. Elliott: Biochemical approaches in the study of epilepsy

James E.P. Toman: The neuropharmacology of antiepileptics

William G. Lennox: Influence of drugs on the human electroen- cephalogram
R. W. Gerard: Closing statement

V.J. Walter, W. Grey Walter: The central effects of rhythmic sensory stimulation
Marcel Monnier: LOZlectro-rZtinogramme de IOhomme

R.G. Bickford: An automatic electrode combination selector switch

J. Hunter, H.H. Jasper. A method of analysis of seizure pattern and electroencephalogram. A cinematographic
technique

John Knott: Society Proceedings

Announcements DEUXIEME CONGREéS INTERNATIONAL D'fLECTROENCfPHALOGRAPHIE
Commentary

Index to literature

Hallowell Davis: The forbes school of neurophysiology at Harvard

Forbes, A.F. Battista, P.O. Chatfiels, J.P. Garcia: Refractory phase in cerebral mechanisms

F. Bremer: ConsidZrations sur IQorigine et la nature des > ondes ? cZrZbrales

Announcement PARTICIPATION OF ELECTROENCEPHALOGRAPHY AT THE COUNCIL FOR THE CO-ORDINATION O
INTERNATIONAL CONGRESSES OF THE MEDICAL SCIENCES

Mary A.B. Brazier: The electrical fields at the surface of the head during sleep

Henri Gastaut: Enregistrement sous-cortical de IQactivitZ Zlectrique spontanZe et provoquZe du lobe occipital
humain

Announcement PARTICIPATION DE L'fLECTROENCfPHALOGRAPHIE AU CONSEIL POUR LA COORDINATION DES
CONGREéS INTERNATIONAUX DES SCIENCES MfDICALES

F.A. Gibbs, John R. Knott: Growth of the electrical activity of the cortex
J. ten Cate, G.P.M. Horsten, L.J. Koopman: The influence of the body temperature on the EEG of the rat

| Charles Kaufman, C. Wesley Watson: A brief review of meth- ods used to elicit or accentuate abnormalities in
the electroen- cephalogram

Joseph A. Epstein: A simple multilead needle electrode for intracerebral electroencephalographic recording

C.C. Breakell, L.D.S. Manc, C.S. Parker, F. Christopherson: Radio transmission of the human
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COMMUNICATIONS

BRAIN STEM RETICULAR FORMATION AND ACTIVATION
OF THE EEG'!

G. Moruzzi, M.D. ® and H. W. Macoun, M.D.

Department of Anatomy, Northwestern University Medical School

Transitions from sleep to wakefulness, or
from the less extreme states of relaxation
and drowsiness to alertness and attention,
are all characterized by an apparent break-
ing up of the synchronization of discharge of
elements of the cerebral cortex, an alteration
marked in the EEG by the replacement of
high-voltage slow waves with low-voltage
fast activity. The magnitude of the electrical
change parallels the degree of transition, and
that most commonly observed in clinical
electroencephalography is a minimal one.
consisting of an alpha-wave blockade dur-
ing attention to visual stimulation. Such
activation of the EEG may be produced by
any type of afferent stimulus that arouses
the subject to alertness, or it may be cen-
trally generated, but the basic processes
underlying it, like those involved in waking
from sleep, have remained obscure.

Recent experimental findings which may
contribute to this subject have stemmed
from the observation that EEG changes
seemingly identical with those in the physio-
logical arousal reactions can be produced by
direct stimulation of the reticular formation
of the brain stem. The following account
describes such features of the response and
its excitable substrate as have been determin-
ed, provides an analysis of changes in cor-
tical and thalamic activity associated with
it, and explores the relations of this reticular
activating system to the arousal reaction to

! Aided by a arant from the National Institute of
Mental Health, U. S. Public Health Service.

2 University of Pisa, Italy. Visiting Professor of
Neurology, supported by the Rockefeller Foundation.

natural stimuli. Alterations produced by
acute lesions in this system are presented in
a succeeding paper. The effects of chronic
lesions within it are under investigation.

METHODS

The experiments were performed in cats
under chloralosane anesthesia (35-50 mgm./
K. intraperitoneally} or in the “encéphale
isolé¢” of Bremer, prepared under ether.
with exposure margins infiltrated with pro-
caine. Ephedrine was administered intra-
venously immediately after transection of
the cord at C 1. At ieast an hour elapsed
after ether was discontinued before work
was begun.

Concentric bipolar electrodes, oriented
with the Horsley-Clarke technique, were
used for stimulation of, or pickup from, the
brain stem. Condenser discharges from a
Goodwin stimulator were employed routine-
ly. Lesions were made surgically or electro-
lytically, and their positions, together with
those of electrode placements, were verified
histologically.

Potentials were recorded with a Grass
model IIl amplifier and inkwriter. Some
cortical records were taken directly from
the pial surface, but usually as much of the
brain case as possible was left intact, and
most cortical pickups were between two
screw electrodes, 5-10 mm. apart. inserted
through burr holes in the calvarium until
their tips rested on the dura overlying func-
tional areas. With bipolar leads and by
grounding the scalp, stimulus artifacts were
negligible. Other technical details are given
in the legends.

[455]
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RESULTS

The response to reticular stimulation con-
sisted of cessation of synchronized discharge
in the EEG and its replacement with low-
voltage fast activity. The intensity of the
alteration varied with the degree of back-
ground synchrony present. Conspicuous ef-
fects were thus observed against the high-
voltage slow waves of chloralosane anesthe-
sia (fig. 1 C, D), while a fully activated
EEG was not further affected (fig. 2A).
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Responses were seen to best advantage when
the unanesthetized brain exhibited some re-
laxation (fig. 2 B and C) or when light
chloralosane anesthesia had induced syn-
chronization without greatly impairing neu-
ral excitability (fig. 1 A and B). With
deeper chloralosane, slow waves were block-
ed, but low-voltage fast activity was not

elicited (fig. 1 C and D).

