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Abstract.

Part I
The Mornhologic Pattern of Oxygen Deficiency in the Human Brain.

4% cases of complete cerebral ischemia and of hypoxemia in the blood
stream are microscopically investigated and the results compared as
to the histology, lopography and topistic pattern of the lesions. The
differences in the clinical symptomatology of the two groups in regard
to onset and development are considered. The histology of the lesions
in the brain tissue does not differ essentially from that in loca.l
cerebral ischemia. Total ischemia, as a rule, causes mainly selective
neuronal necrosis and incomplete tissue necrosis (softenings). The
survival depends on the duration of the ischemia. The earliest re-
action of microglia was observed after 18 hrs., of macroglia after
about 64 hrs., and the newformation of fibrous astrocytes after 6 =

9 days. Selective neuronal necrosis alone forms only scanty sudano-
philic products. Edema may elicit a moderate general fibrous gliosis
without demonstrable relation to local loss of nerve structures.
Selective neuronal necrosis is the predominant damage in hypoxemia.
The exception is carbon monoxide poisoning, where focal lesions of
vascular origin play an important role. Topographically, the cerebral
cortex, Ammon's horn, thalamus, striatum and the cerebellar cortex
are affected by the most intense changes in total cerebral ischemia.
The severity of lesions diminishes generally towards the medulla
oblongata. In contrast, states of severe hypoxemia in the newborn

do not involve the cerebral and cerebellar cortex. The most charac-
teristic changes occur in the globus p.ilidus, the corpora Lun,

and the Ammon's horn. The thalamus and striatum may occasionally
present focal lesions (status marmoratus). This clear distinction

Is not observed in later life, yet careful examination of cases of
hypoxemia demonstrates even then the prevalence of damage to the
basal ganglia, especially the globus pallidus. A special vulner-
ability of certain grey substances to oxygen deficiency is suspected.
This assumption is supported by the topistic pattern of such lesions,

which means their confinement to the area of a cortical lamina or



oA
S ——

{

Pi.E

field or of an architectonic unit as e.g. the globus pallidus. They
ococur as a rule symmetrically. Such topistic patterns are rather numer-
ous in states of oxygen deficiency. In tutal cerebral ischemia they

are ob;orvcd as laminar lesions in the cerebral and cerebellar cortex,
as destruction of whole fie’ds, i.g. in the Ammon's horn or of whole
nuclei as the inferior olives. The most impressive feature of this
pattern is the holotopistic combination - globus pallidus - corpus
Luysi in asphy.ia or severe progressive anemia of the newborn, which
is ococasionally associated with the same type of lesion in the dentate
nucleus. The role of a rather intensive gliosis without corresponding
lesion of nerve tissue, located especially in the basal ganglia in cases
of chronic anemia and their topistic pattern in the globus psllidus
are described. The results are discussed with respect to cases in the
litoriture. representing the familiar conditions of oxygen deticiency.

Part 11
A) Electronoptic Studies on the Earliest Structural Changes of the
Brain Caused by Hypoxidosis.

The effect of acute energetic insufficiency on the fine structure of
nerve cells has been stuaied. In order to obtain knowledge concerning
the normal nerve cell structures and to establish a basis for comparison,
primary studies dealt with evaluation of the ultrastructures in the
normal cerebral cortex of the Syrian hamster. The fixation of the
brains was accomplished by perfusion. The hamsters were exposed to
repeated nitrogen asphyxia to acutely lowered pressure, and to suita-
ble dosages of potassium cyanide. The nerve cell changes, observed in
the electronmicroscope, were predominantly located in the perikaryon.
The mitochondriae became swollen, their inner membrane system dis-
integrated, the matrix disappeared and finally, vacuolar structures
developed. The membrane bound profiles of the endoplasma reticulum
enlargend, the bordering membranes lost their connection and the Pa-
lade granula were rarefied. The alterations were essentially equal

in hypoxemic and dysenzymatic hypoxidosis. The changes may be inter-
preted as being due to elevation of the intracellular osmotic pressure
and to acute disturbance of the water metabolism. It was difficult

to evaluate the findings in the nucleo-nucleolar system.



B) Studies on the Reversibility of Ultrastructural Hypoxidotic
Changes in Ganglion Cells of Warm-Blooded Animals.

In order to study the reversibility of nerve cell changes caused by
hypoxidosis, different experiments were carried out with the aim of
Indncing hypoxidotic laiige wider equally reproducible, fundamental
conditbns. Subsequently, the regression of the changes was to be
studied at different time intervals in case of survival. Asphyxia
secondary to administration of curare, succeeded by artificial
respiration of the intubated animal or temporary occlusion of the
alrway followed by artificial respiration, did not prove successful.
Then a series of tests was done, employing a standardized nitrogen
asphyxia with subsequent killing of the animals at different time
intervals. The evaluation of the results has not been completed as
yet. So far they do not reveal anything conclusive as to the reversi-
bility of fine-structural cellular changes caused by hypoxidosis of

warm=blooded animals.

C) Methodic Examination to Evaluate the Possibility of Quantitative

Cytologic Research on Anoxic Nerve Cells.

For the purpose of collecting detailed information concerning the
physico-chemical condition of characteristically altered nerve cells
(ischemic necrosis), a method was used which dealt with the microscopic
interferometry of masses of biologic objects. The usual methods of
optical determination of masses were scrutinized. Finally the formulas
which are used in calculating the mass per square unit as measured

by the path difference were revised. For experimental purposes, a
machine was designed which photometrically measures the phase
differences of screened out regions of the objects. Theoretical
considerations lead to the introduction of a so-called two-wave-
length method, the applicability of which, for the inferometric
determination of masses in the microscopical range, was tested and
interpreted. From the practical standpoint, a greater accuracy of
measurement is to be required. This may be achieved by perfection

of the measure system.
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TOXICITY CHANGES IN THE CENTRAL NERVOUS SYSTEM.

OXYGEN DEFICIENCY AND ITS INFLUENCE ON THE CENTRAL NERVOUS SYSTEM.

Part I.

The Morphologic Pattern of Oxygen Deficiency in the Human Brain.

Prof. Dr.med. W. Scholz and Dr.med J.W. Boellaard

Introduction.

Considerable pathologico-anatomical research has been doiie concerning the
influence of oxygen deficiency on the brain. A large part of the research
work has been experimental. Initially these studies were carried out
systematically on different animal species by A. MEYER and MEYER and
BLUME, who produced hypoxia by carbon monoxide and asphyxia by narcosis.
Later on more extensive studies were done in the school of F.BUCHNER,
especially so far as tests in the low pressure chamber are concerned
(BUCHNER and LUFT, ALTMANN and SCHUBOTHE among others). Funda -ental
experimental studies about anoxla caused by total cerebral iz hemia

have been done by WEINBERGER, GIBBON and GIBBON, and by GRENELL, among
others. In the majority of studies a primary withdrawal of oxygen was
accomplished by exterior manipulations by which the chain of cellular
oxidation processes is interrupted. Here, we deal with a special case

of anoxic or hypoxic hypoxidosis (STRUGHOLD) which has been compared

with a nutriticnal hypoxidosis due to lack of glucose and a dysenzymatic
hypoxidosis due to cyanogen. The effect of interruption of the reaction
chain always produces the same picture: an end of life processes, cell
death, and necrosis. These are the features which characterize the

cerebral damage due to lack of oxygen.

It i1s more difficult, however, to understand the degree and topography
of cerebral damage. The former is apparently determined by duration and
completeness of anoxia and moreover by the speed of its onset. In
evaluating the development of diffuse or of focal cerebral damage, it

must be considered whether the oxygen withdrawal has affected the brain
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alone, or the entire body. Likewise, what has been the damage to other
organs, especially the heart, and whether, in case of survival, there is
any retroaction on the brain from the circulatory system. A number of
inconsistencies and irregularities which are encountered during the
experiments, in particular morphologic changes that oftentimes only occur
after repeated oxygen deficiency, may be explained by the complicated
circumstances as outlined above. In cases of primary damage to the brain,
certain cerebral regions are regularly affected by changes and this
suggests that certain brain areas may be particularly vulnerable to anoxa.
Also the effects of central regulatory disturbances of respiration and

circulation on the brain are to be expected in anoxia.

In quite a number of clinical cases cerebral changes have been caused
by lack of oxygen. At first, attention was drawn to the very regularly
occuring symmetrical softening of the pallidum secondary to oxygen
blockage of hemoglobin by carbon monoxide. Later were reported cases

of temporary heart and respliratory arrest in narcosis and also the
findings after survival from strangulation, asphyxia, atmospheric
hypoxia and acute secondary anemia etc. These findings exhibit certain
topographical patterns which are demonstrated with a certain regularity.
Understandably, the demonstrable findings are not uniform because of the
multifold interactions of effects and retroactions precipitated by the
general oxygen deficliency. A circulatory collapse may cover a simultaneous

hypoxemia and make its topographical pattern inrecognizable.

In experimental work, it is possible to control and eventually correct
all factors and phases to a certain extent. In this paper, however, we
deal only with research done on human beings and are thus compelled to
chose a situation which resembles experimental conditions to a satisfac-
tory extent. Therefore it may be expected that the best results are
obtained in determiration of topographical lesions, due to one single
state of oxygen deficiency with a minimum of interfering processes.
BUCHNER (1957) differentiates between a pallidum type in acute hypoxemia
and a striatum type in general oligemia, such as circulatory collapse or
cases Jf temporary heart arrest. In the evaluation of our own studies and
the results of other investigators, we have (SCHOLZ 1952) drawn attention
to the differences between the cerebral pattern in hypoxemic and ischemic

oxygen deficiencies. The main effect of the latter was observed in the



cerebral cortex with no particular involvement of the globus pallidus. In
investigating a large number of human cases which have accumulated within
a period of several decades, we are aware of the fact that we have to
sacrifice the measurable conditions of the experiment for the advantage of
direct observation of lesions with a more or less nebulous pathogenesis.
Thus, at least an austere selection of cases had to be made in order to
establish a comparaktle pathogenetic basis. Only a fraction of the cases
of oxygen deficiency was selected. In consideration of the above listed
differences in regard to the topography of cerebral manifestations, we
adhered to a classification first, of hypoxemic oxygen deficiency in the
circulating blood and second, of oligemic or ischemic oxygen deficiency.
The problem of dysenzymatic hypoxidosis has not been made a subject of
this study since we can experimentally produce the same type of cerebral
reaction pattern, and no clinical cases are available. Other types of
hypoxzidcsis, for instance, the glucose deficiency in insulin shock, are
even less in accord with established experimental requirements and are
moreover complicated with cerebropathological disturbances (general con-
vulsions). Therefore, they offer little possibility for comparison in
cerebral topography.

