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Editorial

Vol. 2.

Los estados de coma hasta no hace mdas de tres décadas merecian solamente
un interés asistencial por la gravedad que representaban y por la importancia de
Uegar a un diagnostico etiologico, dado que para algunos casos (coma diabético,
ciertas intoxicaciones) se contaba con recursos terapéuticos adecuados que apli-
cados correctamente y a tiempo, podian restaurar al paciente a su estado normal.
La prolongacion de un coma por mds de cinco dias implicaba en la prictica un
prondstico fatal,

Un progreso se realizo en este aspecto cuando se comprendio la impor-
tancia de la bidratacion y del aporte de material nutritivo a los pacientes, y
se pudo prolongar su sobrevida, con lo cual muchas veces se conseguia en los
casos en qie no existia un tratamiento especifico, qie el organismo resistiera
y se obtuviera su recuperacion.

Con el advenimiento de los antibioticos y las sulfas pudieron tratarse con
éxito ciertos comas de origen infeccioso al mismo tiempo que podian contro-
larse las complicaciones infecciosas de los comas de otro origen.

En los ultimos anos este problema se ha actualizado por varias razones
importantes que mencionaremos:

El rerovado interés por el conocimiento de los mecanismos nerviosos res-
ponsables del sueiio (inconciencia) y de la vigilia, resultante de las investiga-
ciones sobre la Formacion Reticular y de lais funciones en que ésta estaria ini-
plicada.

La electroencefalografia aporto nucvos elementos al problema y permitio
transportar a la clinica las ideas elaboradas en la experimentacion animal. Re-
sulta de valor para reconocer la existencia de unra lesion y establzcer su loca-
lizacion. Se ba estudiado una posible correlacion con el coma y con su pro-
fundidad y es util para apreciar su evolucion, Se observa la reactividad del
trazado a los estimulos aplicados al paciente, en cierto modo intentando wun
paralelismo con lo que evidencia el sueno (con un supuesto parentesco fisic-
patologico con el coma) y la vigilia y con lo que el neurofisiologo comprueba
como respuestas inespecificas en la actividad eléctrica corvtical con las estinin-
laciones periféricas y las modificaciones de las respuestas cuando se lesiona la
Formacion Reticular.

Ultimamente se ha conseguido estudiar el metabolismo cerebral en el hom-
bre. En el estado de coma se evidencian perturbaciones en la quimica cerebral
d;gmi,\: de senalarse por su importancia y por lo que significan para la‘ com
prension [isiopatoligica del sindrome y en cierto grado para la terapéutica.
Estos cambios en gran parte estan en relacion con la produccion de energia
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por el tejido cerebral. El cerebro obtiene su energia principalmente de la oxi-
dacion de glucosa. La disminucion del cownsumo de oxigeno se comprueba en
el coma de cualquier origen. En el coma por bipoglicemia, la falta es del otro
elemento exergético fundamental, la glucosa. Pero la quimica cerebral se altera
mucho mas alla de lo que estd involucrado en la simple combustion de
la glucosa; en el coma hepatico es importante la acumulacion de amonio; las
enzimas y coenzimas cerebrales pueden deprimirse por factores endogenos como
en los comas hepdtico, diabético o urémico o por inbibidores de origen exogeno,
tales ciertos toxicos.

Con la técnica de Sackel del shock insulinico, el coma provocado con una
finalidad terapéutica, brindo wn recurso con casi el alcance de un experimento
para estudiar este problema en el hombre.

La nenrocivugia al tomar a su cargo algunos casos especiales de accidentes
vasculares cerebrales y los trawmatismos crancoencefdlicos, con el aporte inva-
lorable de las técwicas nenrorradiologicas perticularmente la arteriografia, y con
los recursos de la bipotermia rtmbién ba coxtribuido a acrecentar ¢l interés
en las investigaciones acerca del coma.

Todo esto se ha capitalizado en términos de mejor y mas profundo cono-
cimiento de sus mecanismos, de diagnosticos mds precisos, de tratamientos nids
decididos v de un perfeccionamiento en los cuidados del enfermo comatoso,
tanto en la fase aguda, como cuando el estado se prolonga.

Estamios seguros que este numero dedicado al coma tendrda la misma acep-
tacion que los anteriores, temiendo en cuenta la jerarquia de los autores invi-
tados que en él participan, a quicues agradecemos por la valiosa cooperacion
prestada.

VICTOR SORIANO.

o
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Editorial

Until nearly three decades ago, coma was merely a serious and wurgent
clinical problem. 1t was important to reach an early diagnosis of its etiology
because, in certain cases, i.e., (diabetic coma, some intoxications), it was possible
to apply therapeuntical means that, when employed corvectly and in time, migh!
restore the patient's health to normal. A prolonged coma of more than five days
bad, almost invariably, a fatal prognosis.

Progress was made in this respect when the importance of bydratation and
nourishment of the patient was understood and it thus became possible to pro-
long bis life. This allowed, in those cases for which a specific treatment was
not available, to give the organism a chance to fight its way back to bealth,

With the advent of autibiotics and sulfas it became possible to treat with
success certain infectious comas and at the same time feasible to control the
infectious complications in comas of different origins.

Recently, this problem bas been studied for several important reasons, som:
of which we will mention:

The growing desire for knowledge about the nervous mechanism respon-
sible for sleep (unconsciousmess) and wakefulness, derived from investigation
performed upon the Reticular Formation, and its functional meaning.

The EEG rendered other elements of study to this problem and allowed
new ideas to be transferred to the clinic after they bad been tested in the ex-
perimental animal, It is of great value to recognize the existence of a lesion
and to establish its position. A possible correlation bas been studied with coma
and with the degree of its depth. It has been wsed to study its evolution, to
observe the reaction of the patient to the different stimulations, and in a cer-
tain way to compare these findings with what is observed during sleep (which
is in some aspects physiopathologically related to coma) and wakefulness, and
with which the neurophysiologists proved through its investigation to be
unspecific responses of corticalelectrical activity to peripberal stimulation and
its modification when the Reticular Formation is lesioned.

Recently it has been possible to study the brain metabolism in man. The
findings during state of coma bave shown certain alterations ir the cerebral
chemistry worthy to be emphasized because of their importance and meaning
in understanding the physiopathological sindrome of coma and in a certain
degree its therapeutics. These changes are very much related to the production
of energy of the brain tissue. The brain obtains its energy principally as a
result of the oxidation of glucose. The diminishing of oxigen consumption has
been proven in coma regardless of the coma’s origin. In bypoglycemic coma
there is a lack of another fundamental energetic element, the glucose. But the
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disturbances of brain chemistry go beyond the mere diminishing of the com-
bustion of glucose; in the hepatic coma the accumulation of ammonia is of
great importance; the brain enzymes and coenzymes may be depressed by en-
dogenous factors, as in hepatic, diabetic or uremic coma, or by exogenous fac-
tors such as certain toxics.

With Sackel’s technique of insuline shock, coma, produced with a thera-
peutic aim, gave a resource for its study, which was nearly as valuable as an
experimental situation.

Neurosurgery performed to treat certain cases of coma due to trauma and
cerebro-vascular disease, with the aid of invaluable neuroradiologic techniques,
particularly arteriography, and with the resources of hypothermia, have contri-
buted to the increasing interest in the problem.

All this has created a better and more profound knowledge of the mecha-
nism involved, and a more precise diagnosis, and thus a more energetic treat-
ment and better care of the patient in coma has been established, when in its
acute phase, as well as when it is prolonged.

This bas contributed to the understanding of the problem of coma in these
last few years and bhas led to investigations in several directions.

Taking into consideration the outstanding competency of the authors, we
are sure that the issue devoted to coma will find the same favorable acceptance
as the former issues. We berewith wish to exbress to them owur sincere recog-
nition for their valued cooperation.

VICTOR SORIANO.

‘/‘8{] — Vol. 2. — Number 4.



Pathogenesis of Coma.
Clinical and Metabolic Considerations

JOHN STIRLING MEYER, M. D. and FUMIO GOTOH, M. D. *

From the Departments of Neurology, Wayne State University,
College of Medicine, the Harper Hospital, and the

The purpose of this communication is
to define coma, to outline its causes, to
discuss briefly clinical considerations and
to offer an hypothesis concerning the bio-
chemical and metabolic basis for different
types of coma in the light of presently
available clinical and experimental data.

Definition.

The neurologist can only detine states of
impaired consciousness in terms of the
reaction of the patient to the environment.
If a painful stimulus produces only =
primitive movement of defense (corneal
reflex or reflex withdrawal of a limb) or
none at all, this impaired state of con-
sciousness is extremely severe and is referred
to as coma''’. Another definition of coma,
according to Dorland’s Medical Dictionary,
is “an abnormal state of depressed respon-
siveness, with absence of adaptive response
to tactile, thermal, proprioceptive, visual,
auditory. olfactory or verbal stimuli.” In
other words, coma is a state of diffuse
impairment of cerebral neuronal function
with accompanying alteration of cerebral
electrical activity.

* This work was supported by grants
from the Receiving Hospital Research Cor-
poration and the U. S. Public Health Service.
Vot 2.
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Wayne Center for Cerebrovascuiar Research.

Electroencephalogram in Coma.

The electroencephalogram (EEG) in
coma shows high voltage, usually sym-
metrical slow waves in the delta range,
severe depression or complete absence of
electrical activity. We do not know of a
normal EEG being recorded in coma except
in hysterical states. Absence of EEG activity
indicates a poor prognosis since it is usually
seen when permanent, irreversible brain
damage is present. Asymmetrical or focal
abnormalities imply local structural injury
to the brain. Spike activity in addition to
slow waves raises the question of coma
following an epileptic seizure (post-epileptic
or post-ictal coma).

History and Examination.

The history of onset of coma is important
in assessing the cause. Ingestion of drugs
must always be considered. A sudden
apoplectiform onset implies a circulatory
cause. The general medical examination
must never be omitted since the cause of
the coma is often revealed thereby. A
complete neurological examination is per-
formed with particular search for signs of
trauma to the head, stiffness of the neck,
inequality of the pupils, papilledema, ab-
normalities of respiration, and signs indicat-
ing focal damage to the brain'®'.
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Lumbar Puncture and Diagnostic Tests.

A lumbar puncture is performed and the
initial and final pressure noted. The
appearance of the fluid is recorded together
with total and differential counting of the
cells, Pandy test for gamma globulin,
serological test for syphilis, glucose content
and coioidal gold. If the fluid is bloody,
it should be centrifuged, the hematocrit
recorded and the supernatant examined
for xanthochromia. Where indicated, the
fluid is cultured for bacteria. The following
laboratory procedures are recommended in
cases of coma of unknown cause; roentge-
nograms of skull and chest, electrocardio-
gram, electroencephalogram, urinalysis,
complete blood count, blood urea nitro-
gen, sugar, sodium, potassium, carbon
dioxide and pH, bilirubin, fibrinogen,
bromide and barbiturate level. If subdural
hematoma, tumor, or occlusion of a large
vessel is suspected, arteriograms should
be performed since cerebral hemodynamics
are less altered by this procedure than
pneumoencephalogram.

Etiological Classification.

The common causes of coma are listed
in Table 1. In general, the infections of
the central nervous system (CNS) and
its coverings which may produce coma are
associated with stiff neck and pleocytosis
of the cerebrospinal fluid (c.s.f.). The
majority of bacterial infections are curable
by appropriate antibiotic therapy. If coma
is deep the spinal reflexes producing ou-
chal rigidity may be depressed so that
neck stiffness is no longer present. This
is rare. In order to establish the diagnosis
and isolate any identifiable organism,
lumbar puncture with culture of the
c.s. f. is essential. Rarely in some cases of
encephalitis pleocytosis is not present in
the c.s. f. In paretic and meningovascular
neurosyphilis the precipitin and comple-
ment fixation tests for syphilis are positive
in blood or cerebrospinal fluid or both.

Pneumonic and systemic infections may
cause coma by c.n.s. hypoxia or poisoning
of c¢.n.s. enzymes (Figure 1). In either
event, it is our view that the energy

TABLE 1 Etiological Classification of Coma
Infections cirrhosis  (hepatic coma), water in-
;’ Bacterial toxication, hyponatremia, hypokale-
i Meningitis: Meningococcal, pneumo- mia, Addisonian crisis, heart failure,

cocct, staphylococci, tuberculous, sy-
philitic, tocula and yeast infections,
Waterhouse-Friederickson’s  syndrome
etc.

Viral

Encephalitis:  Eastern, Western, equi-
ne, Japanese B, poliomvelitis, Echo,

etc. Pneumcenia and other sysremiccircu!um,y

hypoglycemia, pest-epileptic (post-ic-
tal coma). Wernicke's encephalopa-
thy, pellagra encephalcpathy, heavy
metal intoxication, barbiturate poison-
ing, Bromison, coma due to sedatives,
hypnotics, alcoholis and opiates, hy-
perthermia, hypothermia.

intections, Cardiac arrest, circulatory shock, ce-
Trauma rebral vascular thrombosis, cerebral
Subdural, epidural, and intracerebral hemorrhage, hypertensive encephalo-
hematoma. pathy, eclampsia, cortical venous
Concussion, contusion and brain lace- thrombosis and sagittal sinus throm-
ration. bosis.
Brain stem injury. Neoplastic
Systemic Disorders Primaiy and secondary large brain
Aroxia, uremia, metabolic acidosis, tumers and small tumors of the brain
ditberic ketosis, respiratory acidosis, stem.
Vol. 2. — Number | 1961
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necessary to maintain cerebral ionic ho-
meostasis and hence normal electrical acti-
vity of the brain is lost and coma ensues
with EEG slowing. This concept of coma
mechanisms  will be discussed in detail

CONSIDERATIONS

bral cortical neurones (electrotonus) or
from a diffuse neuronal paralysis resulting
from less localized injury. In either event,
cerebral oxygen utilization is decreased'”'.
Cerebral contusion, laceration. and sub:

HYPOTHESIS OF COMA MECHANISMS

AFFERENT

B

IMPAIRMENT  OF
RETICULAR
ACTIVATING SYSTEM

Extra -
cellular

Intra -
cellular

HYPOGLYCEMIA ===== — GLUCQSE

ANOXIAS ======= — O»

ENZYMES

t

!
i
Acidotic, uremic, diabetic,
hepctic. septic coma

EXCITATORY

ELECTRICAL
ACTIVITY
( MEMBRANE
PERMEABILITY )

RECOVERY BY
Na EXTRUSION

IMPULSES

INHIBITORY

DIRECT EFFECT ON

CELL MEMBRANE
mmEESE Y Na¥ K¥
HOMEOSTASIS

Mg ++

|

) COQ + HQO

COENZYMES
Deficiency in PA., Wernicke's,

Pellagra, Korsakoff's

Figure 1

later. In coma from any cause, cerebral
oxidative metabolism is usually depressed;
important exceptions will be discussed
later.

Traumatic causes of coma may result
from direct injury to the reticular activa-
ting system of the brain stem with a de-
creased excitatory afferent drive on cere-

Vol. 2. — Numbher 4 1961,

and epidural hematomata cause coma not
only by direct traumatic injury to nerve
cells but more commonly by cerebral
compression and ischemic anoxia '* 7', In
establishing such a diagnosis, evidence of

trauma to the head, skull fracture by
roentgenogram, waxing and waning of
consciousness (in sub-dural hematoma),
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and the lucid internal (in epidural hema-
toma) are helpful. Carotid arteriograms
will establish the presence and localization
of large hematoma.

In acidosis from any cause (uremic,
diabetic, metabolic, respiratory and cirrho-
tic) the nerve cell bomes paralyzed when
the extracellular pH falls below approxi-
mately 6.8 pH units '* 7. The neuronal
intracellular pH is probably lower than
the extracellular pH since CO. rtravels
across the nerve cell membrane readily
and intracellular metabolites are acid. Pre-
liminary data in our laboratory in man
where pH of the jugular venous blood
has been measured and in other laborato-

ries where intracellular muscle pH of
man has been measured would support

this view % Y. Hence coma may be of
sudden onset in the respiratory insufficien-
cies of emphysema, pneumopathies and
severe obesity. In such patients the anoxic
drive to the respiratory center replaces the
normal CO. drive, since the respiratory
neurones become refractory to PCO. sti-
mulation at high partial pressures. Oxygen
therapy should be administered to such
patients with extreme caution since it may
prove fatal. Mechanical respiration is the
most effective treatment.

In metabolic acidosis, such as diabetic
acidosis, correction of the underlying me-
tabolic disorder is the key to treatment.
Kussmaul breathing and dilatation of skin
vessels is characteristic of metabolic acido-
sis. In some cases of hepatic and most
cases of uremic coma, acidosis exists but
circulating toxins such as ammonia, biliru-
bin and angiotoxins (in uremia) probably
also play a part.

Woater intoxication is characterized by
coma and seizures. It is a condition seen
in infants and children following prolon-
ged gastric washing during and after sur-
gery of the gastro-intestinal tract or irri-
gation of the bladder during and after
prostatic operations in the adult male.
Withdrawal of water, and replacement
therapy by hypertonic infusions of saline
and potassium is the treatment of choice.
Hvpenatremic coma occurs following vo-
miting, diarrhea, surgery, Addisonian cri-

284 ~

sis, and prolonged illness. Hypokalemic
coma is usually encountered following
treatment of diabetic acidosis and responds
rapidly to infusion of potassium.

In congestive heart failure coma is occa-
sionally encountered and is due to diffuse
cerebral anoxia. Treatment with oxygen,
digitalis, and correction of cardiac dys-
rhythmias with quinidine usually provides
dramatic relief of the cerebral signs.

Post-epileptic paralysis with coma is
commonly encountered in neurological
practice and results from an inability of
the cerebral circulation to supply the in-
creased metabolic demand accompanying
the seizure, despite the fact that cerebral
circulation is increased during the seizure.
Failure of nerve cell function (exhaustion
paralysis) may result from such factors as
insufficient cerebral glucose and oxygen,
metabolic acidosis of the brain and inabi-
lity to maintain the normal ratio of ex-
tra- and intracellular electrolytes within
cerebral neurones''"’. The basic importan-
ce of ionic homeostasis within the cellular
components of the central nervous system
will be discussed in detail in the second
half of this paper dealing with biochemi-
cal and metabolic considerations in coma
and related disturbances.

Hypoglycemic coma is associated with
insulin secreting tumors, overdosage with
insulin in diabetics, functional hyperin-
sulinism and leucinesensitive hypoglyce-
mia. If local cerebral circulatory insuffi-
ciency is present, focal signs may appear
simulating stroke''"’. In hypoglycemia,
insufficient glucose is available to the
cerebral neurones to maintain the energy
requirements necessary for cerebral ionic
homeostasis and normal neuronal activi-
tyll:.':_

More common in clinical practice than
absence of glucose substrate is oxygen
lack (anoxia) which may be due to circu-
latory or respiratory insufficiency or due
to chemical (enzymatic) poisoning such
as occurs in cyanide intoxication. Treat-
ment is directed toward restoring cerebral
oxygen delivery as rapidly as possible since
the brain cannot tolerate anoxia for longer
than 4-8 minutes, Coma may occur in

Vol. 2. — Number 4, 1961,
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Wernicke’s encephalopathy where there is
a lack of thiamine (Vitamin B;; cocar-
boxylase) which is essential to the meta-
bolism of nerve cells.

Heavy metal intoxication (lead, arsenic)
leads to cerebral vascular damage, cerebral
edema and ccasequent coma. Anmnesthetic
agents such as nitrous oxide, ether and
barbiturates are used for their coma pro-
ducing properties. Barbiturate poisoning
is the most common cause of suicide in
the United States. Acetyl salicylic acid in-
gestion causes a severe metabolic acidosis
with coma in infants and children. Other
sedative and narcotic drugs in overdosage
also cause coma.

Circulatory disorders ultimately cause
coma by cerebral ischemic anoxia. This
occurs late in circulatory shock since ce-
rebral vessels are dilated while the peri-
pheral vessels are constricted''"', In cere-
bral hemorrhage ischemia is caused by
cerebral compression and occasionally by
cercbral arterial spasm accompanying rup-
ture of a cerebral arterial saccular aneurvsm.
Coma may occur following thrombosis or
embolism of a carotid artery, the basilar or
vertebral arteries and more rarely, follow-
ing left (dominant) middle cerebral ar-
tery thrombosis. In sagittal and cortical
venous thrombosis, coma may result
usually accompanied by seizures. Diffuse
cerebrovascular spasm accompanies severe
hypertension and this, together with cere-
bral edema, may result in sufficient is-
chemic anoxia to cause coma'''’. Brain
tumor may also cause sufficient cerebral
compression and intracranial hypertension
to cause cerebrai ischemia and coma while
in other instances direct involvement or
compression of the reticular activating
system in the brain stem may cause coma.

Metabolic Classification of Coma.

In order for neurones to maintain func-
tional and structural integrity, a well re-
gulated supply of energy is essential. The
source of energy for the brain is prima-
rily the oxidation of glucose''”'. Although
there is still some debate, it is generally

Vol, 2. — Number 4, 1961,

accepted that glucose in the brain is oxi-
dized by glycolysis through the Embden-
Meyerhof pathway followed by the TCA

cycle ("% 17 These cycles are coupled
with  phosphorylation, which produces
high energy phosphate bonds such as

adenosine-triphosphate or phosphocreatine.
A considerable part of the energy is utili-
zed to maintain the extracellular versus
intracellular electrolyte distribution, which
is important in relation to normal mem-
brane permeability and function of neuro-
nesil.‘\_ 19, 2u|.

If impairment of the above mentioned
metabolic process is of sufficient magnitu-
de and duration, regardless of the site of

action, cerebral functional disorder and
coma will result.
On the basis of the biochemical and

metabolic disorder, coma and related dis-
turbances can be conveniently divided into
two groups consisting of eight classes as
follows:

A. IMPAIRMENT OF ENERGY
METABOLISM

I. Disturbances of substrate supply

1. Hipoglycemia
(insulin coma, pancreatic is-
let cell tumor, leucine sensiti-
vity etc.)

2. Decreased cerebral blood flow
(cardiac arrest, shock, severe
cerebrovascular disease)

II. Impairment of enzyme

. Exogenous intoxication
(barbiturate? alcohol? opia-
tes? heavy metal?)

2. Endogenous intoxication

(diabetic coma, hepatic co-
ma, uremic coma, CO. nar-
cosis, eclampsia. severe syste-
mic infections)

3. Infection
(encephalitis,
meningitis)

4. Abnormal temperature
(hyperthermia, hypothermia)

neurosyphilis,

~ 285
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111, Lack of co-enzyme

. Thiamine deficiency - Wer-
nicke's encephalopathy

2. Niacin deficiency - Pellagra
encephalopathy

3. Vitamin B,. deficiency - Per-

nicious anemia

1V. Disturbances of oxidative phospho-
rylation
Barbiturate? Alcohol?

V. Disturbances of oxygen supply

1. Decreased arterial

tent

oxygen con-

(anoxemia, CO
cyanide poisoning)

poisoning,

2. Decreased cerebral blood flow
(cerebrovascular disease, cir-
culatory  collapse, cardiac
arrest and decompensation)

B. IMPAIRMENT OF PERMEABILITY
OF NEURONAL CELL MEMBRANE

Epilepsy
[I. Impairment of the activating svstem
|. Brain stem lesion
(trauma, tumor, vascular acci-
dent)
2. Tentorial pressure cone

ill. Disturbances of fluid and electro-

lyte balance

V. Electroshoeck and lightning stroke.

Cerebra! circulation and metabolism in
coma ond related disturbances.

As far as human cerebral circulation
and metabolism in coma is concerned, the
only published data at present is the data

obtained from the whole brain using the

nitrous oxide method ="',
discussion,
reviewed
Table 2.

Under
main scurce of energy for other organs as

In the following
most of these reports will be
and the data i1s summarized in

286
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normal conditions glucose is the

well as the brain; but the brain is unique
in its dependence on glucose. If the blood
sugar level falls, organs other than the
brain oxidize other substrates''™ and con-
tinue functioning for a considerable length
of time. This is the reason cerebral acti-
vity is the first to fail in hypoglycemia.
Kety et al.,'"*" noted a progressive fall in
both oxygen and blcod glucose utilization
by the brain as hypoglycemia and coma deve-
loped. Cerebral blood flow and arterial
blood pressure were not significantly affec-
ted. The cerebral RQ was not significantly
changed, which confirmed the dependency
of the brain on glucose. Aizawa'**' found
the same results in man but also demons-

trated that the decrease of oxygen con-
sumption and glycogen was marked in
animal cerebral cortex while metabolic

changes in the medulla were minimal.
This data correlates well with clinical ob-
servations in hypoglycemia'®?' and indica-
tes the important role of cerebral cortex in
coma mechanisms. Fazekas'?' et al., studied
cerebral circulation and metabolism in
prolonged, intense, post-hypoglycemic co-
ma. In such cases cerebral oxygen con-
sumption remained depressed until death
despite restoration of blood sugar to nor-
mal levels. In post-hypoglycemic coma, the
metabolic disturbance which was originally
due to lack of substrate then becomes due
to irreversible impairment of enzyme sys-
tems. It should be recalled that delivery of
glucose to the brain is the product of blood
glucose and cerebral blood flow. Thus,
lack of glucose may result from reduction
of cerebral blood flow. Under normal con-
ditions, however, reserves of glucose in
blood and brain are far higher than that
of oxygen. In cases of impairment of
cerebral blood flow without hypoglygemm
the effects of anoxia are prominent but in
localized impairment of cerebral blood flow
with hypoglycemia the hypoglycemic effects
predominate!'"’,

Enzymatic Impairment.

There are many kinds of noxious factors,
exogenous or endogenous, which impair
the enzymatic activity of the brain and

Vol. 2. — Number 4. 1961
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produce coma. Although the exact sites of
action of most of these factors are still
obscure, the following disorders with coma
appear to be due to disturbance of enzyme.

Kety and co-workers'®!"" studied the
blcod flow and oxygen consumption of
the human brain in diabetic acidosis with
coma and found a most significant diffe-
rence in cerebral oxygen uptake between
the comatose and non-comatose patients.
They concluded that “coma was associated
with and probably the result of a 409
reduction in cerebral utilization of oxygen
which occurred in spite of a generally
augmented cerebral blood flow and a nor-
mal arterial oxygen saturation.” A critical
level for cerebral oxygen consumption at
or below which consciousness disappears
was 2./cc/100 g/min. Aizawa and Kita-
mura'“!" found the same results, the only
difference from Kety's data being a slight
reduction in cerebral bleod flow. The res-
pensible factor for the depression of oxy-
gen consumption is still unproven but the

acidosis and ketosis'**' or a hexokinase
inhibitor'*"' have been suggested.
Wechsler and co-workers'=™' measured

cerebral blood flow (CBF) and oxygen
consumption (CMRO.) in hepatic coma.
They found alkalosis and significant de-
crease in CBF and CMRO. in spite of
constant cerebral vascular resistance. There
was a greater depression of cerebral meta-
bolism than CBF or hemoglobin, indicating
a greater supply of O, to the brain than
it was able to utilize. This suggested an
intracellular  enzyme impairment in the
brain as the cause for the suppression of
CMRO. and production of coma. Bessman
and Bessman'*®' measured the elevated
blood level of ammonia and the cerebral
uptake of ammonia which was roughly
proportional to the depth of coma. From
these results they postulated that increased
synthesis of glutamate from alpha keto-
glutarate and ammonia was the cause for
the diminution of cerebral oxygen con-
sumption and coma. Fazekas and collabo-
rators *"" however denied any satisfactory
correlation between arterial blood ammo-
nia levels and cerebral oxygen utilization
or the clinical peurologic state. They also
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noted the depression of cerebral oxygen
utilization even in those subjects with no
ciinically evident neurologic disturbances.
In contrast to Fazekas’ result, Aizawa'**
showed no reduction of cerebral oxygen
uptake in the precoma stage but marked
decrease in coma. Posner and Plum'#"
and Scheinberg'®'’ also failed to demons-
trate a reduction of cerebral metabolism in
patients with bepatic insufficiency but no
evidence of neurologic disorder. Posner
and Plum concluded that the clinical esti-
mate of grade of encephalopathy and the
mean CMRO, reduction correlated directly
and quantitatively. Their conclusion is
compatible with Kety’s observation in
insulin and diabetic coma. The existence
of reduced cerebral metabolism in hepatic
insufficiency without coma is still in dis-
pute. However, there is no question that
there is marked depression of cerebral
oxygen consumption in hepatic coma.
Heyman and co-workers™?' found si-
milar results in uremia. According to their
data, cerebral blood flow and cerebral
cxygen uptake decreased in uremia with
hypertensive vascular disease but cerebral
blood flow remained normal in uremia
without vascular disease. They did not
find any definite correlation between the
CMRO. reduction and disturbance of con-
sciousness. Aizawa'"?' has shown marked
depression of cerebral metabolism and
clight decrease of cerebral blood flow in
uremic coma and suggested the probable
intracellular enzymic impairment in the
brain as well as electrolyte imbalance as
the cause of uremic coma. So far as the
reduction of CMRO. is concerned, the two
studies showed complete agreement.

McCall'** investigated the effect of the
toxemia of pregnancy on cerebral function
and found that, contrary to expectation,
cerebral blood flow was not affected by
this disease, although cerebral wvascular
resistance was significantly increased. Ce-
rebral oxygen metabolism was normal in
nonconvulsive toxemia, but was significan-
tly depressed during the coma of eclampsia.
The reduced oxygen consumption by the
brain despite normal oxygen delivery
suggested a histotoxic anoxia. Further in-
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vestigation is required to decide wherher
the impaired oxygen metabolism is the
cause of the coma or the result of the
convulsions, but the former seems likely.

Aizawa'*?' noted that cerebral blood
flow was maintained normal in virus en-
cephalitis and yet cerebral oxygen con-
sumption and cerebral glucose utilization
were markedly depressed. This indicates
the inhibition of intracellular enzymatic
activity.

In general, as far as comatose states due
to endogenous toxic factors are concerned,
it 1s universally agreed that there are in-
tracellular enzymatic impairments which
result in reduction of oxygen consumption
in the brain. As yet there is no informa-
tion concerning the exact etiologic factors
or the specific enzymes inhibited.

The mechanism of action of general
anesthetics or hypnotic and depressant
drugs on the central nervous system are
as yet unknown. Whether their effect on
cerebral metabolism is due to primary
action on intracellular enzymatic systems or
to the secondary effect of the depression
of neuronal function is undetermined. For
convenience, however, the data concerning
barbiturates and alcohol will be discussed
in the section concerning the disturbances
of oxidative phosphorylation.

Lack of coenzyme.

The oxidation of glucose is catalyzed by
many enzymes, which require additional
help from coenzymes so that they may
function effectively. Therefore, lack of
coenzyme may disturb the glucose oxida-
tion in the brain, which in turn results
in depression of neuronal function and

coma. Thiamine, niacin and Vitamin B,.
are coenzymes which, if absent or de-
creased, cause mental dysfunction and

eventually coma.

Thiamine is a catalytic agent for the
oxidative decarboxylation of ketoglutaric
acid. The actual coenzyme is believed to
be a compound of thiamine pyrophosphate
(co-carboxylase) and lipoic acid. This is
called lipothiamide pyrophosphate!'®'. Hu-
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man diseases due to lack of lipoic acid are
not known, but it has been suggested that
the mechanism of encephalopathy due to
heavy mertal poisoning may be a deficiency
of lipoic acid®*'. Lack of thiamine may
inhibit both the Embdem-Meyerhof path-
way and the TCA-cycle, since pyruvic
acid and « -Ketoglutaric acid are essential
members of these metabolic processes. Cli-
nical manifestations of thiamine deficiency
in the C.N.S. are seen in Wernicke’s
encephalopathy where coma may super-
vene. Fazekas and Bessman'’"' demonstra-
ted a reduction of cerebral oxygen con-
sumption and slight fall of cerebral blood
flow in Wernicke’s encephalopathy. A
restoration of cerebral metabolic rate
toward normal following the adminis-
tration of Vitamin B, was also noted.
Nicotinic acid deficiency has been regar-
ded as the cause of an encephalopathy
leading to coma occurring alone or asso-
ciated with pellagra, but there is no data
available concerning cerebral circulation
and metabolism in this condition.

It is well known that deficiency of Vi-
tamin B,» causes not only pernicious
anemia but also disturbances in the central
nervous system. However, the role of Vi-
tamin B,., in cerebral metabolism is un-
known and this vitamin has not actually
been identified as a co-factor in any
known enzymatic system, although rela-
tionships to transmetylation or nucleic
acid synthesis have been suggested. Schein-

berg'*"" has demonstrated that in perni-
cious anemia, cerebral oxygen and glucose
consumption were decreased and that

there was good correlation between the
defect in mental status and cerebral oxygen
consumption or the severity of neurologic
involvement and CMRO.. There was no
correlation between the degree of anemia
and cerebral oxygen consumption. This
data indicates that Vitamin B,, participates
in cerebral oxidative metabolism.

Disturbances of oxidative phosphorylation.

The true pharmacological mechanism of
barbiturates or alcohol is still obscure des-
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pite numerous experimental studies and
theoretical assumptions. Recent studies in
vitro**', however, favor the Brody and
Bain'*"'  “uncoupling” theory. For this
reascn effects of barbiturate and alcohol on
cerebral circulation and metabolism in man
will be discussed under the title of “distur-
bances of oxidative phosphorylation”.

Kety and co-workers'”"’ have shown
there was no significant change in cerebral
blood flow or cerebral metabolic rate dur-
ing the seminarcotic state produced by the
intravenous administration of sodium pen-
tothal or sodium amytal. Schieve and Wil-
son''"! noted marked depression of cerebral
oxygen consumption and cerebrovascular
reactivity to CO. during thiopental anes-
thesia. Pierce and coworkers'!!" also noted
the significant and nearly proportional re-
ductions in CMRO. and CBF during thio-
pental, but the reactivity of cerebral vessels
to carbon dioxide was preserved. Aizawa'*!
has shown during deep coma due to hypno-
tic drugs there was reduced CBF, elevation
of CVR and decrease CMRO., in spite of
elevated arterial PCO, and reduced oxygen
tension. The grade of reduction of CMRO.,
however, was not so severe as seen in coma
caused by other diseases. Bernsmeier and
Gottstein'??' have also noted the marked
depression of CMRO. and CBF in deep
coma due to veronal, luminal or phanodorm-
intoxication and its recovery after neuro-
logical improvement. In conclusion, barbi-
turates in large doses depress cerebral me-
tabolism and cerebral blood flow but in
seminarcotic doses they do not necessarily
depress the CMRO. and CBF. These results
coincide with in vitro data'*™' and suggest
that reduction of cerebral oxygen consump-
tion is not necessarily essential to depress
consciousness. This could be explained
either by Brody and Bain’s'**' “uncoupling
of phosphorylation from oxidative pro-
cesses” or by Larrabee’s''®’ “primary inhi-
bition of synaptic transmission and neuro-
nal interaction”. Our own hypothesis will
be discussed later.

Studies of the effect of alcohol in man
employing nitrous oxide methods have re-
vealed similar findings to those found due
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to barbiturates. According to Battey and
coworkers' ™', low concentrations of ethyl
alcohol in the blood sufficient to produce
mild inebriation have little or no measur-
able effect on cerebral circulation, while
high levels, sufficient to cause severe into-
xication, produce a pronounced depression
in cerebral oxygen consumption; despite an
increase in cerebral blood flow. In delirium
tremens'*?' there is a definite reduction of
cerebral blood flow and oxygen consump-
tion. Fazekas and Bessman*"' demonstrated
the same results. In coma due to methanol
ingestion, Battey and co-workers*?' found
marked suppression in both cerebral blood
flow and oxygen uptake.

Disturbances of oxygen supply.

Since oxygen reserves in the brain and
blood are to all purposes non-existent when
compared to glucose, any kind of distur-
bance in cerebral oxygen supply will pro-
duce severe functional impairment to the
brain which leads to coma within short
periods of time. If anoxia is prolonged,
irreversible damage results in 4-8 minutes.
There are two ways to induce disturbance
of oxvgen supply to the brain: (1) Impair-
ment of oxygen availability from erythro-
cytes (2) Decrease of cerebral blood flow.
The former includes anoxemia, CO-poison-
ing, cyanide poisoning, etc. Unfortunately,
there is no available quantitative data con-
cerning human cerebral blood flow and
metabolism in coma due to these factors,
although one may assume marked depression
of cerebral oxygen consumption. Fazekas
and Bessman'*®' studied a case of coma
after strangulation which showed decreased
CMRO. but a normal CBF. In this case,
however, many other factors were involved.
The latter included associated cerebral vas-
cular disease and systemic circulatory fai-
lure. Fazekas and co-workers'*"' noted that
in subjects with cerebral vascular disease
and depressed consciousness, cerebral blood
flow, cerebral oxygen delivery and cerebral
oxygen consumption were all depressed and
cerebral vascular resistance was elevated.
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These mean cerebral values, however, did
not differ significantly from those of an-
other older age group with vascular disease
but normal mental status. It is surprising
that they observed cerebral metabolic rates
as low as 1.3 ¢c/100 G./min. in the absence
of recognizable mental deterioration. Their
observations indicated a lack of correlation
between cerebral function and measurable
cerebral oxygen utilization and blood flow.

Heyman and co-workers''™' also demons-
trated that in acute “cerebrovascular acci-
dents” there was a significant reduction of
cerebral blood flow, slight depression of
cerebral oxygen consumption, an elevation
of cerebrovascular resistance, and the mean
values for CMRO. were practically the same
regardless of whether they were alert, con-
fused or stuporous. Linden's'*®' data pre-
sents a striking contrast to the above two
reports. He found that in “cerebrovascular
accident” oxygen consumption and cerebral
blood flow decreased in proportion to the
mental changes. Aizawa and associates''"’
noted that in cerebral hemorrhage, reduc-
tions of cerebral blood fiow and cerebral
oxygen consumption were more marked in
comatose patients than in conscious patients.
The discrepancy of results among the four
studies appear to be due to the differences
of cases, diagnostic classification, the time
of the study in relation to the ictus and the
extensiveness of the neurological evaluation.
They all agree that both CBF and CMRO.
are depressed in coma due to cerebrovascu-
lar accidents, although the reduction of
CMRO. does not necessarily reflect the dis-
turbance of consciousness.

Regarding coma due to systemic circula-
tory failure, the only available quantitative
data in man is the result of a case of cardiac
arrest which was described by Fazekas and
Bessman %', They showed marked reduction
of CBF and CMRO. which persisted after
restoration of normal oxygen delivery. Fin-
nerty and co-workers'”"' and McHenry and
co-workers*!" studied the cerebral hemody-
namics during syncope and revealed that
the critical level at which unconsciousness
started was approximately 25 to 30 cc/100
gm. brain/min. and that cerebral oxygen
consumption did not undergo a demons-
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trable reduction during unconscicusness due
to induced hypotension. This is another
example of a reported dissociation between
CMRO. and consciousness, but this may
have been due to technical limitations of
the nitrous oxide method.

impairment of Permeability of Neuronal
Cell Membrane.

It is generally assumed that the electrical
activity of the nerve cell depends on the
ionic movement across the cell membrane,
which in turn is controlled by the energy
metabolism and the membrane permeability
of the cell. If this assumption is correct,
impairment of membrane permeability as
well as impairment of energy metabolism
may result in functional disorder of perve
cells and coma.

There is no available knowledge concern-
ing human cerebral hemodynamics and me-
tabolism during epileptic seizures. 1t 1s not
unreasonable, however, to assume on the
basis of animal experiments'?® *?' that ce-
rebral blood flow and metabolism are both
increased during seizures.