The response was a generalized one.
being observed in the sensory-motor cortex
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Fig. 1

Effect of stimulation of the brain stem reticular form ion upon electro-cortical

preparations.
A and B. "Encéphale isolé”

(1.5 V, 300/sec.).

C. Intact cat with 50 mg. chloralosane/K. Left bulbo-reticular stimulation
ralosane waves bilaterally, but more rapidly and for a longer time in the ipsilateral -cortex.

voltage fast activity does not appear.

D. Like C. but frequency of reticular stimulation reduced to 100/sec.

and doesn’t outlast stimulus.

In all records, the origin of activity in different channels is given at the left:
left to right cruciate gyrus;
left auditory area; L. THAL., left thalamus. The period of bulbar

left sensory-motor cortex; L.-R. CRU.,,
reus; L. VIS, left visual area; L. AUD

with 7 mgm. chloralosane/K
in A and more pronounced in B, with low voltage fast activity during left

activity of chloralosane

. Replacement of high voltage slow waves, present
bulbo-reticular stimulation

(3 V, 300/sec.) blocks chlo-

Note that low

Effect limited to ipsilateral cortex

L. SEN. MOT. signifies

L.-R. PRO,, left to right gyrus pro-

stimulation is marked by a heavy line beneath the record. Calibration and time are stated.
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(fig. 1), where it was often most pronounc-
ed, and in the visual (fig. 1 C) and auditory
(fig. 2 B, C) cortical areas as well. With
minimal reticular stimulation, alterations
were best cbtained in the ipsilateral hemi-
sphere and were sometimes limited to it (fig.
1D).

The response was readily obtained with
low intensities of reticular stimulation; vol-
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tions between the reticular formation and
the cerebral hemisphere.

The distribution of the excitable area is
projected upon a reconstruction of the mid-
sagittal plane in figure 3, and includes the
central core of the brain stem, extending
from the bulbar reticular formation forward

- through the pontile and mesencephalic teg-

mentum into the caudal diencephalon. At the
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Fig. 2

Effect of reticular stimulation on

electro-cortical activity of the unanesthetized “encéphale isolé”.

A-C. Left bulbo-reticular stimulation (3 V, 300/sec.) is without effect upon the fully activated cortex (A),
but evokes characteristic low voltage fast activity when spontaneous synchrony is present (B and C),

tages of 1-3 being usually employed. Brief
shocks, with a falling phase of 1 msec. were
used routinely and were as effective as
longer lasting ones. Stimulus frequencies of
50/sec. were the lowest at which definite al-
terations could be elicited and the response
was considerably improved by increasing fre-
quencies up to 300/sec., which were regu-
larly utilized. Thus the EEG response to
reticular excitation was best obtained with
low voltage, high frequency stimulation.

These responses were not secondary to
any peripheral effects of brain stem stim-
ulation. By direct test they were inde-
pendent of changes in respiration, blood
pressure and heart rate. They occurred in
the isolated brain after full atropinization
and curarization. As will be seen, they were
unquestionably mediated by neural connec-

ceR

)

Fig. 3

Reconstruction of midsagittal plane of cat's brain
stem upon which is projected, with cross-lining, the
distribution of the ascending reticular activating
system.

Abbreviations are as follows: A, aqueduct; CER,
cerebellum; IC, interior colliculus; MI, massa inter-
media; OC, optic chiasma; P, pons; PY, pyramidal
crossing; SC, superior colliculus; III, third ventricle;

IV, fourth ventricle.
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bulbar level, excitable points were distribut-
ed in the ventromedial reticular formation
and the area of their distribution coincided
with that from which suppression of motor
activity (Magoun and Rhines. 1946) could
be elicited (fig. 4A). Exploration of the
overlying cerebellum has revealed excitable

G. MORUZZI and H. W. MAGOUN

central grey and extending in a paramedian
position beneath it (fig. 4B). In the caudal
diencephalon, effective points were located
near the midline in the dorsal hypothalamus
and subthalamus (fig. 4C). From this re-
gion, the excitable system is evidently dis-
tributed to the overlying thalamus, through

Fig. 4
A-C. Transverse sections through bulbar (A). mesencephalic (B) and caudal diencephalic
(C) levels, with cross-lining indicating the area from which reticular responses were elicited
with lowest voltage and without complications from exciting other ascending or descending
neural connections.
D. Reconstruction of midsagittal plane of the midbrain upon which is projected, with stipple,
the position of tectal and peduncular lesions which failed to block the EEG response to

bulbo-reticular stimulation. Cross-lining marks the position of a tegmental lesion -which
abolished this response to bulbar stimulation.

E. F. Transverse sections through the midbrain of two cats, showing the extent of lesions
which interrupted the medial and lateral lemnisci and spinothalamic tracts, but which failed
to impair the EEG response to bulbo-reticular stimulation.

Abbreviations are as follows: A, aqueduct: BIC, brachium of inferior colliculus; BP, basis
pedunculi; CM, centre médian; IC, inferior colliculus; L, lateral thalamic nucleus; LG, lateral
geniculate body; MB, mammillary body; ML, medial lemniscus; O, inferior olive; P, pons;
PY, pyramid; RB, restiform body; S, subthalamus; SC, superior colliculus; ST, spino-thalamic
tract; VP, posterior part of ventral thalamic nucleus; 3, oculomotor nucleus; 5, spinal fifth
tract and nucleus; 12, hypoglossal nucleus.

points in its fastigial nuclei, the responses
possibly being mediated by connections of
the roof nuclei with the brain stem reticular
formation (Snider, Magoun and McCulloch,
1949). In the midbrain, responses were ob-
tained from the tegmentum bordering the

which its effects are exerted upon the cor-
tex, and some data bearing on its thalamic
mediation will be given later.