It is understandable that every type of acute hypoxemia effects the en-
tire body regardless of whether it is caused by diminished oxygen
pressure of the respiratory or alveolar air or whether by reduction of
the oxygen carrier in the circulating blcod. Even thcugh the central
nervous system is known to be the most sensitive organ of the body and
suffers primary damage from hypoxia, additional factors may rapidly
become effective secondary to a heart muscle and liver damage. Our own
experimental studies revealed, that there were also effects upon the
circulatory periphery, manifested by constriction and dilatation of the
vessels. Hence, not every change in the brain can be attributed to the
original hypoxemia. This especially holds true in respect to the
frequently cncountered focal damage which can only be explained by some
actlion of the circulatory system. The cerebral circulatory system is
capable of balancing a critical oxygen deficiency in the brain tissue =
for a certain period of time, provided that the hypoxemia is not over-

whelming. However, the balancing mechanism cannot become effective in

-

case of a circulatory arrest; then the oxygen deficiency exerts
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immediately its full destructive action upon the tissue. Furthermore it
has to be taken into account, that in ischemia we deal with a multiplicity
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of factors. We encounter a lack of glucose besides oxygen deficiency and
a loss or irrigating function (OPITZ and SCHNEIDER) which is accompanied

by an accumulation of metabolites in the tissue. If one deals with a pro-

o

longed general circulatory collapse or with a temporary heart arrest,
one has to expect the same effects upon the whole body as in hypoxemia.
This becomes important from the standpoint of survival and the cerebral
changes developing in such a case. Other aspects have to be considered
in cases of unsuccessful suicidal strangulation. Here, at least at the
onset, one encounters an isolated cerebral total ischemia, which, aside
from temporary asphyxia and additional incurring heart arrest, causes
the development of cerebropathogenic changes seen in case of survival.
DRESZER, in the experimental production of such cases demonstrated
histologically that the disturbances of blood distribution in the
peripheral areas can without preceding collapse, outlast the return of
consciousness for quite some time. This disturbance can only be inter-

preted as due to a centrogenic reflex.

The oligemic and cerebro-ischemic conditions differ from the hypoxemic
ones mainly by the rapid development of clinical symptoms and the
development of morphologic manifestations. Hence, death is much more
rapld and the number of patients which survive any length of time is
rather small. There are only a few cases with symptoms of decerebration
winich have morphologic changes secondary to a long time survived cerebral

ischemia.

In every case necrosis characterizes the histologic pattern of acute
oxygen deficiency. The pathology of the cerebral circulatory system
demonstrates the multifold morphologic pictures. They comprise different
types, namely total tissue necrosis, tissue softening with subsequent
cyst formation and elective parenchymal necrosis which develops in
various severity from necrosis of single nerve cells to destruction of
the whole nerve cell population of an area. It produces finally a glio-
fibrous sclerosis followed by more or less intensive shrinkage. The
latter may quantitatively be of sc minor degree that it is not demon-
strable. It is assumed that the histologic process in total cerebral

ischemia runs a course similar to local ischemia, which indicates that

e s T e -~ B . aaer b T — P o —

If




10

the severity of tissue changes depends on the completeness and duration
of circulatory arrest. The lcnger the duration in the development of
critical hypoxemic conditions and in the interference of protective
circulatory actions, the better is the possibility of less tissue
damage in regard to elective parenchymal necrosis. However, the changes
in cardiac circulation and angiospasm and stasis may also lead to the
development of focal lesions which, as for instance, in carbon monoxide
poisoning, oftentimes reach the state of malacia. As the central nerv-
ous system is not a simply and uniformly structured organ, it cannot
be expected that a critical acute hypoxemia or total ischemia would
effect it in a uniform manner. Besides the already mentioned focal
changes which depend on the vascular supply, one encounters circum-
scribed lesions, the extent of which is not determined by the angio-
architecture, but by the structure of the nervous system. Here, we

deal with slight or total loss of nerve cells in certain layers of the
cerebral and cerebellar cortex, in cytoarchitectural cortical regions
and in several nuclear areas, in particular, globus pallidus, corpus
Iuysi, dentate nucleus and nucleus olivarius inferior. Eventually, a
loss of the appertaining medullated fibers is associated. C. 'and O.
VOGT designated the above cerebral changes as topistic brain damages

in the development of which certain pecularities of metabolism are
believed to play an essential role. They determine the development

and degree of *issue changes to a rather great extent and the question
is raised, whether these cyto-architectonically characterized nerve
elements possess a particular sensitivity to oxygen deficiency or even
a specific pathoclisis in the sense of C. and 0. VOGT. Topistic brain
damages are not only found in states of generalized cerebral oxygen
deficiency but are also seen in areas of local circulatory disturbaice,
provided that the damaged area is large enough and the damage of suffi-
cient intensity. In regard to the formal pathogenesis of such manifes-
tations we wish to refer to the reports of SCHOLZ (1952, 1957). Thus,
most of the work done in our research deals with the topography of
morphologic changes in certain brain centers and systems. From the
qualitative histological standpoint, one phenomena remains enigmatical,
namely, the extensive fiber gliosis in arrested cases which is not
accompanied by a corresponding loss of nerve structures. This has also

been observed by other investigators. The differences in intensity are
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subject to much discussion and the question is raised, whether the glia
is also damaged in the sense of a transitory reactive paralysis. More-
over, from the available data of numerous cases dealing with the onset,
duration of oxygen deficiency and time of manifestation, several ques-
tions may be answered concerning development, sequence of regressive
and reactive histological phenomena. The clinical data of our investi-
@tions must necessarily be limited since none of the investigated cases
could be clinically observed by us and we had to-refer to the data
given by other clinicians. We were able to collect a great deal of
valuable data regarding cause, development, duration and sequelae of
cerebral oxygen deficiency as well as of other supplementary causes
responsible for cerebral damage. Certain pecularities in the course

of illness, as for instance, prolonged progression despite only one
single noxious effect to the brain, have posed other problems to be

solved.

Material and Methods.

The German Research Institute for Psychiatry in Munich has furnished
us with the necessary medical records for our investigations. From

+8 collection of cases only such could be chosen in which there was
definite evidence of a temporary cerebral oxygen deficiency. A large
series of cases was excluded from our studies, namely, the ones which
deal with interruption of circulation in extensive cerebral areas
secondary to temporary occlusion of inflow and outflow as in tentorial
herniation (PENFIEID et al.). Also excluded were cases with extensive
circulatory disturbances as in generalized convulsions (SCHOLZ 1951).
43 cases were found suitable for our investigation and subjected to

1)

vhich, according to the clinical data, an oxygen deficiency in the

detailed review and evaluation ‘. One series of cases was selected in
circulating blood had to be assumed, such as secondary to diminution
of oxygen pressure in the respiratory air, to occlusion of the respi-
ratory ways, also to respiratory arrest (asphyxia) and to blockage of

hemoglobin by carbon monoxide. Likewise included were cases of the

1) We are grateful to Prof. H. JACOB, Hamburg, who furnished us with a
number of valuable cases. They are identified by the marking "Hamburg"
which appears before the identification number. The cases from our
institute have been marked 'FA".
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blood dyscrasias characterized by a rapidly progressive diminution of
erythrocytes, which have the role of an oxygen carrier; for instance,
icterus neonatorum and acute secondary anemias. We have not touched

the problem which deals with the controversial pathogenesis of kern-
icterus in icterus neonatorum nor with the questionable restitution

in acute cases. We have chosen only older cases in which were exhibited
uniform and clearly defined neuronal defects that could be compared
with those secondary to birth asphyxia. In order to study the influence
of chronic hypcxemia on the brain we evaluated cases with certain

types of heart defect. We chose those types characterized by defective
arterialization of blood due to communication between the right and
left heart and in which the stenosis of the A. pulmonalis contributes
an additional circulatory factor (Fallot's type). Severe chronic
anemias were also investigated. The group of case : with hypoxemic
oxygen deficiency was compared with another gr * .n which there

was total cerebral ischemia caused by temporary heart arrest or stran-
gulation. Furthe.more we have added two cases of poisoning due to an
enzyme poison known for its non interference with the cellular oxida-
tion processes. In both cases there were such severe attacks of general
oxygen deficliency during the course of illness that they must be held
responsible for the severe changes that took place in the brair.

Our material is incomplete in so far as we have no cases of total
cerebral ischemia surviving more than 9 days. In acute hypoxemia we
have essential cases with characteristic late changes, as in birth
asphyxia and in morbus hemolyticus neonatorum, and are lacking cases
with acute changes. It seems that the adult brain changes in some

way its form of reaction. It has proven that it is rather difficult
to provide the apt material for the study of the pattern of hypoxemia
in adult brains. At all events, the composition globus pallidus -

corpus Luysi which is found rather frequently in newborn, is no more
met in later life.

In considering the given view points, the material was classified as
followss

I. Oxygen Deficiency Produced by Cerebral Ischemia

a) Cardiac Arrest (6 cases)

P
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b) Survived Strangulation (8 cases)
II. Oxygen Deficiency Produced by Hypoxemia
a) Respiratory Arrest and Related Conditions
1 Asphyxia at Birth (4 cases)
2 Acute and Chronic Dyspnea, Respiratory Arrest (4 cases)
b) Atmospheric Hypoxidosis (2 cases)
¢) Anemic Conditions

1 Morbus Hemolyticus Neonatorum (Survived Kernicterus) (4 cases)

2 Chronic Anemic Conditions (3 cases)
d) Defective Arterialization of the Blood with Circulatory
Insufficiency (Congenital Malformation of Heart) (4 cases)
e) Survived Carbon Monoxide Poisoning (3 cases)
f) Severe States of Hypoxia during the Course of Poisoning
with E 605 BAYER (2 cases)
III. Complicated, not Clearly Defined Conditions of Oxygen
Deficiency (3 cases)

The entire brain tissue was available for histological work-up. Large
blocks from frontal, central and occipital regions and from symmetri-
cal areas of the hippocampo-temporal region as well as the cerebellum
including the dentate nucleus were taken. The basal ganglions, as a
rule, were examined by symmetrical parts from several frontal sections.
The examination of the mesencephalon and medulla oblongata was carried
out at different levels, always including tissue from the nigra sub-
stance and the inferior olives. In all cases was used the celloidin
imbedding technique. Staining was done by different methods: Nissl,
hematoxylin-eosin, and van Gieson. In addition, in frozen sections,

the myelin sheaths were stained according to the technique of Schrdder,
the glia fibers according to the method of Holzer and, if necessary,
supplementary staining was done by the technique of Mallory. In acute
cases the fat stain method by Romeis was employed. In a few cases the
axis cylinders were stained by the Bielschowsky method.

Casuistics.

I. Oxygen Deficiency Produced by Cerebral Ischemia.
a) Cardiac Arrest.

1.) Schre., F.A. 80/56, male, 36 years.