Grant and co-workers'®*' have found that
there was no significant difference in CBF
and CMRO. between the values obtained
from epileptics during the interseizure pe-
riod and the normal values, but after metra-
zol convulsion, the CBF and CMRO. were
significantly increased. According to Ken-
nedy and co-workers'??' in epileptic chil-
dren, unlike the results obtained in adult
epileptics, cerebral blood flow during the
interseizure period is significantly reduced.
Kety and co-workers'?!" and Tazaki and co-
workers' ™' have shown a severe acidosis,
a moderate fall in CMRO. and a marked
decrease in CBF after a generalized convul-
sion by electroshock. The fall in CMRO.,
however, is not sufficient to explain post-
convulsive unconsciousness. Wilson and co-
workers'”%' noted no significant change in
CBF or CMRO., after repeated electric shock
treatments. The actual mechanism of epilep-
sy is as yet unknown. There is no evidence
of impairment of energy metabolism as a

primary factor but there is some evidence
1961.
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suggesting a change in the membrane per-
meability of nerve cells during the seizure.
This i1s indicated by the change in EEG
activity and increased sodium influx during
the seizure'™*',

Kety and co-workers'®™' investigated the
hemodynamics and metabolism in brain tu-
mor and found that cerebral blood flow
was markedly diminished in cases where
cerebrospinal fluid pressure was above 450
mm. Hg. They noted that there was a good
correlation between the mental state and
cerebral oxygen consumption as was report-
ed in other clinical conditions. In contrast
to Kety et al.,, Yoshino'""' noted that in
the pacents with brain tumor, cerebral
blood flow and oxygen consumption were
markedly depressed in spite of normal cons-
ciousness. It is our belief that coma me-
chanisms in brain tumor can be complicated.
Lack of oxygen due to the decreased cerebral
blood flew, at least in part, may be respon-
sible for unconsciousness in many cases.
However, the reduction of CMRQO. in coma
due to brain tumor is not always as low as
in other forms of coma. Therefore, we pos-
tulate that damage to localized areas res-
ponsible for consciousness, such as the reti-
cular activating system of the brain stem,
may account for unconsciousness in some
cases. Impairment of the activating system
may resnlt in a primary change of cell per-
meability due to decreased afferent impulses
to the cortex.

Coma mechanisms — Our Hypothesis.

Table 2 summarizes presently available
data concerning human cerebral blood flow
and metabolism in coma and related distur-
bances. Its details have already been discuss-
ed in the previous section. A glance at the
table shows that the most common change
in all kinds of coma is depression of cerebral
oxygen consumption. Kety'™' said, “In all
of our studies we have been impressed with
the close correlation berween the level of
conscicusness and the rate of oxygen con-
sumption by the brain. In patients who are
comatose for whatever reason, cerebral oxy-

gen consumption falls to a value of less
Vol, 2. —

Number 4, 1961,

than 2.0 ss. per 100 gm. per minute, while
in those who are semistuporous or confused,
the value lies between 2.5 and 3.0”. If the
reduction of cerebral metabolism is the final
common path to coma, all comatose patients
should have marked depression of CMRO.
and vice versa. Yet this is not the case. For
example, in Fazeka’s data''®’ there were
many conscious patients with cerebrovascu-
lar disease in spite of marked depressed
CMRO.. Heyman et al.'*"’, also have shown
that in acute cerebrovascular accident,
CMRO. was the same, regardless of the state
of consciousness. In Yoshino’s data'”®’ a case
of brain tumor was conscious in spite of
depressed CMRO. as low as 0.83 cc/100
Mg./min. Conversely, in acute induced hy-
potensicn '™ the patients were unconscious
despite normal CMRO.. Light narcosis pro-
duces a similar condition. It may be possible
that the nitrous oxide technic is not accur-
ate enough to demonstrate minor changes
of oxygen consumption in a localized area
of the brain which is responsible for cons-
cicusness. But still this does not explain the
mechanism of unconsciousness in epilepsy
during which CMRO. is increased, particu-
larly since it is unlikely that CMRO. in one
area of the brain is depressed and that in
the rest is increased.

In peripheral nerve, close relationship
exists between electrical activity and ionic
movement' ™', If the same mechanism exists
also in the central nervous system, any func-
tional change of the brain should be asso-
ciated with sodium and potassium move-
ments between extracellular and intracellu-
lar space. Recent studies in our laboratory
have supported this view!! = 3% 50 We
have been impressed with the close corre-
Jation between the electrical activity and
metabolic activity and the sodium move-
ment. At the beginning of this communi-
cation it was emphasized that in coma, the
EEG is abnormal. In the monkey cortex,
EEG clowing or suppression, regardless of
reason, was closely associated with a mark-
ed decrease in extracellular sodium. Pre-
sumably there is an accompanying intracel-
lular accumulation of socdium and loss of
potassium. Any factor which suppressed
energy metabolism such as anoxia'' "',
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ischemia'®"', hypoglycemia'*"’, high CO.
(6.5%) and barbiturates'*?’ impaired the ac-
tive sodium extrusion mechanism, which in
turn resulted in an intracellular sodium
debt. All of these factors may produce
cema in man with EEG changes similar
to those noted in the monkey. Recently,
we have made preliminary determinations
of cerebral circulation and metabolism
in man by the application of flow meters
to the jugular veins and by determinations
of arterial and jugular PO., PCO., pH, Na,
K, Cl, NH; and glucose. This preliminary
data confirms extensive studies in the mon-
key where cerebral blood flow, metabolism
and ionic activity of the brain were closely
correlated with EEG activity(6-8: 10-14, 19, 20,
32,53, 60 On the basis of the above data,
although it is admittedly incomplete, it
seems reasonable to assume that the final
common pathway for production of coma
is an impairment of ionic homeostasis with-
in and without the nerve cell membrane.
This is shown schematically in Figuie 1.

The ionic distribution across neuronal cell
membrane is controlled by two systems:

1. the permeability of the cell mem-
brane

2. the sodium extrusion mechanism

The former is closely associated with elec-
trical activity and controlled by impulse
from other neurones.

If the permeability increases, sodium in-
flux and potassium efflux result, followed
in turn by increase of electrical activity.
Intracellular sodium debt due to increased
functional activity must be repaid and this
can only be done by the sodium extrusion
mechanism. Since this restoring movement
is an uphill motion, it requires energy. The
energy is supplied from high energy phos-
phate bonds which are reformed by oxida-
tion of glucose. A disturbance of this sys-
tem, the energy metabolism or the permea-
bility, regardless of the site, results in an
impairment of the ionic distribution. In
our view, this is probably the final common
pathway of the mechanisms of coma.
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SUMMARY

Definition, classification and clinical con-
siderations of coma were discussed briefly
and the literature concerning human cere-
bral circulation and metabolism in coma was
reviewed extensively. An hypothesis con-
cerning the biochemical and metabolic basis
for different types of coma was offered in
the light of presently available clinical and
experimental data,

The most common change in all kinds of
coma was depression of cerebral oxygen
consumption as indicated by Kety. Yert it
was pointed out that there were consider-
able exceptions and that the reduction of
CMRO. was not always the pathogenetic
factor for the production of coma contrary

to a generally accepted view. Furthermore,
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TMRO, is greatly depressed in some cases
in the absence of coma.

It was assumed that the final common
pvathway for production of coma was an
impairment of ionic homeostasis within and
without the nerve cell membrane.

The ionic distribution across neuronal
cell membrane is controlled by (1) the per-
meability of the cell membrane and (2) the
sodium extrusion mechanism. The former
is closely associated with electrical activity
and the latter with metabolic activity. A
disturbance of this system, the energy me-
tabolism or the permeability, regardless of
the site, results in an impairment of the
ionic distribution, which is the postulated
final common pathway of the mechanisms
of the coma.
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RESUMEN

Fueron consideradas en forma breve, la
definicion, clasificacion y los aspectos cli-
nicos de los comas y se hizo extensamente
la revision de la literatura referente a la
circulacion y el metabolismo cerebral del
hombre en el estado de coma. En base a los
dates clinicos y experimentales con que con-
tamos actualmente, se expone una hipotesis
acerca de la bioguimica y los mecanismos
metabolicos de los diferentes tipos de coma.
En todos ios tipos de coma el trastorno me-
tabdlico hallado con mas frecuencia, ha sido
tal como lo indicé Kety una depresion en
el consumo de oxigeno cerebral, Sin embar-
go, se ha senalado que numerosas excepcio-
nes escapan a esta regla y que en contra de
la opinién general la reduccion del CMRO.,
(consumo de oxigeno) no es siempre el fac-
tor patogenético en la produccion del coma.

Por otra parte existen casos de gran depre-
sién en el consumo de oxigeno por el cere-
bro, sin que aparezca el coma.

Se presume que el factor comun en la
produccion del coma es un trastorno de
la homeostosis ionica dentro y fuera de la
membrana de la célula nerviosa. La distri-
bucién iénica a través de la membrana de
la célula nerviosa se controla por 1) la per-
meabilidad de la membrana celular y 2) el
mecanismo de la bomba de sodio. La prime-
ra esta en estrecha relacién con la actividad
eléctrica y el ultimo con la actividad meta-
bélica. Upa perturbacion de este sistema, la
energética metabdlica o la permeabilidad,
sin tener en cuenta su asiento, trae COmMO
resultado dificultades en la distribucion i6-
nica, la cual es el factor coman postulado
de los mecanismos del coma.

RESUME

Les auteurs discutent bri¢vement la défi-
nition, la classification et la clinique du
coma et revoient de maniere exhaustive la
littérature se rapportant a la circulation et
au métabolisme cérébral dans le coma. A la
lumiére des données actuellement fournies
par la clinique et I'expérimentation, ils
avancent une hypothése concernant la bio-
chimie et les mécanismes métaboliques des
différents types de coma.

Dans tous les types de coma le trouble
métabolique le plus fréquemment rencontré
est une dépression de la conscommation céreé-
brale d'oxygéne comme Kety I'a montré.
Cependant il a ¢té souligné que de nom-
breuses exceptions échappent a cette regle
et que contrairement a l'opinion générale,
la réduction du CMRO. n’est ni nécessaire

ni suffisante dans I'état de coma.

Il a été suggéré que la voie finale com-
mupe dans la production du coma est un
trouble de 'homéostase ionique de part et
d’autre de la membrane de la cellule ner-
veuse.

La distribution ionique de part et d’autre
de la membrane du neurone est controlee
par 1) la perméabilité de la membrane cellu-
laire 2) le mécanisme de la pompe sodce.
La premiére est intimement liée a I'activite
électrique, et le dernier a 'activité métabo-
lique. Une altération de ce systeme, a savoir
I’énergie métabolique cu la perméabilite,
quel que soit le siége entraine un trouble
de la distribution ionique qui est proposée
comme voie finale commune des mécanis-
mes du coma.

ZUSAMMENFASSUNG

Das Koma wird hinsichtlich seiner Defi-
nition, seiner Einteilung und hinsichtlich
klinischer Uberlegungen diskutiert. Es wird
eine Literaturiibersicht beziiglich der Durch-
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blutung und des Stoffwechsels des menschli-
chen Gehirns im Koma gegeben. Im Hin-
blick auf gegenwirtig vorhandene klinische
und experimentelle Daten wird eine Hypo-
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these aufgestellt, die die biochemische und
metabolische Grundlage fiir verschiedene
Typen des Komas darstellt.

Die haufigste Veranderung in allen Arten
ven Koma soll eine Herabsetzung des cere-
bralen Sauerstoffverbrauchs sein, wie von
Kety ausgefiihrt wurde. Wir fanden jedoch
im Gegensatz zur allgemein tiblichen An-
nahme, dass es betrachtliche Ausnahmen
gibt und dass die Herabsetzung der CMRO.
ein weder notwendiger noch geniigender
Faktor fir das Koma darstellt.

Es wird angenommen, dass eine Beein-
trachtigung der lonendurchwanderung in-

nerhalb und ausserhalb der Nervenzellmem-
bran der iibliche Entstehungsmechanismus
fir das Koma ist.

Die Verteilung der lonen an Nerven-
zellmembranen wird (1) von der Durch-
lassigkeit der Zellmembranen und (2) vom
Natriumaustrittsmechanismus  kontrolliert.
Erstere ist eng mit der elektrischen Aktivi-
tat, letztere mit Stoffwechselvorgingen ver-
kniipft. Eine Storung in diesem System, dem
Energiestoffwechsel und der Permiabilitat,
fithrt, unabhangig von der Lokalisation. zu
einer Beeintrachtigung der Ionenverteitung,
die als auslosende Ursache des Komas ge-
fordert wird.
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Cerebral Energetics in Coma

JOSEPH F. FAZEKAS, M. D., and RALPH W. ALMAN, M. D. *

Department of Neurology and Neurological Surgery,
The George Washington University School of Medicine,

The readiness of the brain to perceive
and react to external and internal stimuli
is a primary requisite for consciousness.
Such readiness is embodied in the condi-
tion of wakefulness, the increasing de-
pression of which is associated with cli-
nical states ranging from sleep to coma.
During sleep, one finds a characteristic
synchronous pattern of cerebral electrical
activity ''', no demonstrable change in
overall cerebral oxygen consumption, and
a slight increase in rate of cerebral blood
flow *'. The failure to observe a signifi-
cant change in overall cerebral oxygen
consumption may indicate only that me-
tabolic alterations (presumably occurring
chiefly in the reticular formation) may
be of such slight magnitude that they are
not measurable by procedures presently
available. In contrast to sleep, stupor and
ccma may not only be due to pathoche-
mical impairment of those brain areas
upon which wakefulness depends but may
also be associated with disturbances in
cnergy production or utilization throughout
the entire central nervous system, and
gross impairment of cerebral metabolic
activity may often be demonstrable. The
ensuing discussion will be concerned with

*  Perts of this manuscript have been abs-
tracted from “Coma: Eiochemistry, Physio-
logy and Therapeutic Principles,” by Fazekas,
J. F.,, and Alman, R. W.; publiched by
Charles C. Thomas, Springfield, Ill., 1962.
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the biochemical and physiological alte-
rations associated with those comatose
states more frequently encountered in cli-
nical practice and classified according to
their metabolic origins (Table 1).

TABLE 1

Metabolic Origins of Coma

I. Coma due to Oxygen Insufficiency
A. Hypoxemic
B. Hemodynamic (generalized or lo-
calized)
II. Coma due to Substrate Insufficiency
A. Hypoglycemia
II1. Coma due to Enzymatic Disturbances
A. Inhibition
1. Endogenous
2. Exogenous
B. Co-factor deficiency
IV. Coma due to Multiple Etiologies

I. Coma due to Oxygen Insufficiency

Probably the most common cause of
coma is the failure of the brain to receive
cufficient oxygen to maintain its functio-
nal activity. Not only may oxygen in-
sufficiency be primarily etiologic, but not
infrequently it may complicate all forms
of coma and render irreversible an other-
wise less serious cerebral disorder.
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The unusual sensitivity of the brain to
oxygen lack is due to its high oxygen
requirements, related to the fact that only
relatively small amounts of energy result
from cerebral glycolytic processes #'. The
magnitude of the oxygen consumption of
the adult brain is such that it consumes
20 per cent of the total body oxygen
utilization although it constitutes only 2
per cent of the total body weight. It has
been estimated that at any moment the
brain tissue and the blood circulating
through it contain about 7 cc. of oxygen,
an amount sufficient to supply the needs
of the brain for only a few seconds. Ex-
perimentally, consciousness is lost within
7 seconds after sudden arrest of cerebral
circulation, and, clinically, irreversible
brain damage occurs after 4 to 6 minutes
of cerebral ischemia, as in cardiac arrest 4,

The primary factors governing oxygen
delivery to cerebral tissues are the oxygen
content of the arterial blood and the rate
of cerebral blood flow. A classification of
the clinical causes of impairment of cere-
bral oxygen delivery is presented in Ta-
ble 2. Cerebral hypoxia frequently occurs in
these disorders if homeostatic mechanisms
become inadequate. For example, studies
with different atmospheric concentrations
of oxygen at sea level indicate that with
inhalation of 10 per cent oxygen there is
an increase in rate of total cerebral b'ood
flow of approximately 50 per cent in the
course of a 10-to-20-minute period, the
reduction of arterial oxygen saturation
being largely compensated by the increased
rate of cerebral blood flow, so that there
is no change in cerebral oxygen utiliza-
tion *', However, upon inhalation of 7
per cent atmospheric oxygen, the decrease
in arterial oxygen saturation is so marked
that the reactive increase in cerebral blood
flow is not sufficient to maintain adequate
cerebral oxygen delivery for even 5 minu-
tes and is quickly associated with evident
cerebral dysfunction %',

The rate of cerebral blood flow is de-
pendent upon the head of pressure and
the cerebral vascular resistance. The for-
mer is regulated, for the most part, by the
arterial pressure which is influenced by a
large number of extracranial factors. The
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TABLE 2

Causes of Impaired Cerebral
Oxygen Delivery

1. Reduced Arterial Oxygen Content
A. Hypoxemia
. Decreased atmospheric oxygen
tension
2. Cardiorespiratory disease
3. Reduced oxygen-carrying capa-
city of blood
11. Reduced Cerebral Blood Flow
A. Extracerebral
1. Decreased cardiac output
a. Decreased venous return
b. Arrhythmias
¢. Myccardial insufficiency
d. Valvular disease (e. g., aortic
Stenosis)
Aortocranial arterial stenosis
3. Hypotension
a. Carotid sinus or aortic arch
reflexes
b. Drug-induced vasodilatation
c. Hypovolemic shock
4. Increased blood viscosity (poly-
cythemia, lipemia)
B. Intracerebral
1. Cerebral vascular disease
2. Cerebral vasoconstriction
L. Vairious Combinations of the Above

|

latter, i.e., cerebral vascular resistance, is
principally dependent upon the caliber of
the cerebral vessels and upon the viscosity
of the blood. Cerebral ischemia sufficient
to induce coma may result from systemic
circulatory changes associated with reduc-
tion of mean arterial pressure, due to di-
minished cardiac output or to a marked
reduction in peripheral vascular resistance.

The normal rate of total cerebral blood
flow is approximately 800 cc. per minute,
representing 15 to 20 per cent of the total
cardiac output. An acute reduction in the
rate of cerebral blood flow sufficient to
bring oxygen delivery below critical levels
results in syncope and, if severe and not
immediately corrected, in coma and irreversi-
ble brain damage. Table 3 presents cere-

bral hemodynamic observations in subjects
Vol. 2.
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TABLE 3

Cerebral Hemodyaamics in Induced Syncope

Normal subjects
Orthostatic hypotension
Drug-induced hypotension:

In normotensive subjects ...
In malignant hypertension ..
In this and other tables, CBF signifies cerebral blood
flow in cc./min./100 g. brain; CVR, cerebral vascular
resistance in mm. Hg/cc. blood/min./100 g. brain; and
MAP, mean arterial blood pressure in mm. Hg.

CBF CVR MAP
weie: DI | 90 to 100
- 1.0 26
SN ) I 1.2 35
.o 0.0 3.5 100

in whom syncope resulted from acute re-
duction in cerebral oxygen deiivery due to
hypotension, orthostatic or pharmacologi-
cally-induced.

Regardless of the manner of induction
of acute generalized cerebral ischemia, the
critical rate of overall cerebral blood flow
in the presence of normal arterial oxygen
content is usually about 30 cc. of blood
per 100 gms. of brain per minute, indicat-
ing that cerebral oxygen delivery can be
acutely reduced to about 50 to 60 per cent
of normal before unconsciousness superve-
nes ‘"', It is important to point out, howe-
ver, that the mean arterial pressure at
which consciousness is lost may vary con-
siderably and is related to the capacity of
the cerebral vessels to dilate in the face
of an acute reduction of pressure. As in-
dicated in Table 3, in those subjects with
malignant hypertension and an initially
high cerebral vascular resistance, critical
rates of cerebral blood flow may occur
with a normal mean arterial pressure
because of the persisting high cerebral
vascular resistance.

Coma from focal cerebral ischemia, as
occurs upon the development of stenosis
or occlusion of intracranial vessels, proba-
bly results orincipally from disturbance of
blood supply to the brain-stem region %'

. Coma due to Substrate Insufficiency

The brain derives the energy to support
its functional activities and to maintain its

Vol, 2, — Number 4. 1961,

structural integrity almost exclusively from
the catalytic degradation of glucose, as is
evident from the almost equivalent quan-
tities of oxygen consumed and carbon
dioxide produced (R. O. of unity) .
Since cerebral glycogen stores are quanti-
tatively negligible, the brain is dependent
upon the circulating blood for its glucose
supplies ‘"', It should be apparent that
hypoglycemia, however induced, if of suffi-
cient intensity will curtail cerebral energy
production and eventuate in coma ' %),

Table 4 presents typical results of cerebral
studies in patients in whom coma was
therapeutically induced by the administra-
tion of insulin and subsequently terminated
by intravenous glucose. It may be noted
that in acute hypoglycemic coma there is
a normal rate of cerebral blood flow and
cxygen delivery but a significant decrease
in cerebral oxygen utilization. As one might
expect, because of the unchanged blood
flow and diminished cerebral oxygen con-
sumption, there is a higher than usual
oxygen content in the cerebral venous blood
and related narrowing of the cerebral
arteriovenous oxygen difference. The rapid
return to normal of cerebral oxygen con-
sumption upon administration of glucose
substantiates the thesis that the basic dis-
turbance in uncomplicated hypoglycemic
coma is one of substrate unavailability
rather than enzymatic inhibition.

If hypoglycemia is sufficiently intense
and prolonged, irreversible coma may result
(1% In Table 5 are presented metabolic
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TABLE 4

Cerebral Values in Acute Hypoglycemic Coma

CBF
EBRTTeL " L mulee dasibbs ) 59
Hypoglycemia ........ 56
Coma . .iiconitiag santiy 37
POSTCOMa -~ Loollisiinms ashidds 56

CBF signifies cerebral blood flow in cc./min./100 g.

brain; CMRO., cerebral oxygen consumption in cc./

min./100 g. brain; CAV O., cerebral arteriovenous oxy-

gen difference in volumes per cent; and blood sugar
tn mgs. per cent.

Blood !

CMRO, CAVO, Sugar [
3.1 2.2 96 I
2.6 4.64 48 !
1.9 3.33 27 |
3.0 5.36 190 :

TABLE 5

Cerebral Findings in Irreversible Post-Hypoglycemic Coma

Days in Blood
Coma Sugar
3 385

9 150

11 312

CBF CMRO, MAP
62 2.8 105
56 2.0 100
41 0.5 113

See Tables 3 and 4 for explanation of abbreviations.

data from a subject with irreversible post-
hypoglycemic coma. In such cases, the
cerebral oxygen consumption remains de-
presscd despite restoration of even more
than adequate cerebral delivery of glucose
and, in fact, continues to fall cover a
prolonged period, possibly because of
superimpesed hypoxic cerebral damage such
as often complicates profound coma of
whatever origin. The gradual decrease in
cerebral blood flow probably is related
causally to the chronically-diminished ce-
rebral oxygen requirements.

ll. Coma due to Enzymatic Disturbonces

Numerous enzymes are required (o
catalyze gluccse degradation at body tem-
perature''V, Interference with their activity
or lack of necessary co-factors will impair

302 ~

gluccse and oxygen utilization, resulting
in decreased energy formation and cerebral
dysfunction. Figures 1 and 2 present an
abbreviated schematic representation of the
generally-accepted pathways involved in
the catalytic degradation of glucose. The
first stage (Embden-Meyerhof cycle, Fig. 1)
is comprised of the breakdown of glucose
to pyruvic acid; the second (Krebs cycle,
Fig. 2), the condensation of active acetyl
with oxalacetate to form citrate, which
undergoes a series of reactions (tricarboxylic
acid cycle) involving dehydrogenation and
decarboxylation and addition of water or
phosphate. As a result of these reactions,
energy is released to various hydrogen
acceptors (electron-transfer system, Fig. 3),
the hydrogen ultimately combining with
cxygen to form water. Energy yielded by
these reactions is finally transferred to form

nigh-energy phosphate compounds (ATP),
Vol 2.
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Fig. 1. — Glycolysis is the first step
in energy recovery from glucose.
Six-carbon glucose is broken down
into two molecules of three-carbon
lactate (or lactic acid; the ionic
rather than the acid form of the
intermediate compounds is shown
in the diagrams). Two molecules of
ATP are used up in glyoclysis but
four are formed, for a nmet gain of
two molecules of ATP. (Reprinted
with permission from Lehninger,
A. L.: Scientific American, 205:63,
1961.)
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Fig. 2. — Krebs “Citric Acid”
Cycle finally oxidizes the pro-
ducts of glycolysis to carbon
dioxide and water. Lactate 1is
first converted to pyruvate,
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oxidative phosphorylation being nearly
eighteen times as productive of ATP as
aerobic glycolysis (2 mols ATP gained in
Embden-Meyerhof cycle; 36 mols ATP
gained in Krebs cycle). ATP is the specific
operative substance constantly formed and
utilized by the brain in order to transfer
energy derived from substrate metabolism
to the various neurobiosynthetic reactions
(membrane permeability maintenance, syn-
thesis of organic compounds, transmission
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D HETOGLUTARATE

which in turn goes to acetyl
coenzyme A. (Here fat and pro-

[li THON THANSFER

tein join carbohydrate in the
metabolic process.) There follows

STTEM

" )

a cycle of reactions, involving
the regeneration of oxaloacetate,
in which carbon compounds are
broken down to carbon dioxide.
(Reprinted with permission from
Lehninger, A, L.: Scientific Ame-
rican, 205:63, 1961.)

of neuronal impulses). Specificity of reac-
tions is achieved by transferral of the
phosphate group of the ATP moiety to
specific acceptor molecules; the energy-rich
ATP is broken down to energy-poor ADP,
which is again resynthesized to A'TP.
Although in many cases, there is poor
understanding of the precise nature of the
biochemical disorders by which the various
enzymes concerned with cerebral metabolic
processes are inhibited or inactivated, it is
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Fig. 3. — Electrons removed at
various stages of the Krebs
“Citric Acid” Cycle are pussed
down a ‘“respiratory chain” of
electron carriers: diphosphopyri-  wocresr
dine nucleotide (DPN), a flavo- =70
protein enzyme (FP) and a se-
ries of irom-containing enzymes:
cytochromes B, C, A, and A,.
As the electrons pass down the
chain, ultimately to reduce oxy-
gen to water, they drive the
phosphorylations in which ATP
is formed. Each molecule of
lactate contributes six pairs of
electrons; five of these charge
up three ATP molecules each
and the sixth makes two ATP’s.

PYRUVATE

MALATE W

SUCCINATE

clinically helpful to categorize coma due
to these disturbances as of endogenous or
exogenous origin. Endogenous cerebral
enzyme depression may be associated with
visceral decompensation as manifested in
hepatic, diabetic, or uremic coma. The
enzymatic inhibition responsible for coma
in each of these clinical disorders is most
likely of the competitive type, enzyme
surfaces being occluded by abnormally
accumulated metabolites. In the comatose
states of endogenous origin, there is no
primary reduction in cerebral oxygen or
glucose availability, although there is a
marked diminution of cerebral oxygen
consumption as indicated in Table 6. The
characteristic biochemical aberrations asso-

ELECTRON TRANSFER SYSTEM

One more ATP is formed in the
citric acid “mill” itself, so a total
of 36 molecules of ATP are pro-
duced by the two molecules of
lactate that were formed from
the original glucose molecule.
(Reprinted with permission from
Lehninger, A. L.: Scientific Ame-

%
o

rican, 205:63, 1961.)

ciated with the various endogenous coma-
tose states may be reviewed briefly:
Diabetic coma cannot be attributed
directly to a deficiency of insulin since it
has been repeatedly demonstrated that the
brain does not require this hormone for
the metabolism of carbohydrate, both
glycolysis and pyruvate oxidation proceed-
ing in the absence of insulin ''* 10
Apparently the blood brain barrier and
cerebral cells are inherently freely perme-
able to glucose. Diabetic coma must, the-
refore, be due to those disturbances (ketosis,
acidosis, and water and electrolyte losses)
resulting from the inability of tissues other
than the brain (muscle, liver, kidney, etc.)
to metabolize glucose adequately without

TABLE 6

Cerebral Values in Visceral Decompensation Coma

Blood
CBF CDo, Sugar ~ CMRO,
Notmal, . ceem s 55 Normal Normal 3.5
Diahatic' ..o e 65 Normal Elevated 1.7
HEpARE . - synzavns 42 Normal Normal 1.6
BERRE  cnaa swgees 45 Normal Normal 21

See Table 4 for explanation of abbreviations; CDO.
signifies cerebral oxygen delivery in
cc O,/min./100 g. brain.
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insulin. Despite our rather good under-
standing of the various biochemical changes
resulting from insulin deficiency, the precise
cause of the reduction in cerebral oxygen
consumption and the loss of consciousness
in diabetic coma remains obscure ''"’,

Decompensation of renal function is
associated with urinary loss of substances
normally conserved by the kidneys and
retention in excessive quantities of material
normally excreted, resulting in a profound
disturbance of electrolyte and fluid balance.
As in diabetic coma, the reason for the
associated cerebral oxidative depression is
unknown''*'. Experimental administration
of individual metabolites retained in the
disorder have failed to demonstrate specific
comatogenic properties. All that can be stat-
ed with certainty is that hemodialysis pre-
sumably eliminates some unidentified etio-
logic substance or substances, since the pro-
cedure often restores consciousness''"’,

Of the numerous biochemical abnorma-
lities consequent upon failure of hepatic
function, the accumulation of ammonia is
currently believed to represent the major
etiologic factor in the cerebral depression
which so often complicates this disorder ="
=1, This opinion is derived from observa-
tion of increased arterial ammonia levels
and the comatogenic effects of ingestion
of large amounts of protein '*?', gastro-
intestinal bleeding *# **'| and administra-
ticn of ammonium salts *% 2% carbonic
anhydrase inhibitors *7. % or thiazide
diuretics '**', The thesis also gains support
from the demonstration that clinical im-
provement may sometimes accompany reduc-
tion of blood ammonia by such modalities
as antibiotic sterilization of the gastrointes-
tinal tract ' *V' administrations of am-
monia-binding agents (glutamate and 1-
arginine) (82, :1:;1, hemodialysis (34, 35 and
low protein diet % *7),

The presumptive mechanism by which
ammonia is thought to interfere with
cerebral oxidative metabolism is that of
amination of alpha- ketoglurarate to form
glutamate which is then further aminated
o form glutamine **'. This reaction,
although satisfactorily binding some of the
increased blood ammonia, depletes the

Krebs cycle of alpha-ketoglutarate, thereby
Yol. 2.

— Number 4 1961,

removing an essential intermediate. There
are, however, several discrepancies not satis-
factorily explained by the ammonia hypo-
thesis. First, there is often a poor correla-
tion between the arterial ammonia level
and the neurological status of the patient,
recovery from coma frequently occurring
when the arterial ammonia level is even
higher than at the inception of coma "
', Furthemore, significant reduction of
arterial ammonia levels by infusion of such
ammonia-binding substances as glutamate
or arginine, singly or in combination, may
be without clinical effect and influences
neither abnormal cerebral electrical activity
nor the reduced cerebral oxygen consump-
tion (41,

In spite of major shortcomings of the
ammonia theory, there can be little doubt
that this nitrogenous substance may, never-
theless, be a significant factor in the etiology
of many cases of hepatic coma. It is equally
evident that other factors, i.e., hypocapnia,
pH changes, and the presence of indoles
or mercaptans, may play at least a contri-
butory role 2",

Another form of endogenous depression
which may, although rarely, progress to
coma is that encountered in disorders of
respiratory function characterized by reten-
tion of CO. in high concentrations. Carbon
dioxide retention may be due to alveolar
hypoventilation (as in the Pickwickian
syndrome) '**', primary medullary depres-
sion “**' alveolar-capillary block, and, possi-
bly, hypothyroidism **'. In these syndro-
mes, hypoxemia is commonly associated
with hypercapnia, and undoubtedly both
contribute to the cerebral dysfunction ™
%1, Even in iatrogenic hypercapneic coma,
precipitated by the injudicious therapeutic
use of oxygen in certain cases of severe
respiratory disease, arterial oxygen levels
are seldom found to have been raised to
normal.

Specific enzyme inhibitors of exogenous
origin will also impair cerebral energy
production or utilization. Some of the
heavy metals are believed to exert their
toxic effects upon the central nervous sys-
tem by combining with the thiol groups of
cerebral enzymes and co-enzymes ‘7. Li-
poic acid, a constituent of pvruvic oxidase
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TABLE 7

Co-Factor Deficiency States

Vitamin

B; thiamin
B. riboflavin
l Pantothenic a.
Niacin
duction)

B; pyridoxine

B, cyanocobalamine ?

Biological Function

Cocarboxylase (decarboxylat-
ion of alphaketo-acids)

FAD and flavin mononucle-
otide (oxidation-reduction)

CO-A (condensing and syn-
thetic reactions)

DPN, TPN (oxidation-re-

Pyridoxal phosphate (trans-
amination, deamination)

Deficiciency Effects
(Neurological)

Wernicke’s encephalopathy;
polyneuritis

Not known

Not known

Pellagra (demetia)

Seizures (infants)

Cerebral lesions (dementia);
posterolateral cord
degeneration

which catalyzes the oxidation of pyruvic
and alpha-ketoglutaric acids, contains 2
sulfhydryl radicals which, when combi-
ned with heavy metals such as arsenic,
form a stable ring compound in which
the reactivity of the sulfhydryl group is
lost. The importance of sulfhydryl com-
pounds in intermediate carbohydrate oxi-
dation renders the brain particularly vul-
nerable to heavy metal poisoning.

A wide variety of chemically dissimilar
substances has been found to be of thera-
peutic value by virtue of ability to reduce
perception of internal and external stimu-
li or to obtund the emotional reaction to
such stimuli. These drugs include general
anesthetics, hypnotics and sedatives, narco-
tic analgesics, and ataractics. All have the
capacity to induce the comatose state when
administered in sufficient quantities. These
agents, because of their dissimilar molecu-
lar spatial configuration and the hetero-
geneity of cerebral enzyme distribution,
probably preferentially exert their more
pronounced action upon different cerebral
structures or specific receptor sites %',

With respect to the effects of sedatives
on oxidative phosphorylation, Quastel and
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co-workers 1" first demonstrated that bar-
biturates, chloral hydrate, chloretone, ure-
thane, and avertin reversibly inhibit the in
vitro oxidation of glucose, lactate, and
pyruvate (but not succinate). Confirma-
tory in vivo studies have demonstrated
that large doses of barbiturates and certain
anesthetics reduce overall cerebral oxygen
consumption *"'. However, small amounts
of these drugs sufficient to produce only
sedation induce no measurable alteration
of in vivo cerebral oxygen consumption,
and it has been concluded that the clinical
effect of subanesthetic quantities of barbi-
turates may be derived from action upon
systems other than those directly involved
in oxidative metabolism, or from interfe-
rence with energy-utilizing processes °!'.
The observation of Bain (°?' that certain
barbiturates interfere more with ATP for-
mation than with oxygen consumption was
the basis for the uncoupling hypothesis,
according to which cerebral oxidative
energy is not quantitatively transferred to
ATP. This theory has been employed to
explain the mechanism of action of atarac-
tics since these drugs, even in large doses,
do not inhibit oxidative metabolism. It

Vol. 2.
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has been suggested, however, that instead
of inducing uncoupling, they may inhibit
utilization of ATP, principally in subcor-
tical structures, by inhibition of ATP-ase.
It has also been postulated that tranquili-
zers may infiltrate into certain specific cell
membranes, effecting major changes by
their physical presence and thereby altering
transport processes across these membra-
nes (°3),

On examination of the various theories
concerning the possible mechanism of ac-
tion of depressant drugs (including even
some inert gases'”*') upon the central ner-
vous system, it is apparent that virtually
every known aspect of neurochemistry has
been explored without, as yet, unequivocal
support for any of these hypotheses.

The comategenic effects of hypo— and
hyperthermia have long been recognized,
but there still remains a paucity of infor-
mation concerning the precise mechanisms
involved in the production of coma, as
well as their temperature limits. In clinical
experience, reversible coma of purely hy-
pothermic etiology is rarely encountered.
In most accidental cases, there has been
prior central nervous system depression, as
by alcohol, sedatives, trauma, etc., and the
central nervous system effect of all induced
hypothermia is augmented by various phar-
macological agents. Cerebral metabolic
studies indicate that in human hypothermic
coma, cerebral oxygen consumption and
blood flow are markedly reduced, the latter
because of an independent cerebral vaso-
constriction as well as decrease in cardiac
output %),

Hyperthermic coma is invariably acci-
dental and results from failure of physio-
logic heat dissipation mechanisms, or from
environmental © changes rendering these
mechanisms ineffectual. Depending on the
severity and duration of the elevated body
temperature, permanent brain damage,
doubtless due to irreversible denaturation
of protein, is not uncommon and may be
anticipated if temperatures in the range of
41 degrees C. or higher persist for appre-
ciable periods. To our knowledge, obser-
vation of cerebral metabolic changes during
hyperthermic coma in man are lacking.
Heyman and Patterson *® demonstrated
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that temperature elevations to approxi-
mately 39 to 39.5 degrees C. were associa-
ted with an increase in cerebral oxygen
consumption in patients with general pa-
resis (although normal cerebral oxygen
consumption in these patients was not
attained) but no change in those subjects
with asymptomatic neurosyphilis (having
normal rates for cerebral metabolism).

Disturbances of consciousness following
administration of enzyme-inhibiting agents
or severe temperature change may be rela-
tively sudden, while that resulting from
lack of essential co-factors or vitamins is
usually insidious in its development, coma
occurring only in advanced deficiency sta-
tes, in such instances often being a manifes-
tation of peripheral circulatory failure.
Table 7 presents the recognized metabolic
actions of the various B-vitamins and in-
dicates the neurological disturbances asso-
ciated with their deficiencies.

IV. Coma of Multiple Etiologies

There are numerous commonly-encoun-
tered clinical disorders in which there is
undoubtedly more than one type of energy
interference operating simultaneously, and
their effects may be additive. Among such
disorders may be included postictal coma,
cerebral trauma, infection, Valsalva syncope,
and intracranial space-occupying lesions.
For example, in coma due to expanding
lesions of the central nervous system (i.e.,
tumors, hemorrhage, abscess), the delivery
of essential substrates to the brain may be
impaired by direct or indirect compression
of wvascular channels, including their
occlusion by herniation against the ten-
rorium or foramen magnum, thrombosis
of weins, reactive spasm of arteries, and
reducticn of caliber of smalier vessels, or
by increased intracranial pressure. Diffu-
sion of essential substrates may also be
impaired because of altered tensions in
intra— and extracellular spaces, and their
utilization may not be possible because of
distortion and even destruction of cellular
surfaces. Not only will the above processes
interfere with substrate delivery and utili-
zation, but they will necessarily influence
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enzymatic activity, with resultant generali-
zed or local disturbances in oxidative me-
tabolism, alterations in membrane per-
meability, diminished formation or utiliza-
tion of neurohumors, and consequent dis-
turbances in neuronal transmission.

Finally, it should be mentioned that

severe cerebral depression, particularly if
widespread throughout the brain, may
perpetuate itself indirectly by causing
dysfunction of specific brain centers for
regulation of such vital functions as tem-
perature homeostasis, respiration, and blood
fressure.

SUMMARY

In the final analysis, coma of whatever
etiology is due to a disturbance in cerebral
energetics in those brain areas upon which
wakefulness depends. Coma may be due
to interference with oxidative phosphory-
lation or to impaired ATP utilization so
that energy required for neurobiosynthetic

reactions (i.e., maintenance of membrane
permeability, synthesis of organic com-
pounds, and transmission of neuronal im-
pulses) is curtailed. The metabolic origins
of the more commonly encountered forms
of coma, according to this concept, are
reviewed and illustrative data presented.

RESUMEN

En dltima instancia, cualquiera que sea
la etiologia, el coma es determinado por
una perturbacion en la energética cerebral
en las areas del cerebro de las cuales de-
pende la vigilia. El coma puede ser debi-
do a interferencia en la fosforilacion oxi-
dativa o a la utilizacion defectuosa de
ATP, de tal modo que hay una restriccion
en la energia requerida para las reacciones

(mantenimiento de la
permeabilidad de membrana, sintesis de los

neurobiosintéticas

compuestos organicos, y transmision de los
impulsos neuronales). Fueron considera-
dos los origenes metabolicos de las for-
mas de coma encontradas mas frecuente-
mente, de acuerdo a este concepto, y se

presentaron datos ilustrativos.