The distribution of this ascending system
within the midbrain was studied further by
observing the effect of lesions here upon the
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EEG response to bulbo-reticular stimulation.
Such responses were unimpaired following
sections of the cerebral peduncles or tectum,
but were blocked by injury to the mesen-
cephalic tegmentum (fig. 4D). Typical cor-
tical responses to bulbo-reticular stimulation
were still obtained after bilateral destruction
of all laterally placed mesencephalic struc-
tures, including the medial and lateral lem-
nisci and the spinothalamic tracts (fig. 4 E,
F), leaving intact only the paramedian re-
gion from which responscs were obtained on
direct stimulation (fig. 4B).

l SEM mj [ A I
\L wmwwwmwwmww

459

(fig. 4 D). Furthermore, single shock sti-
muli to effective reticular sites did not evoke
antidromic potentials in the sensory-motor
cortex (fig. 5 C and E) (fig. 10 A), nor
did direct stimulation of the bulbar pyramid
reproduce the EEG response to reticular
stimulation.

A cortico-bulbo-reticular path from area
4-S is distributed to the excitable reticular
arca of the lower brain stem (fig. 4 A)
(McCulloch, Graf and Magoun, 1946), but
it is similarly impossible to attribute the
EEG responses to its antidromic stimulation.
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Fig. 5
Comparison of the effects of stimulating the right posterior column (A, B) and the left
reticular activating system at bulbar (C, D) and midbrain (E, F) levels, under full chloralo-
sane anesthesia. Stimulus frequency is 1/sec. in left records (A, C, E) and 300/sec. in
right records (B, D, F); intensity is 3 V throughout.
Single shock stimuli to the posterior column evoke sensory potentials in the cortex (A),
not elicited by similar reticular stimulation (C, E). High frequency stimulation of the

posterior cGiumn causes some desynchronization of the EEG (B), but more pronounced
effects are induced by reticular stimulation (D, F).

A series of ascending reticular relays is
presumed to constitute the structural sub-
strate of this brain stem activating system.
That responses are not attributable to the
antidromic excitation of corticifugal paths,
nor to the dromic stimulation of known
afferent paths, bordering the reticular area,
is indicated by a variety of data.

As regards the pyramidal tract, move-
ments referable to its excitation never ac-
companied EEG responses to reticular stim-
ulation, and the latter were still obtained
from the bulbar level after section of the
fibers of this tract in the basis pedunculi

This path accompanies the pyramidal tract
in the basis pedunculi (McCulloch, Graf
and Magoun, 1946) section of which, as
noted, left reticular responses unimpaired.
The absence of antidromic potentials in the
sensory-motor cortex, on single shock stimuli
to the bulbar reticular formation (fig. 5 C;
10 A), might be explained by the small size
of the suppressor areas in the cat (Garol
1942), but a more likely possibility is that
the unmyelinated terminals of this extra-
pyramidal path were never excited with the
low intensities of reticular stimulation em-
ployed in the present experiments. Reticular
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responses elicited from brain stem levels
cephalad to the bulb are, moreover, impos-
sible to explain on the basis of antidromic
stimulation of this extrapyramidal pathway.

It is equivalently impossible to ascribe
reticular responses to the dromic activation
of known afferent pathways ascending to
the cortex through the brain stem. The
medial lemniscus is adjacent to the excitable
reticular area through much of its course,
and high frequency stimulation of the lem-
niscal system, like that of the sciatic nerve
(Gellhorn. 1947). exerts a desynchronizing
influence upon the EEG (fig. 5 B). This
influence is not as pronounced as that of the
reticular formation and higher voltages of
stimulation are required to induce it than
those which yield primary and secondary
cortical sensory responses.

Three lines of evidence clearly show,
however, that the desynchronizing influence
of the reticular formation cannot be attribut-
ed to activation of the lemniscal system,
either through physical spread of stimulating
current, or by antidromic excitation of pos-
sible lemniscal collaterals to the brain stem
reticular formation. First, single shock
stimuli to excitable reticular points at bulbar
(fig. 5 C) or midbrain (fig. 5 E) levels
never evoked potentials in the sensory-motor
cortex, as was invariably the case when
such shocks were applied to the lemniscal
system (fig. 5 A), and this simple control
was routinely applied throughout the work.
Second, the distribution of the excitable
reticular area was distinct from that of the
course of the medial lemniscus through the
brain stem (fig. 4, A-C). Third and finally,
EEG responses to bulbar stimulation were
unaffected by mesencephalic lesions which
bilaterally interrupted the medial and lateral
lemnisci and the spino-thalamic tracts (fig.
4 E, F).

Elimination of these possibilities and the
distribution of excitable points through the
brain stem both indicate that this response
is mediated by a paramedian system of as-
cending reticular connections. Single shock
stimuli to effective bulbar sites do not evoke
potentials at effective midbrain or dienceph-

;. MORUZZI and H. W. MAGOUN

alic sites, however, suggesting that a number
of relays are present and that the synapses
involved are iterative in nature.

Having now described the desynchroniza-
tion of the EEG induced by brain stem stim-
ulation and presented evidence that this al-
teration results from exciting a system of
reticular relays ascending to the dienceph-
alon, attention may next be directed to the
effect of reticular stimulation upon types of
evoked activity in the cortex.

Effect upon evoked sensory potentials.
In the chloralosane cat, a single afferent
volley, initiated either by natural stimuli or
by shocks to the sciatic nerve or posterior
column, evokes primary and secondary'
cortical potentials and sensory “after-dis-
charge” succeeding them. The secondary
response and after-discharge occur generally
in the cortex and are readily observed in the
EEG. During stimulation of the brain stem
reticular formation, such secondary re-
sponses continued to be evoked by afferent
volleys, usually without alteration (fig.
6 A), but sometimes with reduction of am-
plitude and simplification of potential form,
particularly in cortical areas outside the
sensori-motor region (fig. 8 B). Fcllowing
conclusion of reticular stimulation, tran-
sient enhancement of the secondary re-
sponse was occasionally observed (fig. 6 B).