_-____:_._ — o - ER v vy, g—..—-' Q 5 = o - —
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Asthma with severe attacks for several years, congestion of the lungs.
Sudden collapse with cardiac arrest; intracardial injection, cardiac
massage. Cardlac activity returned after some minutes, but cyanotic
and unconscious, death 5 hrs. after onset of cardiac arrest.

Autopsy: Cerebral congestion, some subarachnoidal hemorrhages, no
cerebral edema. No pulmonary embolism, as suspected.

Histology: Convincing changes of the nerve cells are present only in
the cerebral cortex and the Ammon's horn. They consist partly in slight
swelling with loss of the Nissl bodies, foamy structure of the plasm
and darkening of the nuclear sap, partly in shrinkage with dark elon-
gated nuclei; no eosinophilia. Here and there tendency to nuclear
pyknosis of the oligoglia. In contrast to these findings may be ob-
served a remarkably good preservation of neurons and glia cells in
the cerebellar cortex basal ganglia extending to the medulla oblon-~
gata. No interstitial reaction.

‘Topography: Cerebral cortex, Ammon's horns.

Comment: As a reactive process is absent, it may be concluded from the
contrast between the preserved nerve cells of the cerebellar cortex
and of the basal ganglia to the changes of ganglia cells in the
cerebral cortex and in the Ammon's horn that the state of the latter
is due to an intravital regressive process. Although the uncharacter-
istic nerve cell cnanges have no convincing marks of necrosis, they
may be releted to the cardiac arrest, this is suggested because of
their location in regions, where lesions are found after a stop of

the cerebral circulation. This cannot be definitely decided whether
the circulatory arrest or the time of manifestation (5 hrs.) was too

short Jor the producing characteristic forms of cell necrosis.

2.) Pauk., F.A. 365/32, female, 33 years.

Schizophrenia, hospitalized for many years. General cachexia, sito-
phobla. Collapsed suddenly, was apparently dead for 20 min.: no pulse,
no respirations. After application of several stimuli heart activity
and respiration returned 20 min. later. Hypothermia, temperature
remained on a level of about 20° C. Death 8 hrs. after cardiac arrest.
Autopsy: General atrophy. Congestion of the pial vessels, several sub-

dural hemorrhages.

Histology: Severe neuronal changes from swelling to vacuolated plasm
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dissoluation, some pericellular incrustation, nuclear hyperchromatosis
and pyknosis, partly resembling ischemic necrosis without eosinophilia
combined with pyknosis of oligoglia and astroglia {(Fig. 1). Nearly

all nerve cells in the cerebral cortex and the Ammon's horn are in-
volved; many of the Purkinje celk show necrosis with strong basophilia,
whereas all nerve cells of the dentate nucleus demonstrate complete
tigrolysis and extreme nuclear pyknosis. Severe alteration of the
striatum is in contrast to relacively mild changes in the globus
pallidus. Thalamus only partly involved. Changes gradually decreasing
to the medulla oblongata. Swelling of the oligoglia in the cerebral
white matter, amoeboidosis of astrocytes. Beginning cortical edema

and edema of the cerebral white matter.

Topography: Cerebral cortex, Ammon's horns, striatum, cerebellar
cortex, thalamus, inferior olives (?).

Comment: The clear cut picture of nerve cell necrosis, combined

partly with regressive glial changes permit the changes to be con-
sidered as the effect of cerebral ischemia from cardiac arrest. The
regressive state of astrocytes in some cortical regions indicates a
local early stage of softening. But in general we deal apparently

with a selective neuronal necrosis.

3.) Ko, F.A. 177/28, male, 60 years 1).

Carcinoma of the rectum. During operation in ether anesthesia cardiac
arrest for 10 - 15 min., respiratory arrest for 25 - 30 min. Resusci-
tation after artificial respiration and heart massage. Nearly permanent
generalized convulsions, unconsciousness. Death 15 hrs. after onset of
the cardiac arrest.

Autopsy: Metastases within the liver.

Histology: Extended laminar pallor especially in lamina III of the
cerebral cortex caused by ischemic nerve cell necrosis in all stages
of development with and without pericellular incrustations; changes
most pronounced in the depth of the sulci, relative preservation of
the visual cortex. Laminar changes are here and there composed of a
series of focal lesions within the same layer. Ammon's horns not

avallable. Nearly all Purkinje cells and small cells within the

1) This case is published by G. Bodechtel, Z.Neur.l1l7,366,1928, case 1
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cerebellar molecular layer demonstrate necrosis. Striatum is severely
involved with nerve cell necrosis, all neurons of the pallidum have
also undergone necrosis. Within the thalamus (as far as available)
disseminated nerve cell necrosis. No noticeable changes in the medulla
oblongata. Oligoglia and some parts of the astroglia in the cerebral
and cerebellar cortex show pyknosis. Slight progressive reaction of
microglia within the white matter, edema of the central parts of the
white matter.

Topography and scale of severity of lesions: Cerebral and cerebellar
cortex, striatum, pallidum, thalamus (other parts of‘the basal ganglia
are not availaile).

Comment: Severe regressive changes of oligoglia and astroglia, com-
bined with ischemic nerve cell necrosis in some places of the cerebral
and cerebellar cortex point to local softenings; most of the lesions,
however, have the character of selective neuronal necrosis. A topistic
pattern of the lesions becomes visible from the laminar changes and
the relatively good preservation of the visual cortex. Beginning glial
reaction within the white matter (15 hrs.).

4,) Lar., F.A. 290/56, male, 53 years.

Cardiac arrest during bronchoscopy in anesthesia. Cardiac massage,
returning cardiac activity after 20 min. Death 4 days later.
Autopsy: Slight pressure conus at the cerebellar tonsils; borders
between the cortex and white matter are not always quite distinct.
Histology: Extended selective neuronal necrosis throughout the whole
cerebral and cerebellar cortex, including the cefebellar granular
layer and the dentate nucleus (Figs. 2, 4). Cortical nerve cell
necrosis is found frequently disssmninated only or as laminar pallor
(III or III and V), or locally involving the whole neuronal popu-
lation, in some places reaching the state of softening (Fig. 3).
Within the Ammon's horn only the granular layer remains. Nerve cell
changes from simple swelling without nuclear changes to convincing
necrosis (ischemic changes with nuclear destruction and eosinophilia).
Nearly all thalamus, striatum, globus pallidus, and substantia nigra
are involved in the same way. Within the preserved medulla oblongata

the inferior olives present by means of serial control a topistic




3 —

-~

17

lesion of their nerve cells extending over the whole nuclei (Figs. 5,
6). In many places the oligoglia are pyknotic; reaction of all other
interstitial elements, except the mesenchymal cells of the vessel walls,
which participate only in areas of beginning softening. Numerous fully
developed cortical neuronophagies. Glial shrubs and diffuse glia pro-
liferation in the cerebellar cortex also (Fig. 4), rod cells, with
some containing fat droplets. Numerous progressive astrocytes, some

of them with glial fibers (Fig. 7), local edema in the cerebral white
matter with moderate myelin decay; in the cortex only symptoms of a
slight alteration of cortical myelin fibers.

Topography and scale of severity of lesions: Cerebral cortex including
Ammon's horn, cerebellar cortex, thalamus, striatum, substantia nigra,
globus pallidus, inferior olives, cerebral white matter.

Comment: The histopathologic situation within the brain makes evident
the ischemic effect of the cardiac arrest. In spite of its endurance
for 20 min. the fallure of mesenchymal reaction and the condition of
the astrocytic glia demonstrate mainly a selective neuronal necrosis.
Only some regions of the cortex are in an early state of softening.
The time of 4 days was sufficient for the production of much neurono-
phagy, the formation of fatty products and even of some fibrous astro-
cytes, many of them of the protoplasmatic type. As neuronophagic
reaction is only observed nerve cells with nuclear destruction, the
simple swelling of nerve cells cannot be considered as a form of
necrosis. A topistic pattern becomes visible because of laminar
pallor. The neuronal necrosis, confined to the inferior olives,

constitutes an example of a holotopistic lesion.,

5.) Ba., F.A. 301/51, female, 42 years.

Compression of spinal roots C 6, C 7 by spondylosis deformans with
osteochondrosis. Operation under local anesthesia by injection of
novocain-suprarenin into the deep muscles of the neck. Nausex after
about 8 min., vomiting, respiratory arrest, cyanosis and cardiac
arrest. Thoracotomia, cardiac massage, intracardial injection. Re-
turning of regular heart and respiratory activity 25 min. after
cardiac arrest. Continued unconscious, transitory rigidity of all

extremities. Death 6 days after the cardiac arrest.
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Autopsy: No symptoms of elevated intracranial pressure, brainweight
1350 g; several small hemorrhages in the white matter of the cere-
bellum.

Histology: Mostly disseminated selective neuronal necrosis in the
whole cerebral cortex; increased intensity with laminar pallor in the
occipital cortex and the depth of the sulci in the central region. In
the Ammon's horns only the granular layer remains. Nearly complete
nerve cell loss of the thalamus with demyelination of the medial part
(Fig. 8), disseminated loss of the small nerve cells in the striatum,
locally changing; the Purkinje cells are homogenized, partly with
involvement of the granular layer and the dentate nucleus. No con-
vincing changes in globus pallidus, corpus Luysi, substantia nigra,
medulla oblongata. Nerve cell changes from simple swelling without
nuclear changes to pronounced necrosis (ischemic cell change with
nuclear destruction and eosinqphilia). Some destruction of the
cortical myelinated fibers. Oligoglia as satellites of necrotic

nerve cells are partly pyknotic. Considerable proliferation of astro-
glia and microglia, producing rod cells, macrophages containing fatty
granules, astrocytes with increased plasm (Fig. 9) and, in some places
(“halamus, Ammon's horns, white matter), also producing glial fibers
(Fig. 10). No participation of the mesenchymal tissue of the vessels.
No pronounced edema.

Topography and scale of severity of lesions: Thalamus, Ammon's horn,
cerebral and cerebellar cortex, striatum.

Comment: This case is similar to case 4. There is no evidence of
softening anywhere in spite of an respiratory and cardiac arrest of

25 min. duration. The lesion may be more severe in so far as the
Ammon's horn is nearly compl:=tely involved, as the cerebellar gra-
nular layer participates with selective neuronal necrosis, and the
myelinated fibers of the cortex demonstrate an extended destruction.
The formation of neuronophagy remains in the background in favour of

a diffuse proliferation of rod cells which contain fatty products.
Astrocytic proliferation with plasmatic and some fibrous cells has -~
fairly progressed, especially in the thalamus, Ammon's horn and the
white matter of the hemispheres, without noticeable myelin loss. A g
topistic tendency appears only in the pronounced laminar lesions of y

the cortex and the preservation of the stratum granulosum of the
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Ammon's horns. Globus pallidus, subthalamic region, nigra substance

and medulla oblongata are remarkably well preserved.

