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Many types of intra-uterine lesions — such as infection, intoxi- 

cation, trauma, disturbances of placentation as well as genic 

germinal defects and constitutional conditions of the blood, — may 

cause the child to die in utero or to be born with severe injuries, 

and then be subject to a miserable life. The birth process itself is 

rather hazardous: placenta previa, early separation of the placenta, 

umbilical abnormalities, narcosis, and so forth, which may cause 

suffocation (anoxia) of the fetus due to loss of blood, or inter- 

ference with the circulation of the blood and internal respiracion. 

In spite of the importance of such conditions, discussion of them 

is not included here. 

The aims of this paper are: (1) to describe the most important 

types of mechanically produced lesions to which newborn children 

are exposed during the birth process; (2) to define the most com- 

mon Sequelae found in children and adults which result from such 

conditions; (3) to point out the most important factors in the 

pathogenesis of the birth injury; and (4) to indicate the possibili- 

ties of prevention of the birth lesion. 

*Department of Pathology, Warren State Hospital, Warren, Penna. Department of 
Welfare, Commonwealth of Pennsylvania. 
**Prof. of General Pathology and Pathological Anatomy; Former Director of the 

Pathological Institute of the University of Istanbul; Prof. of the University of Frank 
furt-Main (Germany), on Leave of Absence 
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Scuwartz: Birth Injuries of the Newborn 

BIRTH IS A BRUTAL PROCESS 

Types of mechanically produced lesions of the newborn. Because 

of the mechanical stress accompanying it, birth is, almost without 

exception, a brutal process which endangers the life and health of 

the child. The danger appears to be increased by primiparity, by 
prematurity; it is accentuated by postmaturity, by malpresenta 

tions, and, by an abnormally rigid or narrow birth canal. The 

danger is less when the child is of normal size, full term, present 

ing normally, and when the mother is young, well proportioned, 

and multiparous. 
The mechanically produced lesions of the newborn can be 

divided into two major groups. 

1. Cases in which the results of a common trauma are present 

These include cutaneous contusion; rupture of the dural folds 

caused by bitemporal or fronto-occipital compression of the cra- 

nium; dislocation and overlapping of the cranial bones during the 

passage through the pelvic outlet ; and depression and deformation 

of the cranial bones by the promontory, and so forth. In this group 

also belong injuries caused by manual or instrumental obstetrical 

interference ; dislocation and fracture of the extremities and of 

the vertebral column; or dislocation, depression and fracture of 

the cranial bones; and rupture of peripheral nerves, etc. Lesions 

of this group, however, are of secondary importance insofar as 

they are of frequent occurrence ; on the other hand severe injuries 

of this type are relatively infrequent. 
2. Lesions caused by the direct and indirect effect of the action 

of the most important driving force of the birth process, the 

“lower-pressure” or “release’’-principle. These types of lesions are 

of paramount importance because of their frequency and cerebral 

localization. They are also of extreme interest from the morpho- 

logical, clinical and preventive aspects. Accordingly, we will con 

sider first the lower-pressure-principle, and its effects upon the 

body of the newborn. 

BIRTH, A PROCESS OBEYING THE LAWS OF HYDRODYNAMICS 

The birth of the child results from an automatic expulsive proc- 

ess. Although associated contractions of the diaphragm and the 

abdominal musculature are important, the energy required is de- 

livered mainly by the contraction of the uterine muscle 

The uterine muscle contracts intermittently, each contraction 
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Scuwartz: Birth Injuries of the Newborn 431 

causing a marked diminution of the size of the uterus and a rise 

of the intra-uterine pressure to 250 mm. Hg. and higher. During 

relaxation of the uterus, the intra-uterine pressure drops to its 

normal preparturition level. 

To understand the function of the birth mechanism, it is of 

utmost importance to know that the fetus in utero is suspended 

in the fluid contained within the amniotic sac. Therefore, during 

the entire birth process, particularly prior to the rupture of the 

amnion, the increases in pressure produced by the contraction of 

the uterus act only indirectly on the fetal body. Thus, the birth 

mechanism can be considered as obeying the laws of hydro- 

dynamics. The force produced by the muscular contraction is trans- 

mitted through the medium of the amniotic fluid to the body of 

the fetus which then moves in the direction of least resistance, 

namely, towards the os uteri. 

THE LOWER-PRESSURE-PRINCIPLE AS THE MAIN DRIVING FORCI 

OF THE BIRTH PROCESS 

If a suction apparatus is applied to any part of the body surface, 

a swelling develops due to the difference in pressure between the 

atmosphere and the affected area. The greater the difference in 

pressure, the larger the swelling. The suction alters the flow of 

lymph and blood, which is more pronounced, with a greater differ- 

ence in pressure. 

\ similar phenomenon may be observed during the expulsion 

of the fetus from the uterus. The fetus is protected from any 

change in the distribution of its body fluids, in spite of the rising 

intra-uterine pressure during labor, as long as the amnion is intact. 