The succeeding high-voltage slow waves,
called sensory after-discharge, were in-
variably abolished during reticular stim-
ulation (fig. 6 A-C). In full anesthesia, the
cortical record then became flat between
secondary responses (fig. 6 A, B), while, if
anesthesia was light, low-voltage fast ac-
tivity was present in these intervals (fig.
6 C). The abolition of sensory after-
discharge might thus be simply another
manifestation of the desynchronization of the
EEG induced by brain stem stimulation.

1These '‘secondary potentials” resemble those of
PForbes and Morison (1939) recorded, in deep barbi-
turate anesthesia, in and also outside of the somatic
receiving area and disappearing when the frequency
of afferent stimuli rose above 5/sec.. Since under
chloralosane anesthesia, they are associated with py-
ramidal discharge they correspond to the ‘‘efferent
waves” of Adrian (1941).
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Such sensory after-discharge was not im-
paired, however, during cortical desyn-
chronization induced by high frequency
stimulation of the sciatic nerve (fig. 8 D).
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desynchronization resulting from reticular
stimulation (fig. 5B, D, F) opposed simul-
taneous discharge of a sufficient number of
interneurons connecting the sensory with
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Fig. 6
Effect of reticular stimulation upon cortical sensory responses.

A. Tapping skin of ankle.

chloralosane/K.

B. Make and break shocks to the sciatic nerve, under full chloralosane anesthesia
as in A, C. Single shocks to the upper end of the posterior column, in

“encéphale isol¢” with 7 mgm.

In each instance the evoked sensory spike is unaffected, while consequent after-discharge

is abolished. Note low voltage fast activity during reticular stimulation in C, with minimal anesthesia, and

its absence in A and B, with full anesthesia.

Effect upon evoked pyramidal discharge.
In the chloralosane cat, afferent volleys ar-
riving at the cortex there evoke pyramidal
discharges which are responsible for the
jerky movements characteristic of this anes-
thesia (Adrian and Moruzzi, 1939). Al-
though afferent volleys continued to reach
the cortex during stimulation of the brain
stem reticular formation, such pyramidal
discharge, recorded from the basis pedunculi,
was reduced or abolished (fig. 7A) and
contraction of leg muscles, induced by it,
disappeared (:ig. 7 B; 8 F). This disap-
pearance of movement was not attributable
to spinal inhibition,
contraction of the same muscles was not
affected by such midbrain stimulation (fig.
8 G). The movements induced by this pyra-
midal discharge were not reduced during
desynchronization of cortical electrical ac-
tivity by high-frequency sciatic stimulation
(fig. 8E), and the facilitation observed
might have been due to spinal alterations.
Whether the more pronounced cortical

for reflexly induced”
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Effect of reticular stimulation on pyramidal discharges
and chloralosane jerks.

A. Break shocks to sciatic nerve cause sensory cor-
tical responses and corresponding pyramidal dis-
charge, recorded from the basis pedunculi (channel
2). The latter and sensory after-discharge are almost
abolished by bulbo-reticular stimulation (3 V, 300/
sec.}), which leaves cortical sensory spikes unaffected.
B. Break shocks to sciatic nerve cause chloralosane
jerks, recorded in myograms of the quadriceps and
tibialis (channels 3 and 4). Movement was abolish-
ed during stimulation of the midbrain tegmentum
(3 V., 300/sec.), although cortical sensory potentials
were still elicited. Such midbrain stimulation had no
effect on spinal reflexes.
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the motor cortex to prevent threshold activa-
tion of the cells of origin of the pyramidal
tract, or whether these cells were somehow
rendered incapable of being excited by af-
ferent cortical volleys, during brain stem
stimulation, remains unsettled.
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tion of the diffuse thalamic projection sys-
tem consists of a series of high-voltage slow
waves, one for each shock, which recruit to
a maximum during the initial period of
stimulation (figs. 10, 11, 12, 13) (Morison
and Dempsey. 1942; Dempsey and Morison.
‘wf‘r\m"x‘{"w-w' B e e D) 2',‘«4"{““' gt
o el
’M\‘/-‘J\»'MJ,L "rl“ e A £ Ineiate N R

‘,J_\'-"N.’\*.‘. e

.- + - - + - + -

"\\h‘"w'“‘\‘i \J/ﬁ \J[Ww.,\ e

B

e -‘MK-W/,\_A e W‘W .\NJ/WWWV\&WMN WFWMYM

g s yor J ‘ :

Ay J‘w LA WA A L erta oA A A AV SWAAN A AR AAMAANA

TiR | . . . '

e B e S — et - ot f —~+—

E - .- - .~ F._ + - + = G— + - + —
Fig. 8

Comparison of effect of reticular and sensory stimulation upon spontanecus and evoked
electro-cortical activity.

A. C. Abolition of chlora'osane waves during (A) bulbo:reticular stimulation (2 V. 300/scc.)
and (C) sciatic nerve stimulation (3'V, 300/sec.).

B. D. Sensory cortical potentials evoked by make and break shocks to sciatic nerve are
reduced by bulbo-reticular stimulation at 2V, 300/sec. (B). but not by stimulation of the
contralateral sciatic nerve at 3V, 300/sec. (D).

. F. Chloralosane jerks evoked by break shocks to the sciatic nerve, and recorded in
myograms of the tibialis anticus, were augmented (E) by contralateral sciatic nerve
stimulation (3 V. 300/sec.) and abolished (F) by stimulation of the midbrain tegmentum
(3V. 300/sec.t. Such midbrain stimulation did not influence tibialis contraction in the

ipsitateral flexor reflex (G,

Effect upon cortical strychnine spikes.
The recurring spikes produced by local
strychninization of the sensori-motor cortex
were not prevented by exciting the brain
stem reticular formation. nor was conduc-
tion of this discharge to the opposite cortex
interfered with (fig. 9B). Synchronized
convulsive waves in a cortical fit, induced by
supramaximal stimulation of the motor cor-
tex, were similarly unaffected by bulbo-reti-
cular stimulation.