6.) Dyr., F.A. 239/49, male, 13 months.

The child was transferred to the hospital with dyspepsia. One day he
was found with the body outside the bed, his head, pressed through
the staves of the bed, lying inside the bed, with the chin on the
mattress. Incomplete strangulation with cyanosis, respiratory and
cardiac arrest of about 10 min. duration. The child remained un-
conscious, had frequent generalized convulsions and died 9 days
after the accident.

Autopsy: Brain weight 960 g. Moderate engorgement of the veins.
Meninges slightly cloudy. The cortex shows patchy grey or grey-
reddish discoloration with here ahd there a rather soft consisten-
cy. Otherwise no abnormalities. Some snall perivascular hemorrhages.
Histologys: Severe neuronal destructicn within the whole cerebral
cortex, partly as disseminated ischemic nerve cell necrosis, in-
volving more than one half of the population, and partly as laminar
or total pallor; in some places transition to local softening. In
the Ammon's horn only the stratum granulosum is preserved. The
thalamus has lost nearly all of its nerve cells in its dorsal and
lateral region, the striatum nearly all of its small cells. In con-
trast to these severe changes, the cerebellar cortex is much less
involved; only relatively few Purkinje cells are homogenized. Globus
pallidus aind corpus Luysi offer only little changes. Within the
fairly well preserved medulla oblongata many of the nerve cells cf
the whole inferior olives show pericellular incrustation and neurono-
phagy, increasing in caudal direction. Of most of the necrotic nerve
cells only scanty nuclear debris remains, the perikaryon is not
demonstrable; in other places it shows a bright eosinophilia {Fig.
13). Microglial and macroglial reaction is fully developed in all
places with severe lesions, i.g. in the whole cerebral cortex,
thalamus, striatum, Ammon's horn. Rod cells, macrophages and some
fat granular cells may be observed (Fig. 11). Large astrocytes with
considerably enlarged nuclei and cell body are present (Fig. 12),
some of them fiberbuilding in the Ammon's horn (Fig. 14). New forma-

tion of fibrous astrocytes is in the cerebral white matter also
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(Fig. 15). The mesenchymal tissue is active only in such regions where jL

softening has occured. A few fatty transformation products, partly

within rod cells and granular cells can be found in the cerebral cortex.

The anoxic lesions are complicated by a developing purulent meningitis,

causing glial reactions in the bordering nervous tissue of the endbrain,

the cerebellum and the subependymal tissue. Both processes are well

differentiated.

Topography and scale of severity of lesions: Cerebral cortex, Ammon's

horn, striatum, thalamus, inferior olives, cerebellar cortex, globus

pallidus_ corpus Luysi.

Comment: Severity of lesions from disseminated and complete neuronal

necrosis and in some

places transitional conditions to softening.

Cardiac arrest is here complicated with strangulation of an unknown

duration and with the occurrence of numerous generalized convulsions

after the accident. This may explain the remarkable severity of lesions

in contrast to the proceding cases. The relatively great resistance

of nerve cells with ischemic necrosis (plasma coagulation) to re-

sorption may be observed in the Ammon's horn in the midst of an

intensive diffuse astrocytic and microglial proliferation., After a

manifestation time of 9 days the local stages of organization are

locally remarkably different. It cannot be determined whether this

depends upon an initial paralysis of the glial elements or whether

convulsive lesions are superimposed. Except for the laminar predomi-

nance of the cortical lesions and the preservation of the stratum

granulosum in the completely involved Ammon's horn, a topistic

pattern becomes visible from the complete involvement of the inferior

olives in an otherwise well preserved medulla oblongata.

b) Survived Strangulation.

7.) HSl., F.A. 4/52,
Depressive reaction.
conscious 4 - 5 min.

respiration, regular

male, 56 years.

Attempted suicide by hanging; was found un-
later and transferred to the hospital. Rattling
pulse. Blood pressure 100/70 mm Hg. Generalized

muscular rigidity, oscillating nystagmus. Nearly absent reflexes, on

provocation short periods of spasticity. Death 18 hrs. after hanging.
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Autopsy: Brain weight 1280 g. General hyperemia, no symptoms of intra-
cranial pressure.

Histology: Within the whole cerebral cortex, decreasing from the
frontal to the occipital lobe, and intensified in the insular cortex,
is selective neuronal necrosis with numerous disseminated nerve cells
in the condition of ischemic necrosis partly with eosinophilia of the
plasm (Fig. 16). These changes are pronounced in lamina III and more
intensive in the base of the suleci. Sommer's sector and the layer of
the Purkinje cells are equally involved; likewise the lateral nucleus
of the thalamus. Striatum, globus pallidus, midbrain and medulla ob-
longata morphologically intact. No regressive changes of any glia
cells. Just beginning neuronophagy within field h3 of the Ammon's horn.
Topography and scale of severity of lesions: Cerebral cortex, Ammon's

horn, cerebellar cortex, thalamus.

8.) Kiich., F.A. 122/31, male, 37 years.

Attempted suicide by hanging in the prison; was found unconscious
after an unknown time of hanging and was transferred to the hospital.
Enforced resp.ration, strong pulse, cyanosis of the face, cramped
exiremities, sometimes twitches. No spastic reflexes. Remained un-
conscious. Death 18 hrs. after hanging.

Autopsy: Bronchopneumonia, conjunctival hemorrhage.

Histology: Within the whole cerebral cortex is severe changes with
nerve cell necrosis; in the frontal region nearly the whole popu-
lation is involved, likewise in the temporal region and the Ammon's
horn; the visual cortex is least affected with only disseminated
ischemic nerve cell necrosis. Large areas of the Purkinje layer
demonstrate typical homogenizing eosinophilic necrosis without con-
vineing involvement of the granular layer. The thalamus participates
with a moderatel; disseminated -selective neuronal necrosis only,
likewise the striatum, mainly its small cells, and the globus pallidus.
Midbrair., especially nigra substance and medulla oblongata, show no
changes. The cortical pyramidal cells demonstrate mainly swelling
with.tigpolysis and nuclear shrinkage and darkening; the typical
condition 6f ischemic change is not (yet?) developed. Most of the
oligoglia are pyknotiec, especially in the frontal and temporal

cortex. Even the astroglia nuclei demonstrate some hypeichromatosis.
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Softening is possible developing in these places. In the cerebellar
cortex beginning neuronophagy, reaction ot the macroglia is visible.
Topography and scale of severity of lesions: Cortex, Ammon's horn,
cerebellar cortex, thalamus, striatum, globus pallidus.

Comment to cases 7 and 8: The duration ot hanging (4 - 5 min.) is
known in case 7 only; the time of survival is 18 hrs. in both cases.
4 - 5 min. arrest of the cerebral circulation were sufficient to
produce a disseminated selective neuronal necrosis. From the much
higher intensity and the greater extension of the lesions in case 8
(necrosis of all nerve cells in certain cortical regions with transi-
tion to softening, involvement of striatum and globus pallidus), one
may conclude that the occlusion of the cerebral vascular system had
lasted considerably longer than 4 - 5 min. In both cases the time of
manifestation (18 hrs.) was sufficient for the production of beginning
microglia proliferation. A topistic pattern is demonstrable in a
partly laminar distribution of the disseminated nerve cell necrosis
(lamina III and V in the cortex, Purkinje cell layer) and the sparing

of the stratum granulosum of the Ammon's horn.

9.) Hem., F.A. 279/58, male, 22 years.

Congenital feeblemindedness. Attempted suicide by hanging. Duration
of hanging unknown. Was ui.conscious with decerebrated rigidity on
admission to the hospital. No pupillar reaction, spastic reflexes,
tongue bite. Regular respiratory activity. Decrease of muscular
rigidity, remained unconscious. Death 35 hrs. after hanging

Autopsy: Bronchopneumonia, general venous engorgement. Brain weight
1340 g. Pressure conus of the cerebellar tonsils; impression marks
at the uncus. Sclerosis of the left Ammon's horn.

Histology: Both Ammon's horns demonstrate old scarred lesions in the
field h1 (Sommer's sector) as in epilepsy. Within the whole cerebral
cortex intensive selective neuronal necrosis, in some places most of
the cortical population is involved with ischemic nerve cell necrosis,
in other regions a disseminated laminar loss (lamina III and V) is
visible. On both sides the Ammon's horn is concerned with most of its
remained neurons except the granular layer, likewise large areas of
the thalamus and parts of the Purkinje cell layer. The striatum par-
ticipates with single necrotic nerve cells. Much fully developed

A
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neuronophagy is found in the cortex, (Fig. 17/) the Ammon's horn and
thalamus, single ones in the nigra substance. 1n some cortical re-
glons are pyknotic changes of the oligoglia; the astrocytes show
slight progressive change of their nuclei.

Topography and scale of severity of lesions: Cerebral cortex, Ammon's

horn, thalamus, cerebellar cortex, striatum, nigra substance.

10.) Rau., F.A. 278/58, male, 28 years.

Attenpted suicide by hanging during a period of depression. Duration
of hanging unknown. Was transferred to the hospital unconscious, with
Cheyne-Stokes breathing, cyanosis, regular pulse. Muscular rigidity
in all limps, spastic reflexes. By improvement of respiration and
circulation decrease of muscular rigidity. Remained unconscious.
Death 46 hrs. after hanging.

Autopsy: Bronchopneumonia, dilatation of the right heart, edema of
the lungs. Brain weight 1360 g. Venous engorgement. Symptoms of slight
intracranial pressure (cerebellar pressure conus).

Histology: Throughout the whole cerebral cortex is relatively mild
disseminated selective neuronal necrosis witn ischemic nerve cells
(Fig. 18). Within the Ammon's horn of both sides nearly all nerve
cells are involved, except the granular layer; the most intensive
changes of this kind are found in the thalamus where most of the
population of the nuclei are affected. The striatum demonstrates a
great number of ischemic nerve cells, and the Purkinje cell layer
also. The globus pallidus participates with part of its nerve cells.
Fully developed neuronophagy is visible within the Ammon's horn
(Fig. 19). Some glial shrubs are seen in the cerebellar cortex.
Topography and scale of severity of lesions: Thalamus, Ammon's horn,
cerebral cortex, striatum, cerebellar cortex, globus pallidus.
Comment to cases 9 and 10: These cases differ from cases 7 and 8 by
the greater length of time for the development of morphologic
changes. It cannot be decided whether this is of significance in

the production of the typical picture of the ischemic form of nerve
cell necrosis since the time and completeness of occlusion of the
cerebral vascular system are unfortunately not known in the cases

8 - 10. At all events the influence of time for the manifestation

is shown by the glial reaction which is much more developed in

e
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cases 9 and 10. But in spite of the greater length of time (46 hrs.) -
after hanging in case 10 the glial reacrtion is rather less developed

than in case 9 (35 hrs.). 'This fact may point to a transient paralysis

of the glia with the effective ischemia. In regard to the quality of

the changes, both cases demonstrate similar conditions but a difference

in the intensity and the location of the most severe lesions. A topistic

pattern appears in the preference for lamina III and V of the cerebral

cortex, in the Purkinje cell layer of the cerebellar cortex and the

resistance of the stratum granulosum of the Ammon's horn.