The conditions suddenly change, however, following the rupture 

of the amniotic sac. Then, the loss of the amniotic fluid in the 

protruding portion of the sac allows the presenting part, usually 

the head, to be forced into the os uteri because it is subjected to 

a powerful suction due to the relatively lower atmospheric pressure 

during the uterine contractions. Thus the head closes the os uteri 

like a ball valve. The average difference in pressure between the 

uterine cavity and the atmosphere during the period of expulsion 

can be represented by a water column 3 meters high and 80 cm. 

in diameter, equivalent to 24 kg. in weight. It is easy to understand 

that the effect of such a suction force is an accumulation of body 

fluids at the site of the presenting part. When the presentation is 
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432 Scuwartz: Birth Injuries of the Newborn 

a breech, deeply penetrating hemorrhages and necroses on the skin 

and muscles of the buttocks sometimes develop. If the back or 

face are presenting, similar injuries can be observed in their soft 

tissues. The most common, however, is the vertex presentation. 

Fig. 1. Intra-uterine position of fetus after the 
rupture of the amnion bag. The head closes the 

widely opened os uteri like a ball valve. 

Here, the skull and the brain are the organs most frequently in- 

jured by the suction effect of the release principle; they are sub- 

jected to deformation (‘“moulding”’) ; in addition, the birth swelling 

(caput succedaneum), and a cephalhematoma may result in the 

presenting part; also, pial and cerebral hemorrhages and brain 

softening may develop. 

We have investigated the lower-pressure-principle experimen- 

tally. A suction cup was attached to the heads of newborn animals 

and pressure differences were produced which corresponded to 

those present in human birth. In this way changes were induced 

comparable to birth lesions in newborn infants, that is, moulding 

Association ATIDE 
Centre de Documentation ARIANE



Scuwartz: Birth Injuries of the Newborn 433 

of the skull, caput succedaneum, and hemorrhages in the skull and 

periosteum. It was also possible to produce pial and cerebral hem- 

orrhages. 

We do not intend to minimize the common mechanical causes of 

birth injury mentioned earlier. Nevertheless, we believe that the 

importance of the lower-pressure-principle should be particularly 

emphasized for it is the cause of the most characteristic birth 

lesions. Also, recognition of the importance of the release effect 

in the etiology of birth injuries may become instrumental in their 

prevention. 

CRANIAL BIRTH TRAUMA AND CEREBRAL CIRCULATORY 

DISTURBANCES 

The release effect, the most important mechanical driving force 

of birth, is doubtless a physiological phenomenon occurring during 

the period of expulsion. However, it also may be the cause of 

severe injuries to the fetus. In vertex presentations, when the 

membranes have ruptured, important sectors of the large cranial 

venous sinuses, protected only by the thin layer of the scalp and 

the open sutures and the fontaneles, become exposed to the action 

of the lower-pressure effect. Thus, it may be presumed that, in 

many cases, the release effect is capable of producing circulatory 

disturbances transmitted to deeper parts of the brain. In fact, 

investigations have shown that almost every baby born normally 

suffers some disturbance of the cranial and even the cerebral cir- 

culation as a result of the release effect. This has been established 

primarily in newborn infants who died during or shortly after 

birth. However, clinical observation has also shown that many sur- 

viving children suffered cerebral circulatory disturbances due to 

birth trauma. 

rhe longitudinal and straight sinuses converge at the site which 

is the area most commonly presenting in birth. Therefore, they 

may be directly affected by the suction force of the lower-pressure- 

effect. Now, what are the consequences of a forceful suction ex- 

erted upon the longitudinal sinus? The blood in the longitudinal 

sinus normally flows with a slightly negative pressure. The suc- 

tion effect not only stops this flow, but it also draws the venous 

blood of the pia and falx into the longitudinal sinus, flooding it 

and its branches. Thus, stasis, hemorrhage, and thrombosis develop 

in the suction area, according to the pressure differences created 
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434 Scuwartz: Birth Injuries of ihe Newborn 

by the uterine contractions. The overfilling of the longitudinal 

sinus involves the straight and the transverse sinuses too. It 1s 

clear, however, that the vein of Galen is more liable to be affected 

than the sinuses, because the flow of blood from the intracerebral 

veins through the Galenic veir. is impeded by the narrowness and 

rigidity of the straight sinus, and by the acute angle this sinus 

forms with the axis of the vein of Galen. The congested blood 

in the vein of Galen cannot flow freely. 

It seems that the vein of Galen, — which is short and strikingly 

wide, — functions not only as a simple vascular conduit, but also 

as a container and a regulator of the cerebral venous circulation, 

capable, if necessary, of accumulating considerable amounts of 

blood. Its regulatory mechanism plays an important role during 

birth and when overburdened, often becomes paralyzed 

Fig. 2 shows the branches of the Galenic system: the cerebellar 
> pee . A 

Fig. 2. The system of the Great vein of Galen. (We injected 
a blue colored mass into the Galenic vein). (g) Great vein of 
Galen; (0) internal occipital vein; (b) basal vein of Rosen- 
thal; (/v) lateral ventricular vein; (cf) internal cerebral vein; 
(ch) chorioidal vein; (s) septum pellucidum; (ca) caudate 
nucleus showing branches of the terminal vein on its surface; 
(m) white matter of cerebral hemispheres injected with the 

blue dye; (¢) epiphysis. 

vein, the internal occipital vein, the basal vein of Rosenthal, the 

pineal vein, the lateral ventricular vein, the choroidal vein, the vein 

of the septum pellucidum, the internal cerebral vein, and the ter- 

minal vein. All of these vessels, and their intracerebral ramifica- 

Association ATIDE 
Centre de Documentation ARIANE



Scuwartz: Birth Injuries of the Newborn 435 

tions, may be involved by the lower-pressure-effect and become 

the sites of typical birth traumatic circulatory disturbances. 