Effect upon recruiting response. The
cortical response to low frequency stimula-

1942; Jasper and Droogleever-Fortuyn, 1946;
Jasper. 1949). These waves may be confin-
ed to the ipsilateral hemisphere, but are
usually present, though smaller, contrala-
terally as well. Depending upon the site
of thalamic stimulation, they may be dis-
tributed anteriorly, posteriorly, or generally
in the cortex.

In the unanesthetized “encéphale isolé”’, such
a recruiting response. in both sensori-motor
cortices and the ipsilateral auditory area
(fig. 10 D), was either abolished or greatly
reduced in all regions during intercurrent
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bulbo-reticular stimulation and recruited
again upon its cessation (fig. 10, E, F). Ex-
citing the rostral end of the reticular system
in the subthalamus had a similar effect (fig.
11 E). Another instance is shown in figure
9 A, in which case, strychnine was then
applied locally to the cortex. The recruiting
response was transiently abolished follow-
ing strychnine spikes interspersed in its
course, suggesting that identical cortical
neurons were involved in these two activities
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Fig. 9
Effect of reticular stimulation upon recruiting re-
sponse and cortical strychnine spikes.

A. Recruiting response to left thalamic stimulation
(5V, 7.5/sec.} in “encéphale isol¢,” abolished by
left bulbo-reticular stimulation (2 V, 300/sec.).

B. Strychnine spikes in both sensory-motor areas, in-
duced by local application of strychnine to left motor
cortex, were not decreased by left bulbo-reticular

stimulation (2 V., 300/sec.}).

C. Decrease of recruiting response {evoked as in
A), following interspersed strychnine spikes.

D. Recruiting response (evoked as in A) markedly
decreased by left bulbo-reticular stimulation {2V,
300/sec.) which did not affect strychnine spikes.

(fig. 9C). Subsequent repetition of re-
ticular stimulation again opposed the re-
cruiting response without, as noted above,
altering the spikes induced by strychnine
(fig. 9D). It should be noted that low
frequency stimulation of the ascending reti-
cular system, even in the subthalamus, did
not itself induce a recruiting response (figs.

10B; 11 D).

463

Of the different types of evoked cortical
activity upon which the effect of reticular
stimulation was tested, certain ones, then,
secondary sensory responses and strych-
nine spikes, exhibited little or no alteration,
while others, sensory after-discharge and
recruiting responses, were abolished. Of the
two types of transcortical conduction ob-
served. that from the sensory to the motor
cortex, underlying the pyramidal discharge
to afferent volleys under chloralosane anes-
thesia, was blocked, while the other, from a
strychninized area of the cortex to the op-
posite cortex, was unaffected. It is not at
present possible to decide whether any com-
mon factors underly these similarities and
differences.

Thalamic mediation of response. The
generalized distribution of the alteration in
the EEG induced by reticular stimulation
has implications for the manner of its me-
diation by the thalamus. It seems likely that
the reticular formation could exert its in-
fluence upon all parts of the cortex either
by acting generally upon the thalamus or
by influencing its diffuse projection system
alone. At present, each possibility appears
relevant, for there is indication both that the
diffuse projection system is involved and
that the reticular influence may not operate
exclusively through it.

Evidence for the mediation of the reticular
effect by the diffuse thalamic projection
system is presented in figure 12. The low-
frequency stimulation of a portion of this
system, on one side of the midline, induced
recruiting responses not only in both cortices
but in a corresponding region of the opposite
thalamus as well (fig. 12 A). This evoked
intra-thalamic activity was then abolished
during intercurrent bulbo-reticular stimulation
and returned again upon its cessation (fig.
12 B, C), thus demonstrating a reticular in-
fluence upon the diffuse projection system
at the thalamic level. It is uncertain whether
the corresponding cortical changes were
secondary to those in the thalamus in these
instances, however, for though cortical re-
cruiting responses were greatly reduced,
small cortical waves were still present dur-
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ing reticular stimulation at a time when all
synchronized activity was absent from the
record of this thalamic sample (fig. 12 B. D:
compare left cortical and thalamic channels).
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This same preparation was next lightly
anesthetized with chloralosane, with the
development of characteristic high-voltage
slow waves both in the cortex and subcor-
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Effect of reticular stimulation upon recruiting response.

at 3V in “encéphale isolé”.

stimulation (3 V, 300/sec.).

T myowy

stimulation (3V, 300/sec.).

Left bulbo-reticular stimulation

Single shocks to bulb do not evoke cortical potentials.

Bulbar stimulation at 7.5/sec. does not evoke recruiting response.

Bulbar stimulation at 300/sec. activates EEG.

Recruiting response evoked by left thalamic stimulation (5V, 7.5/sec.).
Recruiting response to left thalamic stimulation reduced or abolished by left bulbar

Recruiting response to right thalamic stimulation reduced or abolished by left bulbar
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tically, within and between components of the thalamogram as in the EEG (fig. 12D, E).
diffuse thalamic projection system. Bulbo- Further indication that the reticular in-
reticular stimulation then desynchronized fluence may be mediated by the diffuse
this activity as effectively in the electro- thalamic projection system is provided by
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Fig. 11
Reproduction of reticular response by high frequency stimulation of diffuse thalamic
projection system.
A and B. Recruiting responses induced by left (A) and right (B) thalamic stimulation
(5V, 7.5/sec.) in “encéphale isolé".
C. Recruiting response to left thalamic stimulation reduced or abolished by stimulating
the same right thalamic site as in B, but with 5V, 300/sec.
D. Right electrode lowered into subthalamus, the stimulation of which with 5V, 7.5/sec.
fails to induce a recruiting response.
E. Subthalamic stimulation, with 5V, 300/sec., reduces or abolishes the recruiting
response to left thalamic stimulation.
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Fig. 12
Effect of reticular stimulation upon electrothalamogram of diffuse projection system.
A-C. Unanesthetized “encéphale isolé”.