11.) Kré., F.A.131/33, male, 36 years.

Attempted suicide by hanging, duration of hanging about 15 min. Was
found unconscious with respiratory arrest and severe cyanosis. Re-
mained unconscious with general muscular rigidity for about %6 hrs.,
was then delirious and restless. One epileptic fit occured. Cerebro-
spinal fluid without special changes. No spastic reflexes, apparently
motor aphasia. Death about 64 hrs. after hanging.

Autopsy: Venous engorgement of the brain and the organs. Brain swelling.
Histology: Generalized tigrolysis with foemy plasma transformation
without pronounced nuclear changes in nearly all cortical nerve cells;
relatively few characteristic ischemic forms, decreasing in number
from the frontal to the occipital region. In contrast to the cortex,
the whole population of extended areas of the thalamus (Fig. 20),

the whole area h) and a few cells of the Sommer's sector of the
Ammon's horn, demonstrate symmetrically the ischemic type of nerve
cell necrosis; the-Furkinje cells are concerned with disseminated
necrosis. Striatum and globus pallidus show no convincing pathologic
changes. Distinct edematous demyelinization of the white matter of
the uncus. All types of glial cells are proliferated mainly by
neuronophagic reactions in h3 and glial shrubs in the cerebellar
molecular layer. Astrocytes have enlarged nuclei and plasm in the

Bergmann layer of the cerebellar cortex also.

Topography and scale of severity of lesions: Ammon's horn, thalamus,

cerebral and cerebellar cortex. No convincing changes in the striatum, -
globus pallidus, or down to the medulla oblongata. {
12.) Lei., F.A. 245/k1, female, 40 years. 4

oy
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Attempted suicide by hanging during a depressive psychosis; duration
of hanging unknown. Appeared to be dead; resuscitation successful, but
remained unconscious till death 3 days later.

Autopsy: Bronchopneumonia. Brain weight 1420 g, no macroscopic changes.
Histology: Pronounced laminar pallor (lamina III, III and V), some-
times extending over all layers (Fig. 21), is produced mainly from
selective neuronal necrosis of the ischemic type with eosinophilia

and is nearly equally distributed from the frontal to the occipital
cerebral cortex. Both Ammon's horns are relatively slightly affected
(h1 and hj)' The thalamus has extended regions where the whole nerve
cell population shows ischiemic necrosis. The Purkinje cell layer par-
ticipates almost completely in this process, whereas the granular
layer appears intact. Within the striatum only a few small nerve cells
are involved. Intensive interstitial reaction is met in all areas con-
cerned. There is much neuronophagy and a diffuse micro- and macroglia
proliferation in the Ammon's horn, thalamus, cerebral and cerebellar
cortex (Fig. 22). A beginning proliferation of mesenchymal cells of
the vessel walls seems only in a few areas of the occipital cortex.

An edematous loosening of the tissue and pyknosis of the oligoglia

are also present.

Topography and scale of severity of lesions: Cerebral cortex, thala-
mus,- cerebellar cortex, Ammon's horn, striatum.

Comment to cases 1l and 12: Both of these cases differ in the in-
tensity and extension of the lesions and their principal locations,
but scarcely in the progression of the reaction. The type of the
lesions corresponds to those of the above described 4 cases. On the
whole, the brain of case 12 demonstrates a greater intensity of the
lesions, surpassing a purely selective neuronal necrosis by transi-
tion to softening in some areas of the occipital cortex; furthermore
the lesions are much more extended especially within the cerebral

and cerebellar cortex, whereas vice versa the Ammon's horn is less
concerned. The generalized swelling of the cortical pyramidal cells

in case 11 can after a time for manifestation of 64 hrs. scarcely

imply an expression of cell necrosis.

13,) Fed., F.A. 188/57, male, 63 years.
Attempted suicide by hanging during a depressive reaction. Duration
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of hanging unknown; was found unconscious, transferred to the hospi-
tal. During the following days delirious, restless; some intervals of
relative lucidity; became comatous and died 7 days after the strangu-
lation.

Autopsy: Brain weight 1480 g. Moderate pressure conus of the cerebellar
tonsils and impressions of the uncus. Several older arteriosclerotic
cystic softenings in the basal ganglia and the neighboring centrum
semiovale.

Histology: Moderate arteriosclerosis of the basal arteries, hyalinosis
of intracerebral vessels, many of the small pial vessels show arterio-
sclerotic changes. The above mentioned cystic softenings are partly
organized by collagenous mesenchymal tissue; small cortical old soften-
ings of a rather great number are mostly covered by glial tissue. Only
a few ischemic cells in the Ammon's horn, the cortex, and a few more
in the lateral nuclel of the thalamus with scanty rod cell reaction
and some neuronophagy can be reliably related to the cessation of the
cerebral circulation by strangulation. No remarkable reaction of the
astroglia. The remains of necrotic nerve cells within neuronophagic
reactions have completely disappeared. Within the cortex and the

white matter are multiple spots of loosening of the tissue by peri-
vascular edema.

Topography and scale of severity of lesions: Thalamus, Ammon's horn,
cerebral cortex.

Comment: The time of hanging and the completeness of the occlusion

of the cerebral vessels were probably not sufficient to produce more
severe lesions. The deleterious course may be related to a secondary
edema favoured by the arteriosclerosis of the cerebral arterial system
and its considerable consequences to the brain. The insignificance of
the lesions has provoked only a modest reaction of the microglia and

almost none in the astroglia cells.

14.) Bre., Hamburg 85a/50, 13 months 1).
Was found unconscious with respiratory arrest after strangulation with

a bedgirdle. Remained unconscious after return of respiratory activity;

1) This case is reported and illustrated by H. Jaccb, Handb.d.spez.
path.Anat. Vol. XIII/1 B, p. 1719. Springer, Berlin, 1957. By
kindness of Dr. Jacob we had the opportunity to investigate brain
material and histologic slides.
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had numerous convulsive twitches of the face and upper limbs. General
musoular flaccidity. Death 8 days after strangulation .

Autopsys of the brain: Swelling, general venous engorgement.

Histology: The brain changes are dominated by softenings which are
most extended in the white matter of the cerebrum and the cerebellum;
the grey substances participate in all parts of the cerebral cortex,

in the Ammon's horn, mainly in field b, and h,, in the striatum, globus
pallidus and nearly the whoia cerekellar cortex, including the granular
layer. In all these places is found a pronounced mesenchymal prolif-
eration with gitter cells, containing fatty substances. In the bor-
dering zones 1s proliferation of astrocytes with voluminous cell plasm.
Beneath these softenings a selective neuronal necrosis can be ob-
served 1in extended cortical regions and in many places of the thala-
mus but almost without interstitial reaction except for some neurono-
phagy in the dentate nucleus. A pronounced patchy edema (sometimes as
linear demarkation zones of necroses) is found in the cerebral cortex.
Topography and scale of severity of lesions: Cerebral and cerebellar
white matter, cerebellar cortex, cerebral cortex, Ammon's horn,
striatum, globus pallidus, thalamus, dentate nucleus.

Comméents This case differs principally from the cases 7 - 13 by the
severe lesions of the white matter. Because of the significant edema
in the cerebral cortex and in the white matter, the supposition may

be Justified that we deal here with an additional effect of ischemia,
the effect of a consecutive edema. With this presumption, the case

fits into the series of the cases previously described. It is only
remarkable because of the intensity and the local multiplicity of
lesions. The severity of lesions may even point to an accompanying
heart arrest of longer duretion. It is hardly possible to explain the
differences in the stages of interstitial reactions in many places by
clinical facts as far as they are known.

II. Oxygen Deficiency Produced by Hypoxemia.
a) Respiratory Arrest and Related Conditions.
1 Asphyxia at Birth.

15.) Mol., F.A. 216/39, male, 13 months.
Asphyxia following precipitate labor; transferred to the pediatric
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hospital on the 3rd day with restlessness, numbness, slight opistho-
tonus, muscular rigidity, still increasing during the first weeks. No
mimic motility. Was several times in hospital. Developmental retar-
dation. At the age of 13 months the child succumbed to pneumonia with
measles.

Autopsy: Dilatation of the right heart. Hyperemia and swelling of the
brain. Sclerosis of the Ammon's horn on both sides.

Histology: Highgrade holotopistic diminution of the nerve cell popu-
Id%foﬁ, demyelination and intense fibrous gliosis of the globus
pallidus are found in both hemispheres. The same conditions are met
in the corpus Luysi, their lateral two thirds are especially involved
(Fig. 23). Both Ammon's horns have lost nearly all nerve cells and
myelin fibers, including the granular layer; a dense consecutive
gliosis has developed. In the striatum only some loosely distributed
fibrous astrocytes are visible. Periventricular zone of demyelination
of the third ventricle. No changes are seen in the cerebral and cere-
bellar cortex, the thalamus, dentate nucleus, the midbrain and the
medulla oblongata. Slight gliosis of the cerebral and cerebellar
white matter and the optic tracts.

Topography and scale of severity of lesions: Globus pallidus, corpus

Luysi, Ammon's horn, and - far apart - striatum.

16.) Wes., F.A. 10/43, female, 12 years.

Premature birth (7 1/2 months), followed by repeated cyanosis.
Application of oxygen. Development of general athetosis and mobile
spasms; muscular rigidity. Spastic gait, could produce unarticulated
sounds oniy. made herself understood by gestures. Died with broncho-
pneumonia at the age of 12 years.

Autpsy: No significant changes of the brain.

Histologys Marked symmetrical diminution of the nerve cell population.
Demyeliration and holotopistic isomorphic gliosis are demonstrated in
the globus pallidus and corpus Luysi, most intensely in its dorsal
and lateral regions (Fig. 24). Both Ammon's horns are involved with
diffuse loss of nerve cells in the field h3 and . ° the stratum granu-
losum with many fibrous astrocytes. Whereas a mild patchy fibrous
gliosis with a slight loss of nerve cells is observed in the thalamus
and the nigra substance, only some loosely distributed fibrous astro-
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cytes are seen in the striatum. A rather dense fibrous gliosis with many

astrocytes, but without conspicuous changes in the nervous structures

is present in the cerebral and cerebellar white matter, the optic tracts,

the pes of the pons, the inferior olives and their hili, and less in
the dentate nucleus; also most intensive subependymal gliosis. No con-
vincing changes are in the cerebral and cerebellar cortex.