RESUME

En derniére analyse, le coma d’une ori-
gine quelconque s'explique par un dé-
rangement de I'énergétique cérébrale de
ces territoires cérébraux desquels I'état de
veille dépend. Le coma peut sexpliquer
par une interférence dans la phosphoryla-
tion oxydative, ou par l'utilisation altérée
de ATP (le triphosphate d’adenosine) de
facon que I'énergie requise pour les réac-

ZUSAMME

Letzten Endes ist Koma, unabhingig von
sciner Ursache, zuriickzufithren auf eine
Storung der Gehirnenergetik, und zwar
in jenen Gehirnbezirken, von denen das
Wachsein abhingt. Koma kann herriihren
von einer Storung der oxydativen Phos-
phorylbildung oder von einer verminderten
Ausnutzung des ATP (Adenosin-tri-Phos-
phat), sodass die Energiezufuhr gekiirzt
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tions neurobiosynthétiques (c'est a dire la
conservation de la perméabilit¢ des mem-
branes, la synthése des composés organi-
ques, et la transmission d'impulsions neu-
ronales) est diminuée. Les origines méta-
boliques des formes ordinairement ren-
contrées du coma, selon ce concept sont
revues et illustrées par les études et données
présentées.

NFASSUNG

wird. die fiir neurobiosynthetische Reak-
tionen (Erhaltung der Membranpermeabi-
litat, Synthese organischer Verbindungen,
and die Aussendung von Neuronenimpul-
cen) nétig ist. Mit Hilfe dieser Betrach-
tungen werden die im Stoffwechsel be-
griindeten Ursachen der gingigsten Arten
des Koma besprochen und mit Daten
erlautert.
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The problem of the relationships between
psychical phenomena, behaviour and cere-
bral electrical activity, which already Hans
Berger (1932) had been confronted with,
was thereafter taken into account in many
pioneer EEG studies. Subsequently, after a
pause in such trend of research, the classicai
paper by Moruzzi and Magoun “Brain stem
reticular formation and activation of the
EEG” called renewed attention to this
fascinating problem. An explanation was
given for the mechanisms underlying sleep
and wakefulness in terms of subcortical
regulating structures, and a theory was put
forward which seemed to account satisfac-
torily for the patterns usually met with in
clinical EEG.

Nevertheless, in the light of the sub-
sequent experience, such a generalization
proved faulty indeed. In fact, the problem
of the relationships between state of con-
sciousness and cerebral electrical activity in
the man does not lend itself to any general
statement, too many aspects of it, both
clinical and neurophysiological, still lacking
sufficient knowledge.

Among the various aspects of the
problem of EEG in troubles of conscious-
ness, one can certainly put in the foreground
the question of electrographic findings in
states of coma. In this regard, as Fischgold
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(1957) has pointed out, the data accumu-
lated so far turn out to be surprisingly
few, if one considers the clinical impact
of the topic or the huge amount of studies
dedicated to other aspects of the relation-
ship between EEG and psychical phe-
nomena,

The present article does not claim to be
an exhaustive survey of the topic. It simply
represents a brief summary of some of the
data of the literature and our own
published and unpublished contributions. It
will be centered around two main points:

I: Electroencephalographic activity during
coma due to different kinds of diseases.

II: Problems in the interpretation of the
EEG activity during coma.

I: EEG activity in states of coma due to
different diseases

For descriptive purpose we distinguish:

A) coma due to endogencus and exo-
genous toxic and miscellaneous disorders.

B) coma due to neurological disorders.

A) Coma due to endogenous and exo-
genous toxic and miscellanecus disorders.
1) It is well known that an adequate
sugar intake is required to meet the
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metabolic needs of the nervous tissue. The
degree of fall in blood sugar level corres-
ponding to the appearance of EEG slow
abnormalities and troubles of consciousness
is variable (Hill, Sargant; Heppenstall,
1944; Hill, 1950). Moreover it seems well
established that the critical level in essential
hypoglicemia can vary from time to time
even in the same individual (Ross and
Loeser, 1951) and can lower even conside-
rably without appreciable modifications of
the state of consciousness (Ziegler and
Presthus, 19571,

The spells of loss of consciousness brought
about by blood sugar lowering can either
be very brief (syncopal attacks) or last even
considerably, according to the mechanisms
which underlie such phencmena. I shali
consider here only the prolonged loss of
consciousness produced by administration
of high dosages of insulin. Several authors
have dealt with this topic. In a first grouo
of studies (Hoagland et al., 1937; Himwich
et al.,, 1939; Davis, 1943) stress was placed
upon the fact that the more the blood sugar
level is lowered the more slow EEG acti-
vity increases, and that the alpha rithm
suddenly ceases as soon as deep coma ensues
(Himwich et al., 1939; Gibbs, Williams
and Gibbs, 1940). On the other hand, a
number of studies have shown that EEG
abnormalities can be recorded as early as
cne hour before the onset of coma
(Hoagland et al., 1937) and can last even
atter the recovery (Jeager et al., 1953),
and that slow waves can be recorded without
any relevant change in the state of
consciousness, or a state of coma can be
accompanied by a slightly abnormal EEG
(Kalinowsky and Hoch, 1946). Deep coma,
according to Bonnet and Malpertuy (1954),
is associated with low voltage fast electric
activity.

Regan et al. (1957) have shown that
the EEG activity recorded during insulinic
coma is not specific of such a condition,

(1) Blood sugar level correlates with
various factors, mainly age and hyperven-
tilation (Ross and Loeser 1951, Blinn and
Noel, 1949, Lloyd Smith 1950, Holmberg
1953, Morrice 1956, Vinoles et al. 1956).
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and can appear 120 minutes before the
onset of coma. Moreover, frequency analysis
has shown that during this coma 44 9% of
alpha rithm is still present'®’.

In cases of hypoglicemic coma due to
adenoma of the insulae of Langherans, the
cerebral electrical activity slows down to
6 or 2 cps, according to the depth of the
coma (Hoefer et al. 1946, Howard et al.
1950, Wyke 1952, Norgaard (1958).

Few are the data of the literature
concerning the relationship between EEG
and state of consciousness in diabetic comas.
A brief note can be found in the papers
of Bickford and Butt (1935) and Romano
and Engel (1944), which seem to emphasize
the occurrence in such a condition of a
widespread EEG slowing. An experimen-
tally induced increase in blood sugar level
to values of 300 to 400 mgs per cent brings
about a slight increase in frequency of the
cortical rithms (Gibbs, Williams, Gibbs
1940, Engel, Romano, Ferris, Weeb, Stevens
1944).

2) In states of haepatic praecoma and
coma, the EEG shows bilateral waves of
1 to 3 cps, with further slowing with
increasing depth of coma (Cloche, 1957;
Abbott, 1958).

Such activity does not exhibit any
particular feature, except for its paroxistic
and bisynchronous appearance (Foley,
Watson, Adams 1950, Adams and Foley
1953). Sometimes, however, slow triphasic
waves, with a great positive phase, can be
recorded (Bickford and Butt, 1935, Abbott
1958, Cloche 1957). Even if most often the
correspondence between EEG abnormalities
and state of consciousness is satisfactory,
sometimes this may not be the case (Sher-
lock 1957, Parsons Smith et al. 1957).

In fact, there may occur severe neuropsy-
chiatric disturbances associated with slight
EEG abnormalities, or mild degrees of
clinical involvement with severe EEG altera-
tions. The triphasic waves, on the other

(2) In insulinic hypoglicemic coma as
well there is the possibility of a dissociation
between electric cerebral activity and degree
of hypoglicemia (Weniland and Weiland

1949).
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hand, are not specific of haepatic coma,
since they can be found even in other
conditions, but never in comas due to other
cavses (Bickford and Butt 1935).

3) Few data are available concerning
uremic coma. According to some Authors,
a diffuse aspecific slow activity can be
found (Romano, Engel 1944, Sherlock 1957,
Klinger 1954, Bickford and Butt 1935).

4) In other types of coma, as in coma
due to malnutrition, malaria, Addison’s dis-

— A

Fig. 1.

poisoning (Berger 1937, Davis and Davis
1936, Strauss et al. 1912, Ajuriaguerra and
Fischgold 1941, Massmann 1955), alcoholic
poisoning (Gibbs, Gibbs and Lennox 1937,
Davis et al.,, 1941, Greenblatt et al. 1944,
Davis, Gibbs, Davis, Yetter, Trowbridge
1941), botulism (Krump 1953), tallium
poiscning, analgesic mixtures, EGO05 etc.
(Massmann, 1955).

In comas due to barbiturate poisoning,
according to some authors the EEG shows
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Massive hemispheric hemorrhage. The macroscopic section shows

the extent of the paralenticular left hemorrhage. B) Diffuse EEG changes. Elec-

troencephalogram taken few hours after the onset of moderate coma (C2).
(Fp-C.d.: right fromto polar - central; C-O.d.: right central - occipital; Tm-0.d.:
right middle temporal occipital; similar linkages in the last three pens on the

left

ease, pernicious anemia, neoplastic cachexy,
etc., which I do not label separately as
“endocrinous comas”, “anoxic comas’ etc.,
mainly because of the paucity of the cases
described in the literature, usually a slow
delta activity can be encountered (Romano,
Engel 1944, Hill 1950, Samson et al. 1952).

5) In various states of coma due to
exogenous toxic causes, the EEG shows,
diffuse aspecific slowing. To this account,
one may mention the coma due to CO
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a fast high voltage activity at 14-16 cps
with random slow waves. The voltage
progressively decreases with increasing
depth of coma (Cohn et al. 1950, Talbot
1952, Samson et al. 1952). However, even
if no details are given as to the state of
consciousness (Schwab 1951), there seem to
be "severe intoxications” accompanied by
slow waves (Massmann 1955).

B) Coma due to intracranial neurological
diseases.
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EEG studies on this subject, carried out
by Fischgold and Bounes (1946), Jasper
Buren (1953) and subsequently by
Gastaut (1954), Jung (1954), Fischgold
(1957), Fischgold and Mathis (1958)
concern mainly cases of neoplastic, inflam-
matory and traumatic lesions.

and

The pioneer researches on the relation-
ship between coma and electrocortical
activity in humans (Davis and Davis 1939;
Gibbs and Gibbs, 1941 and 1950, Hill,
1950; Schwab 1951; Strauss et al. 1952)
brought to the assumption that slow
organized delta activity always accompanies
loss of consciousness.
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Fig. 2. — A) Diagramatic outline of the extent of the right glioblastoma multifor-

mis. B) Unilateral (right) EEG changes. Electroencephalogram taken few hours

after the omset of moderate coma (C2). (Fp-C.d.: right fronto polar - central;

C-0.d.: right central - occipital: Fi-C.d.: right inferior frontal - central; Tm-0.d.:

right middle temporal - occipital; similar linkages in the last four pens on the
left side.)
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Fig. 3. — A) Diagramatic outline of the extent of left glioblastoma multiformis.

B) Unilateral (left) EEG changes. Electroencephalogram taken few hours after

the onset of moderate coma (C2). Slight reactivity immediately after the opening

of the eyes (a) made manually by holding the patient’s eyelids). Some sporadic

slow waves are recorded also in the right frontal region. (Same linkages as in

fig. 4.)

3]_4 S Vol. 2, — Number 4. 1961,



ELECTROENCEPHALOGRAPHIC FINDINGS DURING COMA

Since a common mechanism was considered
to underlie coma and sleep, coma was
supposed to be, from the EEG stand point
equivalent to a deep sleep (Davis and
Davis, 1939; Gibbs and Gibbs, 1941, and
1950; Hill, 1950; Schwab, 1951; Strauss et
al. 1952).

and anatomical point of view (Loeb 1957,
Loeb, 1958; Loeb, Rosadini and Poggio,
1959; Loeb, Garello and Mastropaolo, 1960)
the following main points can be stressed:
1) No particular electrographic pattern
whatsoever can be considered as necessarily
associated with the state of coma:
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Fig. 4. — A) Diagramatic outline of the exent of the right hemisferic tumour.

B) Focal (right) EEG changes. Electroencephalogram taken few hours after the

onset of moderate coma (C2).

More recently evidence has been accu-
mulated that there may be several exceptions.

Thus states of coma accompanied by EEG
records of many different types (Fisch-
gold and Bounes, 1946; Mathis, Torrubia
and Fischgold, 1957) including apparently
normal electrocortical activity have been
reported (Loeb and Poggio, 1953; Lun-
dervold et al., 1956).

From the study of our comatose patients'"’
carefully carried out from the clinical, EEG

(1) The intensity of the coma observed
in patients varies in a continous spectrum
from the very deepest, in which death
approaches, to the very lightest, in which
the patient is semiconscious. For convenience,
comatose patients may be divided into 3
groups: light coma (Cl), moderate coma
(C2), and dee p coma (C3). The parameters
used for such a classification are the con-
current signs and symptoms commonly found
in comatose patients. (Loeb, 1958).

Our cases consist mainly of patients
suffering from cerebrovascular diseases.

Yol. 2. — Number 4. 1961,

(Same linkages as in fig. 2.)

i) In states of coma the entire band of
slow frequencies (from 0,5 to 7 cpr),
various amplitudes (from few to 300
microvolts), manifold electrographic fea-
tures (slow waves, spikes, slow spike and
wave activity) can be encountered.

Generalized (fig. 1), unilateral (fig. 2 -
3), focal (fig. 4) changes can be recorded.

Unilateral or even focal electroencepha-
lographic changes may be observed in cases
of brain stem haemorrhage associated with
supratentorial lesions (haemorrhage, tu-
mor, abscess, etc.).

Furthermore, deep coma may indeed be
accompanied by electrographic activity
which has a normal or borderline appearan-
ce (figi 5).

2) There is no definite relationship
between degree of coma and type or
amount of concomitant electroencephalo-
graphic changes.

Patients with moderate or deep comas
may exhibit either focally, unilaterally, and
diffusely altered, or normal and borderline
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records, whereas diffuse electroencephalo-
graphic abnormalities, sometimes fairly
severe, may be seen in patients in light
coma (fig. 6).

3) Electroencephalographic reactivity
seems to correlate with the type of the EEG
tracing, whether it be normal or slightly
altered, but it is independent of the intensity
of the coma.

EEG impairment, the great majority of our
cases showed electrographic abnormalities
similar to those recorded in patients with
corresponding anatomic lesions but without
mcdification of the state of consciousness.

ii) As to the problem of normal or
boerderline EEG in states of coma, from our
data and that of the literature it seems
possible to distinguish two groups of coma-

Pl o i i

) F-Cd , ;
J\__‘:" | 4 it *\MMWMM

Fo BM 99-5%60 T~ o
4321 "’\.A_N"'A‘..M"\\_;f"—""'ﬁ e P TVt P N
- Cm:‘O_q.«..p_- el e S A il
w—g-—-qgf—w.. et
] ---T,.-m.,-——()—-dm-.. P oA g o g A ) N0 b
M-,#-W i |
1 2 Fs-Cm - e

F-Cs 1
i o Pt
F-Tms i ks
a, e P e g gl
& ;; j Cm-0s R
QO » -0 S0V
> PE) 2250 5,,_‘__.\...._“...._ PUTEo o
K-}" Tm-0s
AN Sk Pl MUl o b U i
3 4 Fi-Cs
B T L L L
A B
Fig. 5. — A) Diagrematic cutline of the extent of the pontomesencephalic hemor-

hage. B) Normal electroencephalogram. Record taken six hours after the onset of

moderate coma (C2). (Fd-Cm: right fronto polar - middle central; F-Cd: right

fronto polar - central; F-Tmd: right fronto polar-middle temporal; Cm-0Od:

middle central - right oceipital; C-Od: right central - occipital; Twm-Od: right

middle temporal - occipital; Fi-Cd: right inferior frontal - central: Resp.: respira-
tion - Similar linkages in the last seven pens on the left side.)

I would like to emphasize the apparently
paradoxical fact that a normal or borderline
EEG with a good reactivity can be recorded
in a deeply comatose patient a short time
hefore death.

4) Finally two more points should be
stressed:

i) except some cases in which the
deepening of coma was paralleled by an
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tose patients who showed normal or bor-
derline records.

In the first group belong some cases with
lesions located in the posterior fossa, mostly
consisting of pontine or pontomesencephalic
primary haemorrhages.

The second group includes cases in which
electrcencephalographic records had been

made a few hours before death. In these
Vol. 2. —
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records a reversion of an abnormal pattern
to a strictly normal one, or to a pattern
closely resembling the normal —even if
sometimes reactivity was absent— was no-
ticed.

5) The considerations made above hold
true even with regard to EEG findings in
patients exhibiting a state of “akinetic
mutism”, Our cases add to those described
by French (1952), Cairns (1952), Lunder-
vold (1954), Fischgold (1957) and confirm
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of the syndrome turn out to be rather
puzzling. In fact, while some signs seem
to point to a marked impairment of con-
sciousness —severe sphincter disturbances,
corneal hyporeflexia, diminution of the
pharingeal reflex— the persistence of ocular
movements seems to suggest that con-
sciousness is not completely lost. Such
apparently goal-directed ocular movements
can in fact be considered as indicating that
a certain degree of visual perception is
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Fig. 6. — A) Slight diffuse EEG changes during deep coma (C3). (Same linkages
as in fig. 6). B) Diffuse severe EEG changes during slight coma (C1). (Fi-Fs. d.:
right inferior frontal - superior frontal: Fs. d.-Fm.: right superior frontal - middle
frontal; Fs.-Fis.: left superior fromtal - inferior frontal: Tm-C.d.: right middle
temporal - central; C.d.-Cm: right central - middle central; Cm-C.s.: middle cen-
tral - left central; C-Tm.s.: middle central - left middle temporal.)

the fact that akinetic mutism can be accom-
panied by various types of EEG records,
most frequently by tracings with slow
activity and absence of reactivity.

The existence of a condition of “akinetic
mutism” as postulated by some Authors
(Cairns, 1952) was strongly questioned.
Nevertheless, if we want only to refer with
such designation to states of loss of con-
sciousness with preservation of a certain
amount of directed ocular motility, it can
be said that this syndrome occurs more
frequently than it was previously thought.
The state of akinetic mutism can be pre-
ceded or followed by a coma or by a normal
level of consciousness, and can last from

a few hours to some months. Some aspects
Vol. 2.

— Number 4, 1961,

preserved. On the basis of some considera-
tions however, (Loeb, Garello and Mastro-
paolo, 1960) such movements are to be
considered as reflex involuntary reactions,
independent from visual perception. The
condition of akinetic mutism can therefore
be defined as a state of moderate coma,
with total loss of consciousness and pre-
servation of some reflex activities, e.g.
reflex ocular movements. Actually, in the
clinical practice the state of akinetic mutism
can be observed only when coma intervenes
gradually or its impairment and regres-
sion run a slow course without any severe
general and neurological involvement mask-
ing the clinical picture. From the patho-
legical standpoint it does not seem possible
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(Loeb et al., 1960) to relate the syndromz
to the involvement of any particular region
of the brain.

il: Problems in the interpretation of the
EEG activity in states of coma

The correspondence between electroence-
phalographic and pathological data was
satisfactory in most of our cases. Namely,
the EEG correlated well with the site of
the anatomical lesions or the general varia-
tions of the “milieu interieur” (see discus-
sion in Loeb 1958, Loeb, Rosadini and
Poggio, 1959). In fact, as we have already
mentioned, the EEG abnormalities observed
in our cases of coma were quite similar
tc those recorded in patients with corres-
ponding pathclogical findings but without
any alteration of the state of consciousness.

As to lesions of the medulla oblongata
and pons, some experimental (Bremer,
1935; Lindsley, Bowden and Magoun, 1949)
and clinical investigations (Gastaut, 1954;
Oerthner, 1957) have shown that in such
cases both state of consciousness and cere-
bral electrical activity can remain unmodi-
fied.

On the contrary no data are available
to explain on the basis of the present
knowledge how a deep state of coma can
be associated with an electroencephalogra-
phic record containing no organized delta
activity.

We may reach the same conclusion,
which we already made (Loeb, Rosadini
and Poggio, 1959), that the nervous struc-
tures regulating the electric cortical activity
differ from those regulating the state of
consciousness or that these structures have
different functional activities, so that the
state of consciousness can be involved while
the EEG can or can not be modified.

I have to stress that the current assump-
tion that the alert condition corresponds
to low amplitude fast frequency electric
cortical activity, and deep sleep (and
extensively, loss of consciousness) to slow
organized electrocortical activity, was also
disproved by some recent clinical and
experimental investigations (Dement, 1958;
Jouvet et al., 1959; Hara et al., 1960) which
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E ought to the conclusion that low voltage
and fast activity can be associated with
deep sleep.

In this connection, new data are offered
to the present discussion.

In fact, if one considers the experimental
data reported above, it is no more surpris-
ing to find a normal or borderline record
associated with deep coma, since a condition
of less of consciousness as deep sleep is,
has similar “normal” tracings.

Moreover, one might suppose tentatively
that the peculiar functional activity of the
subcortical systems in cases of coma, expe-
cially when brain stem lesion is asso-
ciated with a supratentorial lesion, would
lead even to an abolition or attenuation
of the diffuse slow activity which one
would expect to find in cases of coma.

Such a “electroencephalographic norma-
lization”, or a reversion of an abnormal
record to a normal or slightly altered one,
has also occurred in patients with psycho-
motor epilepsy in the midst of an acute
psychotic attack (Landolt, 1955; Loeb and
Gilberti, 1956).

In accordance with these clinical findings
possibly are the old experimental investiga-
tions of Arduini and Lairy Bounes, 1952;
Lairy Bounes, Parma, Zanchetti, 1952) and
particularly the disappearance of the syn-
chronizing responses during deep sleep
(Rossi et al., 1961).

I fully realize the danger of transferring
to the human coma the data provided by
experimemal investigations. Nonetheless, 1
think it worthwhile to stress the analogy
between these findings and our own cases.

The interpretation of the mechanisms
underlying deep sleep with low amplitude
fast electric cortical activity is still rather
controversial; an active inhibition of the
subcortical synchronizing systems was sup-
posed to take place (Rossi et al., 1961).

The analogy is probably brought too far
and caution is particularly needed.

Anyway, whatever the physiological pro-
cess involved may be, we have to stress
that at the present time some experimental
electrographic models are available to com-
pare, almost tentatively, to all the EEG
patterns occurring during states of loss of
consciousness in man.
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SUMMARY

The data of literature and personal
contributions concerning the EEG during
coma are summarized as follows:

I. The electroencephalographic activity
in coma due both (a) to toxic and miscel-
laneous general diseases and (b) to neuro-

logical intracranial processes, is described
and some electro-clinical considerations are
put forward.

II. Some tentative explanations of the
electrographic findings in the light of some
new experimental approaches are discussed.

RESUMEN

Datos de la literatura y contribuciones
personales en relaciéon con la electroence-
falogratia durante el coma son referidos de
la siguiente manera:

1. Se describe la actividad electroencefa-
lografica en el coma debido a (a) enferme-

dades toxicas y generales de distinto orden
y (b) procesos neuroldgicos intracraneanos.
Se adelantan al respecto algunas conside-
raciones electroclinicas.

2. Son discutidos algunos intentos de
explicacion de los hallazgos electrograficos
a la luz de nuevos estudios experimentales.

RESUME

Les données de la littérature et des con-
tributions personnelles en rapport avec
I'EEG pendant le coma, se résument de la
maniére suivante:

I. L’activité électroencéphalographique
dans le coma due (a) aux maladies toxi-
ques et variés maladies générales, et (b) a

ZUSAMME

Die Daten aus der Literatur und die
persoenlichen Beitraege bezueglich des EEG
im Koma koennen folgendermassen zusam-
mengefasst werden:

l. Es wird die elektroencephalographi-
sche Aktivitaet im Koma, verursacht (a)
durch toxische oder verschiedene allgemeine

des proces neurologiques intracraniens, est
décrite, et quelques considérations electro-
cliniques cont présentées.

2. Quelques explications provisoires con-
cernant les découvertes electrographiques,
qui découlent de quelques nouveaux appro-
chements expérimentaux, sont discutés.

NFASSUNG

Erkrankungen und (b) durch endokranielle
neurologische Prozesse, beschrieben und
einige elektro-klinische Betrachtungen
angestellt.

2. Es werden moegliche Erkiaerungen der
elektcographischen Befunde im Lichte
einiger neuer experimenteller Erkenntnisse
besprochen.
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Réactivité du Tracé E.E.G. dans le Coma

INTRODUCTION

De 1946 a 1959 l'auteur de ces lignes
s'est intéressé aux comas, en tant que cli-
nicien et électro-encéphalographiste(5, 0,
7, 10); des difficultés d’ordre médico-légal,
ne lui ont permis qu'exceptionnellement
les controles anatomiques requis.

D'une premiere période (Hopital Ste
Anne, 1945-1951), en coliaboration avec
Madame Lairy, s'est dégagée la notion de
primaunté de la réactivité dans la séméiolo-
gie E.E.G. des comas; il s’agissait unique-
ment de comas aigus post-traumatiques(5).

Au cours d’'une seconde période (Hopital
de La Pitié, 1952-1959) avec la collabora-
tion de P. Mathis et Madame G. Arfel, le
tracé E.E.G. a ¢té complété par la polygra-
phie cardio-respiratoire, toujours sur des
traumatisés de la téte.

Mais apres 1950, les progres de la réani-
mation et de I'assistance neuro-respiratoire,
ont permis I'étude de nouveaux types de
malades: comas de plus en plus prolongés,
se transformant en états vigiles purement
végétatifs, maintenus en vie pendant des
mois et des années; régressions psychomo-
frices(7) post-comateuses avec retour du
cycle veille-sommeil (Docteurs Gerbeaux
et Vermeil); enfin comas dépassés (P.
Mollaret et M. Goulon(16).

Depuis 1959, avec le départ de notre
collaborateur et ami P. Mathis, nos recher-
ches cnt dévié sur le sommeil de nuit, avec
la collaboration de B. A. Schwartz et G.
Guilbaud.

Entre temps, les recherches cliniques et
électrographiques dans les altérations neu-
rologiques de la conscience n'ont fait que
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se développer; en plus a partir de 1950, nous
sentons tous une vigoureuse impulsion neu-
ro-physiologique de la part de F. Bremer,
G. Moruzzi et H. Magoun, P. Dell et Coll,,
G. Moruzzi et Coll., et celle plus récente
de M. Jouvet.

Une journée entiere a été consacrée aux
“Etats de conscience en Neurologie”, sous
la Direction de Sir Goeffrey Jefferson, a
I'cccasion du Premier Congres International
des Sciences Neurologiques(11).

Les contributions de Sabina Strich, Sheila
Sherlock, R. Orthner ont apporté une no-
tion neuro-patholcgique importante, celle
de la dégénérescence de la substance blan-
che, dans les prolongements des comas trau-
matiqies.

A Rome, au VII? Congres International
de Neurologie(1), sous l'optique nouvelle
de la Neuro-Chimie, neuf rapports (S. Oki-
naka, Nayrac, Bickford, Rochmer et Kurtz,
Waelsh et Coll.,, Geiger, Dastur, Posner,
Bogacz) reprirent 'Encéphalopathie Hépa-
tique, tandis que 12 rapports(1) (Bodech-
tel, Steegmann, Schneider, Quastel, Ketty,
Bernsmeier, Fazio, Gastaut, Krump, Loeb
et Coll,, Goulon, Christophe et Coll,
Krump, Meyer et Coll.) traiterent I'Encé-
phalopathie Anoxique aigué ou chronique,
d'origine cardiaque, respiratoire ou cérébro-
vasculaire,

En France, simultanément aux recherches
de I'Hopital Ste Anne et de I'Hopital de
La Pitié, plusieurs Centres Neurologiques-
Neuro-Chirurgicaux ou de Réanimation se
sont orientés vers l'étude et le traitement
des Comas; au Centre de Réanimation Neu-
ro-Respiratoire de I'Hopital Claude-Ber-
nard, P. Mollaret, M. Goulon et Madame
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P. Christophe ont dégagé et approfondi le
syndrome de “coma dépassé”, ainsi que les
conséquences de l'anoxie d’origine cardio-
respiratoire sur l'encéphale(16, 1).

A Lyon, sous la direction de MM. Wer-
theimer, Dechaume et Jouvet®, l'encépha-
lopathie post-traumatique a ¢t¢ repensée
sous le double angle anatomo-pathologique
et neuro-physiologique (4, 8, 18, 19, 20).

Enfin, nous avons suivi de prés les tra-
vaux dirigés par Madame G. Arfel, MM.
Brion et Vourc’h dans le Service de Réa-
nimation du C.M.C. Foch sur les comas
anoxiques(15).

Cette énumération trés incompléte mon-
tre 'intérét suscité au cours des 10 dernie-
res années par les états comateux et l'opti-
que dans laquelle nous allons reconsidérer
Nnos propos antérieurs,

LE TRACE DE COMA

Dans l'ouvrage publié en 1959 avec
Mathis(7), nous faisions état de 155 ma-
lades, dont 67 d’é¢tiologie traumatique; la
séméiologie ¢lectro-encéphalographique des
¢tats d’obnubilation, de coma et de stupeur
nous paraissait alors relativement indépen-
dante de I'étiologie (I'intoxication barbitu-
rique mise a part).

Mais, a la lumiere de recherches prati-
quées dans d’autres laboratoires, sur des
malades d’étiologie non traumatique, des
pathcgénies multiples nous ont paru im-
pliquer des mécanismes physiologiques dis-
tincts et des Iésions anatomiques différentes.

La fig. 1 montre un échantillonnage de
70 tracés E.E.G., qui va du tracé "nul” du
coma dépassé, au tracé ample, lent, mono-
tone et polymorphe du coma carus; du tracé
compos¢ de figures épileptiques, aux
rythmes monomorphes et aux activités alpha
(8-12 ¢/s) ou rapides (14-20 c¢/s) d’allure
presque normale; la relation entre le tracé
et I'état de conscience, étroite dans certains
cas, se relache dans d’autres.

Cest ainsi que Rohmer et Kurtz, ont
montré dans leur rapport de Rome(1) que

* Un neuro-chirurgien, un neurologue et

un neurophysiologiste,
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I'hyperamoniémie artérielle et veineuse
constitue un chainon important dans I'éclo-
sion du ccma hépatique; hyperamoniémie
en relation étroite avec les modifications
eélectro-encéphalegraphiques; mais I'hypera-
moniémie aussi bien que les anomalies du
tracé E.E.G. précédent et peuvent suivre les
troubles neuro-psychiques. L’E.E.G., dans
ce cas, n'est qu'a titre transitoire, en liaison
ayec l'¢tat de conscience. Dans les comas
hépatiques, le facteur endogene, autotoxi-
que, agit sur I'encéphale, méme en dehors
de toute modification de la conscience; et
d’apres Bogacz et Coll.(3), 88 sur 121 ma-
lades atteints d’insuffisance hépatique, mon-
traient des tracés altérés, avec une cons-
cience apparemment non altérée,

D’autre part le mécanisme toxique rend
probable une imprégnation identique des
2 hémispheres et des structures modulatri-
ces tandis que le choc traumatique réalise
des points d’impact étendus, assymétriques,
variables et inégaux, selon les circonstan-
ces physiques de I'accident et I'état cérébral
du sujet.

Dans les observations de Loeb(12, 13)
I'etiologie vasculaire des comas favorise des
lésions plus localisées, avec anomalies élec-
tro - encéphalographiques unilatérales (7
cas sur 25) ou focales (3 cas sur 25). Or,
c’'est justement Loeb qui a relevé dans ses
observations de comas, nombre de tracés
normaux ou a la limite de la normale.

Et ce n'est pas par pur hasard que nous
nous trouvons en accord étroit avec le
groupe de Lyon et les constatations de M.
Trillet(19), sur des observations d’encé-
phalopathies post-traumatiques détermi-
nées et traitées dans des conditions identi-
ques aux notres.

La confrontation des tracés de comateux
d’étiologie differénte, I'examen anatomique
des pieces, le bilan neurochimique et en-
docrinien, donnent aux différentes catégories
de comateux un cachet particulier.

Enfin, du point de vue E.E.G., il y a lieu
d’avoir présentes a l'esprit les conditions
physiques de I'enregistrement: les électro-
des appliquées sur le scalp enregistrent sur-
tout les “activités de la convexité des hée-
mispheres”; les faces internes et inférieures,
avec les circonvolutions si importantes de
Number 4.
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I'hippocampe et du systeme limbique, ont
peu de chance de se faire entendre au ni-
veau du scalp; I'sctivité du tronc cérébral
et de ses noyaux échappe totalement. Seul,
M. Jouvet a utilisé des électrodes profondes
dans les comas dépassés, pour vérifier la
mort du tissu nerveux ou enregistrer des
activités non percues sur le scalp(19).

COMA et SOMMEIL

Avant de discuter la réactivité du tracé
E.E.G., nous allons revenir sur les relations
du sommeil et du coma.

Certains neurophysiclogistes ont identifié
les perturbations déterminées sur l'animal
par section, ablation ou destruction dans
I'encéphale, aux comas pathclogiques ou au
sommeil physiologique; des cliniciens ont
en retour considéré les comas comme des
hyper- ou para-somnies.

Nous pensons qu'une analyse plus aigué,
incite plutét a démembrer le groupement
des hypersomnies qu’a réunir des conditions
expérimentales, physiologiques, pharmaco-
logiques et pathologiques si diverses.

Les troubles du comportement, détermi-
nés sur I'animal au laboratoire sont multi-
ples, selon que l'acte expérimental réalise
des lésions hautes ou basses étendues ou
localisées; également suivant que des lésions
plus cu moins extensives sont réalisées,
d’emblée ou par interventions successives.

Du cortex au bulbe, avec une prédilection
pour le di- et le mésencéphale, la veille et le
sommeil se trouvent modulés, déclenchés ou
favorisés par la manipulation de nombreuses
formations: certains aires corticales, noyaux
thalamiques ou di-encéphaliques, formation
réticulée, tectum mésencéphalique, noyaux
réticulaires de la protubérance, corps mami-
llaires, faisceau solitaire du bulbe; sy
ajoutent des formations extracérébrales,
comme les IX et Xe paires, le sinus ca-
rotidien les analyseurs sensoriels (Ie, Ile et
ye).

D'ecu l'impression que la suppression
brusque de certaines afférences ou conver-
gences, implique des modifications du com-

portement vigile, en relation avec /'é¢tendue
Vol, 2.
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des lésions pathologiques ou expérimenta-
les plus qu'avec la formation limitée inté-
ressée.

En plus, qu'il sagisse du cycle veille-
commeil, de foncrions motrices, alimentai-
res ou autres, si I'animal reste en vie, apres
la mutilation expérimentale, le déficit fonc-
ticnnel tend a s'effacer au fur et a mesure
qu'on s'éloigne du moment de la destruc-
ticn aigué.

1SEC S0PV
Fig. 1. — Toutes les figures électriques

sont visibles dans le coma; sur 70 tracés
(derivations fronto-rolandigques, a lex-
ception de lavant-dernier). Sur 70 tra-
cés, il y en a 5 qui comme morphologie,
rappellent le stade de sommeil des
mouvements oculaires ouw sommeil
“rapide” de Jouwvet.
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Pour le cycle veille-sommneil, les syste-
mes qui interviennent dans sa régulation
paraissent particulierement étendus et résis-
tants a l'agression; de sorte que dans ce
domaine, la durée de survie parait particu-
licrement importante pour distinguer 'effet
aigu du choc expérimental du déficit ré-
siduel.

Et, il suffit de maintenir en vie, I'animal
un temps assez long pour que I'hyper-
somnie s'atténue ou disparaisse: le chien
sans hémispheres de Goltz ou le chien avec
d’éncrmes destructions di- et mésencépha-

L’hypersomnie comportementale avec les
yeux fermés n'est que le symptome tran-
sitoire d’'un syndrome comateux qui per-
turbe la vie végétative et anéantit la vie
mentale du sujet.

Du point de vue biologique, I'hypersom-
nie du comateux se distingue du sommeil,
parce qu'elle se continue jour et nuit; le
sommeil physiologique satisfait un besoin
de repos pendant la nuit et cesse de lui-
méme une fois ce besoin satisfait; I'hyper-
somnie du coma aigu reste sans relation
étroite avec le jour et la nuit, et comme
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Fig. 2. — Les 8 tracés supérieurs montrent le stade des mouvements ocu-

laires de Kleitman; le 9éme

inscrit les mouvements oculaires. Comme

Kleitman, nous pensons que ce stade est caractérisé surtout par la dis-
parition des ondes lentes et sa situation intermédiaire entre les cycles;
les mouvements oculaires peuvent manquer.

liques de Sager, finissent par retrouver leur
cycle hycthémérique, le premier grace a
son tronc cérébral intact, le second grace a
ses hémispheres épargnées(7).

Ainsi les recherches expérimentales re-
joignent les constatations cliniques récentes,
car si le comateux reste en vie pendant
quelques semaines I’hypersomnie s’atténue,
disparait totalement et se trouve méme
remplacée par un état d’hypervigilance ou
d’hyperpathie.

La réanimation en assurant au comateux
une respiration, une tension artérielle et
certains métabolismes essentiels, prolonge
sa vie et permet d’'arriver a un stade ou
I'"hypersomnie” se dissipe et la vie vége-
tative se regularise; pourtant le cerveau a
considérablement souffert et les retours a
la normale apres ces prolongements du co-
ma restent exceptionnels.
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on peut le voir dans les obnubilations pro-
longées sans effet réparateur sur l'orga-
nisme,

Du point de vue électrique, les différen-
ces 'emportent sur les ressemblances et le
tracé du coma ne se recoupe que dans cer-
taines conditions, avec celui du sommneil.

Au stade I du coma ou de 'obnubilation,
le tracé n’est ni celui du stade A ni celui
du stade B de sommeil; les bouffées mo-
nomorphes frontales, rappellent plutor le
sommeil de I'enfant que celui de I'adulte.

Au stade III du coma, le tracé est lent
comme dans le sommeil profond D et E;
mais il est monotone pendant des heures;
tandis que dans le sommeil physiologique,
les figures trés lentes sont soumises a des
modifications continues, qui apparaissent et
disparaissent selon les fluctuations de la
profondeur.
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Enfin, il est peu probable qu'on trouve
dans le coma aigu, quelle que soit sa pro-
fondeur, ce stade particulier de sommeil,
caractérisé par une activit¢ E.E.G. de T'or-
dre du rythme aipha, peu ample, accompa-
gnée de mouvements oculaires; a moins,
ccmme nous allons le préciser plus loin,
qu'on fasse les vérifications exigées par
Jouvet, qui le premier s’attaque a cet aspect
du coma.

Or, c'est ce stade de sommeil (période
des réves de Kleitman; sommeil rhomben-
céphalique rapide de Jouvet), qui imprime
au sommeil de nuit son découpage en cy-
cles si particulier a 'homme (fig. 2).

L'enregistrement prolongé de nuit dans
des salles d’hépital silencieuses, des comas
aigus, vaut la peine d’étre fait, malgré des
difficultés signalées avec raison par Pe-
llin(18).

Pellin(18) a d’ailleurs publié une obser-
vation d’enregistrement prolongé de nuit
dans le coma:

—Un garcon de 14 ans, fait une chute
de bicyclette avec traumatisme cranien et
perte de connaissance immédiate; il est en-
registré le 26e jour, pendant toute la nuit.
Sur ce premier tracé, pratiqué a l'état de
coma aigu, on enregistre un rythme de base
de 3-4 ¢/s avec quelques ondes de 1-4 c¢/s
en avant; le tracé reste identique pendant
six heures; l'activité électro-myographique
du biceps est toujours présente; les cycles
du sommeil de nuit ont donc disparu.