A. Recruiting response to right thalamic stimulation (8 V, 7.5/sec.) is recorded both
from cortex and from and between thalamic sités  yielding recruiting responses or
response on stimulation.

R. C. Recruiting response in cortex and left thalamus, evoked by right thalamic stim
g]oaot;on a)s in A, is reduced or abolished during left bulbo-reticular stimulation (3V,
sec.).

D, E. Same preparation with 7 mgm. chloralosane/K. Chloralosane waves recorded
from cortex and from left thalamic site (channel 3), which itself yielded a recruiting
stimulation, are abolished in all areas and replaced by low voltage fast activity
during left bulbo-reticular stimulation (2'V, 300/sec.).
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comparing its effect upon the EEG with
that of direct, intra-thalamic stimulation of
this system. Recruiting responses were ob-
tained by successively stimulating portions of
the diffuse system in the left (fig. 11 A) and
right (fig. 11 B) sides of the thalamus. The
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stimulation has the same effect upon the
electrogram of its thalamic components that
it does upon the EEG. and this influence
upon the EEG can be reproduced by the
direct high-frequency stimulation of this sys-
tem within the thalamus.
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13

Abolition of recruiting responses by sensory and reticular stimulation.

Recruiting responses, evoked by left thalamic stimulation

(5V. 300/sec.) in an

“encephale isol¢”.

identically reduced or abolished by loud whistling (A). blowing air on head (B), rubbing nose (C).

blowing air on eyes (D), stimulating the right posterior column at 2V, 300/sec. (E).
the left bulbar reticular formation at 2V, 300/sec.

recruiting response to left thalamic stim-
ulation was then repeated and intercurrent
stimulation of the same right thalamic site at
300/sec. abolished it as effectively (fig. 11 C)
as did subsequent stimulation of the rostral
end of the reticular system in the subthala-
mus (fig. 11 E). As regards the diffuse
thalamic projection system. then. reticular

and stimulating
(F).

Similar desynchronization. both of spon-
taneous activity and of the recruiting re-
sponse has been observed., however, to result
from high frequency stimulation of the
discretely projecting. posterior part of the
ventral thalamic nucleus, and the effect was
generalized in the cortex. It remains for
further study to determine whether such re-
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sponses were mediated by direct cortical
projections or. as seems more likely, through
other subcortical systems.

After ipsilateral destruction of the intra-
laminar thalamic region, bulbo-reticular stim-
ulation still desynchronized the EEG bila-
terally and as markedly as in initial controls.
After extending the lesion until the massa
intermedia and intralaminar regions of the
thalamus were destroved bilaterally. bulbar
stimulation stll seemed to have some effect
upon the EEG. but cortical activity was then
so reduced that it was difficult to draw
conclusions concerning the significance of
the results. These findings only serve to
introduce the problem of thalamic mediation
of the lower brain stem influence upon the
EEG. and much added study will be neces-
sary to clarify this subject.

The reticular effect and arousal reactions.
In the acute study of arousal reactions. anes-
thesia cannot be employed. for its major
action is to block them. nor is the unanes-
thetized “encéphale isolé’" suitable, for its
EEG is typically activated and only rarely
exhibits spontaneous synchrony. In the latter
preparation. however, recruiting responses
sometimes provide a background of cortical
activity upon which the arousal effect of na-
tural stimuli can be tested. Figure 13 shows
a series of such instances, in which the high-
voltage slow waves of the recruiting response
were abolished and replaced by low-voltage
fast activity, during loud whistling (A),
rubbing the nose (B). and blowing air on
the head (C) and eves (D). Indistinguish-
able from these changes to natural stimuli.
except for somewhat faster low-voltage ac-
tivity, were those produced by electrical
stimuiation of the posterior column (E) and
bulbar reticular formation (F).

Such abolition of recruiting responses by
natural or bulbar stimulation was observed
only when the frequency and intensity of
thalamic stimulation yielding the recruiting
response was just above threshold, and in
some cases reticular stimulation could still
abolish the recruiting response at a time
when natural stimuli were ineffective. Be-
cause of these and other difficulties in se-
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curing stable testing conditions. attempted
repetition of arousing natural stimuli after
differential interruption of ascending sen-
sory and reticular paths in the anterior brain
stem was abandoned in favor of chronic pre-
parations,

DISCUSSION

The evidence given above points to the
presence in the brain stem of a system of
ascending reticular relays. direct
stimulation activates or desynchronizes the
EEG. replacing high-voltage slow waves
with low-voltage fast activity. This effect
is exerted generally upon the cortex and is
mediated. in part, at least, by the diffuse
thalamic projection system. Portions of this
activating system, chiefly its representation
in the basal diencephalon. have previouslv
been identified.

In the pioneer studies of Morison and his
associates, in which the foundation for so
much current work upon the EEG was laid.
hypothalamic, subthalamic and medial tha-
lamic excitation was found, in 1943, to sup-
press intermittent Dial bursts without af-
fecting other types of cortical activity, such
as responses to sensory stimulation (Mori-
son, Finley and Lothrop. 1943; Dempsey
and Morison, 1943). The effect was con-
sidered to be inhibitory in nature and was
attributed to the excitation of afferent path-
ways simply passing through this region.

Two years later. Murphy and Gellthorn
(1945) found this suppression of Dial bursts.
on hypothalamic stimulation, to be accom-
panied by dispersal of strychnine spikes and
by prolonged increase in the frequency and
amplitude of low-voltage. background. elec-
tro-cortical activity. They pointed out that
these latter alterations were excitatory or fa-
cilitatory in nature, and attributed the disap-
pearance of bursts to an associated lessened
degree of synchrony of firing of cortical
neurons, rather than to inhibition. Connec-
tions from the hypothalamus to the dorso-
medial and intralaminar thalamic region,
and thence to cortex, were suggested to
provide the channels by way of which these
effects were produced and, though the study

whose
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was undertaken principally to elucidate hy-
pothalamic facilitation of the motor cortex,
the generalized distribution of the EEG
changes was emphasized.