Rough injuries of the Galenic vein occur relatively infrequently. 

When they are present, the lesion is mostly characterized by throm- 
botic occlusion, often accompanied by enormous dilatation of the 

vessel. The internal cerebral vein is seldom involved, but one of 

its branches, the terminal vein, appears to be affected so often 

that its lesion may be regarded as the most characteristic of all 

cerebral injuries resulting from birth trauma. There are hemorr- 

hages, which relate to the anterior root of the terminal vein, in- 

Fig. 3. Birth traumatic hemorrhage in the cerebral white mat 
ter. The stem of left terminal vein showed thrombosis and 
perivascular bleeding. Premature child. Note discoloration of 
periventricular area of the cerebral white matter on right side 
caused by microscopic hemorrhages and a beginning softening 
Arrow indicates the thrombotic terminal vein of the left side ; 
(h) fresh hemorrhage of the cerebral white matter produced 
by confluence of capillary hemorrhages; (s) discoloration of 
the periventricular area indicating involvement of the white 

matter; (¢) thalamus. 

filtrating the subependymal area of the caudate nucleus; hem- 

orrhages, which originate at the confluence of the anterior and 

posterior terminal veins, destroying the body of the caudate 

nucleus ; hemorrhages, which arise from the posterior root of the 

terminal vein, involving the narrow tail of the caudate nucleus. 

Hemorrhage from the terminal vein is commonly bilateral but 

in general it is more marked on the right side. The extravasated 

masses often destroy large areas of the caudate nucleus. Hemorr- 

hages originating from the stem of the terminal veins are usually 

associated with bleeding from their intracerebral roots, draining 

the cerebral white matter and the basal ganglia. In such cases 
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groups of punctiform and strip-like hemorrhages of the frontal 

and fronto-parietal white matter radiate from the angles of the 

lateral ventricles in the direction of the periphery of the hem- 

ispheres. 

Lesions of the ventricular lateral vein frequently occur in the 

newborn child. The stem of this vessel is generally not involved ; 

the changes affect the cerebral area drained by this vein, namely, 

the occipital white matter; strip and punctiform hemorrhagic foci 

appear which often form massive hematomas. (Fig. 4). Another 

frequent combination of birth traumatic circulatory disturbances 

is hemorrhage from the choroidal vein, completely filling the lat- 

eral ventricles. 

Fig. 4. Massive hemorrhage and multiple 
softening foci in the subependymal white 
matter of the occipital lobe in the region 
supplied by the lateral ventricular vein. Full 
term baby, 3-day-old. (s) fresh softening 
foci; (A) massive hemorrhage; (~) chori 

oidal plexus. 

Apart from these frequent and extensive intracerebral hemorr- 

hages, the brain of a newborn infant almost regularly shows micro 

scopic extravasations located in the corpus callosum, the basal 

ganglia, mid-brain, medulla oblongata, cerebellum, retina, and in 

the inner and middle ear; that is, in all those parts of the brain 

in which the venous drainage is connected with the vein of Galen 

and, therefore, is susceptible to the lower-pressure-effect. 

The circulatory disturbances produced by the suction effect of 

the lower-pressure-principle are not always characterized by ex- 

travasations of blood. In many instances there is only extreme 

dilation of the vessels which are engorged with blood, demonstrat- 

ing 2 cirew"story neralysis. This stasis of the blood develops in the 
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same areas — namely, in the frontal, fronto-parietal and occipital 

white matter — which are known to be affected by the hemorr- 

hages, that is in the areas drained by the lateral ventricular and 

terminal veins. Consideration of the nonhemorrhagic circulatory 

disturbances is of utmost importance in the understanding of many 

conditions occurring in the pathology of the newborn. 

BIRTH TRAUMATIC SOFTENING PROCESSES IN THE 

CENTRAL NERVOUS SYSTEM OF THE NEWBORN 

Two types of birth traumatic cerebral softening processes can be 

distinguished in the newborn: (1) Circumscribed foci of necrosis 

and dissolution of the nervous tissue; and (2) diffuse rarefac- 

tion. Foci of necrosis may be detected as early as 24 to 48 hours 

after birth. Those small grayish-yellow foci are always located 

in the areas of the brain which we have recognized as typical 

sites uf circulatory disturbances resulting from birth trauma ( Fig. 

3s, 4s). In children who survive, the foci become progressively 

denser and whiter in appearance. Characteristic of the foci in older 

children is that they develop a shining chalk-white color and be 

Fig. 5. Microscopic aspect of a birth traumatic softening focus 
of the cerebral white matter. Beginning granulation stage in 
a 10-day-old child. (Scarlet-red-hematoxylin-staining). P: in 
dicates a small hollow developed in consequence of the dissolu 
tion of the necrotic center of a birth traumatic necrosis 
Arrows: indicate the demarcation zone of the damaged cere 
bral tissue, in which the glial proliferation proceeds. f.f/f. 
indicate the zone of the softening focus, which is characterized 
by the accumulation of fat-laden scavenger cells. d.d.d.: indi 
cate the environment of the softening focus characterized by 

diffuse rarefaction of the nervous substance 

come rather hard. The first few days following birth, necrosis 

and disintegration predominate microscopically ; 6 days to 10 days 

after birth evidence of glial proliferation appears, surrounding and 
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localizing the destruction. (Fig. 5). If death occurs some weeks 

or months after birth, cicatrization prevails, characterized by the 

progressive accumulation of glial fibers. 

