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INTRODUCTION 

In the past few years, much attention has been focussed on 

so-called "birth injuries" . The medical profession, and con

sequently the lay public, has been quite prone to attribute the 

condition to faulty obstetrical management. In this paper, an 

attempt will be made to show that such a viewpoint is far from 

the correct one, that the trauma incident upon normal birth is 

in ma.cy- cases sufficient to bring about serious intracranial dam

age. As Holland (1957) has so aptly put it, "The wonder is 

surely not how many babies are injured, but how many are born 

intact11 • 

An inquiry will be directed into the general subject of 

intracranial injuries, but special emphasis will be placed upon 

the mechanism of their production. It is only through a thor

ough understanding of the etiological factors involved that we 

can hope to avoid the numerous neonatal catastrophes that now 

occur. 

In each division of this paper an attempt will be made to 

preserve the chronology: the author, together with the date of 

his work will be cited. Hence, this entire presentation will be 

in a sense a historical review, ani the necessity for devoting a 

special section to history consequently obviated. 
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Incidence 

A great many report~ have been written on the incidence of in

tra.cranial hemorrhage of the new-born. It should be pointed out be

fore examining the statistics that the true incidence cannot be de

termined. Necropsy statistics alone cannot be taken as the criterion, 

because many children doubtlessly recover from the condition. Clin

ical diagnosis, as will be pointed out, is often uncertain. The 

findings in the spinal fluid are likewise difficult to interpret . In 

spite of these shortcomings, statistics do enable us to gain a gener

al impression of the frequency of intracranial lesions . 

A number of series have been gathered in the accompanying table 

(page 4) . These cases represent new-born deaths, and the percentages 

indicate the incidence of intracranial hemorrhage as the cause of neo

natal fatality . It will be seen that the incidence as determined at 

autopsy varies from a low of '11% in the cases of Holt and Babbitt (1915) 

to a high of 64% in those examined microscopically by Hemsath and Can

avan (1952). In the total series of 6, 568 autopsies, intra.cranial 

hemorrhage occurred in 51.5% of the cases. 

Irving (1950) found 99 ca.sea of intr a.cranial hemorrhage among 

15,849 births. Fleming (1951) noted intra.cranial injuries in 550 of 

8000 infants born alive . From these two groups of ca.sea we see that 

intra.cranial hemorrhage can occur as often as once in 25 deliveries , 

or as seldom(?) as once in 150 . If one were to estimate the number 

of deaths from any condition and find it to occur as frequently as 

once in every 150 persons, one would be appalled. Therefore , not only 
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from the standpoint of proportion of deaths due to intracranial hemo

rrhage, but actual frequency of occurrence as well, this condition 

assumes paramount importance . (Grulee, 19?6). 
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Year Author Number of Method of Occurrence of 

Oases Diagnosis Intracranial 
Iniury 

1915 Holt and Babbitt )) Autopsy 11% 

1919 Warwick ;,6 Autopsy 5~~ 

1925 Cruickshank 200 22% 
(Mature) Autopsy 
200 15% 

( Premat.) 

1926 Holland and Lane- 706 Autopsy 25% 
Ola_ypon 

1928 Serbin ;,20 Autopsy 20% 

1928 Greene 177 Autopsy ;,1% 

19:30 Hess et al 205 Autopsy :39% 

19:30 Irving 18;, Aut ~psy 40% 

19;,2 Taylor 617 Autopsies in 28% 
U • .s •. Clinics 

19)2 Hemsath and 55 Microscopic 64% 
Canavan Section 

19;,6 Gillespie ;,;,8 Autopsy ;,0% 

19:36 Galloway ;,011 Autopsies in . ;,0% 
European 
Clinics 

' 

19:36 Galloway 291 Autopsy ;,4% 

Total Cases------ 6;,68 Average Incid bnce: ;,l.5% 
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ANATOMICAL CONSIDERATIONS 

The question of whether a baby is living or dead at birth de-

pends upon the integrity of a small block of tis sue lying between 

the tentorium and the third or fourth thoracic vertebrae (Crothers, 

1929). Consequently it is very important that this area be. protect

ed; such protection is derived from the thick musculature of the 

neck and from the base of the skull, which is rigid and non-compress

ible even at birth. The vault of the fetal cranium is constructed 

of thin bony plates, loosely bound together with fibrous tissue, and 

anchored to the rigid base. These soft plates of bone are easily 

compressible from all sides, are fr actured by comparatively slight 

force, and may be caused to override if unequal pressure is exerted 

upon them. They are attached to the base by fibrous tissue, which 

allows them to move back and forth. This is particularly marked in 

the occipital bone, the movement of which is backward and forward, 

thus increasing or decreasing the antero-posterior diameter~ the 

head. The change in the position of this bone together with the lab

ility of the vault determines the degree of molding which the head 

me.y, undergo during labor (Hughe s , 1932). 

The coverings of the brain consist of dura, arachnoid, and pia, 

together with the ependymal lining of the ventricles. The dura 

is a -very thick, tough membrane which completely envelopes the brain,: 

and is attached to the edge of the foramen magnum and at various 

foramina· of exit of the cranial nerves. It is adherent to the inner 

surface of ~he skull, and in young children is quite firmly adherent 
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at the suture lines . The dura is very tough and non-distensible, so 