Topography and scale of severity of lesions: Globus pallidus, corpus
Luysi, Ammon's horns, thalamus, nigra substance. (Gliosis only: inferior
olives, pons, medulla oblongata, white matter including subependymal
layer, optic *‘racts, striatum).

17.) Stro., F.A. 312/50, female, 37 years.

Delivery within the amnion, the opening of which was practiced osten-
sibly 2 1/2 hrs. later. Asphyxia of longer duration. 3 days after the
birth, the child was completely motionless for some hours. Development
of geaeral athetosis with muscular rigidity, still increasing in the
age of ten years, feeblemindedness. Finally no longer able to walk,
bizarre contractured bodily attitude. Had at no time ccnvulsions.
Died from general weakness at the age of 37 years.

Autopsy of the brains Questionable atrophy of the frontal cortex,
sclerosis of both Ammon's horns. No hydrocephalus.

Histology: Considerably diffuse loss of nerve cells, symmetrical
holotopistic demyelination and isomorphic gliosis in the globus
pallidus 1s present in both hemispheres and in the corpora Luysi,
especially in their lateral parts (Figs. 25, 26). The nerve cells of
the field h1 and in one side of the field h2 also have disappeared.
Consecutive fibrous gliosis. Except for some perivascular gliosis

and a few loosely distributed fibrous astrocytes, the striatum demon-
strates no pathologic changes; no status marmoratus. Questionable
diminution of the thalamic nerve cells; no convincing glial reactions.
Many fibrous astrocytes within the inferior olives, but no diminution
of the nerve cell population. Slight diffuse gliosis in the medulla
oblongata. Pathological fibrous astrocytes are found in the cerebral
and cerebellar white matter. Considerable subependymal gliosis and
gliosis of the optic tracts. No convincing diminution of the_nerve

cell population of the cerebral and cerebellar cortex, no gliosis.
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No demonstrably progressive process.

Topography and scale of severity of lesions: Globus pallidus, corpora
Luysi, Ammon's horn (gliosis of the inferior olives, subependymal
layer, optic tracts, white matter, medulla oblongata).

18.) Kel., F.A. 40/55, female, 66 years.

Since early childhood general chorea, athetosis with highgrade feeble-
mindedness after a supposed meningitis; did not learn to speak. Lived
always with her family as a stationary case of Little's disease until
she was transferred to an insane hospital at the age of 64 years.
Athetosis and choreatic movements involved the muscles of the neck
and the tongue especially. Was not able to speak, often choked while
eating. Euphoric dementia. Died from general marasmus.

Autopsy: Highgrade atrophy of all organs. Mitral stenosis. Pneumonia.
Brain weight 1085 g. The formalin fixed brain appears generally small
without localized atrophy and with only a slight enlargement of the
ventricles. Meninges not thickened, slight atheromatosis of the basal
arteries.

Histology: Slight and not extended status marmoratus of the striatum
and the thalamus, with corresponding patchy nerve cell loss and very
slight gliosis. The number of nerve cells and myelin fibers of the
globus pallidus and the corpus'Luysi are greatly reduced; a consecu-
tive isomorphic and holotopistic fibrous gliosis, poor in nuclei, is
present (Fig. 27). Nearly all nerve cells of the Ammon's horns, in-
cluding the stratum granulesum in both hemispheres are gone. Slight
proliferation of fibrous astrocytes in the cerebral and cerebellar
white matter. The cerebral and the cerebellar cortex, the dentate
nucleus, nigra substance and inferior olives do not demonstrate con-
vineing pathologic changes.

Topography and scale of severity of lesions: Globus pallidus, corpus
Luysi, Ammon's horn, striatum, thalamus.

Comment to cases 15 - 18: In the cases 15 - 17 a reliable history
states severe asphyxia at birth. From the conformity of the quality
of the lesions (resulting of scarring after selective neuronal ne-
crosis) and their location one may conclude that case 18 is also
caused by an asphyxia at birth; all more so as there are no remains

of a meningitis or of any other process which could explain the
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lesions. The remarkable fact in the cases of oxygen deficiency to the
brain of proven hypoxemia 18 the striking differengss in the location
of the lesions, mainly found in the basal ganglia with exception of
the cerebral and cerebellar cortex, as compared to the findings in
ischemic anoxia. There is a special pattern throughout all 4 cases:
this is the holotopistic lesion of the globus pallidus and of the
corpus Luysi. Frequently we find also a ciange in the extension of
the lesions to the Ammon's horn in that as the stratum granulosum is
severely damaged.

2 Acute and Chronic Dyspnea, Respiratory Arrest.

19.) Gro., Hamburg 7a/54, male, 9 months.

The child was transferred to the hospital because of sudden severe
dyspnea in the course of a stomatitis. Diagnosis of the hospitals
acute descending tracheobronchitis with latent spasmophilia. Repeated
severe attacks of dyspnea with extreme cyanosis, tachyoardia, emphysema
of the skin and the lungs made a tracheotomy necessary. The child
succumbed witn high fever from respiratory paralysis at the 7Tth day.
Autopsy: Purulent tracheobronchitis, extended bronchopneumonia,
moderate dilatation of the right heart.

Histologys All parts of the brain demonstrate a pronounced venous en-
gorgement and a delicate loosing of the cortical tissue by edema.
Thereupon the cortical myelinated fibers show tortuousities and symp-
toms of dissolution. The cortical nerve cells have generally certain
changes of their plasm but their nuclei are well preserved; thus it
is not likely that the changes are an expression of cell necr:sis as
a direct effect of oxygen deficiency. Orly a few single corifcal
pyramidal cells and a few in the fields h1 and h3 of the Ammon's

horn demonstrate a distinct ischemic necrosis with eosinophilia and
destruction of the nuclear structure (Fig. 28). Nowhere is there
interstitial reaction. No pathologic changes within the cerebellum,
striatum, thalamus, and nigra substance (midbrain and medulla ob-
longata were not available).

Topography and scale of severity of lesions: Ammon's horn, cersebral

cortex.

20.) Mich., F.A. 234/37, female, 31 years.
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Received an injection of Per-Abrodil BAYER, a contrast medium for X-
rays, because of supposed pyelonephritis. The injection was followed
by some eclamptic fits and respiratory arrest. Artificial respiration
for 19 hrs., than cardiac arrest.

Autopsy: The brain demonstrated no gross changes.

Histology: Generalized venous engorgement, some subarachnoidal
hemorrhages, diffusely propagated serofibrinous exudate around the
intracerebral vessels. Most of the nerve cells of the cerebral cortex,
including the Ammon's horn, show a dissolution of the plasm with
shrinkage, or swelling and pyxknosis of their nuclel, often pericellular
incrustation. A large part of the glial nuclel are pyknotic. Typical
ischemic necrosis with eosinophilia and characteristic nuclear changes
are not encountered. Reactions are not observed. In contrast to the
poor state of the cortical pyramidal cells which concerns mainly those
of layer IIIa, the nerve cells of the striatum, the globus pallidus,
the dentate nucleus, the nigra substance, the inferior olives and the
cerebellum have a normal appearance,

Topography and scale of severity of lesions: Cerebral cortex, Ammon's
horn.

Comment to cases 19 and 203 In case 19 the repeated attacks of severe
dyspnea have apparently produced a necrosis of single nerve cells in-
different parts of the brain only. The pronounced difference in the
state of the nerve cells in the cerebral cortex from those in other
parts of the brain in case 20 does not allow them to be considered as
post mortem changes. Since we deal with any one of the'forms of ne-
crosis it is absolutely uncertain whether this can be related to the
respiratory arrest of 19 hrs. duration. Another cause seems to be

more likely. The intravenous inrjection of Per-Abrodil w:s immediately
followed by a cerebral reaction namely eclamptic fits and respiratory
arrest - possibly the cerebral effect of some kind of embolism which
would better explain the severity of the cortical lesions. By the
complete absence of ischemic infarctions and the more or less diffuse
distribution of the cortical nerve cells it is likely that the emboli

are very small and numerous as in an embolism.

21.) Bro. I, Hamburg 77a/51, male, 2 months.

Made almost no movements with the limbs since birth. 3 weeks later
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extreme abdominal respiration. Was transferred to the hospital with
severe bronchopneumonia. Diagnosis: myatonia congenita. Besides a
paralysis of the legs and arms a progressive paralysis of the inter-
costal muscles with phrenoplegia had developed.

Autopsy and histology of the spinal cord (Dr. H. Jacob): Typical
changes of myatonia congenita.

Histologys See case 22.

22.) Bro. II, Hamburg 80a/51, male, 3 months.

(A younger brother of case 21). Was transferred to the hospital
because of difficulties in sucking. Diagnosis: myatonia congenita.
Paralysis of all limbs, the muscles of the abdominal wall and the
intercostal muscles. Died from an infection which developed into
bronchopneumonia.

Autopsyt Confirmed tiie clinical diagnosis myatonia congenita. In-
vestigation of the brains of the cases 21 and 22 with regard to anoxic
changes, produced by respiratory difficulties: The sclerotic changes
in the anterior horns of the spinal cord (H. Jacob), a considerable
increase of the fibrous glia within the medulla oblongata (hilus of
the inferior olives, sensory decussation) and the pes of the pons
without conspicuous loss of nerve fibers as well as the axonal
reaction of a number of nerve cells in these places (including
nucleus XII) may be related to the process of myatonia. Neither
brain demonstrate any lesion which can be referred to the chronic
oxygen deficiency produced by the prolonged difficulties of complete
breathing.

b) Atmospheric Hypoxidosis.

23. Lind., F.A. 166/41, male, 28 years.

Lost the connection to the oxygen mask during an air raild over London
7500 m high; was observed lying in the bottom of the machine by the
crew and found dead on landing.

Autopsy: Considerable engorgement of the intestines with hemorrhages
in pancreas, stomach, ileum, and mesentery; marginal emphysema of the
lungs, cyanosis of the face; no clotting of the blood in heart and
vessels. In contrast to the engorgement of the organs, the Lrain

appears anemic.
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Histology: Some nerve cells of the striatum and the thalamus are
slightly shrunken, stain slightly eosinophilic and very dark with
basic aniline dyes; their nuclei show also shrinkage. A characteristic

plcture of necrosis, however, is nowhere developed.

24k.) Sun., F.A. 332/56, male, 59 years.

Was 1940 member of a crew of a military airplance, when the cxygen
supply became defective. Some of the crew died, patient was uncon-
scious for a long time and was trepanned. Since thus he suffered from
headache and had repeated epileptic fits. He lost occasionally the
ability to speak or had difficulty in finding words. Suffered certain
changes in his personality. Since 1947 chronic cholecystitis. Died
1956 from acute peritonitis after cholecystectomia.