More recently still, Jasper and his asso-
ciates (1948) observed a generalized ac-
celeration of spontaneous electrocortical ac-
tivity, simulating an arousal or waking re-
action, from stimulation of the periaqueduc-
tal portion of the midbrain, the posterior
hypothalamus and the massa intermedia of
the thalamus; and Ward (1949) obtained a
prolonged generalized increase in both volt-
age and frequency of the EEG following
stimulation of the bulbar reticular formation.

While interpretation of these findings has
been varied, their basic similarity can leave
little doubt that each of these investigators
has dealt with manifestations of the same
system as that described above. The present
work thus confirms, extends and interrelates
these earlier contributions and, from the
mass of observations brought to bear upon
it, the existence of this brain stem activating
system now seems firmly established.

In discussing the general significance of
these findings for electroencephalography,
attention should certainly be focussed upon
the arousal reaction. The breaking up of
synchronous cortical discharge by afferent
stimulation, first observed by Berger (1930)
as alpha blockade on opening the lids, and
since found to be a common response to any
type of afferent stimulation, is currently at-
tributed to the desynchronizing action of
afferent volleys arriving directly at the re-
ceiving areas of the cerebral cortex (Adrian
and Matthews, 1931; Adrian, 1947; Bremer,
1938, 1944; Walter and Walter, 1949). A
number of relevant observations are difficult
to explain on this basis, however.

More than a decade ago, Ectors (1936)
and Rheinberger and Jasper (1932) observ-
ed that serially repeated stimulation soon
failed to induce activation, though afferent
volleys presumably continued to reach the
cortex, and it was noted that, in order to
be effective in this regard such stimuli must
arouse the subject to alertness or attention.
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In addition, when an activation pattern was
so induced, it was by no means confined to
the receiving area of the afferent system
stimulated (see also Bremer, 1943), nor did
it appear first in this area and radiate from
it. Whether somatic, auditory or, to a lesser
extent, visual stimulation was employed,
when an arousal reaction was evoked, it ap-
peared simultaneously in all parts of the cor-
tex and often continued for considerable
periods in it after afferent stimulation had
ceased.

More recently, Monnier's (1949) anal-
ysis of the sequence of EEG events induced
by visual stimulation in man has shown that
alpha blockade is not initiated for a con-
siderable period after the electrocortical
changes evoked by the afferent volley are
completed, and its prolonged latency might
more easily be explained by invoking a sub-
sidiary mechanism than by accounting for it
through direct cortical action. Furthermore,
the generalized arousal reaction to vestibular
stimulation has been shown by Gerebtzoff
(1940) to be still elicitable after ablation
of the cortical receiving area for this af-
ferent system,

In the present experiments, typical EEG
arousal reactions have been reproduced by
stimulating the brain stem reticular form-
ation, without exciting classical sensory
paths. Crucial evidence that the reticular
formation is involved in the arousal reaction
to natural stimuli may not yet be obtained
but, in addition to being suggested by the
data at hand, such a possibility might offer
an explanation for the failure of afferent
stimuli to evoke arousal from somnolence,
lethargy or coma, resulting from injury to
the upper brain stem, which left the major
sensory paths to the cortex intact (Ingram,
Barris and Ranson, 1936; Ranson, 1939;
Magoun, 1948). A conception of the arousal
reaction in which collaterals from sensory
paths first activated the brain stem reticular
formation and exerted their influence upon
cortical electrical activity indirectly through
it, seems a logical postulate from all these
observations, and was, in fact, proposed as
long ago as 1940 by Gerebtzoff to account
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for his observations to which reference was
made above.

The proposed participation of the brain
stem activating system in the arousal reac-
tion, if established, might represent an
aspect of its function concerned with alert-
ing the cortex to abrupt and more or less
pronounced alterations in the external en-
vironment. It may next be proposed that
the presence of a steady background of less
intense activity within this cephalically
directed brain stem system. contributed to
either by liminal inflows from peripheral
receptors or preserved intrinsically. may be
an important factor contributing to the main-
tenance of the waking state. and that ab-
sence of such activity in it may predispose
to sleep.

Bremer's fundamental discovery (1935,
1938) that the EEG of the unanesthetized
cerebrum. isolated from the rest of the
nervous system by mesencephalic transec-
tion, resembled that of an intact brain in
natural sleep or under barbiturate anesthesia,
led him to the conclusion that sleep is the
result of deafferentation of the cerebral
cortex. Afferent impulses from olfactory
and visual receptors are still accessible to
such a “cerveau isolé”, and more recent work
has indicated that sleep changes in the EEG
are best produced by basal diencephalic in-
jury (Lindsley. Bowden and Magoun,
1949). But putting these qualifications
aside. it should be pointed out that at the
time Bremer's discovery was made, classical
sensorv paths were the only known con-
nections ascending through the midbrain, to
the interruption of which the ensuing sleep
changes in the “cerveau isolé” could be at-
tributed. The present identification of a
seccond, parallel system of ascending re-
ticular relavs, whose direct stimulation in-
duces EEG changes characteristic of wake-
fulness., now raises a possible alternative in-
terpretation of Bremer's observations. for the
obvious question arises: is the production
of sleep in the cerebrum. following mesen-
cephalic transection, to be attributed to de-
afferentation in the strict sense, or to the
elimination of the waking influence of the
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ascending reticular activating system ? Two
lines of evidence favor this latter possibility.
As regards barbiturate sleep, Forbes et
al (1949) have recently pointed out that the
ready conduction of afferent impulses to the
cortex under deep barbiturate anesthesia is
inconsistent with the view that the sleep-
inducing properties of these drugs depend
upon functional deafferentiation.! Conver-
sely, it has been found in the present study
that under barbiturate anesthesia, bulbo-
reticular stimulation is much less effective
in activating the EEG than in a chloralosane
or unanesthetized preparation. The fact that
hypothalamic stimulation is effective under
such anesthesia (Morison, Finley and Lo-
throp, 1943; Murphy and Gellhorn, 1945;
Jasper, Hunter and Knighton, 1948) sug-
gests that the blocking of reticular relays
within the brain stem may be involved in the
production of sleep by barbiturates.