that it interferes with any attempt at expansion on the part of the 

brain as greatly as does the bone (Lichtfield and Givan, 1934). There 

are two extensions from the dura---the falx cerebri and the tentorium 

cerebelli---which serve ·to divide the cranial cavity into three com

partments. The falx is a thin, · sickle-shaped septum lying between 

the two cerebral hemispheres, extending from the crista galli of the 

ethmoid bone in front to the internal occipital protuberance poster

iorly. Its upper border is attached to the cranial vault in the mid

line, just beneath the sagittal suture; its lower border is concave, 

unattached anteriorly, blending posteriorly with the tentorium (Studdi

ford, 1936). It is thus seen that, except at its extreme anterior 

part, the falx arises from the flexible vault, passing backward to 

its insertion in the tentorium (Crothers, 1929). The tentorium cere

belli is the large tent-like .septum that roofs in the posterior cran

ial fossa and separates the cerebrum from the cerebellum. Its general 

form is crescentic, the longer convex border lying behind and attach

ed to the posterior and lateral margins of the posterior cranial fossa, 

and the shorter concave anterior border curving backward and upward 

from the anterior clinoid processes. The upper surface of the tentor

ium is held taut by its attachment to the falx cerebri along its entire 

median plane. The free tentorial border forms an arched-opening, the 

incisura tentorii, the highest point of which lies just behind the 

corpus callosum (Studdiford, 1936). The tentorium arises along the 

edges of the base, and is to that extent fixed, but its fibers d~pend 
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for their midline support upon the less rigid falx. The latter struc-t..s 

ure •acts as a ridge-pole to support the roof of the sub-tentorial 

space•(crothers, 1929). Holland (19}7) chooses to regard these two 

septa as constituting a 

vertical and a horizont

al system consisting of 

two sets of converging 

fibers; from.below down

ward converge fibers :f"rcnn 

the middle two-thirds of 

the falx, and from below 

upward converge fibers 

from the tentorium. These 

two sets meet in a st.r-ong 

band, which Holland 

terms the 1Anterior Vertical 
The Dural Septa 

Band" of the tentorium. This band is subjected to strain in almost 

every labor, according to this author, and is the usual s.ite of tentor

ial tears. 

The dura contains arteries, chief among which are the branches 

of the middle meningeal. It is noteworthy that this vessel as it 

passes from the foramen spinoeum onto the dura has little support. 

It is at this point that it is frequently ruptured in the adult as 

the result of head trauma (Lichtfield and Givan, 19.)4). 

The veins in the dura are large sinuses. The longitudinal 
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sinus lies in the midline, at times sligh�ly to one side. It is 

narrow anteriorly, and broadens as it passes back to enter the 

tor,ular Herophili. In its middle part, in the region of the ant 

erior fontanelle, it has great lateral prolongations which are more 

marked in children than in adults. �hese lateral extensions pro 

ject one to two centimeters, and muet be· kept in mind when a ven

tricular puncture is done (Lichtfield and Givan, 19'4). The in 

ferior eagittal sinus lies in the f.'ree border of the falx. It joins 

the straight sinus together with the great cerebral vein ( vena mag

na Ga.len1). The latter vein dreins 

both the right and left cerebral 

hemispheres, receives tributaries 

from the cerebellum, and passes 

free and unsupported from the corp

us callosum to its point of iuJlcture 

with the straight sinus (Studdiford, The Dural Sinuses 

19}6). The straight sinus runs poaterio�ly between the leaves of 

the tentorium, along the line of 3unct-ion with the falx. At the in 

ternal occipital protuberance it is joined by the superior sagittal 

sinus, where together with the lateral sinus.es, the torcular Hero

phili (cont'luence of sinuses) is formed (Gray, 19)6). 

Chase (19,0), in attempting to determine the venous supply of 

the dural septa, injected the venous sinuses in a series of ten cases. 

He reported the following additional findings: 1) there is often a 

small intratentorial vein running horizontally and joining the po� 
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erior end of the straight sinus, and 2) the tentorium is relatively 

avascular in the full term infant, as compared with the premature 

fetus. 

The brain and cord lie in a bed of fluid contained in the sub

arachnoid space-the cerebrospinal fluid. This fluid is under ten

sion, which is equalized between the head and spinal cord at the for

e.men magnum, where the subarachnoid space enlarges to form the cyst

erna magna. This tension tends to keep the brain and cord in place, 

not allowing them to be pressed upon by the surrounding bones. It 

plays an important part in labor, preventing the medulla, the vital 

center, from being crowded into the fora.men magnum by too severe 

pressure upon the head (Hughes, 1932). 

Crothers (19,29) pointed out that a cons ideration of the nervous 

system in relation to its covering reveals a number of features. 

The cerebral hemispheres do not take any part in the initiation of 

life and are developmentally immature; they are exposed to pressure 

during the process of molding incident to delivery. In addition to 

its bony protection, the medulla is further guarded by the arrangement 

of dural septa in such a manner as to prevent sudden propagation of 

pressure to the subtentorial chamber. Thus, the fetal cranium 

possesses the attribute of strength combined with adaptability. 
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Etiology 

When one attempts to inquire into the etiologic factors con-

cered in intracranial hemorrhage of the new-born, he soon becomes 

impressed with their utter complexity. He comes to realize, as War

wick (1919) has put it, that he is dea ling with a syndrome giving 

rise to diverse modes of death and pathological findings, not brought 

about by any one cause but by an interrelation of a varying number 

of causes, several of which may be operating in any given case. The 

frequent combination of intracranial injurie s with external traumatic 

lesions, their anatomic characteristics, and their location early 

brought mechanical factors into the foreground as the cause of intra

cranial hemorrhage (Little, 1861; Abbott~ 1872). Many authors tend 

to look upon traumatism as the exciting factor, and certain others 

a s predisposing (Crowder, 1934; Holland, 1937). The factor of as

phyxia has also a ssumed prominence in the minds of many as being of 

primary importance (Manton, 1914; Bailey, 1920; Schwartz, 1925). 