Microscopic foci of cerebral softening occur very frequently in 

the newborn. They have been demonstrated at postmortem exam- 

ination in almost every child surviving the first day, and in those 

who have been examined during the first four weeks. Circum- 

scribed foci are regularly associated with diffuse softening proc- 

esses. 

Che fatty substances which characterize the cerebral softening 

in the newborn can be demonstrated histologically using the scarlet 

red stain. In addition to this fatty debris, however, there are other 

signs of tissue damage present — such as hemorrhages, fragments 

of nerve fibers, disintegration of the glial nuclei, and reactive pro- 

liferation of the glial cells. These changes are identical with proc- 

circulatory disturbances esses observed in adults following 

FAT DEPOSITS IN THE GLIAL CELLS OF THE NEWBORN 

Virchow (1868) discovered that the presence of fat granules in 

the glial cells of the newborn was a frequent occurrence. He con- 

sidered these findings to be characteristic of an “encephalitis” due 

to an intra-uterine infection which had been transmitted to the 

fetus from the mother. Jastrowitz (1870, 1872) however disagreed 

with this view and maintained that the fat deposits in glial cells 

were of physiological significance. He assumed that they were in 

some way connected with the development of the myelin sheaths. 

It was his belief that those very rare cases revealing an absence 

of fatty glial cells represented disease of the fetal central nervous 

system. This opinion dominated for almost half a century. Even- 

tually this doctrine became modified in the following way: certain 

fatty glial cells were regarded as of physiological significance, 

others were considered to be characteristic of pathological proc- 

esses. Thus, Merzbacher (1907) discriminated two types of fatty 

glial cells in the brain of the newborn: (1) Round, physiological 

elements, resembling genuine phagocytes which transport fatty 

substances to the developing myelin sheaths; (2) Fatty glial cells 

with extensions which are anchored within the nervous substance, 

signifying a morbid condition. Wohlwill (1921) also tried to dif- 

ferentiate physiological fat-containing glial elements from patho- 

logical scavenger cells. He considered, however, the cells having 
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extensions to be physiological and regarded the elements which 

Merzbacher described as physiological to be of pathological sig- 

nificance. All these attempts to differentiate the fat-containing glial 

cells have no true practical value, because, generally both types of 

cells occur together. Therefore, Merzbacher would, by a strict 

application of his criteria, designate the same number of cases as 

being pathological, as would Wohlwil!, in spite of the fact that 

Merzbacher considered Wohlwill’s physiological elements to be 

of pathological significance. On the other hand, both, Merzbacher 

and Wohlwill, would have to accept the same incidence of patho- 

logical cases as Virchow claimed, who considered all fatty glial 

cells to signify disease. 

The doubtfulness of the significance of the glial fat deposits in 

the newborn was so deeply rooted that any consideration of the 

pathological changes of the central nervous system in newborn 

infants could not be made without previous clarification of this 

problem. Investigations carried out by the present writer revealed 

that fatty elements normally do not occur in the cerebral sub- 

stance of the newborn. Thus we confirmed Virchow’s teaching. 

Also, our experience showed that the problems which arose as a 

result of Virchow’s discovery are identical with the questions posed 

by the birth injury of the newborn. 

It is of importance that in addition to fat deposits in the white 

matter, in the same areas in which the glial fatty changes prevail, 

other signs of morbid changes are present almost without excep- 

tion, e.g., hemorrhages, fragmentation of nerve fibers, disintegra- 

tion as well as hypertrophy and proliferation of the glial cells. The 

significance of these changes cannot be doubted. If nothing were 

known of the presence of the fatty deposits in the brain, then 

these other changes alone would be more than sufficient to charac- 

terize morbid conditions affecting the brain of newborn infants. 
It should be emphasized that all these changes are invariably asso- 

ciated with glial fat deposits, in the diseased nervous system of 

adults. The fatty glial cells observed in the brain and spinal cord 

of adults are identical in every way with the controversial phe- 

nomena occurring in the central nervous system of the newborn. 

Furthermore, it is important to know that the brain and spinal 

cord of animals — cattle, rats, rabbits, dogs, and cats were investi- 

gated by us—develop without the appearance of any fatty ele- 

ments whatsoever. However, identical changes to those seen in the 
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brain substance of the newborn child, including fat-containing 

cells, have been experimentally produced in the brains of newborn 

animals by traumatic lesions. 

LATE SEQUELAE OF BIRTH TRAUMATIC LESIONS 

OF THE CENTRAL NERVOUS SYSTEM 

Many cerebral defects observed in older children and adults may 

be explained by birth injury. Such defects occur very often in 

persons suffering from feeble-mindedness, cerebral palsy, and epi- 

lepsy. The following are the main types of brain damage which 

we have observed in these cases at postmortem examination: 

1. Cavitation of the brain (so-called central and peripheral 

porencephaly ). 
) 2. Contraction of the cerebral hemispheres caused | ’y cicatricial 

hardening (sclerosis of the white ma-«er). 