Aprés ce premier enregistrement, on
évacue un hématome sousdural et (60 jours
aprés) on pratique un nouvel enregistre-
ment de nuit; d’emblée on constate “la
disparition de la monotonie du tracé de
auit”; méme le rythme de veille anormal
de 5 ¢/s sur la région postérieure du crane,
subit la modulation des cycles de Kleitman;
cinq fois, entre 19 heures et 3 heures du
matin, le rythme de base ample et lent du
sommeil s'aplatit, avec fuseaux de 12-13 c¢/s
en avant et une activité de 5 c¢/s réguliere
en arriére; en ces moments s’inscrivent, en
plus des mouvements rapides des globes
oculaires, une respiration accélérée, un
rythme cardiaque ralenti, surtout lactivité
électromyographique cesse.

Cette phase appelée par Jouvet “rhom-
bencéphalique” des mouvements oculaires

Vol, 2, — Number 4. — 1961,

qui sépare les cycles, occupe 25 9% de la
durée de la nuit de sommeil; c'est la pre-
sence intermittente de cette phase qui per-
met dans le cas de Pellin, d’affirmer que
I’bypersomnie du traumatisé, se rapproche
du sommeil physiologique.

Enfin, dans un tout dernier travail;
Jouvet apporte une contribution décisive a
la disociation des comas et du commeil: se-
lon ses recherches, le syndrome de décorti-
cation (triple flexion des membres supc-
rieurs, hyperextension des membres infé-
rieurs) da aux lésions de la substance
blanche hémisphérique s'accompagne de
périodes de sommeil a ondes "rapides”
rhombencéphaliques; ces périodes occupent
20 a 25 % du cycle nychtéméral et se ca-
ractérisent par des mouvements cculaires
rapides, une disparition du tonus muscu-
laire des biceps et des variations cardio-res-
piratoires. Par contre dans le syndrome de
décérébration (avec membres superieurs et
inférieurs en hyperextension) et yeux
ouverts, avec lésion de la formation réti-
culaire pontique, et mésencéphalique posté-
rieure au niveau du noyau rouge, la con-
tracture du biceps ne se relache que pen-
dent 2 9% de la durée des enregistrements.

Sur le malade décérébré le sommeil com-
portemental et la période des mouvements
oculaires rapides ont donc pratiquement
disparu.

S’il y a plusiers types et degrés de
comas, nous connaissons au moins deux
mécanismes inhibiteurs du systeme d’éveil
responsables de deux types de sommeil:

—Ile sommeil connu depuis les premicres
recherches de Lecomis et Davis, appelé par
M. Jouvet(8) le sommeil “lent”; il nécessite
la présence du cortex hémisphérique.

— les périodes décrites par Kleitman
comme celles des “réves et des mouvements
oculaires”, par Jouvet comme “phase rhom-
boide” ou sommeil “rapide”; ce type de
tracé caracterisé chez I'homme par des fré-
quences alpha ou théta aplaties, voisin du
tracé de veille, est accompagné de mouve-
ments oculaires et de la suspension de toute
activité musculaire; il nécessite selon Jou-
vet 'intégrité de la région mésencéphalique
et de la protubérance, car il disparait si le
noyau réticulaire pontique postérieur est
détruit. Cette phase rhombencéphalique
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nécessite pour se manifester un systeme
différent de la F.R.A.A. et du cortex con-
vex des hemisphéres; il s’agit du “Limbic
Mid Brain Circuit” de Brodal et Kaada qui
relie la protubérance a I'hippocampe

(kg 3 ).

Fig. 3. — Schéma de M. Jouvet; en poin-

titié noyau RPC (réticulo-ponto—caudal),

centre déclenchant de la phase de som-

meil rapide (fig. 2); en hdchure partie

rostrale de la FRAA; en noir: en avant

voies ponto-limbiques, en arriere FR in-
hibitrice bulbaire.

Carlo Loeb(13), déja cité, a pu localiser
des lésions vasculaires dans le tronc cérébral
des comateux, tout en reconnaissant qu’il
serait “‘trop beau” de trouver dans le tronc
cérébral de 'homme des lésions compara-
bles 2 celles produites au laboratoire.

Ce fut peut-étre le cas de Kaada et Cool.
(9) qui trouvent dans un coma par lésion
vasculaire, un tracé rapide de bas voltage,
sans ondes lentes authentiques et aréactif;
'examen anatomique leur a montré les I¢é-
sions les plus sévéres dans la protubérance,
tandis que la jonction ponto-mésenceéphali-
fue paraissait épargnée.

Kaada identifie pour son malade le tracé
“plat et rapide” a celui recueilli par Battini
et Coll.(2) sur la préparation “médiopon-
tine prérrigéminale” et rapporte I'absence
des ondes lentes a la destruction des struc-
tures synchronisantes qui, selon les mémes
auteurs, sicgent dans 'extrémite caudale du
tronc.

Une telle assimilation ne va pas sans in-
convénients; car les chats médiopontins
prétrigéminaux sont plus éveillées que les
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autres; c'est pas le cas du comateux de
Kaada, qui en plus, ne réagit pas aux
stimuli. . .

Pellin a fait érat dans sa theése de 6 ma-
lades examinés au cours d’états prolongés
post-comateux (26 jours, 3 ans, 7 mois, plus
d'un an, 2 mois V3, durée non indiquée).

Grdce a Uenregistrement électromyogra-
phique, introduit par Jouvet dans I'explo-
ration du sommeil et du coma Pellin cons-
tate que ces malades décortiqués ou décé-
rébrés, avec lésions du néo-cortex, de la sub-
stance blanche ou du tronc cérébral, peuvent
montrer un état effectif “d’hypervigilance”
comme nous l'avons indiqué nous- mé-
mes (7).

Sur de tels malades, les cycles ou la
périodicité du sommeil se laisse recconnaitre
par électromyographie, grace au silence
électrique des muscles de la nuque ou du
bras; le sommeil rhombencéphalique ou
rapide dure plus ou moins longtemps, selon
que les systemes qui le commandent ont
récupéré ou non leurs possibilités fonction-
nelles.

De telles cbservations prouvent également
qu'au ceurs de la période prolongée post-
comateuse, le sommeil revient, mais avec
une répartition temporelle encore différente
de celle du nycthémeére normal.

Les rapports du coma et du sommeil

apparaissent donc trées différents, selon
qu'on examine le malade a I'état aigu ou
chronique; l'existence d'un sommeil rapide
ou “rhombencéphalique” est en train de
modifier nos techniques d’étude du coma
et nos interprétations du tracé:
—Vélectromyographie préconisée par Jou-
vet, devrait s’incorporer dans I'étude poly-
graphique des états comateux ou des pro-
longements chroniques du coma;
—Iles tracés rapides dans les comas aigus,
méritent d’étre reconsidérés a leur tour;
correspondent-ils au ménagement lésionnel
du pole antérieur du mésencéphale (pre-
paration médiopontine prétrigéminale) ou
a un systeme réticulo-protubérantiel-lymbi-
que épargné par la lésion?

Si on juge certains tracés rapides pu-
bliés par Loeb, avec réaction d'arrét, une
Iésion médio-pontine prétrigéminée devient
possible; si par contre le tracé rapide ne
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montre pas de réactivité, il y aurait lieu
de I'identifier au scmmeil rapide rhomben-
céphalique-limbique de Jouvet, avec son
¢lévation considérable du seuil.

—Enfin, posons une derniére question:
existe-t-il des réves dans les états comateux?
Si les mouvements rapides oculaires étaient
obligatoirement la traduction d'un état oni-
rique visuel, la réponse serait aisée; mais
il est infiniment plus facile “d’interroger”
un dormeur qu’'un obnubilé; et s'il n’y a
pas de réves, encore existe-t-il dans les co-
mas légers des états hallucinatoires, des
illusismes ou d’autres troubles du jugement
qui rendent la réponse difficile; peut-étre
pas impossible.

REACTIVITE dans les ETATS COMATEUX
AIGUS et POST-COMATEUX CHRONIQUES

En admettant la classification schémati-
que des comas aigus en Stade I (obnubila-
tion), stade II (coma proprement dit) et
Stade IIl (coma carus) le tableau suivant
(7), montre que la réactivité s'efface a
mesure que la conscience vigile s'atténue
ou disparait.

On peut voir que les différents modes de
réactivité, disparaissent dans un ordre assez
constant:

—quand le cocma s’approfondit, le blo-
cage des figures delta monomorphes fron-

DANS LE COMA

tales par stimulation s’atténue, tandis que
I'évocation des meémes figures survoltées sur
trace plat reste encore possible;

—I'éveil des figures delta sur tracé plat,
constitue la dernicre forme de réactivité,
avant que la continuité et la menotonie du
coma carus s'installe;

—ces figures delta monomorphes peu-
vent prendre une allure périodique spon-
tanée, en relation pourtant avec la pério-
dicité respiratoire, dans le coma de profon-
deur moyenne;

—tant que le coma ne dépasse pas le
stade de la simple obnubilation, la réacti-
vité reste présente, a condition de trouver
le stimulus approprié, auditif ou de pré-
férence nociceptif;

—la réactivité constitue, plus que la
morphologie des ondes, leur amplitude ou
leur fréquence, un indice de la profondeur
du coma. (Fig. 4, 5, 6, 7 et 8).

Ces conclusions(7) de 1959 restent va-
lables, a condition de leur accorder le sens
de probabilité statistique et non de “lois”.

Loeb(11, 12) fait quelques réserves a
leur sujet, mais il nous semble qu'il leur
a accordé une signification plus rigide que
nous,

Voyons d’abord le matériel de Loeb; sur
25 comateux, 15 montrent des anomalies
E.E.G. diffuses, plus ou moins comparables
aux tracés post-traumatiques; les autres 10,
accusent des anomalies unilatérales ou en

TABLEAU i
MODALITES DES REACTIONS D’EVEIL dans les COMAS
Blocage on
) Reéaction
Nombre EVEILS SUR TRACES PLATS d’arrét sur
Stade de delta théta +- alpha delta alpha Corrélations
cas monom alpha par. mono- cortico-
front. {- béta occ. morphe respiratoires
1. Obnu-
bilation 19 13 8 i1 L 15 7
II. (Coma) 26 22 13 16 3 5 19
III. (Coma
carus) 16 4 1 3 0 0 2
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foyer. Or, sur 15 comateux "'diffus’, wun
seul avait une réactivité considérée par
Loeb comme “"minime’”; c¢’était un comateux
léger C1 dans la classification de Loeb iden-
tique a la nétre C1, C2, C3); les autres 14
appartenant aux comas plus profonds (C2
et C3) n'avaient pas de réactivité. Sur les
7 cas avec anomalies #nilatérales, 5 étaient
des comas C2 et sur ces 5, dans 2 cas, la
réactivité était minime, dans 3 abolie; enfin
le seul coma C3 unilatéral avait également
la réactivité abolie.

Mais, du moment qu’il y a contradiction
méme apparente, c'est quon emploie les
mémes termes avec des sens différents, ou
que la technique n’est pas la méme. ..

L'atténuation ou la disparation de la
réactivité, se retrouvent avec une bonpe
probabilité¢ dans les comas profonds; mais
cette concordance électro-clinique ne four-
nit pas d’éléments pronostiques, si elle n'est

relevée qu'au cours d'un seul envegisive-
ment; la réactivité E.E.G. n’informe que
sur I'état fonctionnel du cortex de la con-
vexité et indirectement sur l'efficience des
structures souscorticales de modulation; le
cortex de la convexité n’est pas tout l'en-
céphale et encore moins tout l'crganisme.

Et, le pronostic vital est surtout fonction
de I'état circulatoire et respiratoire des va-
riations métaboliques ou thermiques.

Enfin, disparition ou retour de la réacti-
vité acquicrent une signification tres diffé-
rente dans un coma aigu ou dans ses pro-
longements chroniques.

Pour les comas aigus, 1'éticlogie, I'éten-
due et la réversibilité des lésions dominent
le pronostic.

Ainsi sur notre matériel(7), nous avons
compté 10 comas aigus avec décérébration;
9 cont décédés, un seul a guéri; mais il
s'agissait pour ce dernier d’une intoxication
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Stade III, pas de réactivite.
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Fig. 5. — C., 13 ans, coma I apres
arterzogmpme cammdlenne gauche.
A. Une heure apres: coma léger;
bouffées monomorphes  apparues
apres un coup de sszlet cette reac-
tivité n’existe pas a gauche (coté
artériographié); B. 4éme jour; les
figures monomorphes deviennent
symétriques., C, D et E conscience
normale, 8 jours, 2 semaines, 4 mois
aprés; on voit que les figures mo-
nomorphes existent méme sans trou-
ble de la conscience, mais s'accéle-
rent avant de disparaitre, N. Les fi-
gures éelectriques anormales ne sont
donc pas liées au coma mais a une
lésion en régression; la conscience
perturbée constitue la conséquence
physiologique et le coma la consé-
quence psychologique de la lésion
hémisphérique gauche.
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AVANT STIMULATIONS
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au gardénal. Malgr¢ l'absence de toute
réactivité électrique au moment de l'enre-
gistrement, le malade a guéri sans séquelles
parce que la substance toxique a pu étre
¢liminée, avant que des perturbations ve-
gétatives iréversibles s'installent.

Par contre, parmi les malades décédés,
deux avaient conservé une certaine réacti-
vité; les stimuli faisaient apparaitre des
ondes delta monomorphes et accéléraient la
respiration.

Il s'agissait chez le premier d’'un anévris-
me intra-cranien, chez le second d'une en-
céphalie, affections qui se sont terminces
par mort, du fait des lésions quelles ont
entrainées.

Parmi les 10 comas aigus par encéphalo-
pathie anoxique de Miralli€(15), nous re-
tenons trois, pour discussion:

—pour le premier, il s'agit d'un arrét car-
diaque brutal au cours d'une pneumecto-
mie; les battements cardiaques reprennent
aprés massage du coeur et le malade entre
dans un coma de stade III avec polypnee
marquée et hypertonie de décortication. Les
2 premiers jours, le trac¢ ne montre aucune
réactivité; le 3e jour, la réactivité commen-
ce a revenir, mais le 7e jour, le malade
meurt brusquement. A 'autopsie on trouve
une énorme thrombose de l'artére pulmo-
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Fig. 7. — L. R., 62 ans, coma II, co-

rrélations entre lactivité monomor-

phe, Uapnée, la bradycardie et la

pupille; la réduction de lactivite

monomorphe s'accompagne d’upnée,

bradycardie, myosis et disparition
du réflexe cornéen.
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naire; le retour de la réactivité témoignait
d’'une amélioration fonctionnelle au niveau
du Systeme Nerveux Central, tandis que
I'embolus pulmonaire évoluait pour son
propre compte, avec ses graves conséquen-
ces.

—La seconde observation concerne un coma
anoxique apres obstruction bronchique, due
a I'inhalation de matiéres vomies durant la
nuit; le coma III initial, est suivi d’'une
inconscience prolongée avec décés au 47e.
jour; la réactivité réapparait au l4e. jour
et reste présente jusqu'a la fin; mais le
pronostic vital se préparait au niveau des
poumons;

—plus significative est la troisieme obser-
vation publiée et par nous(7), et par Mi-
raillé. 1l s’agit de’'un arrét cardiaque d’en-
viron 5 minutes au cours d'une intervention
sur la moelle cervico-dorsale. La malade
montre un tracé nul, 15 minutes apres la
syncope et se trouve en inconscience com-
plete avec aréflexie et paroxysmes de con-
tracture, A partir du 4e jour, les réflexes
reviennent, la malade ouvre les yeux, com-
prend et exécute les ordres, mais ne sait
plus parler; l'activit¢ delta et théra revient
a son tour, et la réaction d’arrét s’ébauche.
Les jours suivants, I'état neurologique con-
tinue a s'améliorer et la malade ¢écrit lisi-
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blement sur une ardoise; scn trace devient
presque normal avec une bonne réaction
d’arrét. (Fig. 9).

Mais pendant que les suites de I'accident
anoxique s'effacent et qu'elle récupere un
E.E.G. normal, la malade fait une localisa-
tion pulmonaire fébriie et meurt brusque-
ment le 12e. jour.

A ]aut0p51e on constate des lésions pu.
monaires congestives et une compression
médullaire brutale au niveau de C7-DL.

Dans ces cas de comas aigus allant jusqu’a
'aréflexie totale, I'absence de réactivité du
tracé est quasi constante au stade initial.

Si le malade reste en vie pendant quel-
que temps, on peut assister a l'allegement
du coma, a la réapparition des réflexes cé-
phaliques, au retour d’un tracé normal et
de la réactivité E.E.G.

La normalisation du tracé et la réappa-
rition de la réactivité électrique, constituent
dans I'immédiat un bon signe de récupe-
ration cérébrale.

Néanmoins, le pronostic vital de ces ma-
lades dépend également de leur état cardio-
pulmonaire.

Dans les prolongements chroniques des
comas, connus sous les noms d’inconscience
prolonge syndrome apalique, complexe
anoétique, stupeur hypertonique, il s'agit
presque toujours d'une encéphalopathie
post-traumatique ou anoxique(19); ces
états se caractérisent par la régularisation
de la vie végétative avec démence ou''vide
mental” perte de communication avec le
monde externe, manque de compréhension
et d’exécution des ordres recus, hypertonie
de décérébration ou de décortication; ['as-
pect somatique est celui de veille avec les
yeux ouverts et le regard vide ou doulou-
reux.
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Fig. 8. — Z. W., 42 ans, coma carus

I1I; trace monotone, sans réactivite;

pas de réactivité vegétative; tachy-
pnee, tachycardie,

1 5EC

Chez ces malades, 'hypersomnie du coma
a totalement disparu pour faire place quel-
quefois a une hypervigilance; il faut guet-
ter des heures pour surprendre une courte
période de chute des paupieres — facile-
ment obtenue par une injection de nem-
butal.

Du point de vue histologique, ces ma-
lades montrent presque régulierement une
déginérescence diffuse de la substance blan-
cie sous-corticale avec respect relatif du
cortex; décrite par Mme S. Strich(11) et
confirmée par M. Trillet(19), cette lésion
explique mieux qu'une atteinte de la FRAA,
rarement constatée et le “vide mental” de
ces malades et leur décortication.

Par ailleurs, certains de ces malades (2
sur 9 dans notre série) montrent apres
allegement de I'hypersomnie, une réaction
d'arrét qui  manquait au moment du
coma(7).

Lundervolt(1) dans une observation bien
connue, avait signalé le retour de la reéac-
tion d’arrét 15 mois apres l'accident ano-
xique suivi de coma initial.

De méme, sur 5 cas d'encéphalopathie
anoxique, Trillet(19) vit réapparaitre la
réactivite 3 fois, il s’agissait d’une réacti-
vit¢ faible ou recueillie sur des électrodes
profondes.

Dans ces observations, la réactivité revient
tard, a une période ou I'hypersomnie et les
troubles végétatifs se sont dissipés; certains
secteurs du systtme modulateur de la vi-
gilance, ayant échappé a la destruction
aigué récuperent leurs fonctions cu se font
remplacer par des éléments épargnés au
moment du coma initial; ainsi arrive a se
maintenir cette conscience fruste (crude
consciousnes de Cairns), qui rappelle la pé-
riode de récuperation du chien de Goltz

Vol. 2, — Number 4, 1961.
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privé de ses hemispheres, ou du chien de
Sager ayant subi d’énormés destructions di-
et mesenceéphaliques.

Enfin, nous avons observé 10 enfants
atteints de dissolution psychomotrice tota-
le, aprés une méningite tuberculeuse; deux
a quatre ans et demi aprés le coma initial,
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Fig. 9. — H., 57 ans, Syncope péropéra-

toire. A. Un quart d’heure apres, tracé

nul. B. 10 jour apres, retour d'un EEG
normal, avec réaction d’arrét.
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ces enfants stupides et calmes, sans aucune
possibilité de contact parlé, compréhension
visuelle ou auditive, ont récupéré un rythme
nycthéméral normal. Réveillés le matin,
ils ouvrent les yeux; ils dorment la nuit
avec les yeux fermés.

Quelques-uns de ces malades présentent
une réactivité électrique incontestable (fig.
10); cette réactivité ne saccompagne d’au-
cune récupération psychomotrice, mais le
retour du nychtémere et des fonctions vis-
c¢rales, leur permet de survivre, a condition
qu’iis soient alimentes a la sonde, qu’on leur
¢vite les escarres par un nettoyage et un
entretien continu de la peau.

Dans ces cas, le retour de la réactivité
s'inserre dans un bon pronostic wvital et
dans un misérable pronostic fonctionnel.

La réactivité aux stimuli externes et ses
diverses modalités ne reste donc pas iden-
tique le long des semaines ou des mois;
son absence ou sa présence, a I'occasion
d'un seul enregistrement, constituent un
indice de profondeur du coma pour le mo-
ment de l'enregistrement; mais pas pour
toute la durée du coma.

A ces considérations d'ordre temporaire
et eévolutif, nous devons ajouter un dernier
aspect: la réactivité peut s'exercer sur un
territoire et étre abolie sur un autre, au
cours du méme examen.

Tel fut le cas chez certains malades de
Loeb, a lésions vasculaires hémisphériques
unilatérales.

La réactivité du trac¢ E.E.G. constitue
donc un indice, soumis a de nombreuses
variantes quantitatives ou qualitatives, tem-
porelles ou topegraphiques; ce n’est pas
une réponse globale de l'organisme; car
pendant que le cerveau récupére, des acci-
dents cardio-pulmonaires peuvent contre-
carrer et réduire a néant la récuperation
du cerveau.

Enfin, la réactivité du tracé E.E.G. ne
constitue qu'un des facteurs de la réactivitée
générale. Dechaume et Jouvet(20), distin-
guent dans les troubles prolongés de la
conscience: une perception de degrés diffé-
rents (P); une réactivité (R) aspécifique
(réflexe d’orientation et réaction d’éveil);
une réactivit¢é mimique a la douleur (D);

b
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une réactivité végétative (V), dans laquel-
le le stimulus noci-ceptif entraine des mo-
difications du rythme cardiaque ou respi-
ratoire.

Les auteurs lyonnais, notent leurs mala-
des avec des lettres et des numéros croissants
(21 PP E4.P S B.1R2ES;
D1, D3, D4 V1etV 2) selon que la
perception ou les différentes réactivités se
dégradent.
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Fig. 10. — Tracés da 10 enfants atteints

de dissolution psycho-motrice aprés co-
mas dus a une meéningite bacilluire; deux
a quatre ans apres le coma aigu, tous
dorment la nuit et se réveillent le matin.
En 2, 4 et 6, la réactivité est revenue,
malgré le deéficit meurologique et
psychique total.

Cette notation facilite une séméiologie
précise, une comparaiscn des examens d'un
jour a l'autre et la constitution de courbes
évolutives.

En cherchant la réactivité électrique de
la convexité hémisphérique, telle qu’elle se
laisse enregistrer sur le cuir chevelu, nous
employons les mémes stimuli que les cli-
niciens; la réponse, par contre, est parti-
culiere, car elle provient directement de la
convexité des hémispheres, sans l'intermeé-
diaire d'un effecteur périphérique.
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En suivant I'école lyonnaise, nous devrions
a notre tour, mieux définir les stimuli em-
ployés; pour toute réactivité, il y aura lieu
de noter:

ceptif; son intensité; sa répétition; son con-
tenu significatif; il ne suffit pas de cons-
tater que le tracé du comateux est réactif,
encore faut-il savoir a quoi il réagit;
—le type de tracé sur lequel s'exerce le
stimulus; les activités cérébrales lentes, am-
ples, mcnotones ne se laissent pas modifier
par les stimuli; d’autres plus rapides, ou
plus plates, se modifient plus facilement
avec des réponses survoltées:
—la morphologie de la réponse: survoltée
sur un tracé plat, sub-voltée sur un tracé
ample, elle prend de nombreux aspects
morphologiques et topographiques en fonc-
tion de l'activité qui précéde le stimulus.
Ainsi, dépouillée du caractere de “maitre
symptome”’, qu'en voulait a tort lui actri-
buer, la réactivité du tracé E.E.G., faisant
corps avec la réactivité clinique, rendra
service en nous informant un peu, sur ce
qui se passc dans le cerveau du comateux.

CONCLUSION

D’année en année, I'Electro-Encéphalo-
graphie clinique devient plus prudente et
plus modeste.

A l'exception de certaines épilepsies,
I'E.E.G. ne permet 4 elle seule, ni un diag-
nostic, ni un Pronostic.

Mais elle s'incorpore a la démarche diag-
nostique et pronostique, dans la mesure ou
celui qui interprete les tracés, les considére
comme une centinuation de la clinique et
les manipule avec discernement et possede
le sentiment des limites imposées par la
méthode méme.

Tel fut le cas de 'examen E.E.G. des
états comateux: sous-estimé au début, sur-
évalué par la suite, il se trouve ramené, nous
voulons le creoire, a une plus juste valeur
aujord’hui.

En ce qui concerne la réactivité du tracé
E.E.G., sans faire de sa présence un signe
de bon pronostic vital, nous pensons qu'’il
vaut mieux pour un comateux de réagir
aux stimuli, que de ne pas réagir. ..

Vol. 2.
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RESUME

1. L’auteur a exposé ses constatations
sur les comas en 1957 au Congres Interna-
tional des Sciences Neurologiques de Bru-
xelles et deux ans plus tard dans “Obnubila-
tions, comas €t stupeurs’’ publié¢ en collabo-
ration avec P. Mathis.

Deux notions se sont dégagées de ces
travaux poursuivis depuis 1945:

—la réactivité d’un tracé E.E.G. de coma
a plus de valeur que le type des rythmes,
la morphologie ct la fréquence des figures
¢lectriques;

—Ile coma ne se réduit pas a une hyper-
somnie; c’est une perturbation grave de la
vie du cerveau et de l'organisme accompa-
gnée a I'état aigu de signes comportemen-
taux de sommeil.

2. Malgré quelques objections, la réappa-
rition de la réactivité E.E.G. reste un indice
favorable de récupération cérébrale a con-
dition qu’il n'y ait pas des complications
cardio-pulmenaires ou d’autres viscéres qui
acsombrissent 1'évolution.

3. Les recherches récentes de I'école de
Lyon, développées sous l'influence de P.
Jouvet confirment en tout la distinction
proposée entre le sommeil physiologique
et les différents états comateux ou leurs
prolongements chroniques.

Les cliniciens de Lyon cnt constaté

comme nous que l'hypersomnie —symp-
tome passager du coma aigu— peut se
transformer dans un état particulier d’hy-
per-veille si le malade est maintenu en
vie.

4. En enregistrant I'électromyogramme
des muscles fléchisseurs et en considé-
rant le tonus musculaire en relation avec
le tracé E.E.G. 'école de Lyon a démontré
que l'atténuation de la conscience et I'hy-
persomnie du ccma aigu réfléchissent une
perturbation dans la F.R.A.A.; par contre le
sommeil physiologique avec sa périodicite
et sa période rhombencéphalique des mou-
vements cculaires, nécessite un “Limbic
Mid-Brain Circuit” indemne,

5. Grace aux développements des études
anatomopathologiques et neurophysiologi-
ques des dernicres années, les comas de
décortication et de décérébration commen-
cent a étre différenciés a la lumidre de deux
systemes distincts: cortex de la convexité
F.R.A.A. (F. Brenner, H. Magoun, G. Mo-
ruzzi et coll.); “Limb-Mid Brain Circuit”
de Brodal et Nanta, mis en valeur par M.
Jouvet.

La réactivité dans les lésions intéressant
des structures si distinctes, devra étre a son
tour reconsidérée sous cette nouvelle opti-
que.

RESUMEN

1. El autor ha expuesto sus comproba-
ciones en cuanto al coma en 1957 en el
Congreso Internacional de Ciencias Neuro-
légicas de Bruselas y dos afos mas tarde
en “Obnubilaciones, comas y estupores”,
publicado en colaboracion con P. Mathis.

De estos trabajos, llevados a cabo- desd=
el ano 1945, se desprenden dos nociones:

—1la reactividad de un trazado E.E.G. de
coma tiene mas valor que el tipo de rit-
mos, la morfologia y Ia frecuencia de las
ondas eléctricas;

—el coma no se reduce a un hipersomnio;
es una perturbacion grave de la vida del
cerebro y del organismo, acompanada en su
estado agudo de ciertos signos del sueno.

2. A pesar de algunas objeciones, la rea-
paricién de la reactividad E.E.G. sigue sien-
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do un indice favorable de recuperacion del
cerebro, siempre y cuando no haya com-
plicaciones cardiopulmonares o de otras
visceras que agraven la evolucion.

3. Las recientes investigaciones de la es-
cuela de Lyon, desarrolladas a instancias de
P. Jouvet, confirman totalmente la distin-
cion propuesta entre el suefio fisiolégico y
los diferentes estados comatosos agudos o
sus prolongamientos crénicos.

Los clinicos de Lyon han comprobado al
igual que nosotros que el hipersomnio
—sintoma pasajero de coma agudo— puede
transformarse en un estado especial de hi-
pervigilia si el enfermo permanece con
vida.

4. Registrando el electromiograma de
los musculos flexores y considerando el
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tono muscular en relacion con el trazado
E.E.G. la escuela de Lyon demostro que la
atenuacion de la conciencia y el hipersom-
nio del coma agudo reflejan una perturba-
cion en la F.R.A.A.; contrariamente a esto
el sueno fisiolégico con su periodicidad y
su periodo romboencefilico de los movi-
mientos oculares, implica necesariamente un
“Limbic Mid-Brain Circuit” indemne.

5. Gracias al desarrollo de los estudios
anatomopatolégicos y neurofisiologicos de
de los ultimos anos, los comas de decorti-

cacion y de decerebracion comienzan a
ser diferenciados a la luz de dos sistemas
distintos; corteza de la convexidad — F.R.
A.A. (F. Brenner, H. Magoun, G. Moruzzi
y colaboradores); “Limb Mid-Brain Cir-
cuit” de Brodal y Nanta, subrayado por
Jouvet.

La reactividad en las lesiones que afec-
tan estructuras tan distintas, debera ser a
su vez reconsiderada bajo este nuevo en-
foque.

SUMMARY

I. The author exposed his assertions on
comas in 1957 at the International Congress
on Neurological Science in Brussels and
also two years later in "Obnubilations,
comas and stupors” publicated in collabora-
tion with P. Mathis.

Two notions result
carried on since 1945:

—the reactivity of E.E.G. pattern in
coma is more important than the kind of
rhythm, or the morphology and frequency
of electrical waves;

—coma does not mean only hypersomnia;
it is a serious disturbance in brain and
body’s life associated in its acute state to
some of the aspects of sleep.

2. In spite of some objections, the
appearance of E.E.G. reactivity remains a
favorable index of cerebral recovery as long
as there are no cardiopulmonar or other
complications to darken the evolution.

3. The recent research carried on by
the school of Lyon under P. Jouvet’s in-
fluence totally confirms the proposed dis-
tinction between physiological sleep and
the different states of coma and their
cronic prolongations.

from this work

The clinicians of Lyon have proved as
well as we did, that hypersomnia —transi-
tory symptom of acute coma— may become
a particular state of hyper-wakefulness if
the patient is kept alive.

4. By recording the electromyogram of
the flexing muscles and by considering
muscular tonus related to E.E.G. pattern,
the school of Lyon has shown that cons-
cience attenuation and hypersomnia of
acute coma reflex a perturbation on the R.F.
A.A.; on the other hand physiological sleep
with its periodicity and its rombocephalic
period of the eye movements needs an
undamaged Limbic Mid-Brain Circuirt.

5. Thanks to the latest developments
in anatomopathological and neurophysiolo-
gical studies, decortication and decerebra-
tion comas are being distinguished under
the light of two different systems: convexity
cortex — R.F.A.A. (F. Brenner, H. Magoun,
G. Moruzzi and coll.); Limb Mid-Brain
Circuit by Brodal and Nanta, corroborated
by M. Jouvert.

Reactivity of the lesions affecting such
different structures shall have to be recon-
sidered according to this new view.

ZUSAMMENFASSUNG

1. Der Verfasser hat seine Feststellungen
ueber Koma 1957 auf dem Internationalen
Kongress fuer Neurologische Wissenschaf-
ten in Bruessel, und zwei Jahre spaeter in
der zusammen mit P. Mathis veroeffentlich-
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ten Monographie “Obnubilationen, Komas
und Stupor” auseinandergesetzt.

In diesen Arbeiten, die seit
durchgefuehrt worden sind, heben
zwei Dinge hervor:

1945
sich
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—Die Reaktivitaet eines EEG im Koma
hat groesseren Wert als der Rhythmustyp,
die Morphologie und Frequenz der elek-
trischen Figuren.

—Das Koma ist nicht nur ein "“Uebers-
chlaf”’; es ist eine ernste Lebensstoerung
des Gehirns und des Organismus begleitet
von einem akuten Zustand von Symptomen
die dem Schlaf eigen sind.

2. Trotz einiger Objektionen bleibt dies
Wiedererscheinen der EEG-Reaktivitaet ein
guenstiges Zeichen der Erholung des Ge-
hirns unter der Bedingung, dass keine
kardiopulmonaeren Komplikationen oder
die anderer Organe die Evolution ver-
schlimmern.

3. Die neueren Forschungen der lyoner
Schule unter dem Einfluss von P. Jouvet
bestaetigen vollkommen die vorgeschlagene
Unterscheidung zwischen physiologischen
Schlaf und den verschiedenen akuten
komatoesen Zustaenden, die sich in einen
besonderen Zustand des Ueberwachseins
umwandeln koennen, wenn der Kranke am
Leben erhalten wird,

4. Indem die lyoner Schule ein Elektro-

myogramm der Flexoren gemacht und den
Muskeltonus in Bezug auf das EEG
betrachtet hat, bewies sie, dass die Min-
derung des Bewusstseins und der “Ueber-
schlaf” des akuten Komas eine Stoerung im
FRAA widerspiegeln; dagegen benoetigt
der physiologische Schlaf mit seiner Perio-
dizitaet und seiner rhombencephalischen
Periode der Augenbewegungen einen intak-
ten “Limbischen Mittelhirnkreislauf”.

5. Dank der Entwicklung der patholo-
gisch —anatomischen und neurophysiolo-
gischen Studien der letzten Jahre, beginnt
das Entrindungs— und Enthirnungs— Koma
im Licht zweier verschiedener Systeme zu
differenzieren; Konvexitaetsrinde —F.R.
A.A. (F. Brenner, H. Magoun, G. Moruzzi
und Mitarb.) “Limbus-Mittelhirnkreislauf”
von Brodal und Nanta, die durch M. Jou-
vet in iher Bedeutung hervorgehoben
worden sind.

Die Reaktivitaet bei Laesionen von so
verschiedenen Strukturen muss ihrerseits
unter diesem neuen Gesichtspunkt wieder-
studiert werden.
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Insulin Coma

VICTGR SORIANO,

John F. Fulton’s

As a consequence of high doses of insulin
given to psychiatric patients submitted to
insulinic shock treatment, very low rates of
glycemia are obtained in them, which leads
to deep changes in the nervous function.

The respiratory quotient of the brain is
equal to unity —Himwich and Nahoum
(101, Himwich which means that
glucose is its main substrate in the origin
of its energy. This is very important
in explaining the preceding paragraph.

When glycemia rates decrease to about
20 to 30 mgrs. per cent or less, stupor and
a state of coma may appear; if this state
becomes accentuated (glycemia usually is
between 10 mgrs. and 0 %) great bio-
chemical and electrophysiological distur-
bances accompany the clinical picture.

Blood normally provides the central ner-
vous system with a much higher quantity
of glucose than the brain needs —Faze-
kas'"'— the proportion berween what is
available and what is strictly necessary is
10 to 1. It is therefore surprising to find
a coma state when glycemia is about 30
mgrs. per cent, and when there still is
excessive glucose to satisfy the neurons’
needs. It is certainly very difficult for it
to pass from the blood into the nervous
elements, which means that it has a low
permeability quotient.

In the hypoglycemia state the brain’s
oxygen consumption is diminished. The ce-
rebral blcod flow remains without change.

Sometimes insulinic coma is irreversible;
prolonged hypoglycemia brings about a
deficiency in cerebral energy, leading to
definitive neuronal disturbances. This se-
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rious situation is caused by the prolongaticn
and depth of coma. In this case cerebral
blood flow decreases progressively; this does
not cceur in current cases of insulinic co-
ma; a gradual increase in the vascular re-
sistance of the brain is observed, and there
is a very low oxygen consumption, which
has to be attributed to disturbances in en-
zymatic activity.

The amount of insulin needed to provoke
the low rates of hypoglycemia noted above,
differs from one patient to another. There
is no strict parallel between glycemia figu-
res and conscience state. In addition to the
individual differences there are psychical
ambiental factors that may favour or impede
the appearance of coma. It is difficult to
bring an apprehensive, watchful, skeptic
patieat to coma. If there are various sen-
sitive stimuli around, such as light, noises,
moving percons, application of instruments,
punctions, etc., these are factors which
make it more difficult for the patient to
lose ccnsciousness.

The insulinic shock presents, besides in-
sulin excess, hypoglycemia, metabolic chan-
ges in fat and proteins, accompanied by
some other changes, some of them very
significant and closely connected with the
increase of glucose metabolism. Potassium
diminishes, and also inorganic phosphates
— Harris and col.'?’, Thorley and Kay'%',
Kay and Thorley''*' — going with the
glucose of extracellular fluid to the cell,
and aminoacids and acetylcholine.

The hemoconcentration resulting from
abundant sweating provokes an increase
cf preteins and scdium and a decrease of
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chlorides. Serotonine increases. There are
hormonal changes, some of them being of
little significance as the ones related to
sexual hormones, thyroid, glucagon and
prolactin; others are very important such
as the effect on the ACTH and the hormone
of growth and the lowering of their levels.
The influence on the metabolism of adre-
naline and the 11-17 oxicorthicosteroids are
to be considered also.

up at intervals until they are completely
detached from the environment.

They enter a phase of akinetic mutism
during which they remain with their eyes
open; when the observer threatens the pa-
tient with his hand a positive blinking
response is obtained.

There is no possibility of obtaining an
answer to any kind of request. Later on,
coma increasing in depth may set in. Du-
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CLINICAL MANIFESTATIONS

Patients fall progressively into coma;
they become apathetic, their answers are
slow and it is observed that first of all they
become unable to solve easy calculations.
When hypoglycemia is more advanced
they stop answering, they stare with an
apparent effort to understand a ques-
tion; some patients, moments after the
question has been changed, answer the
previous one, others repeat always the
same answer. They seem to fall asleep; at
the beginning they may sometimes wake
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Fig. 1. — When EEG
slows down there is
deviation, Rapid res-
ponse of mnystagmus
diminishes or
disappears.

ring the patient’s evolution to coma a period
of psychomegtor excitement may occur; dur-
ing this period, if he has not been given
a sedative, the patient shakes, turns about
in his bed while he pronounces expressions
going from lamentations to insults; if he
is not held tightly he falls from his bed,
hurting himself against the floor. Myo-
clonus of different parts of the body, head,
eyelids, lips, chin and extremities may be
observed; at the beginning they are localiz-
ed, later on they spread and generalize
synchronically and a real convulsion with
post convuisive coma may occur. Sometimes

Vol, 2, — Number 4, 1961,
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the patient recovers partially from his un-
censciousness to follow the evolution to-
wards insulinic coma.

Important neurological changes are ob-
cerved in somatic and autonomic functions
during the evolution of hypoglycemia.

At the beginning muscular tonus may
diminish and hyperpasivity and hyperexten-
sibility in the extremities are observed;
before falling into coma during a previous
period of akinetic mutism, temporary states
of hypertonus in flexion or extension may
appear in some cases.

Besides, other neurologic manifestations
may be observed; it is common to detect
asymmetries, as if the modifications of the
nervous tissue which accompany the meta-
bolic perturbation were not exactly the
same on both sides. In more advanced pe-
riods tonic manifestations are originated
with flexion in the upper extremities and
extension in the lower ones.