Many other factors, among which are prematurity, hemorrhagic disease 

of the new-born, syphilis, and oxytocics have claL~ed much earnest 

work and discussion. For the purpose of this presentation the etio

logical classification first proposed by Warwick (1919) and advocated 

by Munro and Eustis (1922) will be used: l) Traumatic or mechanical 

factors; 2) Asphyxia; 3) Fetal factors serving to predispose to, rather 

than initiate hemorrhage. Of necessity, one individual condition or 

phase of that condition will be considered at the time, yet it is 

worth reiterating that various combinations of factors are frequently 
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present and operate simultaneously. 

Mechanical Factors: 

-11-

During the intra-uterine period, prior to the rupture of the 

membranes, the fetus is surrounded by amniotic fluid which equalizes 

pressure on all side.s. During this stage the following law of hy

dro-dynamics is directly applicable: pressure exerted at any pqint 

in a closed fluid system is equally distributed to all parts of 

that system (Fay, 1938). This situation normally obtains through

out most of the first stage of labor (DeLee, 1956). The uterine 

musculature exerts a force of seven to ten pounds, but inasmuch 

as the pressure is universally distributed, the deleterious effect 

is not great. Following the rupture of the membranes and the es

cape of amniotic fluid, the existing pressure relationships undergo 

a decided change. The head (presenting part) passes through the 

cervix, which becomes apposed to the fetal head in the form of a 

constricting band (von Jaschke , 1926). Pressure is built up with

in the uterus: that structure has to all intents and purpo·ses be

come a closed sac plugged by the fetal head. ( von Jaschke, 1926). 

The portion of the head which protrudes from the cervix is entirely 

without support (Clein, 1952). Blood may easily be driven into the 

cranial cavity from compression of the retained portions of the 

body (von Jaschke, 1926; Adair, 1952; Fay, 1958) . Adair (1932) 

states that this is the mechanism by which external edema and hemo

rrhage of the presenting part are produced: the so-called birth 

tumors, cephalohematoma and caput. succedaneum. These same forces 
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operate on the intracra.nial structures, and tend toward the pro

duction of intracranial lesions. 

Some authors choose 

to call this mechanism a 

0 auction effect• (Ebren

fest, 1929; Galloway, 19-

;6)s the presenting part 

has a relatively negative 

pressure as compared with 

that portion of the fetus 

which still lies within 

the uterus. In vertex 

positions, the upper part 

of the head has less press-

ure exerted upon it; 1n 

breech deliveries it is 

the upper part of the head upon which the greatest pressure is 

exerted. 

-12-

The amount of force during the first·stage of labor was pre

viously alluded to. During the second stage, when the above-describ

ed pressure·conditions obtain, there is an augmentation of the vis

.!_-tergo: thus there is not only a qualitative change in the forces 

but also a quantitative. The voluntary abdominal musculature is 

added to the uterine. The combined pressure becomes thirty pounds, 

as compared with the previous seven to ten pounds. Under certain 
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conditions this force is sufficient to fracture the fetal skull (De 

Lee, 1936). These forces are exerted intermittently. The contract

ion of the musculature about the head decreases the capacity of the 

cranial cavity and squeezes the blood and spinal fluid out of the 

brain. With the relaxation of the uterus, dilatation of the blood 

vessels takes place, which conceivably may bring about an edema and 

hemorrhage (Grulee and Bonar, 1937). 

The effect of these forces upon the pressure 11i thin the cranial 

sinuses was first explained by Abels ( 1913). He believed that this 

pressure rises with each uterine contraction. As long as the fetus 

is entirely in utero the counter-pressure of maternal soft parts 

neutralizes any attempt at distortion. Within the area of dilated 

cervix where the compensatory outer pressure is lacking, the caput 

succedaneum forms. In this same region, in normally flexed occipital 

presentations the sagittal suture and the underlying longitudinal 

sinus are exposed to an abnormal internal pressure. As a result 

the sinus becomes engorged. Sudden release of counter-pressure may 

cause rupture of the engorged sinus. This, Abels believes, may 

explain intracranial hemorrhage in normal labors. 

During even the most normal labor, these forces which the 

fetal head is called upon to endure naturally cause profound changes 

in that yielding structure. Alteration in shape occurs as the re

sult of forcing the moldeble head through the maternal pelvis; the 

head is moldable by virtue of the presence of numerous .fontanelles 

and sutures (Fay, 1938). By virtue of the anatomical location of 
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these structures, molding can take place only in the vault. This 

process starts at the beginning of labor ~nd continues through 

the first and second stages. Change in shape and size is a bene

ficial thing up to a certain point, as it helps to accommodate the 

vertex to the birth canal (Hughes, 1932). Holland (1937) attributes 

to the fetal head the powers of plasticity, elasticity, and ability 

to expand slightly. Plasticity is that factor of moldability pre

viously described. Its elasticity ·enables it to regain normal shape 

at intervals, and therefore to relieve stress. Its ability to expand 

acts as a margin of safety against increased internal pressur~. 

If molding is unequal or excessive it causes cranial distortion. 

Whether or not this occurs depends upon the pressure exerted upon 

the head, its position, and the degree of resistance it meets from 

the surrounding structures. If the pressure is equal from all 

sides, little change can take place. Thia is usually the case in 

normal labors where there is no outside pressure other than that 

exerted by the soft parts (Hughes, 1932). 

The changes which the fetal head undergoes vary with the pre

sentation and position of the fetus, as well as with the character 

of the maternal'structures. In ordinary head presentations with a 

moderately tight parturient passage, the_face and forehead are 

flattened and the occiput is long drawn out (DeLee, 1936). Over

lap of bones takes place (Cushing, 1905; DeLee, 1936); this over

lap is greatest in the sagittal sutures (Ehrenfest, 1922). There is 

marked elongation of the head and a decrease in size of the cran-ial 
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cavity (Grulee and Bonar, 1937). Two important effects result from . 

these processes: 1) through distortion and compression of underly~ 

ing venous sinuses, the intracranial blood distribution is more or 

less markedly influenced; 2) compression of the skull in one.direct

ion causes compensatory elongation of diameters in another (Ehren

fest, 1929). 