3. Cicatricial shrinking of the cerebral cortex (sclerotic micro- 

gyria). 

4. Cicatricial defects of the basal ganglia, particularly of the 

caudate nuclei. 

5. Net-like cicatricial strips characterized by excessively myelin- 

ated irregular nerve fibers (status marmoratus of the striatum and 

the thalamus; plaques of myelinated nerve fibers in the central 

cortex ). 

6. Hemorrhagic internal pachymeningitis 

7. Internal hydrocephalus. 

\li these lesions may occur together or in a variety of com- 

binations. Cavitation and cicatricial contraction may also occur in 

the cerebellum (cerebellar porencephaly and sclerotic cerebellar 

atrophy). Cavities in the medulla oblongata (syringo bulbia) or in 

the spinal cord (syringo myelia) represent rarer defects resulting 

from birth trauma. 
1 In these cases cavitation deep within the cerebral hemispheres | | 

is caused by a dissolution of the white matter in the area drained 

by the terminal and lateral ventricular veins. (Fig. 6). In those 

instances in which changes are not of long standing, hemosiderin 

pigmented masses may be found at autopsy representing remnants 

of the initial circulatory disturbances. 

Cicatricial contractions (sclerosis) of the cerebral white sub- 

stance also develop in the area drained by the terminal and ven- 

tricular lateral veins. This type of lesion is the result of processes 
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characterized by the destruction of nerve fibers and by diffuse 

rarefaction of the glial structures. Sometimes the loss of nervous 

parenchyma is so excessive as to almost reach complete devasta- 

Fig. 6. Extensive porencephalic transformation of the right cerebral 
sphere in an idiotic child. All those areas of the white matter which are 
supplied by the terminal vein and the lateral ventricular vein have dis- 
appeared. Extensive parts of the cerebral cortex are also absent, having 
been destroyed by birth injury, save for a very thin molecular sheet covered 
by the pia (“vesicular porencephaly”). The cortex of the occipital lobe is 
shrunken (“sclerotic microgyria”). There are also cavities in the left hemi 
sphere, but a shrinking of the white matter caused by diffuse scarification 
dominates. One-and-a-half-year-old girl, full term child, first born; delivery 
lasted two days and was accomplished by forceps. The child exhibited 
cramps immediately after birth. At autopsy, complete ossification of the 
sagittal suture was disclosed; the pia was covered by hemosiderin and the 
head of the caudate nucleus was absent on both sides. (c) vesicular transfor 
mation of the frontal end of the parietal lobe; (0) sclerotic microgyria of 

the occipital lobe ; (ce) cerebellum ; (7) temporal lobe 

hemi- 

tion. No doubt, severe birth traumatic rarefaction processes involv- 

ing the fronto-parietal and occipital white matter can produce 

similar functional disorders, for example, id‘ocy and paralysis, as 

the dissolution of the nervous tissue. The tunctional significance 

of the less severe grades of birth traumatic rarefaction processes 

which involve the cerebral white matter have not been sufficiently 

investigated despite their frequent occurrence. We assume that 

less severe grades of feeblemindedness as well as many cases of 

so-called psychopathy and neuropathy in children and adults may 

be caused by this type of injury. 

Che entangled masses of myelinated irregular nerve fibers which 
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represent the most striking morphological aspect of the status mar- 

moratus in the striatum and thalamus may often be recognized with 

the naked eye; while those cortical coils, the “plaques fibro- 

myéliniques”’, are only demonstrable microscopically. Marked status 

marmoratus of the striatum is regularly associated with character- 

istic athetoid motility disorders. In some cases of status marmor- 

atus of the thalamus we observed peculiar disturbances of affect. 

A status marmoratus of the basal ganglia develops following birth 

traumatic rarefaction processes involving areas drained by the 

terminal vein. 

Internal hemorrhagic pachymeningitis frequently accompanies 

contraction of the cerebral hemispheres of birth traumatic origin. 

Extensive pial hemorrhages at birth characterize the beginning of 

this condition. During the later development of the process, how- 

ever, new pial hemorrhages occur. Another typical feature is the 

appearance of thick membranes covering and enveloping the pial 

hematomas. 

Internal hydrocephalus caused by birth trauma is often a rapidly 

progressing disease. It may develop as a result of the occlusion of 

the aqueduct by blood clots or the obstruction of the circulation 

of the cerebrospinal fluid, following hemorrhages surrounding 

the medulla oblongata and the cerebellum 

In our investigations we encountered a large number of cases 

in which various cerebral defects were caused by genic germinal 

disease or resulted from infectious, toxic, or traumatic lesions 

suffered during intra-uterine life. These observations prove that 

true innate diseases of the central nervous system, of hereditary 

and nonhereditary origin, do occur. Also, there can be no doubt 

of the occurrence of extensive brain lesions caused by infectious 

and toxic agents or trauma endured in the early weeks or months 

following birth. Nevertheless, it is pertinent that clinical symptoms 

indicating severe involvement of the central nervous system which 

can be observed from the first day of life, or generally speaking, 

which appear in the first year of life — perhaps following a period 

of apparent well being — are caused in the great majority of tn- 

stances by birth injuries. 