GLUCCSE ofoo
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Fig. 2. — Curve of glucose in blood (con-
tinuous line) and in CSF.

Some patients evidence torsion spasms
during this period. Later on, the flexed ex-
tremities become extended and then all
four extremities remain extended. Every-
thing occurs as if the descending reticular
function would maintain its action on the
muscular tonus, free from inhibiting in-
fluences of other nervous structures having
been perturbed earlier by hypoglycemia,
(Himwich’s mesencephalic and premience-

phalic periods). When coma becomes more
Yol. 2.

—— Number 4. - 1961,

profound (myelencephalic period) a uni-
versal depression of the nervous function
is produced accompanied by hypotonus,
generalized arreflexy, very often then with
concomitant loss of the cornean reflex. Be-
fore arriving at these last phases which are
very dangerous for the life of the patients,
we have sometimes seen that reflectivity is
much diminished or abolished.

During hypoglycemia profound reflecti-
vity experiments interesting modifications:
reflexes often become hiperactive, someti-
mes polycynetic and occasionally are accom-
panied by clonus. There are patients in
which increased responses are diffuse; in
others they occur in some of the reflexes;
asymmetry in the responses is frequently
observed. During the evolution of hypo-
glycemia the same reflex changes the way
of presenting itself, it increases and declines.

The plantar cutaneous reflex usually
changes its response; it is done in extension
(sign of Babinski). This phenomenon is
related to the changes previously mentioned
affecting the pyramidal system. Some pa-
tients show the Babinski’'s sign simulta-
neously in both extremities, others begin
with a unilateral Babinski and the other
cutanecus plantar indifferent, and after-
vzards both cutaneous plantar become in
extension.

During hypoglycemia some abnormal re-
flexes may appear, for instance the reflex
of Toulouse Vulpas (percussion on the
lips’ orbicular, its abnormal answer con-
sists in its contraction, sometimes the forma-
tion of a snout); Its existence means
diffuse suffering of the brain or lesions on
both hemispheres; in some patients it be-
comes positive in early periods of hypo-
glycemia and increases as time goes by and
decreases afterwards. For an example we
mention the evolution of this reflex in one
of our cases: “three hours after the injec-
tion of 160 insulin units; the patients show-
ed a state of akinetic mutism accompanied
by a weak Toulouse Vulpas, 20 minutes
later the reflex increased; the patient re-
mained in the same state until 3 hours 40’
after the injection; 4 hours later the reflex
became weaker and 10 minutes later it was
not obtained any more”. The appearance of
this pathologic reflex is not a constant fact.
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A true sucticn reflex my appear, as if
the releases produced by the process made
the functicnal expression cf the nervous
system go back to more primitive ontoge-
nical periods.

LABERINTHINE STIMULATION

Tais kind of cbservation has given us
interesting results. We have produced these
stimulaticns intzoducing cold water into the
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pid response diminished and afterward dis-
appeared, leaving the eyes with a clear de-
viation toward the irrigated side.

We have obrained deviation without
quick response in a case with a very slow
electroencephalogram, without the patient
being uncenscious, and being hardly asleep;
but it was possible to communicate with
her and she answered simple questions.
When there is unconsciousness, the same
phenomenon is observed with conjugated
leviation cf the head and of the eyes; on
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Figure 3 Figure 4
Fig. 3. — Asymmetry between right and left temporoparietal leads.
Fig. 4. — Painful stimulation on face. No changes.

external auditory canal. The volume of
water used was of 60 to 100 c.c. Usually the
patients were also under electrcencephalo-
graphic coatrol. The results obtained were
varied.

We observed the following: that in cons-
cious patients and with minor electroence-
phalographic alterations, the laberinthine
reaction was not largely beyond the normal,
nystagmus appeared towards the opposite
side of the irrigated ear and a sensation of
vertigo while nystagmus lasted. But when
the electroencephalogram showed a pro-
nounced slowness and above all when there
was obnubilation of conscicusness, the ra-
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cne occasion, when the patient had her
head rotated to the right, the stimulation
of the left ear caused the deviation of the
eyes to the left, while the head remained
rotated to the right.

We will mention the following case: a
patient had had an injection of 200 u. of
insulin. 4 hours thereafter we found just
traces of glycemia.

She was torpid but not unconscious, the
record became slower with an abundance
of delta and theta rhythms; the prick on
the face shows lack of reactivity in the
clectroencephalographic  record. At this

point the spray of cold water, instead of
- 1961.
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ciusing nystagmus as on previous occasions,
showed a clear deviation. At 4 hours and
13 minutes, we noticed that upon stimulat-
ing the right ear, the eyes, before deviating
tc the right, wandered as if there existed
and internuclear paralysis, the left eye roll-
ed to the centre and upwards, the right
rclled slowly on a horizontal level; later
both eyes were fixed on the extreme lateral
right for two minutes.

One cf our patients was very agitated
before becing in state of akinetic mutism

Figure 5

A review of studies invclving the auto-
nomic system as reflected in the Mecholyl
or Funkestein Test have been made by Ben-
nett *'. Intense dehydratation is a very
impertant syndrome of early appearance
during the insulinic shock.

Patients evidence abundant and charac-
teristic sweating. Other symptoms help to
uc:ydrantmq. an increase of the gastric
secretion has been proved (this is easy to
appreciate with the same tube through
which the patient receives the syrup that
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Figure 6

Fig. 5. — Stimulation lasts 12 seconds. Very short response.
Fig. 6. — At the end of 12 seconds stimulation. No changes.

and later in coma. Contrary to what usually
was seen the electroencephalogram was
hardly slow during unconsciousness. How-
ever laberinthic stimulation always produced
a clear ocular deviation. When coma was
deeper, cold water originated no response.
[n this case ocular deviation was not related
o a slow electroencephalogram; but it was
to a decrease of consciousness,

AUTONOMIC MANIFESTATIONS

In the autonomic manifestations modifi-
cations take place which have deserved
several studies.

Vol, 2. — Number 4. - 1961.

takes him out of coma) which reaches 800
c.c. in scme cases ;abundant salivation; tears
are frequent; urine emission is increased
and in certain comas pulmonary hyper-
ventilation appears.

The elimination of fluids provokes an
augmentation of osmotic concentration in
the interstice, which leads to the cell’s loss
of water as a compensation; this means
cellular dehydratation. The patients com-
plain of strong thirst and lose weight, Bi-
llet and Cols. %/,

Arierial pressure falls slightly at the
beginning, but later shows a tendency to
increase cometimes to high degrees. Cura-
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neous capillaries evidence a certain degree
of hypotony in their walls; after rubbing

the skin of the abdominal wall, a frank
and persistent reddening band is originated
like the meningeal line of Trousseau, des-
cribed as sign of meningeal syndrome;
may be found in

which as it is known,
other clinical pictures.

(in prolonged comas the injection of potas-
sium chloride may be of benefit); there is
an increase of adrenalin (one reason for
arterial pressure to elevate), and serotonine
diminishing of aminoacid and of acethyl-
choline; there is a modification in ACTH
and in 11-17 oxicorticosteroids. Bennett *'
reviews studies with the glucose and Insulin
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Figure 7 Figure 8
Fig. 7. — Patient is drinking sirup.
Fig. 8. — Patient taking sirup by tablespoon.

Pulse accelerates and pupils dilate and in
advanced hypoglycemia lose their light
reactions.

HUMORAL PICTURE

As we have explained above hypoglyce-
mia is neither in close parallelism with
the injected insulin nor with the clinical
findings. During the insulinic shock a ten-
dency to increase, or at least to retain, the
sodium ion is observed; a diminishing of
potassium, which follows that of glucose, and
the PO 4 ion, and produces electrocardio-
graphic alterations, hypotonus, diaphrag-
matic paralysis, lethargy, loss of weight;

344 ~

Tolerance Tests; and on the contrainsulin
hormones.

Correlation between the glucose of blood
and the cerebrospinal fluid during
hypoglycemic shock

We have studied the correlation between
the decrease of glucose in blood and the
cerebrospinal fluid. For this purpose we
made blood and cerebrospinal fluid extrac-
tions before and after the insulin injection,
and after the glucose injection or the in-
gestion of syrup. Every half an hour or
hour samples were taken.

We observed some facts worth mention-
1961.
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ing: a) The decrease of glucose in the blood
is much quicker than in the cerebrospinal
fluid. More than 2 hours may pass before
a significant change is observed in the va-
lues of glucose in CSF, and the fall of
glucose follows a curved line with much
less slope than in the blood. b) During our
cbservations, which took periods of 4 to
hours after the insulin injection, glycemia
reached a lower value than the glucose in

fluid is not a mere osmotic phenomenon;
there is a real cellular activity (perhaps
there is utilization of glucose in the ner-
vous and glial tissue adjacent to the cerebro-
spinal fluid, Darson *’) which is surely
enormously disturbed during the insulinic
shock.

In some patients we made correlative
studies of potassium, sodium, calcium and
magnessium in different moments of hy-
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Figure 10

_ Fig. 9. — (_}Eyce-mia. still high, 109 mgrs. per cent. Painful stimulation.
Fig. 10. — Relationship between glucose and EEG. Glycemia very low, 19 mgrs.
per cent. No major changes in EEG.

CSF: that is to say an inversion between
the figures of both glucoses took place.
¢) In those patients where a strong descent
of the glucose in CSF occurred, the figures
reached approached those of glycemia, as
if there existed an equilibrium in low va-
lues.

These cobservations demonstrate that the
variation of glycemia and glucose in an
intercellular fluid such as the cerebrospinal
fluid did not occur concomitantly during
the insulinic shock. In normal conditions
there is a bigger quantity of glucose in
blood than in the cerebrospinal fluid; this

means that the passage of glucose to the
Vol. 2.

— Numbher 4. — 1961.

poglycemia. The following results have
been obtained in one of the studied pa-
tients: (Table 1).

EEG

The electroencephalogram during hypo-
glycemia shows modifications which be-
come more pronounced as the figures of
glycemia descend. The first changes ob-
served in some persons, are an increasing
sensitivity to hyperventilation, the discharge
of slow bilateral and slow synchronic waves
of a frequency of 3 per second, tend to
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Fif. 11. — Patient is
being interrogated -
some little changes.

TABLE |

6:30" Injection
Insulin 160 u.
9:40" iv. injection of glucose

BLOOD

Time Na K Ca Mg Cloride
8:45" a.m. 131 257317 51,0 540
9:35° 146 24 2.6 1,0 ‘54D
10 i 144 24 2,1 1,0 5,40
10:30° 7 148 29 22 08 540
11 v 142 - 36 2.8 08 540

meq/1 g NaCL/1
CEREBRO-SPINAL 'FLUID

Time Na K Ca Mg Cloride
8:45 am. 136 3,0 1,8 08721
9:30° 139 2.7 56 0.8 S T.60

10 4 142 2.2..-15...08. 7.6
10:30, 142 25, .14 .08 . 747
11 4 138 3.2 L7408 7,38
Y =
meq/1 g NaCL/1

Comparative changes of some electrolytes
i blood and CSF.
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appear carlier than in the same individual
with a normal blood sugar. As the glycemia
figure continues to decrease, the alpha rhy-
thm slows down; with less glucose there
are generalized waves of the theta band.
Increasing the hypoglycemia produces evi-
dence of activity of bilateral and synchronic
delta waves, frequently with a frontal pre-
dominance; with the deepening of the coma
this increases and slows down even more.

Everything indicates a defective preduc-
tion of cerebral energy.

Asymmetries can be observed, in the same
way as in a clinical examination, also in
the electroencephalogram; in some cases
reaching the point of constituting an ab-
ncrmal focal activity. If no neurological
lesion exists, these facts can be related to
vascular modifications and edema. Dischar-
ges of spikes or of slow spikes and waves,
can rarely be found in an electroencephalc-
graphic examination. In the origin of all
these electroencephalographic abnormalities
it may be possible that, besides the hypo-
glycemia associated with a decrease of the
consumption of cxygen, edema of the brain,
and changes in the electrolytes, principally
of the potassium, may exist.

When, by furnishing sugar, the glycemia
is brought to the normal level, in the large
19G1.
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majority cf these cases, the electroencepha-
logram normalizes together with the gly-
cemia. If this is repaired slowly (absorption
of sugar by the gastric wall) the record
modifies also in a gradual way. If on the
contrary, the patient recovers from his coma
by a quick intravenous injection of hyper-
tonic glucese solution the record will show
dramatically in a few moments the disap-
pearance of these abnormalities.
Occasionally in cases in which the coma
has been very long and deep, it could hap-
pen that several days have to pass before

by the subcorticodiencephalon, mesencepha-
len, restral medulla and caudal medulla.

Advances in neurophysiology in the last
years have given support to the concept de-
veloped by Livingston and cols. of vertical
stratificaticn of the central nervous system
which contains: a) a sensitive afferent co-
lumn, b) a motor efferent column, and
c) a central column integrated by: 1) as-
scciation regions and interneuronal systems
of the cerebral cortex, 2) the centroence-
phalon of Penfield and jasper '*' (Dif-
fuse projection thalamic system and the
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the abnormalities are totally corrected. On
rare occasions focal electroencephalographic
disturbances persist, as does also the low ce-
rebral consumption of oxygen, even after
the glucose has raised in the blood to its
normal level. After so called irreversible
coma there is a desorganization of the al-
pha rhythm, dominated by irregular delta
activity of low voltage, Cadilhac and
cols. 4,

Himwich following the doctrine of Hugh-
lings Jackson of the central nervous system
organization in phyletic layers admitted that
in insulin shock cerebral cortex is depressed
first and depression continues successively

Yol. 2. — Number 4. 1061,

he repolarization of moderne degree.

reticular formation of tae brain stem)
and 3) the interneuronal gray matter of the
spinal cord. The central column (c¢) would
be first affected in insulin shock.

We shall now mention certain experi-
mental s:udies related to hypoglycemia,
which suppert this cencept and will permit
us to interpret some of cur electroencepha-
lopraphic observations.

Arduini and Arduini "' expressed that
in hypoglycemia, in anoxia and in anes-
thesia, if there is acoustic stimulation, the
potentials evoked in the reticular fcrma-
tion, are blocked.

Van Meter, Owens and Himwich "%
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nave reported that the cortical and subcor-
tical alerting response to painful stimuli
disappears in the hypoglycemic rabbit. We
think that our observations in human beings
agree with these experimental results.

The rhinencephalon is closely related to
the reticular activating system.

In animal experimentation Tokizane and
Swayer '"'  demonstrated, that in deep
insulin hypoglycemia, frequently appears
EEG seizure activity usually originated in
subcortical centers of the rhinencephalon.

Besides, in prolonged insulin hypoglyce-
mia, damage has been found in rhinence-
phalic areas.

In human patients there are clinical and
electroencephalographic pictures during the
insulin shock that can be attributed to
changes in rhinencephalon: Psychomotor
excitation; epileptic seizures and in some
cases the temporal projection of the initial
changes in the EEG.

At present we are studying electroence-
phalographic manifestations of patients
with hypoglycemia provoked by insulinic
shock. Some of them have been observed in
coma, others slightly obnubilated and finally
others whose consciousness did not show
important changes.

It is evident that there is no close pa-
rallel between the dose of injected insulin,
the resulting hypoglycemia, the electroen-
cephalographic changes and the degree of
alteraticn in consciousness. A 20 mgrs. per
cent glycemia may appear in a conscious
patient as well as in one being in coma.
Profoundly increasing slowness of rhythm
can be registered in slightly obnubilated
patients, who understand and answer cur
questions and make easy calculations co-
rrectly. ‘

Reactivity

While we make these cbservations and
during the encephalographic recording we
submit the patients to different kinds of
stimuli in order to document the electroen-
cephalographic reactions.

Fischgold and Mathis'"’' searched for elec-
troencephalogram’s reactivity on stimuli in
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cbnubilated, stupored and comatose pa-
tients with organic encephalic lesions, chief-
ly traumatisms hematomes and tumours.

They encountered in the obnubilate state,
an electroencephalographic arousal with
appearance on the basic rhythm, of delta,
theta or alpha rhythms, and the present
delta rhythms are blocked up.

If the coma state is not profound, emerg-
ing delta, theta or alpha rhythms may be
seen; there will hardly be a blocking up
cf delta or alpha rhythms. '

Delta, theta or alpha rhythms hardly
ever appear in an arousal in coma carus and
there is no blocking up of the pre-existent
rhythm.

All this means that in those cases studied
by Fischgold and Mathis the electroence-
phalogram reacts to the stimuli applied to
the patient according to the degree of al-
teration of consciousness and that there are
frank reactions in those cases of simple
cbnubilation.

We have submitted our hypoglycemic
patients to different kinds of stimuli: a) in
all cases pricks, especially on the face, so-
metimes prolonged ones, and other times
short and frequent. b) if the patient was
not unconscious, we asked him questions
and made him solve simple calculations.
¢) in cases of patients in the former state
in whom hypoglycemia had been corrected
slowly by means of the administration of
some spoonfuls of sirul (one patient
drank it from a jug she herself held), the
electroencephalogram was continued to
observe the effect these manoeuvers would
have on it. d) voluntary eye closing and
opening when this was possible.

Reactivity has also been explored after
having injected hypertonic glucose solutions
and coma suppressed with a practically
normal electroencephalogram. Responses
were somewhat different in each patient,
and it was very frequently observed that
the electroencephalogram’s reactivity was
scarce or did not appear at all most of the
time, in insulinic shock hypoglycemia. We
observed that:

A) When the patient is unconscicus,
:ven if the coma is not profound (opened
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eyes, palpebral reaction to threatening per-
sisting and cornean reflex alive) there is
no change in the electroencephalogram
with prolonged or short and frequent prick-
ing.

B) If the patient is not unconscious but
great changes exist in the electroencephalo-
gram, such as an abundance of theta and
delta rhythms, pain provoking stimuli may
not cause any change in the pattern; and
if any, it is of short duration (acceleration
and decrease of voltage), 3 to 4 seconds,
with immediate return to the previous
slowness. When the stimulus stops, the pat-
tern remains unchanged.

In some cases it happened that on inter-
rogating and on asking some elementary
calculations, the electroencephalogram evi-
denced insignificant changes or no changes
at all.

In one of the patients the pattern was
not even modified when she was drinking
sirup from a glass that she herself was
holding.

C) When the record of a patient in
situation (b) shows some reactivity during
the exploration, some minutes afterwards

the same may disappear even with no
changes in consciousness, when a new pain-
ful stimulus is applied.

D) Some patients, not being uncons-
cious and presenting an electroencephalo-
gram without great changes (no more than
some brief discharges of theta rhythms)
also show little or no reaction.

E) Eye opening and closing hardly ever
originates the changes observed in normal
persons; sometimes there are no modifica-
tions at all and if any, they are brief and
slight.

F) Patients in coma are returned to
consciousness by means of an intravenous
injection of hypertonic glucose solution.
The electroencephalogram changes funda-
mentially, and becomes almost normal. We
have tried painful stimuli on the face of
the patient some minutes after the injection
and we have found hyporeactivity most of
the time.

Summing up we can say that in insulin
shock the electroencephalogram shows little
or no reactivity, either for arousal or arrest
reactions. This happens before, during and
after unconsciousness.

SUMMARY

Psychiatric patients submitted to insulin-
ic shock treatment were examined from
the somatic viewpoint.

We describe the observations of patients’
clinical evolution until coma.

Among the explorations undertaken, the
laberinthic stimulation with cold water has
been pointed out. In this stimulation it was
stated that the quick response of the nys-
tagmus disappears when the hypoglycemia
is accompanied by obnubilation of cons-
ciousness, stupor or coma, or if conscious-
ness is only slightly affected, when the
electroencephalographic rhythms visibly
slacken.

Comparative studies were carried through
of glucose, electrolytes in the blood and
CS.F. The blood glucose diminishes quic-
Val. 2.
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ker than the C.S.F. glucose, and may reach
even lower figures than in the latter one.
When the decrease is abrupt in both fluids,
the figures are practically identical.

Electroencephalographic, electrocardiogra-
phic and electromyographic observations
were effected.

We investigated the reactivity towards
several stimuli in the electroencephalogram
—nociceptive, proprioceptive, sensitive,
psychic— and it was found that during the
insulinic shock, before loss of conscicusness,
later on in stupor or coma and after elimina-
tion of the hypoglycemia, the electroence-
phalographic pattern shows very few or no
reactivity. This apparently shows that in
human beings, as well as in animals used
in experimentation, the reticular formation
is affected in an early stage.
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RESUMEN

Pacientes psiquiatriccs cometidos al tra-
tamiento con el shock insulinico fueron es-
tudiados del punto de vista somatico.

Describimos las observaciones de la evo-
lucién clinica de los pacientes hasta llegar
al coma.

Entre las exploraciones practicadas se des-
tacé la estimulacién laberintica con agua
fria. En ella se sefiala Ia desaparicion de
la respuesta rapida del nistagmus cuando
la hipoglicemia se acompana de obnubila-
cién de la conciencia, estupor o coma, 0O si
la conciencia esta poco afectada, cuando los
ritmos electroencefalograficos se enlentecen
en forma manifiesta.

Se hicieron estudios comparativos de la
glucosa y electrolitos en la sangre y liquido
cefalorraquideo. La glucosa en la sangre

canzar cifras mas bajas que en éste. Cuando
el descensc es pronunciado en los des flui-
dos, las cifras tienen valores practicamente
iguales.

Se realizaron observaciones clectroencefa-
lograficas, electrocardiograficas y electro-
miograficas.

En el electroencefalograma se busco la
reactividad a diferentes clases de estimulos,
acciceptives, proprioceptivos, sensoriales,
psiquicos y se comprobé que durante el
shoeck insulinico, antes de la pérdida de In
conciencia, mas tarde en el estupor o el
coma y después de corregida la hipoglice-
mia, el trazado electroencefalografico acusa
muy escasa o ninguna reactividad, lo que
rucde evidenciar de que en el hombre, lo
mismo que en los animales de experimen-

desciende en forma mucho mas rapida que tacién, la Formacion Reticular se afecta
en el liquido cefalorraquideo y puede al- precczmente.
RESUME

Des patients psychiatriques soumis au
traitement du shock insulinique ont ¢été
étudiés du point de vue somatique.

Nous décrivons les observations de 1'évo-
lution clinique des patients jusqu’au coma.

Parmi les explorations pratiqués la sti-
mulation labyrinthique avec de I'eau froide
s'est distinguée. On signale la disparition
de la réponse rapide du nistagmus quand
'hypoglycémie est accompagnée d’obnubi-
lation de la conscience, de stupeur ou de
coma, ou bien si la conscience est légere-
ment affectée, quand les rythmes devien-
nent décidément plus lents.

On a fait des études comparatives du
glucose et des electrolytes dans le sang et
dans le liquide céphalo-rachidien. Le glu-
cose diminue beaucoup plus rapidement
dans le sang que dans le liquide céphalo-
rachidien et peut atteindre des chiffres plus

basses que dans celui-ci. Quand la chute
est prononcée dans les deux fluides, les
chiffres ont des valeurs pratiquement iden-
tiques.

Des cbservations electroencéphalographi-
qucs, e€lectrocardiographiques et electro-
myographiques ont été faites.

Dans I’électroencéphalogramme on a cher-
ché différentes especes de stimuli; nocicep-
tifs, proprioceptifs, sensoriels, psychiques;
et on a prouvé que pendant le shock insu-
linique, avant la perte de conscience, plus
tard dans la stupeur ou le coma et apres
I'elimination de I’hypoglycémie, le tracc
¢lectroencéphalcgraphique accuse une réac-
tivité trés faible ou nulle. Ceci peut mon-
trer que, aussi bien chez 'homme que chez
les animaux d’expérimentation, la forma-
tion réticulaire est précocement affectée.

ZUSAMMENFASSUNG

Psychiatrische Patienten, die mit Insulin-
shock behandelt wurden, werden vom so-
maticchen Gesichtspunkt aus untersucht.
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Es wird die klinische Entwicklung der
Patienten beschrieben, bis sie zum Koma
kcmmen.
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Unter den beschriebenen Untersuchungs-
methoden wird besonders hervogehoben
die Stimulierung des Labyrinths durch kal-
tes Wasser. Bei dieser beobachtet man das
Verschwinden des raschen Ansprechens des
Nystagmus, wenn die Hypoglykaemie be-
gleitet ist von Bewusstseinsabnahme, von
Stupor oder Koma, oder wenn das Bewuss-
tsein wenig leidet, wenn die elektroenze-
phalischen Rhythmen in klarer Weise ver-
langsamt sind.

Es wurden vergleichende Studien gemacht
betreffs des Blutzuckers und der Elektro-
lyten im Blut und im Liquor. Der Zucker
nimmt im Blut viel rascher ab als im Li-
quor und kann kleinere Ziffern erreichen

in Letzterem. Wenn die Abnahme sehr stark
ist in beiden Fluessigkeiten, dann sind die
Ziffern praktisch gleich.

Es wurden elektroenzephalographische
und elktromyographische Untersuchungen
und ausserdem ein EKG gemacht.

In EEG suchte man die Reaktion auf
verschiedene Arten von Reizen, nociceptive,
proprioceptive, sensorielle und psychische
und man fand, dass waehrend des Insulin-
shocks, vor dem Beuwsstseinsverlust, spaeter
beim Stupor oder beim Koma und nachdem
die Hypoglykaemie korrigiert ist, das EEG
wenig oder keine Reaktion ausweist, was
darauf hinweist, dass beim Menschen wie
beim Tier die “Formation Reticular” frueh-
zeitig angegriffen ist.
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Coma due to Cerebral Trauma

This short article is chiefly concerned
with the coma caused by head injury and
not with the complications of other inju-
ries such as fat embolisms which may
lead to coma.

There are several problems of termino-
logy when speaking of head trauma for
these injuries may damage the scalp, the
skull, the special sense organs, the menin-
ges, the blood vessels (leading to hae-
morrhage from the scalp, nose, ear, or
within the skull) and most important of
all, the brain. Further the site of brain
damage will vary with the type of injury.
A generalised commotion will usually occur
as the chief result, but in addition there
may be local areas of bruising and lacera-
tion on the surface of the cerebral hemis-
pheres.

Our main concern here is with head
injuries which are associated with a severe
degree of Commotio Cerebri.

Most of the head injuries that occur in
civilian practice are caused by a sudden
change of velocity imparted to the head.
This change of velocity is most commonly
in a negative direction as when the head
strikes a hard surface in falling or when the
head, while travelling in a road vehicle, is
involved in a collision. The acceleration
forces involved may be very high (minus
300 - 400 G) and these cause destructive
distortions and other forces within the brain
substance. These were studied by Holbourn
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in 1943 and demonstrated with the assistance
of high speed cinematography by Pudenz
and Sheldon (1946).

Such injuries may be immediately fatal
but it is of special interest to study the
brains of those who were nearly killed
but whose lives were saved for a time by
special surgical techniques, and in whom
after a very severe injury there was de-
mentia, unconsciousness and paralysis for
the rest of life. As Strich has reported
(1956) some of these cases show gross
destruction of nerve fibre tracts throughout
the brain, changes of a type which are to
be expected if the distortions and shearing
stresses known to occur are very severe. In
such cases the delay of weeks or months
between injury and death allows time for
cellular changes to occur which can be
demonstrated by the pathologist to an
extent that is impossible in the immedia-
tely fatal cases. However there have been
several studies of the changes that appear
in the nerve cells, myelin sheaths, severed
axons and neuroglia soon after cerebral
trauma (Courville 1960, Strich 1961), and
these confirm that widespread neuronal
tearing occurs in severe closed head injury.

These severe injuries are associated with
dezp coma and the precise mechanism of
such profound loss of consciousness is a
matter of interest. The well established
effect of brain stem mechanisms on con-
sciousness has led some to the view that
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traumatic coma is caused by brain stem
lesions. All parts of the brain stem must
certainly be subjected to distorting forces
in head injury but the bulky hemispheres
are the most vulnerable and there is no
need to look beyond the gross distortions
of the hemispheres to explain the chief
features of traumatic coma. The hemisphe-
res are most affected by such distortions
owing to their size and shape, and are
physiclogically just as likely to inactivate
brain stem mechanisms as the other way
round. The part played by the direct injury
to the brain stem in the ordinary case of
cerebral commotion is therefore largely a
matter of conjecture.

In the study of traumatic coma the most
important clinical feature is often concer-
ned with its duration. It is of course well
known that the delayed appearance of
coma after partial or full recovery of
consciousness is an important indication
that cerebral compression may be develo-
ping and may require urgent surgical
relief. In the absence of any such emer-
gency the duration of coma assumes great
importance for in studying commotio ce-
rebri we meet the remarkable characteris-
tic of nervous system injury which is that
the severity of the injury is reflected in
the duration of disturbed function. This is
well seen also in cases of spinal concussion
or in direct trauma to a peripheral nerve,
where it may often be observed that the
severity of the injury is related directly to
the duration of disability.

The duration of coma after head injury
is therefore an important guide to severi-
ty. The term coma is however used in
many ways, and some restrict it to the
most profound state of unconsciousness in
which no bodily or reflex responses can
be obtained. Whatever interpretation may
be given to the term coma, there can now
be no doubt that the best guide to the
severity of an uncomplicated closed head
injury is the duration of loss of full
consciousness (Russell, 1959), and the
duration of deep coma is equally signifi-
cant, This is a most important fact for it
indicates that the descriptions of head
injury in terms of concussion, contusion or

Vol, 2. - Number 4 1961,

laceration of the brain are no longer accept-
able as being a sound basis for the classi-
fication of severity. The absence or pre-
sence of such visible lesions in the brain
at post-mortem or at operation give no
satisfactory picture of the severity of the
general cerebral commotion, the main
consequences of which are invisible. Simi-
larly the presence or absence of skull frac-
ture may be unimportant in relation to
severity though of course complications
such as dural haemorrhage or meningitis
are vital from the point of view of
treatment.

The basic disorder therefore in traumatic
coma is often not amenable to treatment
and the surgeon should attempt to separate
in his mind the general effect of the cere-
bral commortion from the careful obser-
vations which will enable him to recognize
treatable complications or epiphenomena
which require surgical intervention.

In this connection repeated observations
on the degree of unconsciousness are of the
greatest importance for uncomplicated
traumatic coma should be most profound
immecdiately after the injury and should
lighten steadily at a rate which is related
to the severity of the injury. Any change
in consciousness which is at variance with
the improvement to be expected must the-
refore cause anxiety regarding the possible
development of some complication requir-
ing active intervention. In this connection
it must of course be realized that a restless
and even violent patient is 7more conscious
than one who is inactive and unresponsive.

A special difficulty arises when the pa-
tient who has been deeply unconscious
from the moment of injury, fails to im-
prove, or whose condition worsens perhaps
with some inhalation pneumonia. Here
there is no lucid interval to help in dia-
gnosing the development of cerebral com-
pression by haemorrhage, and for this
reason many surgeons prefer in such cases
to make several burr holes in the skull so
as to ensure that there are no massive
collections of dural haemorrhage which
might be endangering recovery. In such
severe cases dural haemorrhage and corti-
cal damage will often be seen at operation
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and the precise contribution to the clinical
picture of these visible findings is often
difficult to assess.

The special hazards of traumatic coma
are similar to those of deep anaesthesia
when there is no expert at hand to care
for the patient. The swallowing reflexes
may be absent and the airway may be
obstructed owing to the effects of a frac-
tured jaw. Blood or vomit if inhaled at
this stage is perhaps the most important
cause of death, and survival may depend
on correct first-aid treatment. In this
connection ambulance workers should learn
to transport unconscious patients in the
semi-prone posture so that secretions in
the mouth and throat will drain away and
thus the danger of vomiting will be
lessened.

In all patients with traumatic coma due
to head injury it is important to remem-
ber that other injuries are common and
are in such circumstances difficult to re-
cognize. Of special importance is the re-
cognition of injury to the cervical spine
and any difficulty experienced in being
able to stimulate movement of the legs
during clinical examination should be ob-
served with caution. The spontaneous
breathing of a patient with injury to the
spinal cord in the neck is highly charac-
teristic if the spinal cord has been injured
for there is no movement of the intercos-
tal muscles in breathing and the upper
limbs tend to adopt an attitude of abduc-
tion at the shoulder, flexion at the elbow
and supination at the wrist.

In the worst cases of traumatic coma
there is a tendency for decerebrate rigidity
to develop and to persist in the cases that
are never going to recover Consciousness.
Decerebrate postures will of course be
obscured if the upper spinal cord is also
injured.

The stages of recovery from traumatic
coma may progress to a return of con-
sciousness in a few minutes, a few hours,
or days, or weeks, or never at all. These
stages are rather similar in all degrees of
commotion although the speed with which
they appear varies from minutes to weeks
according to the severity of brain damage.
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During the stages of recovery the patient
is unable to memorize anything and there-
fore after recovery has amnesia for all the
period of disturbed consciousness. It is for
this reason that the duration of amnesia in
relation to a head injury —the post-trau-
matic amnesia (P.T.A.)— has such an
important and lasting influence on the
subsequent assessment of severity (Russell,

1932,1959).

Retrcgrade Amnesia (R. A.)

The problem of retrograde amnesia is
not only of academic importance, for its
occurrence is invariable after traumatic
concussive coma of even short duration. It
is of course of great interest in relation
to the study of brain mechanisms, that
coma caused by concussion blocks the me-
mory of events which just preceded the
head injury. Existing evidence indicates
that there must be some succeeding mo-
ments of normal brain activity for new
events to be stored, and that R.A. depends
on this period of normal activity being
cut short by the paralysing effect of
concussion. A similar phenomenon occurs
in relation to electric convulsion therapy.
This is such a constant effect of traumatic
coma that it comes to play an important
part in the retrospective assessment of head
injury cases. There is a tendency for the
duration of R.A. to be related to the du-
ration of P.T.A. (Russell and Nathan,
1946), and in addition there is a remarka-
ble tendency for information acquired
shortly before the injury to be more vul-
nerable and therefore forgotten, whereas
the older memories are usually well pre-
served.

Terminology

The differing ways in which the term
coma is used has already been referred to
and it has been pointed out that most
authorities use it to describe a very pro-
found degree of loss of consciousness. As
a diagnostic category however it has little
meaning in itself for the critical factor in
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assessment does not depend on the occur-
rence of coma but on the duration of
coma. Similarly there has been some con-
fusion regarding the term concussion for
some have used the term to indicate a
grade of injury regarding which there is
only a very short period of traumatic co-
ma, in which there is no visible patholo-
gical change (should the brain be availa-
ble for study), and from which complete
recovery occurs. With this definition the-
refore the occurrence of a post-concussional
syndrome becomes a contradiction.

In fact of course there is no possible
means of distinguishing harmless “con-
cussions” from other degrees of cerebral
commotion, for as Jefferson (1942) poin-
ted out we are always dealing wich the
invisible effects on the cerebral neurones,
of contusion or distortion. Brock (1960)
advises that this quandary be resolved by
using the terms framsient concussion, pro-
longed concussion or fatal concussion.
However as the term concussion suggests
a momentary phenomenon the use of pro-
longed concussion is not very satisfactory.
The writer prefers the term traumatic ce-
rebral commotion with the clear inference
that grades of severity are principally re-
lated to the duration of disturbed con-
sciousness or to the duration of deep coma.
The occurrence of complications may of
course dominate the clinical picture but
the effects of these are more clearly
assessed when the severity of the primary

cerebral commotion can be indicated by
the duration of inmediate post-traumatic
coma. The duration of disordered brain
function must therefore be brought into
all attempts to grade severity of closed
head injury. It is for this reason that the
duration of traumatic coma, the duration
of traumatic confusion (evidenced by the
duration of post-traumatic amnesia) are of
such very great importance in classificz-
tion.

All such rules however have exceptions
in clinical practice. In a few instances
unconsciousness is prolonged for several
weeks and yet a good clicical recovery
occurs. In such cases the possibility of a
lecalized upper brain stem lesion has to be
considered. In a survey conducted by the
Society of British Neurological Surgeons,
there was evidence that children could
survive in coma for as long as 12 weeks
and ultimately make a useful functional
recovery. In adults, on the other hand, the
evidence was that it was extremely rare for
a patient who had been comatose for lon-
ger than 4 weeks to make any kind of
useful recovery (Pennybacker, 1962).

Finally it should be emphasized that our
knowledge of the physical basis of con-
sciousness of memorizing and of storing
memories etc. is so very limited that it is
still impossible to assess with accuracy
either the immediate or remote effects of
head injury on the more subtle aspects
of human intellect.

SUMMARY

Most head injuries that occur in civilian
practice involve a sudden change of velo-
city to the head (300-400 G). This sets
up shearing stresses which interrupt or
destroy nerve fibres, especially within the
cerebral hemispheres, and these gross he-
misphere lesions are likely to lead to coma
without the brain stem being necessarily
involved. The changes of cerebral commo-
tion are difficult to see with the micros-
cope and indeed have been called “invisi-
ble”. The severity of brain damage may
often be related most accurately to the
duration of disordered function, so that
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any classification of head injury used must
include the duration of coma or the du-
ration of traumatic amnesia. The pre-
vicusly used grades of injury such as con-
cussion, contusion or laceration are no lon-
ger acceptable. First aid treatment of
traumatic coma involves careful posturing
to avoid inhalation of vomit. Associated
injuries to the spinal cord must not be
cverlcoked. Coma which lasts for more
than twelve weeks in the child or more
than four weeks in the adulit is very un-
likely to be followed by a useful degree of
recovery.
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RESUMEN

La mayor parte de los traumatismos ce-
falicos que se presentan en la practica civil
llevan implicados un cambio en la veloci-
dad de la cabeza (300-400 G.). Esto deter-
mina sacudidas violentas, las cuales inte-
rrumpen o destruyen fibras nerviosas, es-
pecialmente dentro de los hemisferios ce-
rebrales y estas grandes lesiones hemisféri-
cas probablemente conducen al coma, sin
que el tronco cerebral esté necesariamente
afectado. Los cambios que ocurren con la
conmocion cerebral son dificiles de apre-
ciar con el microscopio, en realidad han si-
do llamados “invisibles”. La severidad del
dano cerebral a menudo esta en relacion
directa con la duracion de la perturbacion
funcional, de tal modo que cualquier cla-

sificacion que se haga del trauma cefalico,
debe tener en cuenta la duraciéon del co-
ma ¢ la duracion de la amnesia traumati-
ca. No pueden seguir aceptandose las gra-
daciones en la intensidad de la alteracion
cerebral tales como la conmocion, contu-
sién o laceracion. Desde los primeros mo-
mentos del tratamiento del coma trauma-
tico, debe considerarse una posicion ade-
cuada para evitar la inhalacion del vomito.
Especial cuidado debe ponerse para evitar
desconocer lesiones medulares asociadas.
Cuando el coma dura mas de doce semanas
en el nifo o mas de 4 semanas en el adulto
es muy poco probable que pueda ser segui-
do por un grado de recuperacion aceptable.

RESUME

La plupart des lésions cérébrales qui se
présentent pendant la pratique civile im-
pliquent un brusque changement de vitesse
dans le téte (300 -400 G.). Cesi détermine
de violentes secousses qui interrompent ou
détruisent les fibres nerveuses, surtout celles
des hémisphéres cérébraux, et ces grandes
Iésions hémisphériques ont la possibilité de
conduire au coma sans que le tronc cérébral
soit nécessairement affecté. Les changements
de la commotion cérébrale son difficiles a
voir avec le microscope et ont été appelés en
réalité “invisibles”. La sévérité¢ de la lésion
cérébrale peut assez souvent étre en relation
directe avec la durée de la fonction déré-

ZUSAMME

Die meisten Kopftraumen, die sich in
der zivilen Praxis ereignen, sind durch
eine ploetzliche Geschwindigkeitsaende-
rung des Koofes hervorgerufen (300 a 400
G). Dadurch werden scherende Kraefte
hervorgerufen, die Nervenfasern, besonders
in den Hirnhemisphaeren unterbrechen
oder zerstoeren. Diese groben Verletzun-
gen in den Hemisphaeren koennen zum
Kema fuehren, ohae dass notwendiger-
weise der Hirnstamm betroifen ist. Die
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glée, de facon que chaque classification de
lésion cérébrale quelle qu’elle soit, doit in-
clure la durée du coma ou bien la durce
de l'amnésie traumatique. Les degrés pré-
alablement considérés come la concussion,
la contusion ou la lacération ne sont plus
acceptables. Le traitement de premier se-
cours du coma traumatique implique une
posture soignée pour éviter I'inhalation du
vomissement. Les lésions associ¢es a la moe-
lle spinale ne doivent pas étre négligées.
Le coma durant plus de douze semaines
chez l'enfant ou plus de quatre semaines
chez I'adulte a peu de probabilités d’étre
cuivi d'un degré utile de récupération.