The forces tending to alter the fetal head are resisted by 

certain fetal mechanisms. Probably the most important of these 

resisting factors is the system of dural septa , which act as stays 

or ligaments which diminish the distortion (Holland, 1937). If these 

septa, the falx and tentorium, are properly developed, they pro-

vide a potent defense against exaggerated disfiguration; if they 

are not sufficiently developed to resist the physiologic strain 

such disfiguration may readily take place. Thus the factor of pre

maturity is an import8nt one (Ehrenfest, 1922; Capper, 1928). 

Alterations in tension of the septa accompany alterations in 

the shape of the head, which is inevitable from the nature of the 

septa to the cranial bones (Holland, 1937). Holland (1937) has 

demonstrated that fact on a fetal head by reflecting the scalp and 

removing enough of one parietal bone to allow the cerebral hemisphere 

to be removed. The septa are thus exposed on the corresponding side. 

Thie is illustrated in the accompanying figure (page 16). On com

pressing the head in the sub-occipito-bregmatic diameter the head 

becomes shortened antero-posteriorly by forward displacement of the 

occipital bone. As a compensatory alteration, the head is heightened 
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vertically by bending and 

elevation of the vault. This 

situation is also seen in the 

accompanying figure. If at 

the same time the septa are 

are observed, the middle 2/, 

of the falx cerebri and the 

tent.orium will be noticed to 

become stretched and tense. 

•Moreover, the septa move as

a whole as will be apprec-

iated by observing the anter

ior portion of the junction 

between the falx and the tentor

ium { the site of entrance of the 

Distortion Due to 
Molding 

vein of Galen into the straight sinus) which becomes displaced up

ward and forward, the forward movement being much the more pro

nounced. • If now by stronger compression the tension becomes great

er, the tentorium tears. near its -free border just below the junction 

with the falx. Thus, through the work of nolland, we have actual, 

observable evidence of the alterations in tension �n these septa. 

Others previously had observed the fact that the tentorium was prone 

to tear in this location during the actual birth process (Ehrenf'est, 

1929; Galloway, 19}6). 

A mechanism in addition to the dural septa utilized by the fetus 
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to resist damage is that of the cerebra-spinal fluid. The forces 

of labor can express the moiety of fluid which lies in the portion 

of the nervous system being compressed into another reg~on. rhus 

by virtue of its ability to flow, this fluid provides an ,isolated 

portion of the nervous system with the power of compressioility 

(Hughes, 1932). 

The maternal factor, namely the resistance of the birth canal, 

should by no means be under-emphasized. Contracted pelves, the rel-
* 

atively more than the absolutely, frequently cause troublew Only 

the vault of the fetal cranium---the labile portion---enters the 

pelvis and is pressed on by the bony prominences, especially the 

sacrum. In these cases great overlapping of the cranial bones 

takes place (Hughes, 1952). Bailey (1920) stated that the head is 

unable to advance uniformly, that usually the anterior parietal bone 

advances while the posterior parietal is retarded. As a consequence, 

the lower and anterior bone overlaps the one on the opposite . aide, 

which is in apposition with the sacrum. If the posterior parietal 

were to advance first, the molding would become even more extreme. 

The dura may be actually torn away from the bones, causing tears of 

the blood sinuses and intracranial extravasation of blood. With t he 

distortion that occurs in the fetal head, the dural septa are stretched 

and laceration of t hese structures frequently occurs. The entire 

group of septa is often involved, as there is no chance for compen

satory alterations to occur (Hughes, 1952). 

In considering the birth canal, the resistance of the soft 
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structures cannot be omitted. Numerous statistics are cited to show 

that intracranial hemorrhage is more common in primiparae (Greene, 

1928). Bundeson (1958) found that in 257 cases of intracranial hemo

rrhage 55% were primiparae. In Roberts• (1959) series of 111 cases 

72 were primiparae. The factor of age in relation to primiparity 

enters in; it is especially in the old primi gravida that the cervix 

is rigid and hard to dilate (DeLee, 1956). In Craig 1 s (1958) series 

of 126 cases, 6 occurred in old primiparae in which the labor was 

prolonged as the result of a rigid cervix. The rigidity of the 

perineum in a woman who has never given birth to a child is also 

in many cases capable of providing sufficient resistance to cause 

intracranial damage (Ehrenfest, 1922). 

The effect of the t ime factor in relation to intracranial 

trauma. has been greatly emphasized. Fleming and Morton (19,?0) 

analyzed 102 cases of intracranial trauma and found that labor 

was prolonged over 24 hours in approximately 25% and lasted less 

than 6 hours in another 25%. Thus short labors as well as protract

ed labors are decidedly deleterious (DeLee, 1926; Greene, 1928; 

Ehrenfest, 1929). 

Prolonged labor is a potent cause of trouble (DeLee, 1926; Mc

Cartie, 1959). Scott (1938) stated that the incidence of intra

cranial trauma varies directly with the length of the labor. Delay 

in expulsion of the fetal head permits the forces previously de

scribed to cause more profound changes. Not only does great mold

ing take place, but also long-continued hyperemia of some parts 
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occurs, while anemia exists in others (Ehrenf'est, 1929). 

In short labors, the uterine contractions force the head into 

the parturient canal against the soft parts and against the bony 

pelvis with great force; the fetus is consequently driven through 

the birth cana.l in a short time (Adair, 1952). Greene ( 1928) an

alyzed 55 cases of intracranial hemorrhage diagnosed at autopsy 

and found suddenly applied force to be the most important factor. 