REMARKS ON TYPICAL EXTRACEREBRAL LESIONS IN 

NEWBORN CHILDREN 

In addition to the lesions of the central nervous system resulting 
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from physical trauma above described, hemorrhages and necroses 

in various organs of the newborn occur which we consider to be 

indirect results of the cranial birth injury. These changes, in gen- 

eral, affect children who die a few days following birth or who 

die during birth after remaining for an abnormally long time in 

the birth channel subsequent to the rupture of the amniotic sac. 

The most frequent pathologic-anatomical findings in this group 

are represented by hemorrhages and necroses of the adrenal glands, 

which appear both in premature and in full term children. Also, 

renal involvements occur strikingly often. They consist of necroses 

of the tubular epithelium and hemorrhages, resembling in every 

detail changes found in the so-called crush syndrome. Particularly 

interesting are cases in which selective hemorrhagic infiltration of 

the medulla of one or of both kidneys is present. Here we must 

mention hemorrhages and necroses of the liver in newborn chil- 

dren, which are similar to lesions observed in patients who died of 

puerperal eclampsia or following shock. Furthermore, hemorrhages 

of the spleen and pancreas as well as the thymus, the thyroid 

gland, and the parathyroids were repeatedly described. In particu- 

lar, mention must be made of pulmonary hemorrhages which, 

rather frequently, may arise giving the impression of a hemorr- 

hagic infarction. Hemorrhagic erosions of the gastric mucosa and 

— though much more infrequent — duodenal ulcers or melena 

caused by innumerable mucosal lesions of the intestines, form a 

special group. Necroses of the heart muscle appearing subse- 

quent to the birth were also observed (Griinwald). 

We may assume that all circulatory disturbances accompanied 

by hemorrhages and necroses described here, result from birth 

damage to cerebral and spinal centers which regulate the blood 

supply of the listed organs. It is very remarkable that many of the 

visceral lesions described here also occur in adults, who have suf- 

fered severe traumatic cerebral lesions. 

Another interesting group of lesions in the newborn concerns 

the damage to regulatory centers of the peripheral circulation. 

Symmetrical circulatory disturbances of the hands and feet appear 

as in Raynauds’ disease in adults. Localized or generalized edema 

of the body is also a condition which draws attention to vasomotor 

disturbances in children. Two other enigmatic disorders in the 

newborn, sclerema and subcutaneous fat necroses which are some- 

times linked to one another, have been thought to result from a 
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local mechanical stress; but obviously the part played by the gen- 

eral stress at birth should also be considered. 

REMARKS ON THE RELATIONSHIP BETWEEN BIRTH 

AND THE PATHOLOGY OF THE NEWBORN 

Clinical investigation stimulated by our anatomical findings re 
vealed that it is necessary to consider newly born children from 

the viewpoints which dominate the physiology and pathology of 

adults. In accepting this attitude, we recognize physiological stand 

ards of the healthy newborn which in many ways are comparable 

with those of healthy adults. Consequently, deviations from these 

standards in newborn children are to be cor 1 as manifesta 

onditions as they would be adul ich devia- 

tions include many peculiar differences in the beh rr of various 

newborn children which until now were gen xplained by 

of the newborn 

assumption that the immaturity of the central nervous sys 

born was responsible for many phenomena which 

be considered as symptoms of severe brain in 

juries was so deeply rooted that even convulsions, which differ 

in no way from those in adults, were interpreted as of physiological 

origin. Recent investigations, however, have shown that there is 

no evidence for making such a paradoxical hypothesis. Convul 

sions 1n both children and adults have the same significance 

namely, cerebral disease. 

Certain well-known neurological signs, such as pathological re- 

flexes, spontaneous movements of the hands and fingers, convul- 

sions, paralysis, flaccidity or rigidity of the skeletal musculature, 

unconsciousness, stupor, or dizziness can be observed in adults who 

have suffered cerebral damage; they may also be demonstrated in 

newborn infants who have endured similar injuries due to lesion 

at birth. In addition to these well-known effects, spontaneous 

nystagmus and disorders involving the rotatoric and caloric re- 

actions of the vestibular apparatus often occur in both adults and 

newborn children who suffered cerebral injury. (Voss; Berberich). 

Furthermore, typical changes of the morphologic compositions of 

the blood are of diagnostic importance; in addition, bilirubinemia, 

transitoric albuminuria, and glycosuria, and also disturbances in 

temperature regulation may be present in the traumatized new- 

born infant. 
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It is unnecessary to stress that certain respiratory difficulties 

and “debility” observed in newborn children are, in many cases, 

symptoms of brain injuries. 

As in adults, lumbar puncture in newborn children is not only 

of diagnostic importance in traumatic cerebral hemorrhage, but 

it is also of therapeutic benefit. (Sharpe). 

REMARKS ON THE PREVENTION OF BIRTH INJURIES 

UF THE CENTRAL NERVOUS SYSTEM 

Birth trauma as a factor in the mortality rate of infants and 

newborn children has been shown by extensive statistical investi- 

gations to be a social problem. (Schwartz, Baird). Prematurity, 

which is responsible for the large majority of deaths occurring at 

birth and within the first months of life, represents a phenomenon 

of poverty which must disappear with the rise of the material and 

intellectual social level 

We concluded that it was necessary for services to be created 

which could safeguard expectant mothers and allow them to carry 

their children to full term. An organization which cares for all 

pregnant women and ensures that every birth is supervised by 

adequately trained personnel would undoubtedly lead to a reduc- 

tion of the mortality rate due to birth lesion. Also, we are certain 

that social preventive measures could dramatically reduce many 

of the later consequences of birth injury — particularly cerebral 

palsy, teeble-mindedness, and epilepsy. 