NFASSUNG

Veraenderungen bei der Hirnerschuette-
rung sind schwerlich mit dem Mikroskop
zu sehen und deshalb "unsichtbar” genanni
worden. Die Schwere der Hirnlaesion kann
oft sehr exakt mit der Dawer der gestoer-
ten Funktion in Beziehung gebracht wer-
den, sodass jedwede anzuwendende Klassi-
fizierung der Kopfverletzungen die Dauer
des Komas oder die Dauer der traumatis-
chen Amnesie mit in Betracht ziehen muss.
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COMA DUE TO CEREBRAL TRAUMA

Die frueher ueblichen Grade der Laesion
wie Gehirnerschuetterung, Kontusion oder
Laceration sind nicht mehr annehmbar.
Die Behandlung bei der Ersten Hilfe im
Falle eines traumatischen Komas betrifft
die sorgfaeltige Lagerung, um das Inhalie-
ren des Erbrochenen zu vermeiden. Kompli-
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zierende Verletzungen des Rueckenmarks
duerfen nicht uebersehen werden. Es ist
sehr unwahrscheinlich, dass ein Koma von
mehr als 12 Wochen beim Kinde und mehr
als 4 Wochen beim Erwachsenen zu einem
irgendwie nuetzlichen Grade der Genesung
fuehren kann.
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Coma Produced by Expansive
Intracranial Processes

EDWIN BOLDREY, M. D.

From the Division of Neurological Surgery, University of California
School of Medicine, San Francisco 22, California.

In this present day of widespread in-
terest in and alertness on the part of the
medical profession to the possible presence
of an expanding intracranial lesion, the pre-
sence of coma as a sign or symptom of such
a lesion has become gratifyingly less and
less. Under some conditions, though, rarely
however, it is inescapable for it may be an
early sign of such disease. It will always
continue to some extent as a late sign, too,
for the level of medical discipline in the
profession can never surpass the intelligent
complement of the population which it ser-
ves. There will always be patients who fail
to present themselves until the late stages
of the disease process, and usually then ex-
pecting a miracle.

For the purpose of the following dis-
cussion, coma will be interpreted to mean
a state of absolute unconsciousness, as judg-
ed by the absence of any psychologically
understandable response (including, for
example, change of expression) to external
stimuli or inner need!. In the same con-
text, expansive intracranial process will be
assumed to mean a focalized lesion of vary-
ing size which, by some aspect of its nature,
can be expected to enlarge in its dimen-
sions. We are to discuss, therefore, the pro-
duction of a pathophysiologic entity —ab-
sence of consciousness (coma)— by one of

P

a group of specific pathologic processes
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whose common property is the occupation
of increasing amounts of space within the
confines of the cranial cavity. To do this,
some further delineation would seem to be
in order. The first relates to the organic
basis of coma.

From the anatomic-physiologic stand-
point, consciousness and its counterpart, co-
ma, are becoming considered more and more
as being associated with that central portion
of the brain known as the reticular for-
mation. Any disease process therefore, which
results in loss of consciousness, or coma,
must be considered to be located anatomic-
ally in or directly adjacent to this region or
to be affecting it functionally through its
more intimate connections. To interfere with
consciousness it would seem that the reti-
cular formation, then, must be rendered
temporarily or permanently inactive. Our
discussion, therefore, will center around me-
thods whereby the expanding lesions within
the brain accomplish this end.

The second factor requiring some identi-
fying delineation is related to the scope of
the term “expansive intracranial processes’”.
In addition to the intracranial neoplasms,
it would seem appropriate to include the
abscesses and the hematomas as such, disre-
garding in each instance, etiology. The
latter two categories unquestionably fall
within the limits of our discussion.
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COMA PRODUCED BY EXPANSIVE INTRACRANIAL PROCESSES

Expansive intracranial processes may pro-
duce coma by a number of ways. These
include: location, character of the lesion,
reaction of surrounding tissues, speed or
rate of development of disrupting effect,
and by indirection through the generalized
disturbance of such as that of nutrition and
electrolytes.

The association of coma with neoplasm
and, less frequently, with abscesses and he-
matocma occupying the region of the thala-
mus bilaterally and, to some extent, involv-
ing the upper brain stem has been known
to neurologists for many years indeed. The
connection was certainly recognized by the
physiologist, Sherrington*', and in the opi-
nion of some, the appreciation of the rela-
tionship of this area with consciousness
was recognized by Sir Charles Bell'®’ some
65 years earlier. Sir Geoffrey Jefferson'* 7
re-emphasized the importance of the region
and more recently mentioned it in his chap-
ter which appeared in the volume “Reticu-
lar Formation of the Brain”'"'. Contribu-
tions by a number of other investigators
(French'™', Magoun'®’, Penfield'’: '*), Sco-
ville''?’, and Walker!!?)) have served to
substantiate the localization of at least the
major representation of what is known as
consciousness or, in its absence, coma.

The gliomas are the most common neo-
plasms directly involving the thalamus and
the upper brain stem. Intrinsically located,
the most recurrent of these are the astrocy-
tomas, though ependymomas, glioblastoma
multiforme, oligodendroglioma, and polar
spongioblastoma may invade the area, but
less frequently. Hematomas in this region
may be within the ventricle involving the
nervous tissue secondarily. Small hemato-
mas are recognized as agonal findings under
a variety of circumstances usually associated
with generalized increase of intracranial
pressure. Abscesses are not common in this
area, being located more frequently in the
periphery. Occasionally they will occur,
though, as will the granulomas, and when
properly situated will be associated with
impairment or absence of consciousness.
Tuberculomas are not rare here. The se-
riousness of such developments however
must be eminently apparent. In the pro-

duction of coma it is important to bear in
— 1961,
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mind that the lesion must be bilateral to
have its effect and, if bilateral and produc-
ing coma, the lesion must be regarded as
inexorably irreversible. It is doubtful that
when such a tumor location has been proved
satisfactorily any present therapeutic effort
— surgical, radiologic, or chemical is war-
ranted.

Pressure from without onto the thalamus
and upper brain stem can influence this re-
ticular formation, producing disruption of
consciousness. The pressure of the colloid
cyst of the third ventricle, or the intraven-
tricular masses similarly located, is usually
augmented by the increase of intracranial
pressure jamming the cyst against the ven-
tricular wall and the adjacent foraminae.
Cysts about the sella turcica, usually re-
garded as arising from cell remnants of
the stomadeal anlage of the anterior pitui-
tary, may reach the size where direct pres-
sure upon the inferior part of the midbrain
or on the diencephalon may be of such de-
gree as to impair consciousness. The same
may apply to the larger chromophobe ade-
nomas which have burst through the dia-
phragm of the sella to pour over the dorsum
sellae into the posterior fossa''?’. Menin-
giomas, perineurial fibroblastomas of the
3th nerve, and polar spongioblastomas aris-
ing from the optic pathways and chiasm
may similarly have an effect by direct com-
pression on this sensitive region.

The tumors arising from the pineal pos-
teriorly likewise can reach sufficient size
to impair function by transmitted compres-
sion.

Large masses, neoplastic, infectious, or
hemorrhagic which are at a greater distance
may also have an effect. Growths in the
midline as in parasagittal region may cause
an actual displacement of the brain stem
with “buckling”('* ', The degree of this
buckling may embarrass the function of the
affected region and interfere with conscious-
ness. Among the more common of the tu-
mors having this effect would be the para-
sagittal meningiomas, particularly those
arising in the parietal or paracentral region.

Lateral displacement of the brain stem
by lesions in the middle fossa or anterior
displacement by expansile masses in the oc-
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cipital area may also compress the stem in
such a manner as to interfere with blood
supply at the capillary level or in the larger
branches, even occasionally in the main ar-
terial or venous components, particularly
the basilar artery or the great cerebral vein
of Galen and its tributary galenic system.
Space-occupying lesions in the posterior fos-
sa by their very size likewise displace the
stem laterally, posteriorly, or forward. The
effect of lesions in this region is usually
considerably augmented by the increase of
intracranial pressure and downward migra-
tion of the more mobile cerebellum with
its direct oppressive effect on nervous tissue
in the brain stem as well as by interference
with blood supply.

It has been considered by some that the
presence of a bilateral frontal neoplasm may
produce coma. It is our feeling, that while
conscicusness and responsiveness may be se-
riously obtunded by bilateral frontal iesions,
conscicusness as such, is not a function per
se of these structures. It is doubtful that
even interruption of the cortical connec-
tions with the brain stem and thalamus can
be of sufficient extent and magnitude to
produce true coma. Large masses in the
frontal region, however, are likely to result
in actual displacement of the central centers
with embarrassed function.

The character of the disturbing lesion
will also have some relationship to the pro-
duction of coma. In the earlier paragraphs
we have mentioned the invasive tumors
which primarily implicate the region of the
reticular formation. The polar spongioblas-
toma may insinuate itself in almost a sym-
biotic relationship to the normal cells and
may reach excessive size before the function
of these cells will have been stifled. The
metastatic growth or the glioblastoma mul-
tiforme developing in more vigorous fashion
and with more ruthless effect will be less
tolerant of normal tissue and will impair
consciousness with greater rapidity and cer-
tainty, The infectious processes and the he-
morrhagic processes are even more rapid in
development as a rule and engender more
tissue response in the surrounding areas,
interfering with nutrition and disrupting
function, therefore, even more acutely. The
character of the lesion at a distance is less
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directly related to the effect on conscious-
ness, except as it develops its effective role
by point of time and by effect upon the
surrounding tissues even at a distance.

This leads us then to some remaining
factors of greatest consequence, in particular
the reaction of the surrounding tissue and
the speed or rate of development of the
disrupting effect.

Of the neoplasms, the metastatic growths
and the glioblastoma multiforme produce
the most violent reaction on the part of the
surrounding tissue. Hemispheral or at times
generalized cerebral edema is a major factor
in the development of symptomatology in
both of these lesions and may develop with
impressive rapidity. Tiny metastases in ap-
propriate situations in the brain stem can
produce interference with consciousness,
greatly exceeding that anticipated from the
mere size of the offending mass itself. To a
less degree, the same can be said of glioblas-
toma multiforme, though its proclivity in
migration along fiber pathways makes this
trend less apparent in the study of the final
pathologic process.

Abscess and granuloma are essentially in
the same category as the metastatic growths,
though their effect upon tissue reaction at
a distance may be less. The catastrophic
effect of hematoma also invokes the second
factor-speed or rate of development as well
as that of local tissue reaction.

The role of the rate of progress of a
disrupting lesion on the central nervous sys-
tem has become increasingly recognized in
recent years. In the case of those lesions
affecting the reticular formation, this is
indeed well demonstrated. The sudden de-
velopment of a space-occupying lesion such
as hematoma within or directly adjacent to
this region will produce abrupt loss of con-
sciousness. Direct, sudden pressure on the
area may not be the sole etiologic factor
associated, vasoconstriction (vasospasm)
which often results and which reduces the
blood supply to this area may also be signi-
ficant. The slower development of effect of
abscesses and granulomas alluded to above
will impair consciousness more gradually
but still, because of rapid swelling of the
surrounding tissue and the morbidity of the
cells in nearby regions, will conspire to fa-
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cilitate the impairment of consciousness in
the early stages of disease. Slowly develop-
ing masses, such as the indolent gliomas,
meningiomas, or cysts may result in consi-
derable distortion or displacement of the
brain stem and thalamus before conscious-
ness is interfered with.

Under the latter circumstances, some ex-
traneous force may enter the picture to pro-
duce loss of consciousness by the introduc-
tion of a third element. The sudden addition
to the volume of space-occupying lesions
by such an occurrence as a hemorrhage
within it will have an obvious effect. A
sudden strain, as at stool, by increasing the
intracranial contents through venous obs-
truction may likewise affect the marginally
functioning central mechanism adversely.
Increased intracranial pressure per se must
reach tremendous levels before consciousness
will be interfered with, though it has been
demonstrated by many methods, including
angiography, that greatly increased pressure
may indeed slow down the rate of blood
flow through vascular channels. The slowly
developing pressure within the cranium may
be accommodated for by the vascular system
if time for adjustment is provided. The
sudden increase of pressure, however, pre-
cludes tissue adaptation and may cause loss
of consciousness through actual interference
with adequate arterial supply. Similarly,
massive venous obstruction at points of
transfer from the brain to the dural sinuses,
as well as direct sudden compression of the
centers themselves may likewise represent
cause for disruption of function. The am-
bulatory patient with brain tumor who is
found unconscious at the rtoilet, having
strained at stool, is still not a rarity in the
wards of the general hospital. Sudden shifts
of poorly anchored masses or of mobile in-
trinsic tissue such as the cerebellar tonsils
or the hippocampus may interrupt a margi-
nally functioning midbrain and, for exam-
ple, may be the result of lumbar puncture
for any purpose. The consequence mav be
catastrophic. This factor has become a par-
ticularly disturbing one in recent years due
to the questionable teaching by some that
manipulative gas/fluid exchange can be sa-
fely carried out in the face of recognized
intracranial hypertension. The insult is too
Vol, 2, —
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often further augmented by the “routine”
addition of the jugular compression (Que-
ckenstedt) test.

Convulsive seizures are common in pa-
tients with intracranial masses and may play
a part in production of coma in these con-
ditions. The factors of sudden violent strain,
and of venous engorgement, are the offend-
ing additions to the situation which is al-
ready marginal.

Many intracranial lesions have been re-
garded as having a potential association
with electrolyte imbalance. There can be
little question as to the valid implication of
those about the hypophysis and hypothala-
mus, as well as those in the lower medulla
and fourth ventricle. Sodium levels seem to
be particularly susceptible with fluids di-
cectly or indirectly related. While relatively
low serum sodium may be well tolerated
by the normal and even desirable in certain
conditions such as cardiovascular decompen-
sation, the alteration in blood brain barrier
associated with many intracranial neoplasms
and the crowding of the contents of the
cavity inherent with all sizable growths ma-
kes this systemic disturbance in a patient
with brain tumor one of potential major
import. The wet brain, often thus comple-
menting the disturbed organ, may tip the
balance adversely and may provide the final
element ending in disaster. If recognized
though, the reversal of the electrolyte im-
balance may be dramatically rewarding,
deep coma often becoming dispelled in but
a few hours.

The adverse effects of over-hydration, of
respiratory depression, and of alkalosis are
similarly based; correction of the deficit
when recogaized is similarly rewarding for
the moment. It is apparent, of course, that
the revival is limited to the effect of correc-
tion of the added factor, though, and the
basic neoplasm must still be removed.

After incomplete removal of many intra-
cranial tumors, ionizing radiation has been
employed often to supplemunt the surgery
and, at times, it has even been used as the
major therapeutic device. During the se-
cond month post-radiation, it is common-
place to see exacerbation of symptoms even
to the point of coma. This is regarded as
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a delayed effect of radiation with tissue
swelling, rapfid in development, as the ma-
jor pathologic basis. Again, the addition of
fluid to tissues already anatomically and

SUM

Coma associated with expansive intracra-
nial processes is the result of involvement,
directly or indirectly, of the reticular for-
mation — that functional complex regard-
ed as being represented in the central core
of the brain from the region of the thala-
mus, caudad into the medulla. The processes
under review affect this area directly due

RES

El coma que esta asociado a una lesion
intracraneana expansiva, es consecuencia de
la perturbacion directa o indirecta de la for-
macion reticular — ese complejo neuronal
que esta presente en la parte central del
tronco cerebral desde la region del tdlamo
hasta el bulbo raquideo. Los procesos que
estudiamos afectan esta region sea directa-
mente por la localizacion de la lesion en

physiologically impaired affects the central
mechanism of consciousness, interfering
with conscious activity. Large doses of ste-
roids are usually of benefit.

MARY

to location in it of the mass or indirectly
through displacement and compression, in-
terference with blood supply or by stifling
of function by edema, Indirect involvement
may be reversed if the problem is treated
early; direct involvement carries a grave
prognosis.

MEN

ella o indirectamente desplazandola y com-
primiéndola, interfiriendo en el aflujo de
sangre, o sofocandola funcionalmente por
edema. El compromiso indirecto del tronco
cerebral puede ser reversible si el trata-
miento se hace temprano; en cambio el com-
promiso directo lleva en si un prondstico
grave,

RESUME

Le coma associé avec une lésion intra-
cranienne expansive est le résultat direct ou
indirect d'une perturbation de la formation
réticulaire — ce complexe fonctionnel qu'on
croit représenté dans la partie centrale du
tronc cerebral des la région thalamique
jusqu’au bulbe rachidien. Les lésion ci —
discutées affectent cette région directement

ZUSAMME

Ein Koma das mit einem expansivem in-
trakraniellen Prozess verbunden ist, ist das
Resultat einer direkten oder indirekten Mit-
beteiligung der retikulaeren Formation —
liesem funktionellen Komplex von dem man
annimt, dass er im Zentralpunkt des Gehir-
nes, caudal von der thalamischen Gegend
nach der Medulla Prolongata zu seinen Sitz
hat. Die hieroben besprochenen Processi
haben eine direkte Wirkung auf diese Ge-
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a cause de I'emplacement de la masse, ou
indirectement par déplacement et compres-
sion, par l'interference dans l'apport san-
guin, ou en étouffant la fonction par un
oedéeme. Un embarras indirect peut-étre reé-
versible si la condition est traitée de bon
temps; un embarras direct indique un prog-
nostique grave.

NFASSUNG

gend hervorgerufen durch die sich da be-
findende Masse, oder sie haben eine indi-
rekte Wirkung durch Verschiebung und
Kompression, mit Stoerungen in der Blut-
zufuhr, oder durch ein Oedem das die
Funktion erstickt. Indirekte Mitbeteiligung
kann korrigiert werden, wenn der Zustand
gleich unter Behandlung kommt; direkte
Mitbeteiligung fiithrt eine ernste Prognose
mit sich.
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Coma Hepatique des Cirrhoses

Les encéphalopathies des cirrhoses, selon
'expression de Fauvert, ont fait I'objet de
nombreux travaux récents dont le but est
le démembrement du coma hépatique,
amorcé par les anciens auteurs. Ces travaux
sont appuyés sur le concept de I'hyper-
ammoniémie, lequel ne saurait prétendre
tout expliquer,

HISTORIQUE

L'étude des relations foie-systime nei-
veux commence en 1861 avec la parution
du traité pratique des maladies du foie de
Frerichs: celui-ci signale [l'existence de
deux phases évolutives de lictere grave,
I'une d’excitation, 'autre de coma.

En 1887, Hahn et Pavlov décrivent le
syndrome d’intoxication a la viande chez
le chien porteur d’une fistule d’Eck et ren-
dent I'ammoniaque responsable de I'évolu-
tion comateuse.

Lancereaux, en 1899, a le mérite de la
premitre tentative de démembrement du
coma hépatique en décrivant des accidents
neuropsychiques transitoires au cours de
irrhoses apparemment bien compensées.

Vers 1929-1933, Van Caulaert et Devi-
ller précisent le role nocif de l'ammonia-
que sur l'état de conscience des cirrhoti-
ques ayant ingéré du chlorure d’ammonium.

Les travaux modernes ont confirmé le
polymorphisme de telles encéphalopathies.
L'é¢tude d’ensemble d’Adams et Foley
(1949) revét un intérét capital en isolant
le syndrome porto-cave. Citons également
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les travaux en France de Fauvert, Cachin,
Stahl et Rohmer, en Grande-Bretagne de
Sherlock et Summerskill.

De tous ces travaux, il ressort schémati-
quement deux aspects physiopathologiques
majeurs:

—les cirrhoses avec insuffisance heépati-
que grave irréversible;

—Iles cirrhoses bien compensées ou do-
mine I'hypertension portale. Il va sans dire
que tous les intermédiaires entre ces posi-
tions extrémes peuvent étre observes.

ETIOLOGIE

—La fréquence des encéphalopathies des
cirrhoses (E. C.) est élevée si on les re-
cherche systématiquement. Ainsi Fauvert
les trouve dans prés d'un quart des cas
d’une série de 252 cirrhoses.

—Le type de la cirrbose: la cirrhose
éthylique constitue la cause majeure du
fait de sa fréquence absolue et de I'im-
portance habituelle des anastomoses porto-
caves. Le degré de l'insuffisance hépatique
est fort variable, illustrant 'intervention de
mécanismes physio-pathologiques non uni-
voques. Les cirrhoses d’autres natures expo-
sent aux mémes accidents neuro-psychia-
triques dont le dénominateur commun est
soit la grande insuffisance hépatique soit
les dérivations porto-caves. Il en va de
méme dans l'encéphalopathie de Gayet-
Wernicke ou le dénominateur commun est
le facteur carentiel qu’il soit éthylique ou

non.
1061,

Vol. 2, — Number 4.



COMA HEPATIQUE DES CIRRHOSES
Les facteurs déclenchants

L’E.C. peut survenir spontanément, cons-
tituant I'aboutissant irrémédiable de la deé-
chéance cellulaire hépatique.

Mais les facteurs déclenchants sont fré-
quents (50 % des 73 cas de Fauvertr), ils
sont d’'ordre clinique, médicamenteux et
chirurgical.

a) Facteurs cliniques:

—Diététique: régime
abusif.

—Hémorragies digestives, facteur le plus
fréquent dans la série de Fauvert (14/37),
elles mettent en valeur le role du court cir-
cuit porto-cave et répondent typiquement
au coma post-hémorragique différé de Ca-
chera.

—Causes infectieuses: si toutes les infec-
tions générales intercurrentes peuvent de-
clencher une poussée d’insuffisance hépati-
que, il faut surtout insister sur les infec-
tions intestinales avec diarrhée qui augmen-
tent considérablement la teneur en produits
ammoniacaux du tronc porte (diarrhée co-
matigeéne de Caroli).

hyperprotidique

b) Facteurs médicamenteux: on a incri-
mine:

—la méthionine, le plasma, les hydroli-
sats de protéine.

—Iles résines échangeuses d’ions ammo-
nium.

—les sédatifs
opiaces ).

—les diurétiques non mercuriels (chlo-
rure d’ammonium, acétazolamide, chlor-
thiazide).

—Iles dérivés du cortisol.

Le mécanisme d’action est variable, par-
fois méconnu (apport excessif d’ammonia-
que, non-utilisation par les tissus periphéri-
ques, role associé de [I'hypokaliémie,
e s )

c¢) Facteurs chirurgicaux.

—Les anastomoses porto-caves se compli-
quent d’encéphalopathie dans 10 a 30 9% des
cas, l'accident pouvant étre inmédiat ou
tardif (de l'ordre de quelques mois). Ce
sont surtout les dérivations totales qui ex-
posent a de tels accidents, démontrant le
role contingent de I'atteinte hépatique dans
la variété porto-cave. Cette notion appa-
rait nettement dans l'observation de Mac

(barbituriques et derivés
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Dermott (1945) ou une dérivation lors de
I'exérese d’'un cancer pancréatique provo-
qua plusieurs comas transitoires a l'occa-
sion d’apport protidique excessif, le foiz
étant indemne.

—Iles paracentéses abondantes peuvent
avoir des conséquences mortelles. Leur me-
canisme est assez particulier, mettant en
jeu des désordres électrolytiques.

ETUDE CLINIQUE

Nous envisagerons la symptomatologie
commune aux E.C., puis les modalités cli-
niques.

Le début est habituellement annoncé par
le flapping-tremor (60 % pour Fauvert),
suivi de troubles de I'humeur et du com-
portement. Mais parfois les troubles psy-
chiques sont inauguraux; dans quelques
cas, le coma peut apparaitre d’emblée.

Période d’état

Nous devons insister sur 'extréme varia-
bilité d'un jour a l'autre, voire d’un¢ heure
a l'autre, des manifestations neuro-psychi-
ques.

I) Les troubles psychiques

Ils attirent, en regle, l'attention, sans
étre, pour autant, constants (90 9 selon
Fauvert).

Ce sont — des troubles de la conscience
— des troubles du comporte-
ment
— l'altération des fonctions in-
tellectuelles.

a) Les troubles de la conscience.

Leur variabilité est remarquable, allant
de:

—simples troubles du sommeil telles I'in-
version du rythme nycthéméral, I'hyper-
somnie diurne, irrésistible, de type Iléthar-
gique;

—a l'obnubilation légere avec bradypsy-
chie aprosexie, bradykinésie;
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—a la confusion mentale avec désorien-
tation temporo-spatiale, palilalie, réitéra-
tion d'un geste (le malade refait plusieurs
fois son lit), fréquence d’épisodes oniriques
ou crépusculaires avec délire hallucinatoire
surtout visuel et généralement calme.

—au maximum, coma (60 9% selon Fau-
vert), calme sans stertor, avec attitude en
flexion des membres inférieurs, disparition
du flapping-trémor et abolition des réfle-
xes ostéo-tendineux. Quelques mouvements
involontaires peuvent étre notés. Meéme
profond, ce coma peut régresser complete-
ment.

b) Les troubles du comportement.

Ils sont notés surtout dans les formes
chroniques:

—Parfois un acte absurde inaugure la
maladie. On dit qu'un malade d'Hippo-
crate aboyait brusquement; un malade de
Lancereaux déposait des ordures dans la
salle cu contre les meubles; il est souvent
rapporté que le malade urine et défeque
dans la salle (Sherlock, Cachin...).

—Ailleurs, I'attention est attirée par un
changement d’humeur chez un cirrhotique:
calme et docile, il devient irritable, cole-
reux, agité (Klippel parlait de “folie he-
patique’ ).

—Le plus souvent, le cirrhotique devient
apathique, se désintéresse de son état et de
entourage. La perte de lautocnt:que et la
jovialité éventuelle peuvent en imposer
pour un syndrome frontal. Rappelons que
plusxeurs malades de Summerskill ont ¢été
recrutés dans un hopital psychiatrique.

—Enfin un syndrome dépressif a ¢té ob-
serve,

D'une maniére générale, on retiendra
que tout trouble du comportement, méme
discret, chez un cirrhotique doit faire re-
douter linstallation rapide d’'un coma he-

patique.

¢) L'altération des fonctions intellectuelles,

consiste, en l'absence de confusion impor-
tante, en un syndrome aphaso-apraxo-ag-
nosique, apraxie constructive, agnosie de
I'espace gauche (Summerskill).
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[I) Les troubles neurologiques

Leur expression est diffuse, sans signe de
localisation.

a) Le flapping-tremor
ley).

—Un des signes cardinaux du syndrome,
il est le signe le plus fréquent (77 % pour
Fauvert, voire 89 9% des cas si I'on exclut
les comas profonds).

—Signe habituellement le plus précoce,
sa valeur diagnostique est considérable:
chez un cirrhotique, il fait craindre
I'imminence du coma. Mais il n’est pas
pathognomonique, témoignant d'un désor-
dre métabolique qui peut étre également
urémique, hypokaliémique ou anoxique.
Cette restriction n'a pas une grande portée
pratique car le contexte clinique est fort
différent.

—I1 ne s'agit pas d’'un tremblement mais
d’'une dystonie d’attitude que l'on doit
rapprocher des autres manifestations ex-
trapyramidales. Il comporte des secousses
brusques, assez amples (quelques cms),
survenant en salves irrégulieres assez lentes
(0,5 - 2/sec). Son siege d’élection est la
main, on le recherche le bras tendu, la
main en pronation, doigts écartés: nul au
repos complet, il apparait aprés une phase
de latence qui peut atteindre une minute:
doigts et paume sont animés de mouve-
ments de flexion-extension avec déviation
latérale des doigts évoquant un battement
d’aile.

—Son extension peut intéresser tout le
membre supérieur (pose des mains sur la
téte), plus rarement le membre inférieur
et la face. Au maximum, tout le corps est
animé de secousses quand le sujet est assis
au bord de son lit.

—1I1 s’accentue sous l'effet des émotions,
de la fatigue, pour disparaitre, au contrai-
re, lors d’'un coma profond. Si I'évolution
est favorable, sa disparition s'observe apres
celles des troubles de conscience.

(Adams et Fo-

b) Les troubles du tonus.

Fort variables et d’'une grande fréquen-
ce (3/4 cas), ils consistent en:

—hypertonie extra-pyramidale avec rigi-
dité plastique, roue dentée modérée. L'asso-
ciation au flappmg-tremor constitue une
forte présomption d’E.C.

Vol, 2.
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—rarement, contracture de type méningé
ou tétanique avec trismus,

—au stade de coma léger, possibilité¢ de
persévération des attitudes passives, de phé-
nomeénes de préhension et succion, de mou-
vements involontaires de la face. Ces ano-
malies, en cas de coma profond font place
a une grande hypotonie.

c) Les convulsions.

Leur fréquence est diversement appré-
ciée: rares pour Sherlock et Fauvert, elles
s'observent dans 1/3 cas d’Adams et Foley.
Leur survenue semble dépendre surtout de
la grande insuffisance hépatique. Boudin et
Coll en ont observé six cas lors de la dé-
compensation grave de cirrhose. Ce sont
des crises généralisées ou focalisées sans
substratum anatomique décelable.

d) Les réflexes ostéo-tendineux peu-
vent étre exagérés et associés a un signe de
Babinski transitoire. Les anomalies ont pu
en imposer pour une lésion cérébrale en
foyer, en cas d’unilatéralité; ici, encore,
I'examen anatomique s’est avéré normal.

1) Les signes d'accompagnement

Le foetor hépaticus est le plus impor-
tant: connu de longue date dans lictere
grave terminal, il est signalé dans 1'encé-
phalopathie porto-cave et méme dans des
affections non hépatiques, tel le cancer
gastrique.

Assez fréquent (30 a 45 % cas), il con-
siste en une odeur fécale et sucrée compa-
rée a celle d'un fruit pourri; il serait da
a I'élimination pulmonaire de méthyl-mer-
captan, dérivé de la méthionine.

—I’ascite, les oedemes, l'ictere, les hémo-
rragies diffuses témoignent d’une insuffi-
sance hépatique évolutive.

LES ANOMALIES ELECTRIQUES

Mises en valeur par Foley, Watson et
Adams (1949), elles contribuent a isoler ce
syndrome:

—ce sont des bouffées d'ondes lentes
(1-2 c¢/sec) et surtout des éléments tripha-
siques. Des anomalies de type épileptique

Vol, 2. — Number 4, 1961,

(pointe, pointe-onde dégradée) peuvent
étre notées (Boudin).
—la topographie se caractérise par

I'apparition frontale des ondes qui se gé-
néralisent d’avant en arriére de facon bi-
latérale, symétrique et synchrone.

—elles précedent souvent les premiers
troubles de conscience; leur grande labili-
t¢ interdit de formuler un pronostic fa-
cheux sur I'examen d'un seul tracé.

—sans étre spécifiques, elles ont une
grande valeur d’orientation. Leurs corréla-
tions avec les signes cliniques sont dans
I'ensemble satisfaisantes; celles avec 'ammo-
ni¢mie sont également correctes dans le ca-
dre restreint de I'encéphalopathie porto-
cave.

BILAN BIOLOGIQUE

Certaines anomalies biologiques ont un

intérét pratique limité:

—Iles ¢lectrolyses sanguines et I'équili-
bre acido-basique ne sont en cause que dans
des circonstances particuliéres sur lesquelles
nous reviendrons.

—Ila glycémie reste dans des limites
normales; son abaissement s'observe dans
le coma terminal sans paraitre, pour
autant, déterminant a lui seul.

—les perturbations du métabolisme
azot¢ sont variables. L’hyperazotémie est
plus fréquente que I’hypoazotémie. Si-
gnalons ici I'hyperpolypeptidémie et I'hy-
perpolypeptidorachie (a noter que le
L.C.R. est en regle normal).
—Les tests hépatiques fonctionnels sont
variables, fonction de I'intervention prépon-
dérante ou non du mécanisme hépatique.

—Les perturbations du métabolisme in-
termédiaire (acide pyruvique, lactique et
o« cétaglutarique) sont intéressantes par les
perspectives qu’elles ouvrent.

—Mais la grande anomalie biologique
est I'byperammoniémie:

—son association aux anomalies clini-
ques et ¢lectriques autorise a porter le
diagnostic d’E.C.

—elle peut atteindre 5 fois son chiffre
normal en cas d’hémorragie digestive.

Mais sa technique est délicate, exige
un dosage inmédiat par un biologiste

~ 367
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entrainé., (Le taux peut ¢tre multipli¢ par
4 si le dosage est effectué¢ une heure
aprés le prélevement). Le taux normal
est inférieur a 50 microgrammes pour

100 cc. de plasma, selon la méthode de

Conway.

—sa valeur est contestée, car elle est
absente dans 109% des cas de comas
(Sherlock) ou peut étre isolée sans tra-

duction clinique.

—nous reviendrons sur ces critiques,

mais signalons deés maintenant que son

interprétation est surtout valable dans la
varieté porto-cave.

EVOLUTION

Le caractéere non univoque des E.C. se
retrouve dans 1'évolution.

—la mort peut apparaitre rapidement
inévitable; elle survient en 5 a 10 jours
dans la moiti¢ des cas.

—ailleurs, la . régression spontanée ou
hatée par le traitement s'observe en moins
d’une semaine, voire en 48 heures. Cette
discordance évolutive ne peut dépendre,
dans ses grandes lignes, que de mécanis-
mes différents. Dans cette éventualité, le
coma post-hémorragique différé (48 heu-
res aprés une hémorragie digestive abon-
dante) s’individualise par sa brutalité
d‘installation, son mécanisme physiopatho-
logique apparemment simple et sa gravité
inmédiate atténuée.

—de toute facon, I'équilibre du mala-
de demeure précaire et est exposé a de
nouveaux comas transitoires ou définitifs.
(Coma hépatique a rechutes).

—Ilorsque ces accidents se multiplient.
ils peuvent réaliser U'encéphalopathie porto-
cave chronique (Sherlock) qui est rare
(5 9% cas) et est caractérisée par la ri-
chesse des troubles psychiques la raret¢ du
coma, qui expliquent que la majorité de
ces cas ait été recueillie en milieu psychia-
trique: démence organique (Delay, Sum-
merskill), dépression chronique, délire pa-
ranoide (Delay).

Ces formes chroniques ont, pour la plu-
part, des épreuves hépatiques fonctionnel-
les peu troublées.

A cet endroit, se pose le probleme ce
que certains ont appelé du mauvais terme

368 ~

de maladie de Wilson sporadique: il a été
décrit des observations ayant une similitu-
de clinique (neurologique et hépatique),
et anatomique (glie hépatique) avec la
maladie de Wilson héréditaire, a cette diffé-
rence majeure pres, qu'il n'existait pas les
perturbations métaboliques cuivriques ni
I'anneau vert cornéen qui leur est lié¢ (Nay-
rac). 1l s’agirait pour Baltzan de formes
chroniques d’encéphalopathie porto-cave.

LE PRONOSTIC des E.C. est grave:

Dans I'immeédiat, on peut retenir comme
facteurs relativement favorables:

—TJl'existence de facteurs déclenchants
nets (hémorragie digestive, chlorthiazide).

—J'absence d’insuffisance hépatique gra-
ve (syndrome hémorragique diffus, ictere,
G s

—V’absence de coma profond, d’hypera-
zotémie avec oligurie.

—Ila longueur d’évolution.

—plus tard, le risque de récidives est
élevé: pour Fauvert, 80 9% des malades
meurent dans 'année.

FORMES CLINIQUES

Schématiquement, on oppose l'encépha-
lopathie terminale a I'encéphalopathie por-
tocave.

A — L'encéphalopathie cirrbotique termi-
nale.

(ou coma hépatique terminal) se carac-
térise par:

—T’existence d’une cirrhose toujours €vi-
dente avec des signes nets d’insuffisance
hépatique grave.

—Jl’absence ou la discrétion de facteurs
déclenchants, la déchéance cellulaire étant
suffisante a déclencher le coma.

—une évolution stéréotypée et toujours
inexorable.

—Jl'absence de corrélation étroite avec
I'ammoni¢mie.

On concoit aisément que cette variété
mette en jeu des perturbations métaboli-
ques complexes dont I'’hyperammoniémie
par faillite de l'uréogénese hépatique est
un ¢lément accessoire. C'est en quelque
sorte une E.C. avec hyperammoniémie fa-
cultative.

Vol. 2, — Number 4., 1061,
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B — L'encéphalopathie porto-cave.

L’hyperammoniémie joue ici un role dé-
terminant.

—Cliniquement, la cirrhose est en regle
hypertrophique, anascitique avec souvent,
mais non toujours, une splénomégalie.
L’hypertension portale est indispensable
mais ses stigmates ne sont pas toujours
évidents (la circulation collatérale abdomi-
nale peut étre absente). C'est souligner I'in-
térét des radiographies de 'oesophage a la
recherche de varices, de la splénoportogra-
phie, malheureusement, elles ne sont pas
toujours concluantes. Exceptionnellement,
on découvre une anastomose congénitale.

Autre fait important, l'atteinte cellulaire
hépatique est modérée avec un taux de
prothrombine en regle supérieur a 50 %;
cette notion conditionne I'évolution favo-
rable.

Ainsi, les troubles neuro-psychiques peu-
vent ne pas attirer 'attention sur la cirrho-
se responsable qui reste volontiers latente;
il s’ensuit que le mode de recrutement de
ces deux catégories de malades est schéma-
tiquement différent.

—1les facteurs déclenchants sont pratique-
ment constants et justifient la dénomina-
tion anglo-saxonne parfois donnée d’encé-
phalopathie “exogene”.

—I’hyperammoniémie semble ne devoir
jamais ¢tre en défaut si l'on prend soin
d’effectuer des dosages précoces et successifs.

—V1’évolution est habituellement réversi-
ble, éventuellement chronique.

Le concept de I'encéphalopathie par hy-
perammoniémie répond a une réalité mais
celle-ci a des limites restreintes et il n'est
pas dans I'intention de ses défenseurs d’en-
glober tous les comas hépatiques sous ce
vocable. Dans une pathologie aussi com-
plexe que la pathologie hépatique, on ne
peut étre surpris d’observer de nombreux
cas ne répondant pas rigoureusement a ce
concept, tous les intermédiaires ¢tant possi-
bles avec la forme précédente.

Physiopathologie de
porto-cave.

Vencéphalopathie

C’est une encéphalopathie par hyperam-
moniémie, favorisée par des court-circuits
porto cave.

I — la réalité des court-circuits porto-
caves n'est plus a démontrer au cours des
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cirrhoses (expériences sur chien porteur
de fistule d’Eck, anastomoses chirurgica-
les, observation radio-clinique).
L’'importance du court-circuit sanguin est
ividente, les dérivations porto-caves termi-
no-latérales étant les plus redoutables. De
plus, I'épreuve de surcharge ammoniacale a
eté; proposé comme test de la valeur fonc-
tionnelle de la circulation portale.

II — la réalité de I'hyperammonié¢mie et
de son roéle toxique.

a) le métabolisme de
mérite un bref rappel:

—I'ammoniaque circulant
deux sources:

—l'une exogene, digestive, la plus im-
portante, liée a la dégradation intes-
tinale des protides, surtout grace
aux bactéries locales. Ceci rend
compte de la haute teneur du tronc
porte en ammoniaque.

—l'autre, endogeéne, due a la désami-
nation endogene des acides aminés
dans les tissus (surtout muscles et
cerveau).

—Jl'ammoniémie circule a un taux faible.