Whereas gradual changes take place as a rule without harm (Studdi

ford, 1936) sudden passa; e through the birth canal is especially 

provacative of tears through the tentorium (Studdiford, 1956; Irish, 

1959). If rupture of that structure occurs, a sudden release of 

force will drive the medulla into the foremen magnum; impaction may 

kill the fetus at once or render it incapable of initiating respir

ation (Crothers, 1929). Adair (1952) believes that in short violent 

labors no time is allowed for molding of the head. Instead there is 

an alternate compression and decompression, which may lead to edema, 

hemorrhage, and laceration of the dural membranes. 

The time factor is also important at the outlet. The quick 

release of pressure on the outside of the skull allows a spreading 

of the bony plates with a stretching or tearing of the smaller vessels 

leading to the sinuses (Ehrenf'est, 1922; Clein, 1952). This pressure 

release also permits the vessels of the presenting part to become en

gorged (Ehrenfest, 1922; Burpee, 1928). As further evidence of this 

tendency Burpee (1928) states that it is a well-known fact that it is 
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undesirable to leave the head born and the rest of the fetus in 

utero for a longer time than is necessary, because of the difference 

in the two pressures and the tendency for this pressure difference 

to cause rupture of the intracranial vessels. 

Upon operative delivery has been placed considerable blame 

for intracranial trauma. Bundeson (1958) found that operative inter

vention was present in 37% of his 257 cases. All types of operative 

cases have been reported as associated with such lesions----forceps, 

versions, breech extractions, and even caesarian section (Gillespie, 

1952; Levinson and Saphir, 1955). 

Forceps have been particularly stressed as a dangerous instru

ment. P.olland and Lane-Claypon (1926) analyzed 708 cases of intra

cranial hemorrh~ge; they found that in 1/2 of the cases in which 

forceps had been applied there were tentorial tears. High and mid

forceps and poor application are no doubt an important factor (Gru-

- lee and Bonar, 1957; Pahlos, 1955). That fracture of the skull 

. accompanied by hemorrhage is possible cannot be denied (Abbott, 1872; 

Bailey, 1920). 

Breech extraction, and version followed by extraction is also 

quite universally stigmatized (Hughes, 1952; Pahlos, 1955; Scott, 1958) . 

Intra.cranial lesions were found in 1/5 of the cases of versions by 

Holland and Lane-Claypon (1926) . 

That intracranial hemorrhage may be caused by well- meaning 

attempt to preserve the perineum has been emphasized by Martin (1952) • 

The occiput may be stemmed forcefully under the pubis, and rapid 

Association ATIDE 
Centre de Documentation ARIANE



-21-

distortion of the fetal head take place as the result of the occip

ital bone being displaced forward. Furthermore, the labile head 

may be forced back against the strong powers of labor. 

There is another aspect to this situation that is not uni

versally appreciated. Prolonged and difficult labor, malpresent

ations, and fetal distress are frequently the indications for 

operative interference (Warwick, 1919; Chase, ·1930). Is it not 

possible that these factors, rather than the accoucheur 1 s inter

vention, are responsible for the damage? It is even more plausible 

that the exercising of proper judgment as to the time and method of 

intervention has been responsible for the prevention of many cases of 

intracranial hemorrhage (Grulee and Bonar, 19J7). 

Molding in Specific Presentations and Positions 

In this section, some of the mechanical peculiarities present 

in specific positions will be considereu.. Only specific aspects 

not previously considered will be discussed here. 

I."Normal 11 or occiput anterior position: 

In an anterior position, depression of the occipital bone may 

result in intracranial injury. It is produced by resistance of the 

pelvic floor, which maintains the head inflexion and crowds it 

under the pubic arch. Where the pelvic outlet is small with a rel

e.tively short antero-posterior diameter, or where the perineum is 

unusually resistant, the head may be held under the pubic arch with 

unusual force, which may cause intracranial injury. This depression 

of the occipital bone produces tenseness and traction on the falx 

Association ATIDE 
Centre de Documentation ARIANE



and tentorium, and may result in laceration of these structures 

(Pe.hlos, 1955). 

II. Occiput posterior position: 
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Qui~e frequently the membranes rupture early and the labor be

gins slowly (PeLee, 1956). Often the base of the skull does not 

become engaged until late in the ·first stage or early in the second, 

and only the moldable, non-rigid vault receives the pressure ( Hughes , 

1952). Lateral compression takes place; normally the head would 

lengthen in the antero-posterior diameter (Mauzey, 1958), but in 

occipito-posterior position pressure is also being exerted in the 

antero-posterior direction. As the result of its hingelike action 

and its relationship to the maternal sacrum, the occipital bone moves 

forward under the parietals. The frontals likewise move under the 

parietals. The result is that the antero-poeterior diameter is 

decreased and the vertical diameter correspondingly increased. 

The middle two thirds of the falx containing one set of the vert

ical fibers tightens, and the tentorium is consequently elevated. 

If this distortion continues long enough the dural septa give way, 

with laceration of the vertical fibers, and occasionally of both 

sets. Laceration of the fibers is followed by a change in the bal

ance of the intracranial pressure; the medulla oblongata is then 

directly accessible to the effects of the pressure , and can be 

crowded into the foramen ~agnum, resulting in death due to pressure , 

hemorrhage or edema (Hughes, 1932). 
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III. Face and brow presentations: 

In these presentations the largest diameter of the head at

tempts to pass through the pelvis, and severe pressure is exerted 

over the bregma, or over the vault and base. In this type of com

pression the occipital bone passes backward, the frontals are de

pressed, the antero-posterior diameter is decreased, and the vert

ical is correspondingly decreased (Hughes, 1932): 

IV. Breech: 

Breech delivery is stressed by many authors as being of great 

importance in the production of intracranial injuries. Brovme ( 1922) 

stated that breech is ten times as likely to cause intracranial hemo

rrhage as is vertex presentation. Holland and Lane-Claypon (1926) 

analyzed 708 cases of intracranial injury and found that tentorial 

tears occurred in about one-half of all spontaneous breech deliveries. 