In addition to social preventive measures, a reform of obstetri- 

cal management is imperative. The birth which is easy for the 
mother is not of necessity without danger for the child. In order 

to estimate this danger to the child it is necessary to continually 

register the intra-uterine pressures which develop before and 

during birth. In this way the limits of the pressure differences 

which the child can tolerate without danger will be defined. Such 

observations may result in more accurate indications for operative 

interference in obstetrics. 

In view of the importance of the lower-pressure-principle as the 

main cause of birth traumatic lesions of the newborn, the follow- 

ing conclusion may be drawn: Whenever abnormalities of the birth 

canal, the placenta, malpresentation of the fetus or disproportion 

between fetus and pelvis indicate that normal birth might be in- 

jurious to the child, Cesarean section performed before the begin- 
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ning of the labor and before the rupture of the amnion sac is the 

best recommendation. 

COMMENT 

The danger to which the child is exposed during the birth proc- 

ess has been known for centuries and has been the subject of scien- 

tific investigations for almost 200 years. The fact that stillbirth 

is commonly caused by cerebral damage, and that a birth injury 

may be the cause for lasting deformation of the body and impair- 

ment of the mental function was also well known. As early as a 

century ago Little stated that “congenital” cerebral palsy was 

caused by birth trauma in the majority of cases; and as early as 

125 years ago Cruveilhier recognized that the “apoplexy” of the 

newborn could be prevented, in the great majority of cases, by 

proper obstetrical measures. 

Birth lesions and their results have been described in thousands 

of publications during the last hundred years. With the increasing 

number of births throughout the world, there is an important in- 

crease in the number of victims every year. Many of them die at 

birth or-during the first weeks of life; however, innumerable sur- 

vivors remain as paralytics, morons, idiots, and epileptics. 

Why is it that birth lesion of the newborn, in contrast to other 

big and smaller stranglers of humanity — such as tuberculosis, 

cancer, infantile paralysis, and multiple sclerosis — is still not rec- 

ognized as one of the important causes of untimely death, invalid- 

ism, and chronic suffering? Why is it then that no systematic 

measures have been proposed to fight the birth injury of the new- 

born? 

These questions have a simple answer, viz., the main cause is 

the fact that the birth lesion of the newborn represents a social 

problem. Its victims — premature children, illegitimate children, 

children of mothers who have a contracted pelvis, first-born chil- 

dren of older women, children born without help or competent 

assistance — belong to the economically weak groups of the popu- 

lation in the great majority of cases. 

All contemporary communities are developed on the basis of 

keen competition in which a relatively small group of successful 

people live with a large mass of people persisting in insecurity. 

Thus, it is necessary that a community attain a certain level before 

it is able (1) to accept with good conscience the connection between 
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birth injury and socio-economic conditions; (2) to acknowledge 

that the loss of human life and the limitations of mental and physi- 

cal efficiency resulting from birth lesions are a heavy burden to 

the community; and (3) to be ready to apply remedial measures. 

When every woman will be enabled as a young person to de- 

liver her first child, when every pregnant woman will be permit- 

ted to carry her child to the end of the normal term, and when 

every birth will be supervised by adequately trained personnel, 

then the danger of the birth lesion will be reduced to a minimum. 

There are some other points to be considered. (1) Most autopsy 

reports on newborn infants only consider extravasations into the 

pia and the dural folds, in spite of the fact that the present writer 

and some of his supporters emphatically stated the presence of 

important foci of hemorrhage and softening in the brain substance 

proper. Thus, we have to admit that we have not been successful, 

as yet, in establishing it as an omission or even as a failure of 

observation when a physician does not register the macro- and 

microscopic cerebral changes in a case of birth traumatic lesion. 

(2) The discussion on the significance of the glial fat deposits in 

the central nervous system of newborn children lasted a very 

long time. Eventually, the main participants in the new discussion 

—among them authors who at first dissented — agreed on the 

pathological significance of the findings and on their birth traumatic 

origin in most cases. In spite of these facts, we have not succeeded 

in bringing to general attention the knowledge that the changes 

discovered by Virchow represent the most frequent, and in many 

cases a very serious disease of the human central nervous system. 

(3) Our clinical investigations performed with Voss and Ber- 

berich on the vestibular apparatus resulted in many new observa- 

tions, which together with the’ more conventional neurological 

symptoms, demonstrated the frequency, unexpected in earlier 

times, of the birth traumatic cerebral lesion in newborn infants. 

\lthough repeatedly verified, these methods and observations are 

still not generally known, and, therefore, newborn children who 

suffered brain damage still are not considered as subjects for 

competent neurological examinations. (4) In serial investigations 

Sharpe showed that lumbar puncture in newborn children is both 

informative and safe. However, this test is still not as widely 

used as it merits. (5) We have shown that changes of the mor- 

phological blood composition (the “birth traumatic blood crisis of 
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the newborn’’) as well as the bilirubin and uric acid levels in 

blood are sensitive indicators of the destruction of blood and tissue, 

and, therefore, are suitable gauges of the intensity and the extent 

of the damage resulting from birth trauma. As a result of brain 

damage, disorders of temperature regulation often occur in new- 

born infants. Albuminuria and glycosuria in newborn children, 

may also indicate central disturbances of metabolism. In addition, 

pathological and anatomical observations have revealed that renal 

involvement often occurs in newborn infants. We have to recall 

here the high frequency of adrenal lesions in newborn children. 