Autopsy: Two trepanation holes of 1 cm in diameter, symmetrically
situated in the frontoparietal region of the skull; hemosliderosis of
the meninges at the left trepanation nole. Small peptic ulcer. Chole-
cystectomy. Old fracture by compression of the 1llth thoracical vertebra.
Free bile within the abdomen, peritonitis. Generalized moderate athero-
matosis. The walls cf the cerebral vessels appear somewhat thickened,
but without atheromas. Nowhere softenings. Frcntal sections through
the formalin fixed brain reveal no pathologic changes.

Histologys No definite pathological changes can be observed within
the cerebral and cereiellar cortex, the Ammon's horn or the dentate
nucleus. The striatum presents rather numerous fibrous astrocytes
(Fig. 30) but no conspicuous loss of nerve cells. In the medial part
of the globus pallidus are media calcification of larger vessels and
rather numerous pericapillary and free calcified bodies; some of the
latter may derive from necrotic neuronal structures. There is an in-
significant reduction of the nerve cell population but a considerable
increase of ribrous astrocytes (Fig. 31). The upper medial part of
the globus pallidus is occupied by a small patch of demyelination
(Fig. 29) and dense fibrous gliosis in local incidence to the calcium
deposition. The thalamus is also involved with a slight rarefying of
the nerve cell populiation and a reactive fibrous gliosis in its
ventral nucleus. The corpus Luysi appears somewhat poor in nerve cells.
A rather dense fibrous gliosis of the inferior olives and their hili

is not combined with a convincing loss of nerve structures (Fig. 32).
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The white matter participates with a slight increase of fibrous glial
cells.

Topography and scale of severity of lesions: Thalamus, globus pallidus,
corpus Luysi, striatum and inferior olives with gliosis only.

Comment to cases 23 and 24: From the morphologic view the time for
manifestation of characteristic structural changes was supposedly too
short in case 23. The pathogenetic conditions in case 24 may appear
somewhat complicated. There are no arteriosclerotic changes of the
intracerebral vessels and nowhere softenings. Comparing the character
and the localization of the lesions with those of asphyxia at birth,
their restriction to the basal ganglia is remarkable. As the slight
neuronal loss and the gliosis surpass the region of vascular calcifi-
cation by far, it may be permitted to suppose that the slight old
changes in the thalamus, globus mllidus, striatum, corpus Luysi and
the olives may be due to the atmospheric hypoxia at fiight. It may
also be considered that the slightly disseminated loss of nerve cells
is 80 inconspicuous that 1t can be suggested only because of a re-

active fibrous gliosis (see case 28).

c) Anemic Conditions.

1 Morbus Hemolyticus Neonatorum (Survived Kernicterus).

25.) Mit., F.A. 76/43, male, 3 1/2 weeks 1).

The infant developed Jjaundice with rapidly progressing anemia from the
first day after birth. Increasing opisthotonus and generalized mus-
cular rigidity which persisted till he died from pneumonia at the age
of 3 1/2 weeks. Diagnosis: Icterus gravis.

Autopsy: The brain weighed 450 g and demonstrated the usual appearance
at this age; no icteric discoloration of the nuclei, as found in kern-
icterus.

Histology: Symmetrical and nearly total loss of nerve cells and still
progressive decay of myelin fibers occur in the globus pallidus and
the corpus Luysi with extensive glial reactions (Fig. 33), consisting
of rod cells, macrophages and increased astrocytic nuclei. Only moder-

ate transformation to fatty products. Diffuse loss of nerve cells with

1) The cases 25 and 26 are published by Meriwether, Hager and Scholz:
Archives of Neurol. & Psychiat. 73, 293-301, 1955
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the same reaction of the glia 1is found in all fields of the Ammon's
horn and the dentate nucleus, also single neuronophagy within the
thalamus and the striatum. The medulla oblorngata reveals a diffuse
gliosis in its ventral part without demonstrable loss of nervous
structures. Cerebral and cerebellar cortex appear normal, in the
white matter a gliosis with many fibrous astrocytes is developing.
Topography and scale of severity of lesions: Globus pallidus.

corpus Luysi, Ammon's horn, dentate nucleus, striatum, thalamus.

26.) Roe., F.A. 49/43, male, 5 1/2 months.

The infant developed extreme jaundice with erythroblastosis and
anemia within the first days after birth, followed by progressive
muscular rigidity which persisted until the death at the age of

5 1/2 months.

Autopsys Brain weight 510 g. Sclerosis of the Ammon's horn in both
hemispneres.

Histology: Symmetrical and almost total loss of nerve cells with
distinct demyelination are found in the globus pallidus and the
corpus Luysi, with resulting consecutive intense holotopistic
fibrous gliosis (Fig. 34). Nearly complete loss of nerve cells
and intense fibrous gliosis occur in both Ammon's horns with only

a small part of the field h, remaining. Likewise in the dentate

nucleus is a considerable dfminution of nerve cell population, with
demyelination and consecutive fibrous gliosis (Fig. 35). A moder-
ate status marmoratus has developed in the putamen and the thala-
mus demonstrates a partial nerve cell loss with consecutive fibrous
gliosis in its ventrolateral and medial parts (Fig. 34). besides.
these convincing destructions of nervous structures is an iniense
subependymal gliosis; gliosis of the optic tracts, of the ventral
part of the medulla oblongata and of the cerebral and cerebellar
white matter without conspicuous changes of neuronal structures is
present. Cerebral and cerebellar cortex reveal no pathological
status changes.

Topography and scde of severity of lesions: Globus pallidus and
corpus Luysi (holotopistic), Ammon's horns, dentate nucleus, stria-
tum, thalamus (subependymal layer, optic tracts, medulla oblongata,
cerebral and cerebellhr white matter with gliosis only).
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27.) But., F.A. 189/58, male, 10 1/2 months.

7 days after birth the child was admitted at a pediatric clinic. He
suffered from icterus gravis with erythroblastosis, 3% normoblasts,
16, bilirubin in the serum. Blood group A, Rh pos. (mother A1 Rh
neg.). In spite of blood exchange and two transfusions before dis-
appearance of the jaundice, omprosthotonus and increasing general
muscular rigidity developed. As a case of Little's disease the child
was transferred to an asylum and died there from pneumonia at the age
of 10 1/2 months.

Autopsy: Besides a slight hydrocephalus internus the 710 g brain
demonstrates no pathological fiindings.

Histologys In the lateral parts of the globus pallidus the nerve cell
population is reduced to about 25%, the medial parts have practically
lost all nerve cells. Demyelination and holotopistic fibrous gliosis
is also found (Fig. 36). The corpora Luysi are similarly changed. In
spite of the age of these changes, numerous products of dissolution -
partly stainable with sudan and double refracting, nearly all stainable
with hematoxylin - are seen everywhere equally distributed in the
confines of these nuclei (Fig. 37). A tendency to accumulation around
the vessels is not visible. The Ammon's horns are almost emptied of
nerve cells and filled with fibrous glia. They present the same fatty
dissolution products as the above mentioned nuclei (Fig. 38). The
dentate nucleus has lost many nerve cells, especially in its dorsal
part, and shows a slight loss of myelin fibers in the vlies and hilus;
a corresponding gliosis is present. The thalamus exhibits small regions
with a moderate loss of nerve cells and gliosis; in the striatum is

a moderate perivascular gliosis only. Cerebral and cerebellar cortex,
nigra substance reveal no pathological changes. There is a rather
intensive diffuse fibrous gliosis in the medulla oblangata, espe-
cially in the subependymal layer, hilus and vlies of the inferior
olives and the pyramidal tracts; no corresponding loss of nerve
structures is present (Fig 39, 40). In the cerebral white matter is
only slight gliosis; here the myelin stain is not very dark, but there
are no fatty products. Only few cortical radiated fibers are developed;
in many places are the U-fibers not yet developed.

Topography and scale of severity of lesions: Globus pallidus, corpus
Luysi, dentate nucleus, thalamus.
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28.) Pet., F.A. 175/54, female, 8 years 1).

The child was born without complications after s rormal pregnancy.
After birth jaundice for 3 weeks. 4 months later involuntary athetoid

o=

movements of the limbs were observed which ceased during sleep. At the
age of 9 months this state improved in so far as the movements discon-
tinued from time to time. Athetosis increased with voluntary movements.
Ostensibly no severe psychic changes, but the child did not learn to
speak understandably. The child was transferred to the neurological
hospital at the age of 8 years: the legs are crossed, hands and
fingers in flection, spasmus mobilis, muscular rigidity. The child
was able to read and to do simple reckoning. Diagnosis: Encephalo-
pathia posticterica infantum. The girl died 12 hrs. after a bulbotomy.
Autopsy: The formalin fixed brain weighed 950 g. Besides a fresh
hemorrhagic incision of the medulla oblongata at the level of the
left inferior olives, no pathologic findings.

Histology: One has the impression of a symmetrically diffuse thinning
of the nerve cell population of the globus pallidus; especially the
medial part appears nearly empty in some sections. This impression

is supported by a conspicuous increase of glial nuclel and a rather
poor stainablility of the myelin structures. The condition of the
material did not allow staining of glial fibers. However, there are
found in the globus pallidus a rather large number of small calci-
fied bodies, mostly of longish shape, but not connected with vessels
(Fig. 41). As some calcified nerve cells can also be demonstrated, it
can be taken for granted that the calcified bodies are derived from
necrotic neuronal structures. The lateral third of the corpus Luysi
shows diminution of nerve cells, but there are neither gliosis nor
calcified particles. Otherwise no older pathologic changes can be
observed in the brain which can be referred to the icterus gravis;
cerebral and cerebellar cortex, Ammon's horn, striatum and thalamus
show normal conditions.

Topographys: Globus pallidus (and corpus Luysi?) of both hemispheres
(holotopistic?).

Comment to cases 25 - 28: In 3 of these 4 cases a severe progressive
anemia accompanied by icterus gravis was present in the first days of
life. As reported, case 28 did not demonstrate definite neurologic

1) By courtesy of Professor Pentschew - Sofia
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symptoms before the 4th month of life. All 4 cases present the same
neuropathologi condition in so far as cerebral and cerebellar cortex
do not participate in changes which can be referred to pathogenic
conditions during the icterus gravis. All 4 cases are identical in
regard to the holotopistic lesions of the globus pallidus and prob-
ably also of the corpus Luysi; in this respect only a variation in
the intensity can be observed. The intensity may vary over a wide
range as demonstrated in case 28 in which only the calcified remains
of neuronal structures make the destruction of one part of the popu-~
lation absolutely certain. Thus these cases can be compared with
cases 15 - 18 of birth asphyxia. Like these cases each of them differ
from the others in regard to the injury in other nuclei and regions.
In the cases of "encephalopathia posticterica infantum" the Ammon's
horn seems to participate most frequently with severe lesions sparing
often small parts of field h2
are of thalamus, striatum and dentate nucleus. All these lesions are

only. The next most frequent lesions

symmetrically arranged in both hemispheres. Whereas the areas of
dentate nucleus and Ammon's horn have a more or less topistic char-
acter, the changes in the thalamus and the striatum have focal
appearance, pointing to a local circulatory disorder. As to the
pathogenesis of the whole complex of lesions: not only the simi-
larityto the changes from asphyxia permits the supposition that
hypoxemia plays the decisive role. As we have learned from our own
experience in acute cases of kernicterus and from the literature,
bilirubin is resorbed by living glia cells but penetrates also into
dead nerve cells which frequently demonstrate the characteristic
feature of ischemic necrosis. The typical condition of selective
neuronal necrosis in acute kernicterus parallels the selective
neuronal loss in surviving cases of morbus hemolyticus with the

clinical appearance of a Little syndrome.
2 Chronic Anemic Conditions.