—son devenir est multiple.

—une fraction est éliminée par les
reins.

—une autre se lie aux acides aminés
pour former notamment la gluta-
mine,

—Ila majeure partie intervient dans
I'uréogénese hépatique par la cycle
de Krebs.

Ainsi, l'intestin joue un réle important
dans l'ammoniogénése. Le foie constirue
un puissant barrage a la circulation de
I'ammoniaque portale.

b) dans I'encéphalopathie porto-cave:
(voir Schéma N? 1).

—Il'hyperammoniémie est pratiquement
constante, les é¢tudes dynamiques l'ont dé-
montré.

I'ammoniaque

provient de

—cette hyperammoniémie dépend:

—d’un exceés d'apport déja signalé.

—de la disparition du barrage hépatique
qui releve de deux facteurs: [I'absence
d’uréogénese par faillite hépatique, qui
n'intervient pas ici théoriquement et sur-

tout l'existence des court-circuits porto-
caves,
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Schema 1

—Cette hyperammoni¢mie est responsa-
ble des faits cliniques: c'est la le point le
plus débattu. Les conclusions de Rohmer
au Congrés de Rome, sur les corrélations
cliniques et ¢électriques méritent d’étre
rapportées:

—Ila surcharge ammoniacale expérimen-
tale peut donner des anomalies électriques
et cliniques en tout point comparables a
celles observées spontanément,

—ces corrélations sont valables s’il exis-
te a la fois une hyperammoniémie artérie-
lle et veineuse, surtout si I'un des facteurs
suivants est retrouvé: anémie, hypokali¢-
mie, alcalose respiratoire, encéphalopathie
ethylique chronique.

—quant au mécanisme intime d'action, il
se réduit a des hypotheses: intoxication
exogene ou plutot endogene avec blocage
du cycle de Krebs a un niveau encore dis-
cuté.

A notre avis, si 'on prend soin de faire
une étude dynamique, la réalité de I'ence-
phalopathie porto-cave parait ne pas faire
de doute. Il faut avoir a l'esprit que les
perturbations biologiques, ¢électriques et
cliniques sont décalées dans le temps, que
les perturbations biologiques sont obliga-
gatoires et que leur expression é¢lectrique
et surtout clinique sont facultatives (voir
Schéma N° 2). Enfin les études biochimi-
ques a venir montreront si I'ammoniaque
peut étre seule en cause, si d’autres désor-
dres métaboliques interviennent en associa-
tion avec elle, si méme elle n’est en fait
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que le témoin d'un trouble complexe du
métabolisme intermédiaire,

ANATOMIE PATHOLOGIQUE

Adams et Foley ont décrit, dans le cer-
veau, des altérations de la glie (hyperpla-
sie astrocytaire, état spongieux des régions
avoisinantes) prédominant dans le cortex
cérébral, le thalamus, les noyaux lenticu-
laires et dentelés, le noyau rouge. Dans
certains cas, I'hyperplasie accentué et géné-
ralisée de la glie astrocytaire rappelie par
son importance celle des dégénérescences
hépato-lenticulaires.

DIAGNOSTIC DIFFERENTIEL

Il se pose schématiquement dans trois
circonstances:

La cirrhose éthylique est connue:

—aprés avoir écarté la grande insuffisan-
ce hépatique,

—on discute, en cas d’hémorragie, a) le
coma post-hémorragique immeédiat, li¢
au collapsus, mais '’enchainement avec le
coma différé est possible et b) un acci-
dent cérébral hémorragique (surtout hé-
matome sous dural).

—ailleurs, on discute les comas électroly-
tiques qui représentent un autre aspect

du démembrement du coma hépatique.
Vol, 2,
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On distingue: 1) le coma hyponatre-
mique, hypochlorémique et hyperazoté-
mique au cours de grands syndromes
ascitiques et oedémateux. Une paracente-
se abondante est souvent responsable.

2) le coma hypokaliémique, hypochlor¢-
mique avec augmentation de la réserve
alcaline, a la suite de vomissements ou

diarrhée profuse, ou encore apres em-
ploi abusif de diurétiques. Ce coma cal-
me, hypotonique, s'accompagne d’une
augmentation de I'espace Q.T. a I'E.C.G.
Le risque de collapsus cardio-vasculaire
est ¢leve. Ces types de comas peuvent se
compliquer d'E.C., montrant bien Ila
complexité clinique de tels faits.

L'éthylisme, seul, est connu:

On discute surtout les deux autres gran-
des complications neuropsychiques de I'al-
coolisme chronique.

—L’encéphalopathie de Gayet-Wernicke.
Les troubles du tonus et de la conscience
peuvent préter a confusion. Mais la pha-
se prodromique est beaucoup plus lon-
gue, l'altération de I'état général sou-
vent plus marquée en raison de la nartu-
re carentielle du syndrome, les troubles
bles oculaires ont une grande valeur
lorsqu’ils existent, I'évolution est plus
longue avec possibilité de syndrome de
Korsakoff.

—1les délires alcooliques aigus et subaigus
(delirium tremens).
Leur expression psychiatrique est riche,
dominée par l'onirisme.
Les signes généraux son particulizrement
intenses dans le delirium tremens.
Le syndrome biologique différent.
L'évolution, par contre, est sensiblement
superposable.

Dans ces éventualités, la possibilité
d'association ou de succession doit étre éga-
lement prise en considération.

Il faut se rappeler, dans le doute le role
nocif des glucides dans I'encéphalopathie
de Gayet-Wernicke.

Citons enfin, dans ce groupe, I'hémato-
me sous dural, et le coma post-épileptique
chez un éthylique.
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Derniere éventualité, I'éthylisme est ignoré:

Les erreurs diagnostiques sont fréquen-
tes, mais il faut penser, devant tout acci-
dent neuro-psychique brutal, transitoire,
récidivant, a l'éventualité d’affections mé-
taboliques (encéphalopathie porto-cave, hy-
poglycémie, porphyrie, dyskaliémie, par
exemple).

TRAITEMENT

Si I'on écarte le coma terminal, le traite-
ment est dirigé contre trois facteurs:

Les sources d’ammoniaque.

® Régime exempt de protides, pauvre en
lipides, et tres riche en glucides. La re-
prise des protides sera prudente: en cas
d’amélioration franche, 25 g. par jour
pendant 8 jours, puis augmentation
progressive sous controle E.E.G.

® lavement intestinal évacuateur, surtout
en cas d’hémorragie. En cas de necessi-
t¢, la transfusion sera toujours de sang
frais.

® antibiothérapie per os
auréomycine 1,5 a 3 g/24 h,
néomycine 1 a 2 g/24 h.

Centre I'hyperammoniémie.

® Jl'acide glutamique (Walshe): il fixe-
rait I'ammoniaque dans les tissus et
permetrait la formation de glutamine,
atoxique. On emploie des perfusions
intra-veineuses quotidiennes de 40 g de
glutamate de Calcium dans 1.000 ml.
de sérum glucosé a 10 %.

@ Jlarginine favoriserait l'uréogénese hé-
patique, exigeant donc une fonction
hépatique peu troublée. Les perfusions
intraveineuses sont de 10 a 25 g en 2
ou 3 fois par 24 h. Récemment on a
proposé l'association avec 'acide mali-
que (Cachin).
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L’'action de ces produits est controversée.
A vrai dire, leur emploi parait surtout
justifié dans l'encéphalopathie porto-cave,
mais leur efficacité est difficilement appré-
ciable en raison de la tendance spontanée
a la réversibilité de cette variété. Leur étu-
de ne mérite pas moins d’étre poursuivie.

Contre les conséquences cérébrales de I'hy-
perammoniémie, on dispose du sérum glu-
cosé hypertonique.

En fait, le véritable traitement est pr¢-
ventif, permettant de réduire la fréquence

de ces accidents qui, tot ou tard s'averen

redoutables.

La prescription, dans les cirrhoses, vei
llera:

—a éviter les régimes hyperprotidiques
encore qu'un grand syndrome oedéma-
teux risque de poser des problemes diffi-
ciles a résoudre.

—a employer avec précaution les diuréti-
ques non mercuriels sous surveillance et
a éviter le chlorure d’ammonium et les
resines a radical ammoniacal.

—a proscrire le sang conserve,

—enfin, a éviter les dérivés du cortisol en
période évolutive (De Gennes).

SUMMARY

When trying to divide hepatic coma, the
concept of hyperammoniemia gives some
satisfactory information for a certain num-
ber of encephalopathies of cirrhosis.

Ethylic cirrhosis are particularly liable to
such accidents. Among the numerous start-
ing factors, the digestive bleedings rank
first.

The clinical description composed of
neuro-psychic troubles, which are now well-
known, is suggestive, as well as some elec-
troencephalographical anomalies.

But we must distinguish:

—the terminal encephalopathy of the
cirrhosis in which the hepatic cellular
lesion prevails, if it is not exclusive; this
is a cirrhotic encephalopathy with facul-
tative hyperammoniemia.

—The porto-cava encephalopathy in
which the porto-cava shortcircuits are de-
termining; it is an encephalopathy by
hyperammoniemia in which the favouring
factors play an often obvious precipitating
part.

The prognosis depends from the physio-
pathological mecanism.

RESUMEN

En el intento de estudio del coma hepa-
tico, la hiperamoniemia aporta datos satis-
factorios para un determinado nimero de
encefalopatias de la cirrosis.

Las cirrosis etilicas son las que estan mas
expuestas a estos accidentes. Entre los nu-
merosos factores que provocan la encefalo-
patia, las hemorragias digestivas ocupan un
lugar fundamental.

El cuadro clinico constituido por altera-
ciones neuropsiquicas que actualmente son
objeto de estudio, es sugestivo asi como
también determinadas anomalias electroen-
cefalograficas.
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Podemos distinguir:

—1la encefalopatia terminal de las cirro-
sis, en la que la lesion hepatica celular es
dominante y puede llegar a ser exclusiva;
es ésta una encefalopatia cirrética con hi-
peramoniemia facultativa.

—Ila encefalopatia porto-cava, en la que
los cortocircuitos son determinantes; es ésta
una encefalopatia por hiperamoniemia; el
rol de los factores que favorecen su pre-
cipitacion es a menudo evidente.

El pronostico esta en funcion del meca-
nismo fisiopatolégico.
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RESUME

Dans l'essai de démembrement du coma
hépatique, le concept de I’hyperammonié-
mie apporte une donnée satisfaisante pour
un certain nombre d’encephalopathies des
cirrhoses.

Ce sont surtout les cirrhoses éthyliques
qui sont exposées a de tels accidents. Parmi
les nombreux facteurs déclenchants, les hé-
morragies digestives tiennent la premiere
place.

Le tableau clinique fait de troubles neuro-
psychiques actuellement bien étudiés est
¢vocateur, de méme que certaines anomalies
¢lectroencéphalographiques.

Mais 'on doit distinguer:

—l1'encéphalopathie terminale des cirrho-
ses ou larteinte hépatique cellulaire est
dominante sinon exclusive; c’est une encé-
phalopathie cirrhotique avec hyperammo-
niémie facultative.

— L’encéphalopathie porto-cave ou les
courts-circuits porto-cave sont déterminants;
c’est une encéphalopathie par hyperammo-
niémie ou les facteurs favorisants jouent un
role précipitant souvent évident.

Le pronostic est en fonction du mécanisme
physio-pathologique.

ZUSAMMENFASSUNG

Im Versuch der Zerteilung des hepatischen
Komas erklirt die Hyperammoniimie
einige neuro-psychische Storungen der
Leberzirrhosen. )

Die wichtigsten Ursachen sind die
alkoholische Zirrhosen. Besonders durch
Magen-Darmblutung ist die Encephalopa-
thie hervorgerufen.

Die neuro-psychischen Storungen und die
Anomalien des E.E.G. sind charakteristisch

genug um einen diagnostischen Wert zu
besitzen.

Zu unterscheiden sind:

—Die Encephalopathie der Zirrhosen mit
vorherschender oder ausschliessender Lebe-
rinsuffizienz: in dieser Encephalopathie
spielt die Hyperammoniimie eine fakulta-
tive Rolle;

—Die Encephalopathie der Zirrhosen mit
portalen Anastomosen: in diesem Fall spielt
die Hyperammonidamie eine grosse Rolle,
und wird besonders durch begiinstigende
Faktoren hervorgerufen.

Die Prognose hingt von dem physiopa-
thologischen Mechanismus ab.
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Vascular Coma

RAYMOND HIERONS, M.B. B.Sc.
Consultant Neurologist, The Brook Hospital,

In 1934 Solomon and Aring analysed the
cause of a thousand cases of coma admitted
to the Boston City Hospital. Alcohol was
responsible for 599¢; the next most common
causes were trauma (139%), then cerebro-
vascular disease (10%). It seems probable
that if present day statistics from an average
gzneral hospital were available, alcoholic
cases would be fewer and coma due to
trauma and cerebrovascular disease would be
ccrrespondingly greater. It is proposed in
this paper, to discuss some of the problems
which arise in the diagnosis of states of
drowsiness, stupor or coma from common
vascular processes.

In hespital practice, a difficulty which
often arises in this group of cases, is an
inadequate history. Frequently this cannot
be avoided and immediate decisions have
to bz taken without accurate information
about the development of coma, or of the
past history. Important details of history
may have to be extracted from such people
as the police, or from an acquaintance who
may bring the patient to hospital but fail
to visit them again. A telephone call to a
previous doctor or hospital may sometimes
elicit important evidence.

Spontaneous Cerebral Haemorrhage and
Cerebral Thrombosis

Cerebral haemorrhage is probably the
commonest vascular cause of coma. Aring
an¢ Merritt’'s (1935) paper still deserves
close study, particularly for the distinctions

Vol. 2. — Number 4. — 1961,
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they suggest in differentiating haemorrhage
from tarombosis. Unconsciousness at the
cnset, was present in half their cases of
haemorrhage compared to a third of their
cases of tnrombosis (it is important to
emptasise that their series was derived
from pathologically verified cases and the-
refore the thromboses were an unusually
severe group and not comparable to the
average case).

Coma at the time of admission to hospital,
was very much more common in their cases
cf haemorrhage, i.e. in 68% compared to
3% of the thromboses. This showed that
dcterioration in the level of consciousness
over several hours was frequent in hae-
morrhage. Aring and Merritc also empha-
sised that a history of sudden severe
headache and vomiting is a valuable indica-
ticn of haemorrhage. Disturbances of res-
piration, especially Cheyne-Stokes breathing
also strongly suggests haemorrhage, parti-
cularly when this development occurs soon
after the onset. Signs of neck stiffness,
rapidly increasing paralysis and bilateral
extensor plantar responses also suggest
baemorrhage.

The same authors emphasised that exa-
mination of the C.S.F. although helpful
was not infallible. The fluid was normal
in 209 cf the haemorrhage cases and on
tne other hand in 10% of the thromboses
the fluid was slightly xanthochromic.

Thus it must be frankly admitted that
the diagnosis of haemorrhage from throm-
bosis is occasionally impossible. This was
again emphasised by Dalsgaard-Nielson
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(1956) who analysed 1,000 personal cases.
In spite of a particular interest in this
question, the clinical diagnosis of cerebral
haemorrhage was not confirmed at post-
mortem in 109 of cases.

Occasionally there is improvement in
the level of consciousness and in power of
the paralysed limbs in cerebral haemorrhage
but then after several days drowsiness and
coma return.

Papilloedema is found in roughly one
third of cases of cerebral haemorrhage and
only rarely in thrombosis.

Angiography also may not distinguish
haemorrhage from thrombosis. Even with
large intracerebral haemorrhage this may
occasionally be normal and sometimes with
infarction there is displacement of the
cerebral vessels. (Bull (1961) recently dis-
cussed the radiological aspects).

If we leave Aring and Merritt’s fatal
cases, it is probably true that a great many
cases of cerebral thrombosis disturbances
of consciousness are uncommon and when
this occurs it is usually slight, rarely more
than drowsiness and lasting for not more
than a few hours. Even in carotid throm-
bosis of catastrophic onset, with extensive
infarction and signs of severe hemiplegia,
hemianopia and sensory impairment, im-
pairment of consciousness is uncommon
and not prolonged.

Exceptions to this generalisation occur
in the presence of epilepsy and where there
are multiple infarcts. Thus when a previous
stroke has occurred, even followed by a
good recovery, another episode particularly
if it involves the other side of the brain,
may sometimes lead to stupor, rarely to
coma. Under such circumstances there are
usually bilateral signs.

Cerebral Emboli

Barham Carter (1957) has discussed the
problems involved in cerebral emboli, when
coma appears t0 be more common (coma
was present in 24 out of 108 cases — per-
sonal communication). The diagnosis is
made on the very sudden development, often
within seconds of hemiplegia, hemianopia
or aphasia in a patient suffering from either
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auricular fibrillation, a recent myocardial
infarction, mitral stenosis without fibrilla-
tion or bacterial endocarditis. Usually the
impairment of consciousness is not deep
and is usually short lived. The CS.F. is
usually clear but may be bloodstained or
xanthochromic in a small proportion.

Subarachnoid Haemorrhage from
Aneurysms and Angiomas

Walton (1956) considered that loss of
consciousness was the first manifestation of
subarachnoid haemorrhage in 20% of cases
and also in a further 5% which start with
a convulsion. When bleeding occurs from
aneurysms of the anterior cerebral and
anterior communicating arteries, loss of
consciousness is even more frequent. Coma
was the first sign of bleeding in more than
half the cases of anteriorly situated aneu-
rysms described by Logue (1956). This
author suggested that the initial escape of
blocd into the subarachnoid space narrows
the arteries, particularly the perforating
vessels to the hypothalamus, basal ganglia
and internal capsule, and this is responsible
for the loss of consciousness. This narrow-
ing if prolonged, leads to infarction of
brain. Another factor in producing coma
in certain cases is bleeding into the subs-
tance of the brain.

Frequently, the duration of unconscious-
ness is short and on recovering usually
within an hour, there i1s severe headache
and other features of this condition. Occa-
sionally the level of consciousness deterio-
rates and death may even occur, without
localising signs. The pathological findings
in such cases usually consist of massive
rupture, into one or both frontal lobes or
in the case of a posterior communicating
aneurysm, into the temporal lobe or even
into the cerebral peduncle.

An example of recurrent loss of cons-
ciousness which may occur with recurrent
bleeding, was the following. A woman of
31 and four months pregnant, collapsed in
the lavatory and was found unconscious,
but began to make inaudible sounds after
20 minutes. A few hours later on admission
to hospital, she was restless but able to
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answer very simple questions. The left pupil
was slightly larger than the right and both
were inactive to light and the occular axes
were divergent. The plantar responses were
both extensor although there was no dif-
ference in power of the limbs. Over some
hours she improved and was then able to
answer questions sensibly., It was then
possible to demonstrate slight right sided
weakness and there was also stiffness of
the neck and a subhyaloid haemorrhage.
Lumbar puncture revealed a xanthochromic
fluid under a high pressure and the urine
contained albumen. Arteriography revealed
a small aneurysm arising from the left
anterior communicating artery. Both ante-
rior cerebral arteries were well filled by
injection of the left carotid artery but filling
from the right side was inadequate. During
the first week she improved steadily. Then
a second loss of consciousness occurred
suddenly during which she was seen to
clench her teeth, the head turned to the
left and the arms extended. After about
10 minutes she complained of severe
headache. Next day a further retinal hae-
morrhage was evident although there was
no other change in the signs. A third attack
of loss of consciousness lasting only a few
minutes duration occurred a few days later,
with vomiting and a severe headache upon
recovering., A further lumbar puncture con-
firmed that another bleed had occurred.
Immediarely following this procedure the
arms and legs were extended. she was
cyanosed and lost consciousness. On recover-
ng, within a few minutes, she said that
she felt better but a short time later she
began to writhe about, throwing her arms
and legs around. grimacing and spitting.
Observers thoucht she was hysterical. but
an howr Jater she resvonded only feebly to
panful stimuli. hreathed heavily, the punils

were small and inactive and she died a few
hours later.

Examination of the brain revealed a
mcederate subarachnoid haemorrhage with
blood clot around the olfactory bulbs,
surrounding the pituitary stalk, along the
Sylvian fissures, filling the inter-peduncular
fissure, the ventral surface of the pons,
upper medulla, under surface of the cere-
bellum and the cisterna magna. A small
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aneurysm was present on the left anterior
cerebral artery just in front of the optic
chiasm. This had ruptured upwards into
the left anterior horn of the ventricle and
both ventricular systems were filled with
blood clot.

It would seem that the first bleed led
to loss of consciousness, perhaps due to an
intracerebral haematoma (in view of the
mild right hemiparesis on recovering her
senses). Three further brief episodes of loss
of consciousness occurred lasting only a
matter of minutes, probably associated with
epilepsy. The fifth consisted of increasing
coma over several hours. All five episodes
of impairment of consciousness were asso-
ciated with evidence of further bleeding.

Deterioration in the level of consciousness
may develop gradually a few days after a
subarachnoid bleed as in the next case, due
to an intra cerebral haematoma.

A previously healthy woman of 26 years,
suddenly remarked to her husband that she
had a headache. He asked if she would like
some aspirin but she refused, and she also
cemplained of feeling dizzy. She then leaned
her head against his shoulder and began
to sink to the ground unconscious, the
whole episode taking less than a minute.
The husband noticed that her right arm
and leg were stiff and sticking out. By the
time she was admitted to hospital half an
hour later, she was able to say a few words.
Examination revealed stiffness of the neck
and spastic weakness of the right side.

The level of consciousness improved
during the first day and there was also
some recovery in the right sided weakness.
Later she became increasingly drowsy and
three days after the onset she was stuperose,
although if stimulated by a loud voice she
was able to say that she had a headache
and could obey simple commands. She was,
however, disorientated in time and place
and lapsed immediately into stupor when
left alone. There was no evidence of dys-
phasia so far as one could examine her. No
voluntary movement was seen in the right
arm although slight movement was possible
in the leg. Both plantars were extensor the
right more so than the left. Some impair-
ment to pin prick was present on the right
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side up to the shoulder. Apart from stiff-
ness of the neck there were no other signs.

The urine contained sugar and the C.S.F.
was under a pressure of 290 mms, grossly
bloodstained and the supernatant fluid was
faintly xanthochromic.

Angiography revealed a small angioma-
tous malformation, high up over the con-
vexity of the left frontal lobe, a little in
front of the Rolandic fissure but in the
A.P. views there was no shift.

Following this, Mr. Murray Falconer
removed the angioma and also a large clot
which filled the greater part of the frontal
lobe which had opened into the frontal
horn of the lateral ventricle. Subsequently
she made a slow but steady improvement.
One year later she had only slight weakness
cf the right leg and five years later, apart
from a few epileptic attacks she reported
that she was well.

An example of delayed development of
coma, from an intracerebral haemorrhage,
is shown by the following case and also
illustrates how an intracerebral clot may
for rome time not cause any alteration in
the level of consciousness.

A weman of 56, while scrubbing the
floor at the hospital where she worked,
suddenly developed a severe bifrontal head-
ache. This increased in intensity and was
associated with repeated vomiting. She was
able to go home by taxi. She also had
dizziness, her surroundings seemed to rotate
from right to left. The following day the
dizziness had gone, but headache, vomiting
and general malaise persisted. She remained
in bed at home for two days, but three
days after the acute episode, she was able
to walk a few hundred yards to see her
doctor, although she still had a severe
headache and felt ill. She was told to go
heme to bed. On the way back her legs
became weak and she had to be helped
into a shop to have a rest and when she
got back to bed she noticed that her head-
ache was rather more severe.

Later that day she had her first fit and
had a total of 8 over the course of a few
hours. On admission to hospital she was
unconscious with signs of a spastic left
hemiplegia. Both plantars were extensor.
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The C.S.F. was heavily bloodstained under
a pressure of 180 mms.

During the next few days power improved
in the left side and when transferred to
the Neurosurgical Unit a week after the
onset she was free from headache.

On examination she was alert and sen-
sible. The only abnormalities consisted of
very slight left sided weakness, and bilateral
extensor plantar responses.

She remained well and without head-
ache. Angiography disclosed a small aneu-
rysm on one ot the marginal branches of
the anterior cerebral artery at a plane about
2 cm. behind the genu of the corpus callo-
sum. Behind this there was stretching of
several other branches of the anterior ce-
rebral artery suggesting a large clot which
passed backwards to the mid vertex. In the
A.P. views there was a shift of a large part
of the anterior cerebral artery to the left.

In spite of the suggestion of a large
intracerebral clot she was very well, not
complaining of headache and with only
very slight lefc sided weakness, although
both plantar responses were extensor. One
evening 10 minutes after a consultation
between Surgeon and Neurologist, when
the latter was advising against operation,
she was suddenly found unconscious,
although responding to painful stimuli,
sweating and trying to open her eyelids.
it is possible she might have had a fit
although a nurse had been present on the
other side of the screen and had heard
nothing. There was some movement of the
right limbs but not of the left. Following
this she improved slightly but half an hour
later became unresponsive, started having
periodic respirations and vomiting. An
immediated right frontal craniotomy was
therefore carried out by Mr. Murray Fal-
coner. A large intracerebral clot was re-
moved from the right frontal lobe. The
medial portion of the right frontal lobe
had herniated under the flax to the other
side. The aneurysm which originated on a
small branch artery of the anterior cerebral
was removed.

Six months after operation at follow up
she was active and intelligent and showed
— J1961.
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only slight weakness of the left hand and
of dorsiflexion of the foot. Six years later
she reported by letter that she was per-
fectly well.

It is important to recognise that intra-
cerebral haemorrhage may occur and result
in coma and yet bilateral angiograms show
no shift or abnormality. Walsh’s (1958)
series showed this to be the case in 1/3
cf his cases. He urged that when this con-
dition is suspected clinically, particularly
with disturbance of consciousness and one
or both pupils inactive to light, biparietal
burr holes should be made. Then, if a
haematoma is encountered it is aspirated
but if not ventriculography should be un-
dertaken as this may then reveal a haema-
toma even with normal arteriograms. Walsh
also described how occasionally a small
angioma may produce a haematoma and
angiography not reveal the vascular mal-
formation.

Subdural haematoma may occasionally
result from a subarachnoid haemorrhage
and Logue (1951) estimates that this is
respensible for 8% of cases. In these cases
headache usually persists after the subarach-
noid bleed and then over a period, oc-
casionally as long as five weeks drowsiness
or coma develop which may fluctuate and
usually associated with signs of hemiparesis
together with alterations in the pupils.

Posterior Fossa Aneurysms

Helen Dimsdale and Logue (1959) have
recently discussed the diagnosis and surgical
treatment of these cases. They emphasised
that following bleeding there is frequently
depression in the level of consciousness and
this rapidly improves. Occasionally there
are epileptic attacks. Other features consist
of transient weakness of the limbs, usually
of both sides together with pyramidal signs,
alteration in the size of the pupils, (in-
equality, constriction or dilatation), sixth
nerve palsy (or on both sides) and tran-
sient nystagmus. It was emphasised that
bilateral vertebral arteriograms may be ne-
cessary to show the lesion and that good

results can follow surgical treatment.
1961,
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There is some evidence to suggest that
blood in the subarachnoid space may result
in confusion, drowsiness, fits and also
papilloedema, cixth nerve palsies, nystag-
mus and bulbar signs. Henson and Croft
(1956) have described such cases where the
source of the bleeding originated from the
spinal cord (usually angiomata) and such
manifestations were prominent after the
blood tracked up into the skull.

Cerebral Infarction following
Subarachnoid Haemorrhage

The development of signs of hemiparesis
or hemiplegia in association with subarach-
noid bleeding, particularly when there is
drowsiness or stupor makes one suspect
an intracerebral haematoma. The condition
may however, be due to infarction produced
by a collection of blood kinking or stretch-
ing vessels or as some believe, by the break-
ing down of haemoglobin liberating a subs-
tance whick produces spasm.

A consecutive series of cases of fatal
bleeds from aneurysm were studied patho-
logically by Tomlinson (1959). He found
bleeding into the brain in 53% (a third
of these were massive extending into the
ventricles) while in 78% there was cerebral
infarction (of which half were massive).

An example of the difficulty in making
this distinction also indicating the impossi-
bility, at times of distinguishing hyperten-
sive cerebral haemorrhage from that due
to an aneurysm, is illustrated by the follow-
ing:

This patient had her first pregnancy
induced, in the seventh month, because of
hypertension (blood pressure 210/150) and
albuminuria. Over the next 5 years the
hypertension persisted, although the albu-
minuria disappeared, the lowest B.P. was
180/105, although usually it was higher.
At the age of 44, she suddenly developed,
over the course of a few minutes, weakness
of the right side, together with headache
and vomiting. By the time her doctor was
called she was dazed, confused, unable to
speak and had a right hemiplegia. On
admission to hospital she was drowsy, rest-
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less, incontinent of urine, severely dyspha-
sic with stiffness of the neck and profound
paralysis of the right arm and leg. The B.P.
was 205/105 and x-ray of the chest showed
enlargement of the left ventricle and un-
folding of the aorta. Examination of the
C.S.F. confirmed the presence of a sub-
arachnoid blood.

The following day she was able to
swallow and less drowsy. Five weeks later
when transferred to the Neurosurgical Unit
she showed a moderate degree of dysphasia,
inability to do simple calculation, a right
homonymous hemianopia with some sparing
of the upper quadrant, haemorrhage in both
discs together with cotton wool patches on
the right and constriction of the arteries.
Therc was no facial weakness but signs of
moderate weakness of the right side together
with profound impairment of sense of po-
sition in the right arm and ankle and loss
to light touch over the right arm and leg
with impairment over the trunk.

The E.E.G. showed irregular slow activity
throughout the anterior half of the left
hemisphere. Angiography revealed an aneu-
rysm of the terminal carotid on the left
with minimal displacement of the anterior
cerebral to the right suggesting the pre-
sence of an intra cerebral haematoma.

The left common carotid was tied in
stages. She was thought to have a parietal
intracerebral haematoma but subsequently
ventriculography showed only slight dilata-
tion of the whole of the left lateral ven-
tricle. She slowly improved and eventually
was able to do simple household tasks
although was moderate hemiplegic and
slightly dysphasic. This state persisted 8
years later.

Spontaneous Cerebellar Haemorrhage

In recent years there has been a renewed
interest in the diagnosis and surgical treat-
ment of this type of haemorrhage. The
majority of these cases present in stupor
or coma. Gowers (1893) left us an excel-
lent description. This is what he wrote:

“Loss of consciousness is as common as
in haemorrhage elsewhere, and presents
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the same variations in its degree. There is
often no initial paralysis; sometimes there
is hemiplegia, due to pressure, and it may
be on the same side as the haemorrhage,
or on the opposite side, according as the
pressure is exerted on the pons or on the
medulla. The absence of hemiplegia is more
significant than its presence. The pressure
may also cause various paralyses in the
parts supplied by the cranial nerves that
arise from the pons and medulla. The state
of the pupils varies; vision is unaffected.
Vomiting is more frequent than in hae-
morrhage elsewhere, being met with in
half the cases, and it is also more often
persistent. It may occur without, as well as
with, loss of consciousness. If recovery takes
place, the pressure-effects, including the
hemiplegia, pass away, and the only lasting
symptom is cerebellar unsteadiness, which
persists in some, but not in all cases. Hae-
morrhage into the cerebellum often bursts
into the fourth ventricle, causing fatal
depression of the functions of the medulla.
When the middle cerebellar peduncle is the
seat of the haemorrhage, the characteristic
symptoms, forced lateral position of the
head, difference in height of the eyes, and
a tendency to lie on one side, and even
to rotate, is usually distinct, even sometimes
at the onset during the stage of apoplexy,
and if the patient is conscious, there is
usually intense vertigo.”

" Hypertension and atherosclerosis are res-
ponsible for the majority of cases, but
occasionally, in younger patients, angioma
or aneurysm occur.

Recently McKissock, Richardson and
Walsh (1960) have described how the con-
dition may develop in a gradual or episodic
manner. Cerebeliar signs are prominent. The
C.S.F. may occasionally be normal. Drowsi-
ness in this group may gradually develop
over some days, rarely over a few weeks.
The mortality in their series, surgically
treated was related to the level of conscious-
ness. They plead that in subarachnoid hae-
morrhage with drowsiness, when bilateral
carotid angiograms are normal, early
complete visualisation of the ventricular
system is essential to recognise this con-
dition,
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Primary Pontine Haemorrhage

Often the first manifestation is coma.
Occasionally sudden headache and vomiting
may occur first but are soon followed by
drowsiness. Disturbances of respiration
either sterterous cr Cheyne Stokes in type
and pin point pupils are frequently present.
In the early stages there may be signs of
crossed paralysis but rapidly bilateral signs
are evident. At times convulsions may occur.
It may be impossible in certain cases to
distinguish pontine from cerebellar hae-
morrhage on account of the pontine com-
pression which may occur in certain cases
of cerebellar haemorrhage.

In the great majority of cases death
occurs within 12 hours although rare exam-
ples are reported with survival.

Stenosis and Occlusion of the
Basilar Artery

Gowers in 1893 gave a concise descrip-
tion of this condition and pointed out how
the hemiplegia may fluctuate — one side
may become weak and then improve, then
the other side may be affected and later
the first side be affected again. The facial
and trigeminal nerves may be affected in
a variable way. Usually dysarthria and
difficulty with swallowing occur. Occasio-
nally there is defective conjugate gaze of
the eyes. Disturbances of consciousness are
prominent and to quote Gower's words
“The patient may lie for some days in a
state of incomplete coma, can be roused to
open his eyes, but does not speak. Con-
vulsions occasionally attend the onset, but
are on the whole not frequent; they may
be general or partial; one limb or one side
of the face may escape.”

More recently Kubik and Adams (1946)
in an important clinical and pathological
study emphasised the frequency of distur-
bances of the level of consciousness varying
from confusion to coma. Coma was the first
manifestation in every case of embolism
compared to 20% of those due to thrombosis
although at some time impairment of cons-

ciousness occurred in every case. Temporary
Vol. 2.
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improvement of hours, days or weeks may
occur although in faral cases coma was
invariably a prominent feature,

Occasionally headache may be prominent
in this condition. This has been thought to
be due to vascular dilatation in an attempt
to establish collateral circulation.

Anoxia, Hypoxia, and Hypotension

Circulatory or respiratory arrest of more
than a few minutes leads to deep coma due
to widespread neuronal changes in the
brain. Lesser degrees of damage may be
produced by arrythmia or severe hypoten-
sion. Cases are occasionally encountered
after general surgical procedures when the
patient remains unconscious after the anaes-
thetic. In others the damage may occur
after the operation as a result of being
nursed propped up in bed and in these
circumstances muscle relaxant drugs may be
the factor responsible. Similar cases occasio-
nally follow operations on the heart. This
latter group may eventually give us more
precise knowledge as it is only under these
circumstances that accurate and detailed
study of the blood pressure and contraction
of the heart are available throughout the
operation and immediately afterwards.

Similar effects may also occur in severe
myocardial infarction, dissecting aneurysm,
following severe haemorrhage or the inju-
dicious reduction in the blood pressure in
patients with hypertension. Varying degrees
of disturbed consciousness, sometimes to
the extent of coma may be seen in any
of these conditions and it is probable that
severe hypotension is the cause. Narrowing
or occlusion of the main vessels to the brain
or of the cerebral arteries may of course
be an added factor.

Neurological disturbances of which im-
pairment of consciousness is often a fearture,
may also complicate long standing respira-
tory insufficiency. This is most commonly
chronic bronchitis and emphysema associat-
ed with right heart failure. At times the
respiratory and cardiac disturbances are
overshadowed by drowsiness, confusion or
even stupor or coma and there is often
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headache, papilloedema, tremor and jerking
movements of the limbs. This condition is
probably largely due to a reduction in the
arterial oxygen saturation combined with
retention of carbon dioxide.

Acute Hypertensive Encephalopathy
In the past this term was frequently used

to cover many cerebral disturbances in
hypertensive patients which we would today

regard as cerebral infarctions. The experi-
mental work of Byrom (1954) has however,
demonstrated the mechanism of this condi-
tion although in clinical practice such cases
are extremely rare, It occurs in a setting
of severe hypertension and an additional
rise in blood pressure usually preceeds the
attack. Headache, followed by convulsions
either focal or generalised usually occur
followed by stupor or coma. Lowering of
the blood pressure may be followed by
rapid recovery.

SUMMARY

Vascular disease of the brain is frequently
responsible for states of impaired cons-
ciousness ranging from drowsiness to coma.
This paper is concerned with some of the
problems which arise in the diagnosis of
such cases.

Spontaneous cerebral haemorrhage is the
most frequently encountered. In the
majority the differentiation from cerebral
infarction is relatively easy although
occasionally there are considerable ditficul-
ties. The significance of headache, vomiting,
rapidly increasing paralysis, bilateral exten-
sor plantar responses, papilloedema, the
composition of the C.S.F. and angiography
in making this distinction are discussed.

Coma is present in about 25% of cases
of cerebral emboli. The manifestations of
basilar artery occlusion are described in

which disturbances of consciousness are
prominent. Brief consideration is given to
cerebellar haemorrhage and to spontaneous
pontine haemorrhage.

Some of the problems which arise in
subarachnoid haemorrhage from aneurysms
and angiomas are described and particularly
complications such as intracerebral hae-
morrhage and cerebral infarction. It is
emphasised that bilateral angiography may
fail to reveal a haematoma and the necessity
when such a condition is suspected, with
a patient in coma and with one or both
pupils inactive to light, to perform
biparietal burr holes and if aspiration is
negative, to proceed with ventriculography.

Finally such conditions as anoxia, hypoxia,
hypotension and hypertensive encephalopa-
thy are discussed.

RESUMEN

Las enfermedades vasculares del cerebro
son responsables con frecuencia de estados
en los que la conciencia esta afectada en
grados que van de la obnubilacion al coma.
Este trabajo trata de algunos de los proble-
mas que se presentan por el diagndstico de
estos cuadros clinicos.

La afeccion que se encuentra con mas
frecuencia es la hemorragia cerebral espon-
tanea. Generalmente su diferenciacion del
infarto cerebral es relativamente facil, aun-
que en algunas ocasiones se presentan gran-
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des dificultades. Con el fin de llegar a dis-
tinguir las dos lesiones, se discute el sig-
nificado de las cefalalgias, vomitos, las pa-
ralisis que avanzan rapidamente, las respues-
tas plantares extensoras bilaterales, el edema
de papila, la composicion del liquido cefalo-
rraquideo y la angiografia.

El coma esta presente en alrededor del
25% de los casos de embolia cerebral. Se
describieron las manifestaciones de la oclu-
sidn de la arteria basilar en el curso de la

cual son prominentes los transtornos de la
Vol. 2.
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conciencia. Se hicieron breves consideracio-
nes relativas, a la hemorragia cerebelosa y
a la hemorragia pontina espontanea.
Fueron tratados algunos de los problemas
que aparecen en las hemorragias subaracnoi-
deas por aneurismas y angiomas, particu-
larmente ciertas complicaciones tales como
la hemorragia intracerebral y el infarto ce-

rebral. Se insistio en que la arteriografia
bilateral puede no revelar un hematoma y
que cuando éste es sospechado en un pa-
ciente en coma, con una o las dos pupilas
sin reaccion a la luz, se hace necesario prac-
ticar en ambas regiones parietales, agujeros
de trépano y si la aspiracién es negativa,
realizar la ventriculografia.

RESUME

Une maladie vasculaire du cerveau est
souvent responsable d'un état de dérange-
ment de la conscience qui varie de la som-
nolence au coma. Ce travail s’occupe de
quelques problemes qui se posent au cours
du proces diagnostic de cas résultants d’une
pathologie vasculaire du cerveau.

La plus fréquente est une haemorrhagie
cérébrale spontanée. Dans la plupart des cas
la différence entre elle et un infarctus du
cerveau est relativement facile — bien que
de temps en temps les difficultés pour le
diagnostic sont considérables. L'importance
du mal de téte, des vomissements, de la
paralysie qui augmente, le signe bilateral
de Babinski, 'oedéme de la pupille, la com-
position du liquide céphalo-rachidien, an-
giographie, sont discutés pour faire le diag-
nostic differentiel.