\ll these findings, often observed by numerous investigators, have 

not been able as yet to influence the clinical pathology of the 

newborn. (6) One of the most important causes of the delay in 

the general recognition of the importance of cerebral birth injury 

in the growth, in the composition, and in the quality of the popu 

lation, is the fact that the interpretation of the birth mechanism, 

made possible by the definition of the lower-pressure-principle, is 

not generally known, although it is acknowledged by competent 

experts and endorsed in experiments 

\ study of the modern history of the birth mechanism revealed 

that the writer was not the first to assume that the birth process 

obeys the laws of hydrodynamics. (Schatz in 1868, Kuneke in 

1869, Lahs in 1869, Werth in 1888, Sellheim in 1913). Sellheim’s 

remarks in the discussion of a report by the writer, in 1926, even 

today seems suitable to describe the significance of the lower 

pressure-principle as well as the degree of its recognition by ob 

stetricians: “I struggled for a long time for the recognition of the 

importance of the hydraulic pressure. Only a few obstetricians 

were helpful in this endeavor. Then verification came from 

another side after observing new facts, ie., the effect of the 

hydraulic pressure on the cerebral blood vessels. Pathologists and 

pediatricians have spoken of hemorrhages caused by a suction effect 

during birth.”* 
“These observations verify not only the role of the hydraulic 

pressure but also the correctness of my didactical endeavor to 

characterize the pressure ditferences between the uterus contents 

and the atmosphere during birth as a suction effect of the at 

mosphere.’’** 

*The heading of the present writer's first paper (1921) on birth traun brain injury 
was: “Die Ansaugungsblutungen im Gehirn Neugeborener” (Cerebral Hemorrhages in 
Newborn Children Caused by Suction Effect.) 
**This didactically much more effective interpretation was published | Sellheim in 

1923 
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“The concept of a suction from below replacing the idea of a 

pressure from above may explain all the peculiar phenomena of 

birth from the stretching of the child’s body in utero to the 

cerebral hemorrhages.” 

A most important experimental contribution to the problem of 

the lower-pressure-effect was that of Guttner (1932). He tried 

to imitate the birth machine and used: 

1. A relatively large glass jar with a narrow neck representing 

the uterus. 

2. A rubber sac which, replacing the amnion sac, was pulled 

into the “uterus.” 

3. A guinea pig which was placed in the system in a manner 

imitating the normal birth posture. 

The construction of the apparatus permitted the elevation of the 

“intra-uterine” pressure by pumping in air and also the measure- 

ment of the changes in blood pressure and the heart function of 

the “fetus.” 

The results of these experiments were extremely interesting. 

While the entire body of the animal remained in the closed rubber 

sac under increased pressure, no changes occurred either in the 

blood pressure or in the heart function. However, when the head 

of the guinea pig became fixed in the “pelvis’’—in imitation of the 

natural process—and the rubber amnion was torn, increase of the 

“intra-uterine” pressure caused a rise of the arterial tension, in 

addition to characteristic changes in the heart function, similar to 

those observed in natural birth. Thus, Guttner succeeded in repr 

ducing some factors of normal delivery by creating pressure dif- 

ferences between “uterus” contents and the atmosphere in a 

system in which the head of a living animal closed the “os uteri,” 

and then was released from the high pressure which affected all 

other “intra-uterine” parts of the body. 

In our own experimental investigations, repeatedly verified by 

other authors, a suction cup was placed on the heads of newborn 

animals. With this simple method we were able to produce all 

cranial and cerebral changes occurring in normal and pathological 

births 

We hope that when the lower-pressure-principle becomes gener- 

ally known and acknowledged by obstetricians as the most impor- 

tant driving force of the birth mechanism, it will then become 

generally recognized that lesions of various degree almost always 
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occur in every natural birth. At the same time, we hope, that 
methods will be devised which will neutralize the detrimental effect 
of the pressure differences. 
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PrLMONARY INFILTRATION WITH Eos1NOPHILIA DURING lsoNIA

XID TREATMENT. P. Perreau. M. Fresnau, B. Boumard and Y. 
Le Brizaut. (Presse méd., 63 :1454-1456. Oct. 29, 1955). 
The authors report two cases of labile pulmonary infiltration 

with eosinophilia in patients with tuberculous meningitis that was 
being treated with isoniazid. One patient was a 30-year-old 
woman in the eighth month of her second pregnancy, and the 
other a 5-year-old boy. Treatment had continued uneventfully 
over a period of several months before the appearance of the 
reactions. the drug being administered orally in doses of 5 mg. 
per kilogram. The infiltrate made its appearance several weeks 
af ter elevated doses had been started, that is, 20 mg. per kilogram. 
It was accompanied in both cases by digestive and blood dis
turbances of the kin<l seen in other patients treated with high doses 
of isoniazicl. which fact suggests that drug intoxication was the 
cause of the pulmonary infiltration with eosinophilia. J.A.M.A. 