As regards sleep induced by rostral brain
stem injury, prolonged somnolence has fol-
lowed chronic lesions in the basal dienceph-
alon and anterior midbrain which did not
involve afferent pathways to the cortex, but
which were placed medial and ventral to
them in the region of distribution of the as-
cending reticular activating system (Ingram,
Barris and Ranson, 1936; Ranson, 1939), and
similar results have followed injury to this
region from tumors (Fulton and Bailev.
1929) or encephalitis (von Economo. 1918:
Richter and Traut. 1940) in man.

Though somnolence incontestable,
EEG studies were not undertaken in the
animals or patients to which reference is
made, but more recently Inqram, Knott and
Wheatlev (1949) have studied alterations in
the EEG following chronic, experimental
hypothalamic lesions. and the results of
acute basal diencephalic and lower brain
stem destruction are reported in the suc-
ceeding paper (Lindsley. Bowden and Ma-

was

! This argument would appear to apply onlv to the
conduction of a single afferent volley. W. H. Marshall
(1. Neurophysiol., 1941, 4: 25-43) has observed im-
pairment of conduction of repeated afferent volleys
to the cortex under nembutal anesthesia, due to great
prolongation of thalamic recovery time.
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goun, 1949). In the latter investigation,
sleep changes in the EEG, identical with
those of barbiturate anesthesia, resulted from
basal diencephalic and anterior midbrain le-
sions which spared sensory pathways to the
cortex, but interrupted the rostral distribution
of the ascending reticular activating system.
Conversely, extensive deafferentiation of the
cortex, by section of ascending pathways in
the lateral portion of each side of the mid-
brain, together with bilateral interruption
of the optic and olfactory tracts, failed to
induce such alterations.

The conception of sleep as a functional
deafferentation of the cerebrum is not op-
posed by this evidence if the term “deaf-
ferentation’ is broadened to include inter-
ruption of the ascending influence of the
brain stem reticular activating system, the
contribution of which to wakefulness now
seems more important than that conducted
to the cortex over classical sensory paths.

SUMMARY

1. Stimulation of the reticular formation
of the brain stem evokes changes in the
EEG, consisting of abolition of synchroniz-
ed discharge and introduction of low voltage
fast activity in its place, which are not
mediated by any of the known ascending or
descending paths that traverse the brain
stem. The alteration is a generalized one
but is most pronounced in the ipsilateral
hemisphere and, sometimes, in its anterior
part.

2. This response can be elicited by stim-
ulating the medial bulbar reticular forma-
tion, pontile and midbrain tegmentum, and
dorsal hypothalamus and subthalamus. The
bulbar effect is due to ascending impulses
relayed through these more cephalic struc-
tures. The excitable substrate possesses a
low threshold and responds best to high fre-
quencies of stimulation.

3. Some background synchrony of electro-
cortical activity is requisite for manifestation
of the response. In the “encephale isolé”, re-
ticular stimulation has no additional effect
upon the fully activated EEG. With syn-
chrony, in spontaneous drowsiness or light
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chloralosane anesthesia, the effect of reti-
cular stimulation is strikingly like Berger's
alpha wave blockade, or any arousal reac-
tion. In full chloralosane anesthesia, high
voltage slow waves are blocked but no in-
crease in lower amplitude, fast activity oc-
curs. With barbiturate anesthesia, the re-
ticular response is difficult to elicit or is

abolished.

4. In the chloralosane preparation, the
secondary cortical response evoked by a
sensory volley is generally unaffected by
reticular stimulation. Consequent sensory
after-discharge is abolished, however, as is
pyramidal tract discharge and jerky move-
ments referable to it. Outside the sensory
receiving area, secondary responses them-
selves may be reduced or prevented.

5. The convulsive spikes produced by
local strychnine and those of a fit following
supramaximal cortical excitation, are not
decreased by stimulating the reticular forma-
tion.

6. The cortical recruiting response induc-
ed by low frequency stimulation of the dif-
fuse thalamic projection system is reduced
or abolished by reticular stimulation.

7. There is some indication that the cor-
tical effect of reticular stimulation may be
mediated by this diffuse thalamic projection
system, for synchronized activity within it is
similarly prevented by reticular excitation,
and direct high frequency stimulation of this
system, within the thalamus, reproduces the
reticular response. It is possible, however,
that other mechanisms may be involved in its
mediation.

8. The reticular response and the arousal
reaction to natural stimuli have been com-
pared in the “encéphale isolé”, in which
EEG synchrony was present during spon-
taneous relaxation or was produced by re-
cruiting mechanisms, and the two appear
identical,

9. The possibility that the cortical arousal
reaction to natural stimuli is mediated by
collaterals of afferent pathways to the brain
stem reticular formation, and thence through
the ascending reticular activating system,
rather than by intra-cortical spread follow-
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ing the arrival of afferent impulses at the
sensory receiving areas of the cortex, is un-
der investigation.

10. The possibility is considered that a
background of maintained activity within
this ascending brain stem activating system
may account for wakefulness, while reduc-
tion of its activity either naturally, by bar-
biturates, or by experimental injury and
disease, may respectively precipitate normal
sleep, contribute to anesthesia or produce
pathological somnolence.

CONCLUSIONS

Experiments on cats have identified a
cephalically directed brain stem system,
the stimulation of which desynchronizes
and activates the EEG, replacing high-
voltage slow waves with low-voltage fast
activity,

This system is distributed through the
central core of the brain stem and appears
to comprise a series of reticular relays
ascending to the basal diencephalon. Its ef-
fects are exerted generally upon the cortex
and are mediated, in part, at least, by the
diffuse thalamic projection system.

Possible implication of this system in the
arousal reaction to afferent stimulation and
in the maintenance of wakefulness is dis-
cussed.
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