Greene (1928) stated that intracranial d0mage is most often associated 

with breech mechanism, . but that in his aeries only 6 cases occurred 

in 258 breech extractions not preceded by versions. Crowder (1934) 

considered breech to be a.most important pre l isposing cause, as did 

Holland ( 1957) • 

In breech presentation there is abnormal molding! no time is 

allowed for slow adjustment of fluid pressure to occur (Hughes , 

19}2). When the head passes through the pelvic brim its vertical 

diameter becomes increased (Mauzey, 1958). Due to pressure against 

the aymphysis the occipital bone is displaced under the parietals, 

and the frontal bones similarly are displaced as the result of 
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pressure against the promontory (Crowder, 1954). If the head fits 

the pelvis tightly and delivery is somewhat retarded, the operator 

often exerts pressure over the vertex; this procedure prevents any 

compensatory increase in vertical diameter. As a result there is 

built up an increased tension within the fetal cranium, and rupture 

of the falx or tentorium results (Hughes, 1932) . Laceration of 

the tentorium allows the full pressure to be exerted against the 

contents of the posterior fossa and consequently here again the 

danger of herniation of the medulla into the fora.men magnum be-

comes a very real one (Hughes, 1952). Wilke (1912) mentions the 

reverse of this mechanism. If in a breech delivery the occiput of 

the after-coming head is pressed sharply against the symphysis, the 

force with which the cerebellum is pushed upward against the over

lying tentorium may be sufficient to cause its laceration. He be

lieves that in this way the del eterious effect of supra- pubic 

pressure can be explained. 

Ehrenfest (1929) pointed out the fact that the sagittal sinus 

is greatly engorged in the after-coming head; this fact, along with 

the molding above described, causes the sinus to be greatly endanger

ed. Crowder (1938) stated that the squamous portion of the occipit

al bone may separate and rupture of the underlying transverse sinus 

result. He stated that this lesion is usually due to·an operative 

maneuver: that too much pull is exerted at the time the occipital 

bone lies under the pubis. 
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Asphyxia 

Asphyxia---the deficiency of oxygen in the blood---is regard-

3d as a primary factor in the cause of intracranial hemorrhage by 

some (Cruickshank, 1925; Taylor, 1952), and a predisposing or con

tributory factor by others (Capper, 1928). The onset of this con

dition can be prenatal, intranatal, or neonatal (Cruickshank, 1925). 

We are particularly concerned with the first two. A certain amount 

of venosity is normally present in the fetal blood late in intra-ut

ine life, which is attributable to the progressive narrowing of the 

ductus venosus and ductus e.rteriosus (DeLee, 19.?6). During labor 

there is a retardation of maternal blood flow through the placenta 

with each pain (Taylor, 1952; DeLee, 1956). At the same time, the 

pressure of maternal soft parts age.inst tr~ fetal head, and (after 

rupture of the membranes) the II suction effect" bring about a pro

nounced stasis of blood within the intracranial veins. Thus we have 

produced two types of anoxia: .the 11 anoxic 11 type, due to insufficient · 

oxygenation of fetal blood, and the 11 stagnant" type, resulting from 

_ venous stasis (Beet and Taylor, 1957). It is a !mown fact that as

phyxia causes rise in blood pressure, probably from direct effect ·on 

the vasocoastrictor. center in the medulla (Best and Taylor, , 19.?7)., 

Burpee (1928) pointed out that a vicious circle is established: as

phyxia causes rise in blood pressure, which decreases the abso~pt

ion of cerebro-apinal fluid; this in turn leads to more venous con

gestion and consequently more anoxia. 

Asphyxial changes in the blood vessels have been divided by 
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Clifford (1938) into four stages: 1) Congestion with intese engorge

ment of capillaries; 2) congestion, plus edema due to transudation; 

3) congestion plus edema, plus petechial hemorrhages due to diaped

esis; 4) the previous, plus gross bleeding due to rupture of the 

small veins. 

The part that various subsidiary factors play in the production 

of asphyxia must be taken into consideration. The use of analgesics 

and anesthetics has been held extremely deleterious (Teel, 19.)8; 

' Clifford, 1938; Schreiber, 1938). Nitrous oxide and morphine close 

to the time of delivery have been rather universally blamed. DeLee 

(1926) has decried the use of pituitrin as an adjunct to labor. He 

believes that the chronic asphyxia natural to birth becomes an acute 

asphyxia as the result of powerful uterine con~ractions occasioned 

by the drug. The factor of protracted labor also enters in; it is 

obvious that the prolongation of the previously-mentioned influences 

as the result of a rigid cervix or perineum would bring about a great

er degree of damage (Irving, 19,0). 

The factors which various authors (DeLee, 1926; Cruickshank, 

1925; Teel, 1938) hold responsible for an abnormal degree of asphyx

ia have been summarized in the accompanying c·hart ( page 27). 