Le coma se présente dans environ 25 %
de cas d’embolie cérébrale. Les manifesta-
tions de l'occlusion de I'artérie basilaire au

cours desquelles le dérangement de la cons-
cience est évidente, sont décrites. Una bréve
considération est donnée a I'’haemorrhagie
du cerebellum et a I'haemorrhagie spontanée
du pont.

Quelques problémes résultants d’une hae-
morrhagie subarachnoidale et de I'aneuris-
me et angioma sont décrits et en particulier
les complications comme I’haemorrhagie
intra-cérébrale et I'infarctus du cerveau. 11
est souligné que I'angiographie bilatérale
peut manquer a découvrir un haematome
et dans le cas ou cette condition est en doute
avec le malade dans le coma, les pupilles
n’agissant pas a la lumiére, il faut faire une
trépanation bipariétale et si l'aspiration
est negative, il faut considérer une ven-
triculographie.

Finalement les conditions comme anoxia,
hypoxie, hypotension et encéphalopathie
hypertensive sont discutées.

ZUSAMMENFASSUNG

Zirkulationskrankheiten des Gehirns sind
ofters verantwortlich fiir Bewusstseinsto-
rungen die von Schiffigkeit bis Coma
erstrecken. ‘

Diese Arbeit behandelt gewisse Diagnosen-
probleme die sich als Resultat ahnlicher
Zirkulationspathologie ergeben.

Hauptsichlich treten spontane Gehirnblu-
tungen ein. Meistens sind diese leicht
von Gehirninfarkten zu unterscheiden, aber
manchmal erweisen sich grosse Schwierig-
keiten. Die Bedeutung von Kopfschmerzen,
Erbrechen, schnell fortschreitenden Lih-
mung bilaterale Babinski-Erscheinung, Pa-

pillenschwellungen, Analyse der Lumbar-
Val. 2
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flissigkeit und Angiographie fiir die
Begriindung der Diagncse werden bez-
weifelt.

Coma erscheint in 25% der Fille von
Gehirnembolie. Die Erscheinungen bei Ar-
teria Besilaris Okklusion in denen Be-
wusstseinstorungen erscheinen, werden un-
tersucht. Kleingehirnblutungen und spon-
tane Blutungen des Pons werden kurz bes-
chrieben.

Gewisse Probleme der Subarachnoidblu-
tungen durch Aneurismus und Angioma
werden beschrieben — ebenso Komplikatio-

nen wie Gehirnblutungen und Infarctus
Cerebri.
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Es wird hervorgehoben dass doppelseitige
Angiographie ein Haematoma ubersehen
kann, und in einem solchen Fall wenn die
Existenz eines Haematomas in Verdacht
ist — also wenn der Patient komatos ist,
cine oder beide Pupillen auf Licht nicht
reagieren — dann missen biparietale Trep-

hinlocher unternommen werden, und wenn
keine Gehirnblutung gefunden wird, muss
Ventriculographie unternommen werden.
Zum Schluss werden Zustinde wie Ano-
xie, Hypoxie, niedriger Blutdruck und hy-
pertensive Enkephalopathie behandelt.
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Treatment of Prolonged Coma

P. C. GAUTIER-SMITH, M. D.

Physician, National Hospital for Nervous Diseases,

Effective treatment of prolonged coma
has become of the greatest importance in
recent years. With more efficient means
available for keeping comatose patients
alive for a long time, has come the realisa-
tion that complete recovery may sometimes
follow extended periods of unconsciousness.
Thus, patients with head injuries and
encephalitis may be left with little if any
functional deficit, even if they have been
in coma for many days.

The word coma implies a complete loss
of consciousness. In the context of treat-
ment, however, this definition is far too
narrow. Of even greater importance both
numerically and in terms of prognosis, are
those patients who, while retaining aware-
ness of their surroundings, are so completely
paralysed that they are incapable of doing
anything for themselves. The principles
underlying the treatment of these two
groups are identical. Acute infective poly-
neuritis, poliomyelitis and myasthenia gravis
all may give rise to states of profound
weakness, from which complete or partial
recovery may be expected, even after many
weeks. In addition to that brought about
by disease processes, paralysis is sometimes
induced artificially. The treatment of severe
tetanus has been revolutionised by this
method. Complete relaxation produced by

curare may need to be prolonged for up
to three weeks.
Vol, 2, —

Numhbor 4. - 19461,

Queen Square, London.

PRINCIPLES OF TREATMENT

The treatment of any form of coma or
paralysis should of course be dirgcted
primarily at the cause. In many conditions
and in particular those cited above, no
effective means are available. Treatment,
therefore, has essentially to be symptomatic,
while the mechanisms that govern con-
sciousness and voluntary movement are
enabled to recover.

A. Maragement of respiration.

Respiratory failure is the greatest danger
to the comatose patient and the most
common cause of death. Even if the res-
piratory muscles are working satisfactorily,
obstruction of the air passages can easily
occur. The tongue may fall back and secre-
tions may pool in the pharynx. Correct
positioning is all important in the preven-
tion of these complications. The patient
should be nursed in the semi-prone or
prone position, never in the supine and the
foot of the bed should be raised about 18
inches. 1f the pharyngeal structures are
flaccid, an airway should be inserted.

Aspiration from mouth and pharynx.
Despite these measures, aspiration with

an electric sucker may be required to remove
secretions. A fairly stiff catheter is best
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employed. Suction should be carried out
under direct vision to avoid traumatising
the mucous membranes. Occasionally, bron-
choscopy is needed if vomit or secretions
have been aspirated into the trachea and
bronchi.

Tracheotomy.

Correct positioning and suction may be
ineffective in clearing the pharynx. In this
situation tracheotomy should be carried
out. The procedure should not be delayed
too long. Waiting until the patient is
cyanosed or until partial respiratory obstruc-
tion has occurred, greatly adds to the
hazards of the operation. Under these
circumstances it may have to be performed
by an inexperienced person and in addition,
anoxic patients are a poor anaesthetic risk.
Planned tracheotomy by a skilled surgeon
is a safe procedure.

Flanged rubber tracheotomy tubes are
best used. The flange prevents the tube
from slipping into one or other of the main
bronchi, a serious hazard when other types
are used. An inflatable latex cuff around
the tube prevents secretions or stomach
contents from entering the lungs. In theory,
the cuffs should be let down periodically
to prevent pressure necrosis of the trachea.
In practise, provided that they are not over
inflated, the risk of this complication is
negligible.

Once the tracheotomy is established,
physiotherapy to the chest and suction with
a catheter should be carried out regularly.
Careful positioning also helps to drain
secretions. Careful and continuous observa-
tion is necessary to ensure that the bronchi
do not become obstructed.

Defective movement of one side of the
chest, a rise in pulse and blood pressure
and cyanosis are all signs that indicate the
possibility of a blocked bronchus. If
percussion and suction do not clear it,
bronchoscopy may be necessary.

Secretions often become sticky and
tenacious if the inspired air is too dry. To
combat this, an artificial humidifier should
be used. Air, which passes over water in
a thermostatically controlled bath (Mar-
shall and Spalding, 1953), is a satisfactory
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arrangement. The temperature of the air
delivered to the patient should be kept at
370C (99.5%F).

Assisted respiration.

Despite a satisfactory airway, the patient
may either be so deeply comatose or so
severely paralysed, that spontaneous respira-
tions are inadequate to maintain life. Under
these circumstances, some form of assisted
respiration will be required.

The first type of artificial respirator to
be used was the cabinet. This consists of
an airtight tank, which encloses the patient
completely, apart from his head and neck.
Air, provided by electrically driven bellows,
is alternately extracted from and blown
into the tank. Removal of the air produces
a negative pressure inside the cabinet and
expansion of the chest occurs, air being
drawn into the lungs. Conversely, when air
is blown into the cabinet a positive pressure
is induced, which compresses the chest and
produces expiration.

There are a number of serious disad-
vantages to this apparatus. The strong
negative phase sucks pharyngeal secretions
into the lungs and even if this is prevented
by tracheotomy and adaptation of the neck
fitting, access to the patient for nursing
care, physiotherapy and diagnostic proce-
dures is still difficult. The machines are
also bulky and expensive.

Management of assisted breathing has
been greatly simplified by the introduction
of intermittent positive pressure respiration.
As long ago as 1811, Sir Benjamin Brodie
kept a she-ass, which had been completely
paralysed with curare, alive for several hours
by repiring it with a pair of fireside bellows
inserted into the trachea. The animal sub-
sequently made a complete recovery. This
principle was forgotten until its reintroduc-
tion by Lassen (1953) during the severe
epidemic of poliomyelitis in Denmark in
1952. The method is very simple. Air is
blown into the lungs by way of an endo-
tracheal tube and expiration occurs as the
result of the elastic recoil of the chest.
Initially, manually operated bellows were
used but soon electrically driven machines
were devised and now there are many types
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available. Air 1is delivered through a
humidifier, which is connected to the
tracheotomy, with an intervening valve and
suction connection. This apparatus is chea-
per, easier to use and safer than the cabinet.
Access to the patient is unobstructed and
all nursing and therapeutic procedures are
simplified.

The decisicn regarding the necessity for
tracheotomy and assisted respiration must
be a clinical one. Once instituted, artificial
ventilation is controlled by observations
of pulse and blood pressure and by estima-
tion of the pCO.. The rebreathing technique
(Campbell and Howell, 1960) is a simple
and reliable method. The minute volume
is set at a level which can be calculated
from a nomogram (Radford, 1955). Altera-
tions of the stroke volume are usually made
when necessary, rather than changing the
rate.

Routine suction and physiotherapy must
of course be carried out in the same way
that has already been described in the sec-
tion on tracheotomy. Scrupulous care must
be taken to avoid infection. The use of
prophylactic antibiotics is probably best
avoided, their employment being confined
to the treatment of established infections.

When the patient begins to recover, the
machine should be disconnected for gra-
dually increasing periods of time. The next
step is to release the cuff of the tracheotomy
tube and to cork it. The tube should be
left in situ until the patient can cough and
clear secretions satisfactorily.

B. Care of the skin,

Constant vigilance and attention to detail
are essential in the prevention of decubitus
ulcers. Prophylaxis is all important. The
established ulcer is difficult to treat and
may even threaten life. Loss of vasomotor
control and sensory disturbance are impor-
tant predisposing factors but the skin breaks
down as the result of pressure and friction
The earliest sign is reddening of the skin,
indicating transient disturbance of the
circulation. This is followed by evidence
of superficial skin damage as shown by
reddening of the skin, not disappearing
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with relief of pressure, blister formation
and loss of superficial epithelium. Finally,
necrosis of the underlying tissue occurs and
osteomyelitis and septicaemia may super-
vene. The sites most likely to feel the effects
of pressure are the bony areas most poorly
protected by underlying soft tissue. The
heels, femoral trochanters and sacrum are
the most commonly affected but any bony
peint is greatly at risk.

Almost all decubitus ulcers are preven-
table. Prolonged pressure on any one point
must be avoided and so the patient should
be turned at least every two hours. Turning
must be carried out quite relentlessly even
though, in such diseases as acute infective
polyneuritis, it may be unpleasant for the
patient. A wide variety of positions can
be utilised including the prone.

Avoidance of friction to the skin is
equally important. There should be no
knots, buttons or bukles on the patient’s
clothing and the sheets should be kept free
of crumbs and creases. Bedclothes must be
kept dry and scrupulously clean. The patient
must be turned with great care, being lifted
rather than rolled to avoid friction burns.
The skin should be washed regularly all
over with soap and water, prolonged gentle
massage being used.

Pressure sores can develop very rapidly
and patients may well have established
ulcers when first admitted to hospital. In
these cases, there must be no pressure on
the sore at all. The sacrum and the tro-
chanters are the commonest sites and the
prone position is most valuable. Necrotic
pertions of the ulcers should be excised and
dressings carried out using a no touch
technique. Initially, the wound should be
vacked with gauze soaked in a mild
antiseptic, such as ensol but once granula-
tion starts, there should be as little dressing
as possible. Protein loss, which may amount
to as much as 50 grams in 24 hours (Harper
1945). must be replaced and anaemia co-
rrected by the administration of iron or if
necessary by blood transfusion.

C. Feeding.

Prolonged coma gives rise to conditions
which favour the production of water and

~ 387



INTERNATIONAL JOURNAL OF NEUROLOGY

electrolyte disturbances. Not enly is inges-
tion impossible but the normal losses
through the skin and respiration may be
greatly increased. Liquids and food mayv be
provided either intravenously or by gastric
tube. Some authors, for example Le Beau
et al (1958), favour the former method on
the grounds that with gastric intubation
there is a great danger of aspiration of food
into the lungs. They point out that this
danger does not exist when a tracheotomy
has been performed. Most other workers,
while being aware of this hazard, have
found that nasogastric feeding is more
satisfactory for the long term, even if a
tracheotomy has not been done. This method
can be used indefinitely with good results
except when there is a paralytic ileus.
Intravenous therapy, even if a polythene
catheter is threaded into a main vein, can
only be kept up for a limited period, owing
to the dangers of thrombosis, infection and
overloading the- circulation. It is never-
theless very valuable in the rapid correction
of electrolyte imbalance.

Plastic gastric tubes are the most satis-
factory. They are less irritant than rubber
and being firmer, are easier to introduce.
Great care must be taken to ensure that the
tube has not entered the trachea. Higgins
et al (1954) have described a regime for
lcng term nasogastric feedings. For the first
12 hours, they recommend that no liquids
are given. Fluid feeding is then begun
gradually with 60 mls (2 ounces) of water
or of diluted milk given every 1 or 2 hours
for the first 4 to 8 hours. The stomach is
aspirated before each feed. A milk-glucose
and water regime is then commenced. 1800
mls (3 pints) of milk with 300 grams of
glucose, diluted with 600 to 800 mls (1
to 3 pints) of water, are given in the 24
hours in divided feeds every 2 hours. This
mixture provides 2,250 calories, 50 grams
of protein, 300 grams of glucose and 0.85
grams of sodium. After 24 to 48 hours,
unless hyperchloraemia has resulted, 600
mls (1 pint) of Ringer-Fischer solution is
substituted for 600 mls of water. This brings
up the 24 hour sodium intake to 2.0 grams.
Daily electrolyte estimations should be
made at this stage.
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After 4 or 5 days a higher protein intake
can be given. A satisfactory mixture is 225
grams carbohydrate, 100 grams of protein
and a 100 grams of fat, giving, 2,200 calories.
The whole is diluted with from 2,400 to
3,600 mls (4 to 6 pints) of water, including
600 mls (1 pint) of Ringer-Fischer solu-
tion. Adequate amounts of vitamins and
iron are added. Finally, if electrolyte balance
is still satisfactory, 2,700 calories with 250
grams of carbohydrate, 130 grms of protein
and 130 grams of fat can be given indefini-
tely.

Barron and Fallis (1953) believe that no
commercially prepared formula can replace
natural food. They used a blendor or
liquifying machine and reported their
experience of the tube feeding of 200
patients. 1300 calories could be included in
1000 mls of fluid. The diet was well
tolerated.

If the regime outlined above is instituted
from the beginning, satisfactory control of
electrolytes is usually achieved. A careful
watch must be kept and any disturbance
must receive appropriate treatment. Com-
plications are rare. Diarrhea is a fairly
constant but minor side effect but usually
requires no specific treatment,

D. Care of the bladder.

The unconscious or totally paralysed
patient will develop either incontinence or
retention of urine. In the former, urine
should be collected in a urinal whenever
possible. In the case of female patients,
disposable pads can be used but these are
unsatisfactory and catheterisation and tidal
drainage is preferable. Whenever inconti-
flence occurs, care must be taken to ensure
that the condition is not retention with
overflow.

When retention is present, intermittent
catheterisation every 6 hours should be
carried out for the first 3 days. If an
indwelling catheter is inserted at the
beginning, there is danger of mucosal
ulceration. Catheterisation should be per-
formed with the use of a no touch
technique. If coma or paralysis lasts for
longer than 3 days, tidal drainage should

be instituted. A Foley catheter with a 5 ml
Vol,. 2.

— Number 4. - 1961.



TREATMENT OF PROLONGED COMA

bulb is inserted into the bladder and is
attached to the apparatus, originally intro-
duced by Munro (1943), which acts as a
siphon. The frequency of action is deter-
mined by the rate of filling, which can
easily be controlled. The catheter should
be changed every day at first and later on
every third or fourth, the urethra being
irrigated with flavazole to prevent encrusta-
tion. The whole apparatus should be taken
down and resterilised weekly. If the urine
is alkaline, an acetic acid, boric acid solu-
ticn can be used and if acid, normal saline,
containing silver nitrate and potassium per-
manganate. With strict attention to detail,
this method can be used with success almost
indefinitely.

Suprapubic cystotomy has been advocated
by some but, as Guttmann (1946) has
pointed out, infection is not necessarily
prevented by this method. Recovery of
normal bladder function is also more
difficult to establish.

E. Care of the bowels,

Management of the bowels is not so
difficult a problem as that of the bladder.
If there is constipation, regular olive oil
enemas should be given every second or
third day. Occasionally, manual removal
may be necessary.

Diarrhoea, the result of a largely liquid
diet, is not uncommon. It often requires
no treatment but if severe, will respond
to chalk and opium mixtures.

F. Care of the eyes.

In cases of prolonged coma, the eyes tend
to fall open and corneal dryving, ulceration
and perforation may occur. The use of pads
is to be avoided. The eyes may be open
vader them and the danger of corneal
abrasion is very great. The lids may be
closed by attaching tape from the upoer
lid to the cheek. Alternatively, a modified
tarsorrhaphy can be carried out. 2% methy!
cellulose or mineral oil drops should be
instilled regularly throughout the 24 hours.
The cornea should be stained twice weekly
to detect ulceration. Antibiotics can be

applied should the need arise.
Vol. 2.
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G. Cure of the mouth.

In unconscious patients the mouth falls
open and the buccal mucous membranes
dry out. These conditions favour the
development of parotitis and so the mouth
should be swabbed out every 2 hours with
a weak solution of glycerin and thymol.
The presence of an airway predisposes to
ulceration and regular inspection of the
mouth should therefore be carried out.

H. Preventich of contractures and atrophy.

Passive movement of all joints should be
carried out at least once or better twice a
day. Particular care should be taken to
prevent foot drop. Pressure on the lateral
popliteal nerve at the neck of the fibula
must be avoided and the feet should not be
allowed to take up a position of excessive
plantar flexion.

I. Temperature regulation.

Temperature control is often deranged in
coma states, a rise being much more
common than a fall. The cause, such as a
chest or urinary infection, should of course
be treated whenever possible. Frequently,
however, there is a disturbance of the regulz-
tion mechanisms with the brain stem and
treatment must be symptomatic. Hypother-
mia is hardly ever a cause for anxiety and
temperatures as low as 33.9°C (93%F)
require no therapy. Hyperthemia is much
more dangerous. A rise of rectal temperature
of over 39.2°C (102.5°F) requires treatment.
The patient should be nursed unclothed
and the room temperature reduced to 15.5°C
(60°F). Electric fanning, sponging with
tepid water, covering with a damo sheet
and ice packs may be required. Colonic
irrigations with cold tap water can also be
used. Drugs such as aspirin and chlorpro-
mazine are rarely necessary and should be
avoided.

J. Control of bleod pressure.

Disturbances of blood pressure are fre-
quently encountered. Regular observations
should be made. Both high and low read-
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ings are frequently associated with poorly
controlled respiration, which is the first
thing to consider.

In the presence of a diminution in
peripheral vascular tone, vasopressor agents
may be necessary. The most effective is
l-nor-epinephrine, given intravenously, 4
mls in 1000 mls of 5% glucose. This drug

DISCUS

It can be seen that the long term treat-
ment of the deeply unconscious or profoun-
dly paralysed patient requires good team
work and organisation. Medical, nursing
and therapeutic care must be of the highest
order. Patients needing assisted respiration
are probably best treated in special units.
It is only in this way that sufficient
experience can be gained in the details of

carries with it the danger of thrombo-
phlebitis and necrosis of subcutaneous tis-
sues, if it leaks outside the vein. Neosyne-
phrine, 5-10 mgm in 500 mls of 5% glucose,
is safer. Intramuscular vasopressor drugs
are disappointing.

Hypotensive agents may be needed to
control a persistent rise in blood pressure.

SION

management and it is on this experience
that success depends. The comatose patient
requires constant observation and should
not be left unattended throughout the 24
hours. It is very difficult to fulfil all the
requirements in a general ward, without
disrupting the routine and disturbing the
other patients.

SUMMARY

The principles of treatment of cases of
prolonged coma and of long standing and
severe paralysis are the same. The latter
group is of great importance as in many
cases the chances of complete recovery are
good. While treatment must be directed
at the cause whenever possible, in most cases
symptomatic measures are the only ones
available.

The detailed management of the patient
is described in separate sections. The follow-
ing points are stressed:—

1) An adequate airway is essential.
Tracheotomy may be required. Intermittent
positive pressure is the safest and most
effective means of applying assisted respira-
tion.

2) Decubitus ulcers should be prevented
by constant turning and scrupulous clean-
liness. Methods of treating the established
case are outlined.

3) Nutrition is best maintained by naso-
gastric feeding, which can be continued
indefinitely. Intravenous fluids may occasio-
nally be required. A feeding regime is
described.
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4) Intermittent catheterisation followed
by tidal drainage is necessary when retention
of urine occurs. Regular enemas prevent
severe constipation.

5) Partial tarsorrhaphy prevents corneal
abrasions and ulcers.

6) Joints should be kept mobile. Correct
positioning prevents foot drop and pressure
palsies.

7) Control of temperature can be achieved
by simple measures. Hyperthermia is more
important than hypothermia. Drugs are not
indicated.

8) Blood pressure should be kept within
the physiological range of the particular
patient. Hypotensive drugs and vasopressor
agents may be needed.

Treatment of the deeply unconscious or
severely paralysed patient requires constant
attention to detail and the highest standard
of medical, nursing and therapeutic care.
The use of special units for this purpose
is advocated.
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RESUMEN

Son idénticos los principios que rigen el
tratamiento de los casos de coma prolongado
y de las paralisis severas y de larga duracion.
Es muy importante la correcta atencién de
los enfermos de este ultimo grupo puesto
que en numerosas ocasiones existen buenas
probabilidades de una recuperaciéon com-
pleta. Siempre que sea posible debe reali-
zarse el tratamiento etiologico aunque en la
practica en la mayor parte de los casos solo
puede hacerse terapeutica sintomatica.

Los cuidados fueron descritos con detalle
en distintos capitulos y se insistié en los
siguientes puntos:

1) Es esencial un adecuado pasaje de
aire. Puede ser necesaria la traqueotomia.
El medio mas efectivo y seguro de realizar
la respiracion asistida, consiste en la pre-
sion positiva intermitente.

2) Las ulceras de decubito deben evitarse
realizando constantes cambios de posicion
y con una escrupulosa higiene. Fueron ex-
puestos los métodos para tratar la lesion
constituida.

3) El mejor modo de mantener la nu-
tricion es por medio de la sonda nasogas-
trica, el cual puede ser continuado indefi-

nidamente, En algunas ocasiones deben in-
yectarse fluidos intravenosos. Fue descrito
un régimen alimenticio adecuado.

4) Si hay retencion de orina es necesario
el cateterismo intermitente seguido por
avenamiento en marea ('tidal drainage”).
Fnemas regulares evitan el estrefimiento
severo.

5) La tarsorrafia parcial previene las ex-
coriaciones y ulceras de la cornea.

6) Deben movilizarse las articulaciones.
Las posiciones correctas impiden la caida del
pie y las paralisis por presion.

7) El control de la temperatura puede ser
alcanzado por medidas simples. La hiper-
termia es mas importante que la hipoter-
mia. No es necesario indicar drogas.

8) Debe tratarse de que la presion san-
guinea sea mantenida dentro de los limites
fisiologicos del paciente. Pueden hacerse
necesarias las drogas hipotensoras y agen-
tes vasopresores. El tratamiento del enfer-
mo profundamente inconciente o severa-
mente paralizado requiere atencion constan-
te y minuciosa y el nivel mas alto de cui-
dados médicos y de enfermeria. Se aboga
por la creacion de centros especiales.

RESUME

Les principes de traitement des cas de
coma prolongés et de longue durée ainsi que
ceux de paralysies séveres sont les mémes. Ce
dernier groupe est d’'une importance capi-
tale car dans beaucoup de cas les chances de
rétablissement (guérison) complet sont bon-
nes. Tandis que le traitement étiologique est
de rigueur tant que cela est possible, dans la
plupart des cas il ne peut étre que sympto-
matique. Les soins détaillés sont décrits en
divers chapitres.

Les points suivants sont relevés.

1) Un passage d’air adéquat est essentiel.
Trachéotomie est parfois indiquée. Le
moyen le plus efficace et le plus sir pour
appliquer la respiration assistée est la pres-
sion positive intermittente.

2) Les escarres de décubitus sont a pre-
venir par des changements de position
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constants et par une hygiene scrupuleuse.
Les méthodes de traitement pour les cas en
question sont exposees.

3) Le meilleur moyen d’assurer la nutri-
tion est par tube naso-gastrique, qui peut
étre continué indéfiniment. Parfois des
liquides intraveineux doivent étre adminis-
trés. Un régime d’alimentation est décrit.

4) La catheterisation intermittente suivie
par “tidal drainage” est nécessaire en cas
de rétention d’urine. Des enemas reguliers
empechent la constipation sévere.

5) Une tarsorraphie partielle prévient les
excoriations et les ulceres de la cornée.

6) Les articulations doivent étre main-
tenues mobiles. Une posture correct évite
la chute du pied et les paralysies par pres-
sion.
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7) Le controle de la température peut
ctre achevé par de simples mesures. L’hyper-
thermie est plus importante que ’hypother-
mie. Des médicaments ne sont pas indiqués.

8) La tension artérielle doit étre tenue
dans des limites physiologiques du malade
en question. Des médicaments hypotensifs

ZUSAMME

Die Grundsitze der Behandlung von
Fdllen eines verlingerten und lang anhal-
tenden Komas, sowohl als schlimme
Paralysen sind die gleichen. Diese letztere
Gruppe ist von grosster Wichtigkeit, da
in vielen Fillen die Maoglichkeit einer
vollkommenen Genesung besteht. Wihrend
die Behandlung vorziiglicher Weise kausal
orientiert sein soll stehen in den meisten
Fillen nur symptomatische Massnahmen zur
Verfiigung.

Die einzelnen Punkte der Krankenbe-
handlung werden in verschiedenen Abschnit-
ten beschrieben. Zu hervorheben sind:

1) Ein ausreichender Luftweg (Atem-
weg) ist notwendig. Eine Tracheotomie
ist manchmal erfordert. Die sicherste und
wirksamste Methode van Hilfsatmung ist
die intermettierende positive Pression.

2) Druckgeschwiire sind zu vermeiden
durch bestindiges Drehen und skrupulose
Sauberkeit. Die Methoden der Einzelbehand-
lung werden unterstrichen.

3) Die Erndhrung wird am besten
erhalten durch naso-gastrische Fiitterung die
ununterbrochen fortgesetzt werden kann.

et vasopresseurs peuvent s'averer nécessaires.
Le traitement d'un malade en coma pro-
fond et avec des paralysies séveres nécessite
une attention constante aux détails et le
standard de soins médicaux, infirmiers et
thérapeutiques le plus élevé. Des centres
spéciaux, a cet effet sont recommandés.

NFASSUNG

Intravenose Flussigkeit ist gelegentlich
erfordert. Eine spezielle Erndihrungsmethode
ist beschrieben.

4) Wiederholte Sondierungen gefolgt von
“tidal drainage” ist notig bei Harnretention.
Regelmissige Klistiers verhindern schwere
Konstipation.

5) Partielle Tarsorraphie verhindert Ulcus
und Abrasio cornea.

6) Die Gelenke miissen in Bewegung
gehalten werden. Eine korrekte Liegestel-
lung bekampft Fussfall und Druckparalysen.

7) Eine Temperaturkontrolle ist einfach
auszufiihren. Hyperthermie ist wichtiger als
Hypothermie. Medikamente sind nicht notig.

8) Blutdruck muss in den physiologischen
Grenzen des Kranken gehalten werden.
Hypotensive Drogen und Vasopressoren
konnen von Nutzen sein.

Die Behandlung eines tiefen bewusstlosen
und paralysierten Patienten verlangt eine
bestandige auf Einzelheiten gerichtete
Aufmerksamkeit, und die beste arztliche
und therapeutische Pflege. Eine speziali-
sierte Einheit ist fir diesen Zweck zu
empfehlen.
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DEREK ERNEST DENNY-BROWN, (OB.E., M. D.
(N.Z.) D. Phil. (Oxford) LL.D (hon. Wayne),
Dr. hon, causa (Brasil), F.A.C.P.

James Jackson Putnam, Professor of Neurology,
Harvard University, Director Neurological Unit,
Boston City Hospital.

Dr. Denny-Brown has infiuenced contemporary clinical neurology as
much as any other living scientist. He is a man of many parts and none
of them are dull. He was born June 1, 1901 in Christchurch, New Zealand
of parents of English and Scots descent and is a naturalized citizen of the
United States. In 1924 he graduated in medicine from Otago University
in New Zealand with a special interest in neuroanatomy and neuromuscular
physiology. He spent three
years from 1925-1928 with
Sir Charles Sherrington as
a Beit Memorial Fellow at
Oxford University. Here he
became a worid-famous neu-
rophysiologist, collaborating
with Sir Charles Sherring-
ton, Liddell, Cooper and Sir
John Eccles on studies of
stimulation of the cerebral
cortex, neuromuscular reflex
activity of the spinal cord,
postural reflexes and the
histology of stripped muscle.

After absorbing the teach-
ings of the most distinguish-
ed neurophysiologist in the
world at Sherrington’s most
productive period, Denny-
Brown then became a house-
officer at the National Hos-
pital for Nervous Diseases, Queen Square, London where decades of
greatness under Gowers, Hughlings-Jackson and Sir Victor Horsley had
resulted in one of the finest centers for neurological instruction of
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all time. Here, Denny gained much inspiration from the teachings of
Kinnier Wilson (who fostered his interest in Wilson’s Disease, involuntary
movements and apraxia) Sir Charles Symonds (from whom he gained
much of his clinical knowledge); and Sir Francis Walshe (from whom
he gained critical application of neurophysiology in the clinical setting).
Among the other distinguished teachers were Godwin Greenfield (whence
his formidable knowledge of nerve, muscle and neuropathology); Sir
Henry Head and Sir Gordon Holmes. The latter two immortal neurologists
undoubtedly influenced his thinking in problems of cortical and motor
function. In 1931 he became Registrar at Guy’s Hospital, in 1935 he was
appointed as Neurologist to St. Bartholomew’s Hospital in London, and
in 1936 he was appointed Assistant Physician to the National Hospital,
Queen Square.

These were fruitful years, and despite the need to support himself
and his growing family by private practice, he carried out clinical and
basic research at his own expense. This accounted for his amazing resour-
cefulness and ability to construct his own crude but working apparatus
out of any materials readily at hand. He worked with Graeme Robertson
(the famous Australian neurologist and pioneer of pneumography) who
was a fellow house-officer, on the physiology of micturition, which still
stands as a classic monograph. An interesting sidelight is that some of
the studies were performed by the two investigators using each other as
subjects, which Denny once maintained was the most uncomfortable and
tedious investigation in which he had participated. The work on the
pathology of sciatica, the bladder in transverse lesions of the spinal cord
and clinical observations on localized epileptic seizures were also made with
his old friend, Graeme Robertson. His studies encompassed the physiology
of shivering and defecation and clinical studies of intracranial tumor
(with Sir Hugh Cairns).

In 1936 he was Goulstonian lecturer of the Royal College of Phy-
sicians and in the same year accepted a Rockefeller Traveling Fellow-
ship to Yale University which was to influence both his life and neuro-
logy in the United States. During this fellowship he worked with John
Fulton and learned experimental brain surgery in animals, using Harvey
Cusing’s techniques and increased his knowledge of electrophysiological
techniques. During his year in the United States he was also shrewdly
appraised by the American academicians, and in 1939, he was appointed
Professor of Neurology at Harvard University. He contracted severe
infectious hepatitis in New Haven but continued to work, and as a result,
had some residual liver damage. Since that time he seldom drank more
than one cocktail! While he was working at Yale he shared the laboratory
facilities with A. Earl Walker and learned a great deal from him concern-
ing the maintenance and handling of a monkey colony. He once told me
that Dr. Walker had such a way with monkeys that he was occasionally
seen walking through the halls of the medical school with three monkeys
suspended from his arms.
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In 1938, as a result of his pioneer work with J. B. Pennybacker
(Oxford) on electromyography, Denny-Brown was the first to accurately
define fibrillation and fasciculation in voluntary muscle. His appointment
at Harvard was delayed by the outbreak of World War II in which he
served with distinction as a medical officer. War did not interrupt his
investigation, however, and in 1940 he published his classic monograph
on experimental cerebral concussion with Dr. Ritchie Russell (an old
bicycle wheel was used as the fulcrum for the concussion apparatus). In
1941, he published his first study on myotonia (with S. Nevin, who him-
self earned world-wide recognition as an authority on myopathies) and
a clinical paper on delayed collapse after head injury, with Dennis
Williams.

In 1941 he assumed his appointment at Harvard and shared his know-
ledge of head injury with that of Kurt Goldstein, writing the foreword
to the latter’s book on after effects of brain injuries in war.

In 1943 he wrote his excellent description of paralysis agitans in
Cecil’s Textbook of Medicine, and studied various injuries of peripheral
nerve (with C. Brenner). Meanwhile, he was reorganizing the Neuro-
logical Unit at the Boston City Hospital where at that time his associates
included Houston Merritt, Fred and Erna Gibbs, William Lennox and
Raymond Adams. All these associates were eventually to assume positions
of great responsibility in academic neurology throughout the United States.

His distinguished papers continued to flow after his appointment to
Harvard, and up to the present time, number approximately 150. In 1944
he published with Houston Merritt, Arnold Friedman and Charles Bren-
ner on post-traumatic headache. His writings include his monumental
monograph in the Oxford System of Medicine entitled, “Diseases of the
Basal Ganglia and Subthalamic Nuclei”, another on regeneration of nerve
and his classic monograph on neurological conditions resulting from pro-
longed and severe dietary restriction. This interesting paper resulted from
his year of absence from Harvard (1945-1946), serving as a brigadier in
the British Army as consulting neurologist to the Indian theatre, where
he reviewed the case records of prisoners of war.

In 1948 he published an important contribution entitled, “Primary
sensory neuropathy with muscular changes associated with carcinoma”
which was the first of a number of degenerative neurological conditions
later described by others in association with carcinoma. His contact with
the excellent internists at Harvard has always been considered by Denny
to be a profitable one for neurology and his paper with William Castle,
Maxwell Finland and Lionel Berk on the effectiveness of vitamin B,. in
combined system disease is proof of it.

In 1948 he began his brilliant association with Lahut Uzman that
unfortunately was terminated by Uzman’s death (age 39) shortly after
his appointment to the chair of pediatric neurology at Harvard. Their
first paper on amino-aciduria in Wilson’s disease was the result of work
done while Uzman was an intern at the Boston City Hospital. At the
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same time he published with Henrik Seyffarth on the grasp reflex, which
was the first of a brilliant series of applications of Sherringtonian phy-
siology to clinical neurology. It is the writer’s opinion that this is Denny-
Brown’s unique gift to clinical neurology, for there followed a whole
series of similar papers classifying neurological signs and symptoms in
physiological terms. These include the motor function of the agrunalar
frontal cortex (with E. H. Botterell) and the nature of spasticity (with
T. E. Twitchel and Saenz-Arroyo). Disintegration of motor function
resulting from cerebral lesions and the other series of papers on the
parietal, temporal and occipital lobes and the basal ganglia here sum-
marized in his Croonian lectures (1960) and the Sherrington Memorial
Lectures (1962).

Denny-Brown’s books include, “Reflex Activity of the Spinal Cord”
with Creed, Eccles, Liddell and Sherrington, “Selected Writings of Sir
Charles Sherrington”, “Handbook of Neurological Examination and Case
Recording”, “Diseases of Muscle” (with Raymond Adams and C. Pierson)
and “The Basal Ganglia and Their Relation to Disorders of Movement”.

These are some of his achievements, but what of the man? He is tall
(6 feet), trim, and with his greying moustache has a military bearing.
A shy man, he has the English manner of speech and diffidence. He has
mannerisms, some of which he inherited from his earlier teachers. He
fingers the lapels of his white hospital coat on rounds and I have been
told Sir Charles Symonds and Kinnier Wilson did this. When impatient,
he rubs his right hand (this is because he suffers from causalgia which
followed a traumatic amputation of the third digit (annulus). This
troubles him a great deal for though it does not spoil his technical skill
as an experimental surgeon, it makes for some difficulties; furthermore.
his right hand is sensitive and a firm handshake causes him pain. Like
many able men he is subject to migraine and the only time I have seen
him excuse himself from an experiment was due to a severe migraine
attack.

He works steadily and long hours with an industry and singie-min-
dedness that leaves men half his age exhausted. He has a charming family
of four boys and his attractive wife, Sylvia, entertains warmly in the
English manner. His oldest son, Bruce, is completing his last year in
medicine at McGill University.

For relaxation he likes to spend his time at his summer home in
Maine where he sails and enjoys the outdoor life. I have never seen him
happier than when he was driving a jeep and clearing logs from his
estate. 5

As a teacher, we found him never dull, always stimulating and cri-
tical. If he was wrong about a case, he was brilliantly so, and there was
much to be learned from what he said. He was so demanding of high
standards for himself and his department that at times he appeared
egocentric and was difficult to live with. After such moments he was
capable of great personal charm. The most delightful aspects of his per-
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sonality were seen during collaboration in the laboratory, at lunch, over
cofee at 11:00 A. M. and 4:00 P. M. (every day), and when he was the
informal clinical “attending physician” to a small group of residents for
two months of each year.

His “grand rounds” as I recall them were brilliant but less relaxed,
and would sometimes last from morning to early afternoon with result-
ing discomfort to all from fatigue and hunger.

His numerous capabilities were astounding. The first polygraphic
recordings of cerebral blood flow and metabolism that I made with him
and Harry Fang included a discarded cooky tin. cardboard boxes, and
sawn woodwork, refurbished galvanometers and pieces of a broken hand-
mirror from my wife’s purse. The gear box for the kymographic camera
was so stiff only Denny could move it, and it was only after three years
of constant use that I happened to discover the oil-box had never been
filled since the apparatus was purchased (for studies on concussion)
some years before. As far as I know the oil was never added. The amaz-
ing thing was that everything worked that he put together (and he
enjoyed doing this as part of the challenge of research). I learned neuro-
logy, neurophysiology, neuropathology, neuroanatomy, neuro-opthalmo-
logy, electrophysiology, carpentry, sheet metal work, apparatus design,
electronics, writing, lettering, photography and the excitement of inves-
tigation for its own sake all from Denny. He is an excellent artist and
many of the illustrations for his books and papers were drawn by his
own hand.

A naturalized American, he brought the finest of English neurology
to the United States and has trained over 300 men, many of whom are
now professors of academic neurology. The citation that accompanied the
honorary degree of Doctor of Laws awarded by Wayne State University
states the case for Denny-Brown. It reads, “An inspiring and effective
director of research projects, he has trained many of the world’s leading
scientists in modern neurological techniques; by his penetrating insights
and brilliant deductions, he has broadened the concepts and pioneered
in exploring new techniques in neurological research. This work has laid
the foundation for an advancement of knowledge rarely matched in the
career of any scientist in modern medicine”.

JOHN STIRLING MEYER, M. D.,
Professor and Chairman,

Department of Neurology,

Wayne State University,

College of Medicine,

Detroit, Michigan.
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