29.) Miih., Hamburg 48a/53, female, 6 1/2 years.

The newborn infant suffered from severe dystrophy for more than

one year; at the age of 13 months, the physical development was that
of a 1 - 2 months 0ld suckling. When she was transferred to the hospi-



tal at the age of 2 years, the retarded development of the extremely
pale girl was related to a questionable premature birth. The investi-
.gation of the blood revealed 15% hemoglobin. The furtirer development
was very slow; the child learned to sit, took interest in her environ-
ment, but did not systematically play. She was permanently kept in bed
and developed only a rudimentary speech. Otherwise no neurological
symptoms. Except for a deviation of leucocytes and erythrocytes to the
left, the sternal punction did not reveal abnormalities. Fe and bili-
rubin in the serum were normal,.likewise the bleeding time and the
coagulation time. The cause of the anemia which persisted to the same
degree throughout the whole life time could not be sufficiently ex-
plained. The child died suddenly and unexpectedly from an acute cardiac
crisis at the age of 6 1/2 years.

Autopsy: Spotting of the muscle of the left heart with considerable
dilatation of the ventricle. Patchy fatty degeneration of the liver,
venous engorgement of the spleen, edema of the lungs. The brain
presents some dysgenetic accessory shallow sulci on the convexity

of the frontal and occipital lobes; otherwise no abnormalities.
Histology: The cortex is folded by the accessory sulei but demon-
strates regular architectonic conditions. There is in general a

marked periventricular gliosis and a moderate fibrous gliosis of the
cerebral and cerebellar white matter including the optic tracts,
without a conspicuous demyelination. A moderate number of progreésive
fibrous astrocytes can be observed in the striatum and the globus
pallidus, without convincing diminution of their nerve cell popu-
lation or of their myelinated structures. The corpus Luysi is simi-
larly affected. The thalamus participates with two small foci of

nerve cell loes with fibrous gliosis. There are no definite changes

of the cerebral and cerebellar cortex nor of the Ammon's horns.
Topography: Thalamus, white matter of the cerebral and cerebellar
hemispheres, striatum, globus pallidus.

30.) Schleim., F.A. 84/48, female, 7 years.

The infant, born without complications, weighed 3000 g. Normal
development until the girl went to school. Then she suffered from
increasing weakness, pains at the elbows and knees and became

—
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strikingly pale. At the age of 7 years she was transferred to the
hospital with fever, cough, abdominal pain, squinting and vomiting
of blood. The girl weighed 20 kg. She appeared deathly pale. The
values of hemoglobin varied between 22 and 15%, the number of erythro-
cytes between 0,81 and 1,2 millions at different times, white blood
corpuscles (about 90% lymphocytes) increasing from 5500 to 27000 and
falling to 1000. Diagnosis: micromyeloblastic leukemia. The child
died from a purulent infection.

Autopsy: Dilatation of the right heart, nearly total fatty degener-
ation of the liver. Brain weight 1070 g. The colour of the brain is
white as marble. Diagnosis of the pathologist: subchronic panmyelo-
phtisis with myeloblastic reactions, anoxemic insufficiency of the
organs.

Histology: Besides a very recent decay of myelin fibers within ex-
tended regions of the medial and lateral thalamus, but without any
destruction of nerve cells or gliosis reaction (Fig. 44), there is

a tendency to fibrous gliosis of all parts of the brailn, except in
the cerebral and cerebellar cortex. The gliosis is most pronounced
at all inner and outer surfaces. The‘gyral parts of the cerebral and
cerebellar wnite matter are most affected (Fig. 45), but without a
remarkable destruction of myelinated fibers. Striatum and globus palli-
dus contain a rather large number of diffusely spread fibrous astro-
cytes, but a convincing loss of neuronal structures cannot be observed.
Likewise the medulla oblongata demonstrates a rather dense fibrous
gliosis without demyelination or nerve cell diminution. Hilus and
vlies of the dentate nucleus and the optic tracts present the same
condition. Different parts of the brain show some glial nodules,
related to the final sepsis.,

Topography: Locally different, but generalized fibrous gliosis with
exception of the cerebral and cerebellar cortex and the Ammon's horn,
without conspicuous loss of nerve s*tructures; pronounced development
of fibrous astrocytes in the whole territory of striatum and globus
pallidus.

31.) Hub., F.A. 142/41, male, 71 years.
The clinical notes are lost during the war.

Autopsy: revealed the typical findings of pernicious anemia without
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changes of the spinal cord. Generalized atheromatosis of the aorta,
hemosiderosis of liver and spleen. No remarkable arteriosclerosis of
the cerebral vessels.

Histology: In the white matter and in the internal capsule are a
rather large number of shell bleedings of different age, a part of
which shows circular microglial reaction, another part demyelination
only. Symmetrically in both globi pallidi are several small areas of
very recent tissue destruction without any reaction (Fig. 48); a prog-
ressive calcification of the vessels is also present. But there is no
absolute correspondence between the calcification and the tissue
necrosis. Obviously the pallidum lesions are sublethal anoxic lesions
to which the calcification of the vessels may have contributed. The
predominant feature of this case is a generalized increase of the
fibrous glia, prevalent in that tissue which contains many myelinated
structures, but perceptible also in the grey substances, even in the
cerebellar cortex where there are single fibers. It is remarkable
that the cerebral and the cerebellar white matter do not demonstrate
any demyelination except for the fresh perivascular patches of myelo-
lysis with interstitial reaction. Also the nerve cell population does
not show a conspicuous loss, although the increase of fibrous astro-

cytes in the striatum approaches the condition of Huntington's chorea

(Fig. 49). Possibly as a consequence of its higher content of myelinated

tracts, the globus pallidus in its whole extent shéws a rather high
grade fibrous gliosis (Figs. 50, 51). Even in the third layer of the
cerebral cortex and still more in the deeper layers, are pathologic
fibrous astrocytes with processes which contain bundles of fibrils
(Fig. 52). A pronounced gliosis without diminution of nerve cells is
found in the inferior olives (Fig. 53) and the dentate nucleus; here
are the myelinated structures especially concerned (compare Fig. 40).
The same conditions of gliosis are visible in the thalamus and field
h} of the Ammon's horn. A speclal preference in the topography of the
lesions cannot be set up; but the intensification of the development
of fibrous astrocytes 1n the whole territory of the striatum, in the
globus pallidus, and even in the cortex, should be noticed.

Comment to cases 29 - 313 Apart from recent changes in case 30 (be-

ginning encephalitis from general sepsis) and in case 31 (small foci

of demyelination deriving from local disturbances of barrier function
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as shell bleeding and sublethal anoxic foci in the globus pallidus),
all three cases show a general trend of morphologic changes related
to the chronic anemia. They consist of a diffuse proliferation of the
fibrous glia without a convincing loss of nerve structures to explain
the gliosis. Only the thalamus in case 29 presents a small glial focus
with a distinct perivascular loss of nerve cells. The diffusely spread
and perivascularly pronounced fibrous gliosis is most strikingly de-
veloped in the white matter and in the inner and outer surfaces of the
brain, including the optic tracts. But also grey nuclei as the stria-
tum, the globus pallidus, the thalamus and inferior olives participate
in the gliosis with proliferative modifications of the fibrous astro-
cytes. In the striatum of cases 30 and 31 this proliferation is so
marked that the glious condition resembles that in Huntington's
chorea. The remarkavle fact ir all three cases 1s the inconspicucus
loss of nerve structures (whenever present), in spite of the high
degree of gliosis and the bilateral gliosis of the globus pallidus,
visible to the naked eye in Holzer preparations (Figs. 42, 43, 45 -
47, 49 - 53).

d) Defective Arterialization of the Blood with Circulatory
Insufficiency (Congenital Malformation of Heart).

32.) Her., F.A. 315/35, male, 18 years U,

The patient was born in the 8th month of pregnancy as second of twins;
he was delivered with blue face and snoring respirations. No acute
asphyxia is mentioned. Considerably retarded bodily and mental de-
velopment, breathing always snoring, general cyanosis, tendency to
asthmatic attacks; walking and ordinary speaking not before the age of
6 years. At the age of 18 years the patient showed a bodily develop-
ment of a 11 - 12 years old boy. For many years he lived in an asylum.
As he was not skilful with his hands, he was unable to do any wicker
work; his gait was faltering, often reeling, the limbs showed a
slight athetold restlessness with « slight muscular rigidity. Auscul-
tation revealed a long loud systolic murmur over all ostia of the
heart. Diagnosis: chronic cyanosis from vitium cordis. At the age of
18 years he acquired a septic infection and died within two days.

1) Published by W. Scholz, Z.Neur. 171, 426, 1941
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Autopsy: Subacute endocarditis followed by pyemia and many abscessec
in the organ. Malformation of the heart (Fallot's tetrade) with pulmonal
stenosis, large defect in the septum of the atrium, open foramen ovale,
hypertrophy of the right ventricle, closed ductus Botalli. Pronounced
cyanosis of the limbs. The brain weighed 1070 g and presented a con-
siderable engorgement of the blood vessels; otherwise no changes.
Histology: Besides the irregularly distributed miliary abscesses,
related to the terminal pyemia, there are symmeirically arranged old
changes in the basal ganglia of both hemispheres. They consist in an
insignificant demyelination and a marked diffuse numerical diminution
of the nerve cell in the region of the globus pallidus and the corpus
Luysi, with a corresponding dense isomorphic fibrous gliosis (Figs. 54 -
56). Likewise the dentate nucleus in both cerebellar hemispheres is
affected (Fig. 57). All these changes, which bear a holotopistic
character, concern the whole territory of these nuclei and do nct
overstep their frontiers. The thalamus participates with patchy in-
complete loss of nerve cells (some calcified ones are remaining) and

a local increase of fibrous glia cells. A moderate development of
fibrous astrocytes is observed also in the striatum, but without a
convincing loss of nerve structures. Hilus and vlies of the inferior
olives show a distinct demyelination, causing a dense local gliosis.
For the rest, all inner and outer surfaces of the brain, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>