Schreiber (1938) has summed up the factor of asphyxia at birth 

in the diagram which is here given (page28). He has divided asphyx

iation into four phases, progressively more severe in degree. The 

circle represents a wheel, which reveloves only to the left, progress

ing through the four phases. The factors that are known to depress the 
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respiratory center are listed. The line between phases III and IV 

has been designated by the author as the 11 vital line"; it indicates 

the boundary between transient and permanent damage. 11 The extent of 

rotation (of the wheel) before birth varies in every case, deperding 

on the occurrence of such unpredictable factors as the incidence of 

natural birth _difficulties, the weight, second stage metabolism, and 

blood oxygen capacity of the mother, and her individual susceptibil

ity to the drugs and anesthetic. 11 

Anoxic Type 

1. Placental compression 
a) Prolonged hard labor 

Pituitrin 
b) Breech delivery 

2. Cord compression 
a)Prolapsis funi 
b) Cord about the neck 
c) Forceps blades 

;. Abruptio placenta 
Partial or complete 

4. Placenta praevia 

Stagnant Type 

1. Cord compression 
a) Prolapsis funi 
b) Cord about the neck 
c) Forceps blades 

2. Suction effect 

;. Elevated intracranial 
pressure, causing 
a) Direct obstruction 
b) Slowed heart rate 

FACTORS CAUSING ASPHYXIA 

Paralytic Type 

l.Analgesics 

2.Anesthetics 

IC 
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Miscellaneous Factors 

Prematurity: 

Prematurity is considered an important predisposing factor in 

intracranial hemorrhage by many authors (Ehrenfest, 1922; Capper, 

1928; Crowder, 1934; Mauzey, 1958). Hess ani Chamberlain (1950) 

found intracranial hemorrhage at autopsy in 80 of 203 premature in

fants. Fleming and Morton (1930) found that 23% of their 102 cases 

were premature. Patten (1931) remarked on the fact that de qpite 

their smaller size, prematures are very liable to injury. 

Capper (1928) believed that the vessels of premature infants 

were especially prone to injury, because they possess less elastic 

tissue. Taylor (1932) agreed with this view, stating that it was 

the veins that were especially mal-d.eveloped, and consequently more 

easily ruptured. The skull bones of the premature are also easily 

distorted, inasmuch as full development has not taken place (Ehren

fest, 1929) • 

The part that prematurity plays in tentorial tears has already 

been mentioned (page 15). The dural septa aid in resisting external 

forces tending to overly distort the fetal head. If the fibers of 

these septa are immature, t hey yield more readily (Ehrenfest, 1922; 

Capper, 1928). It was found by chase (1930) that the septa are 

much more vascular in the premature than in the full-term infant; 

hence they tend to bleed more readily. 

The view that prematurity is a dominating factor is not uni

versal. Cruickshank (1923) studied the autopsy findings in 200 
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premature and 200 mature new-born infants. He found intracranial 

hemorrhage in 22% of the mature and 15% of the premature infants. 

So, in this particular series, the incidence was lower in the pre

mature. Cruickshank found tentorial tears to be about equal in the 

two groups . 

Hemorrhagic Disease of the New:born 

Townsend (1891) was the first to separate this condition from 

the asphyxial and traumatic type of intracranial hemorrhage. He 

described it as 11 a condition in which small and large effusions of 

blood occur in various parts of the body, apparently spontaneously". 

He pointed out the transitory nature of the affection, and favored 

an infective origin. Again in 1904 Townsend reported the condition, 

this time having observed 50 cases. 

The part that hemorrhagic disease of the new-born plays in 

intracranial hemorrhage ·has been considerably disputed throughout 

the years. Green and Swift (1911) and Schloss e.nd Commiskey (1911) 

mention the possibility of a cause and effect relationship between 

the two. Warwick (1919) has been one of the principle champions of 

this factor as an etiological agent. In 1919 she reported 56_cases 

of intracranial hemorrhage seen at autopsy. 44% of these cases had 

hemorrhagic disease. She stated that 11 hemorrhagic disease of the 

new-born is a much neglected but very important cause of cerebral 

hemorrhage in infants". 

Sharpe and Maclaire (1926) stated that this condition is not 

a connnon etiologic factor. Burpee (1928) stated that intracranial 
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hemorrhage and hemorrhagic disease of the new-born are two distinct 

conditions, t he latter predisposing to the former. Ehrenfest (1929) 

listed hemorrhagic disease as a contributory factor, as did Crowder 

(19;4). 

After reading Cruickahank 1s article (192;>), in which hemorrhagic 

disease is attributed to syphilis and infection in many cases, one 

wonders if the infectious factors should not be considered as of prim

ary importance, and not the hemorrhagic disease. 

Parit_l: 

The factor of parity ~n relation to intracranial trauma deserves 

consideration. Greene (1928) stated that intracranial hemorrhage is 

most common in primiparae. Bundeson (1958) f ound that in 257 cases 

of intracranial hemorrhage 55% were primiparae. In Roberts' (1959) 

series of 111 cases, 72 were primiparae. The factor of age in re

lation to parity must be considered (Scott, 1958). DeLee (19)6) 

stated that old primiparae have rigid cervices. Dilatation is very 

slow. Therefore the time factor enters in. In Craig's (19;8) 126 

cases, 6 occurred in old prima gr avida in which labor was prolonged. 

McOartie (19;9) agreed with the view that primiparity is a predispos

ing factor. 

DeLee (19;6) pointed out the fact that the membranes often rupt

ure early in primiparae •. In the first stage of labor, therefore, 

the equalizing factor of the amniotic fluid disappears: not only is 

labor consequently prolonged, but the unequal pressure relationships 

also obtain for a longer time. 
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Ehrenfest (1922) stated that the rigid perineum of a primi~ 

para may cause serious intracranial trauma. This is especially so 

if the labor is rapid, and the head forced through the birth canal 

by means of pituitrin. 

Analgesics: 

Ehrenfest(l922) stated that a study of the cases of intracran

ial hemorrhage, especially German, shows· the frequent use of twi

light sleep. This, he said, may be an expression of its general 

use. But Neustidter (1915) had pointed out the fact that twilight 

sleep prolongs the second stage of l abor from one to three houre, 

and causes an increase of forceps deliveries. Bundeson (1938) 

said that analgesics were used in 12.1% of hie 237 cases of intra

cranial hemorrhage. The relationship between analgesia and as

phyxia has already been discussed (page 26). 

O~tocics: 

These substance~ act to cause precipitate labor: an unmolded 

fetal head is rapidly forced through an undilated birth canal. The 

import of these factors has already been demonstrated. DeLee has 

taken the fore in crusading against the use of pituitrin. Re stated 

(1926) that the pressure effects of the dru6 , superimposed upon the 

chronic asphyxia present in normal labor, brings about an acute ae

phyxial condition. Therefore, rapid pressure changes plus asphyx

ial engorgement of vessels cooperate to produce great stress on fetal 

structures. 
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Syphilis~ Toxemias of the Mother: 

Intracranial hemorrhage due to these conditions is quite rare, 

but may occur (Munro and Eustis, 1922). In Bundeson's 237 cases, 

4.7% had a positive serology, yet there is no reason to believe 

that syphilis constituted the cause of the hemorrhage. Roberts (19-

39) says that syphilis is apparently not a factor. It is a matter 

of common knowledge that syphilis many times is the cause of pre

maturity. Perhaps, then, it is indirectly responsible for some 

cases of intracranial hemorrhage in premature infants. 

In the three cases of intracranial hemorrhage in infants de

livered by caesarean section reported by Levinson and Saphir (19-

33) maternal toxemia was believed to be the cause. Thus, this factor 

should be kept in mind as a possible cause in the individual case. 
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PATHOLOGY 

The factors responsible for intracranial hemorrhage have been 

discussed. It is now expedient to discuss the results of those 

causes in greater detail, even though most have them have already 

been enumerated. A certain amount of repetition of the causative 

mechanism will also be necessary in this section, inasmuch as it 

is extremely desirable to correlate that mechanism with the ultim

ate resul ta. 

The pathology of intracranial injury first came into the fore 

over 100 years ago, when Denis (1826), Billard (1828) and Cruveil

hier (1829) published several of papers intimating the causal re

lationships between such injuries and spastic paralysis. Kennedy 

(1827) called attention to brain lesions in the newborn, especially 

edema and hemorrhage. In 1843, Little discussed cerebral pathology 

in relation to the disease which now bears his name. Nineteen years 

later (1862) Little published his conclusions on 11 numerous post

mortem examinations" of the brains of spastics. Sarah McNutt (1885) 

furthered this study. However, it was not until Beneke (1910) de

veloped his method of performing autopsies on fetal skulls that much 

dependable knowledge was gained. Before that time, the part that 

the dural septa played was not appreciated (Crothers, 1926;. In 

Beneke 1s method of opening the skull, a slit is made along the sagitt

al suture, the parietal bones are displaced downward, and the cerebral 

hemisphere are extirpated, exposing the cerebellum (Ehrenfest, 1922). 

Association ATIDE 
Centre de Documentation ARIANE



-)5-

Schwartz and Fink (1925) used injection of the ves sels of the brain 

as a means of study at autopsy. They also studied the lesions pro

duced on experimental animals by means of suction and a bell jar. 

Allen and McClure (1951) described a method of injection of opaque 

substances into the carotids and afterwards taking stereoscopic 

x-rays as a method of study. They claim t hat t he technique is simple 

and accurate results are possible. Thus perhaps the way is opened 

for enlightening study and research in the future. 

Numerous classifications of pathologic manifestations have been 

proposed, but most authors are content to use either the one pro

posed by Warwick (}919) or the one advoca~ed by Ehrenfest (1922). 

Warwick's classification follows: 

I. Traumatic 
a) Over the cerebrum 

Due to injury of the longitudinal sinus or its tribut
aries. 

b) Below the tentorium 
Injury of the transverse sinus or its tributaries. 

c) Into the ventricles 
Due to injury of the choroid plexus. 

d) In the dura 
Due to elongation of the head, with pressure of the 
brain against dura and tentorium. 

II. Congestion or stasis, with rupture of the veins in protracted 
or complicated labor due to 

a) Malpresentation 
b) Overgrowth of the child: increased time of delivery causing 

increased congestion 
c) Twins 
d) Umbilical cord about the neck 
e) Rigid cervices in primiparae 
f) Prolongation of the interval between withdrawal of the head 

and that of the ehoulders. 
III. Diseased condition of the child' in intra-uterine life, hav

ing no relationship to labor, as 
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a) Hemorrhagic disease of the new-born 
b) Prematurity 
c) Syphilis 
d) Congenital heart disease 
e) Toxemias. 

As will be seen, her classification is a dynamic one: it is 

correlated with the etiologic factors. Ehrenfest 1 s ~lassification 

of intracranial hemorrhage (1922): 

I. Cephalohematoma internum 
II. Subarachnoid hemorrhage 

III. Dural hematoma 
a) Supratentorial 
b) Infratentorial 
c) Mixed 

IV. Brain hemorrhage 
a) Ventricular 
b) Diffuse or circumscribed 

For the purpose desired here, it seems that Ehrenfest 1 s class-

ification will be more apropos, , and consequently it will be used, 

with modification. Parts II and III: Subarachnoid hemorrhage, and 

Dural hematoma, will be considered simply as "Meningeal hemorrhage". 

Ce£halohematoma internum: 

It will soon be seen that the point of application of the dam

aging force is in most cases the venous system (Schwartz and Fink, 

1925). As a consequence of this fact, cephalohematoma internum is 

only an occasional finding at autopsy . It is often associated with 

external hematoma, as the mechanism of production is the same. In 

this case, emissary veins draining into the superior longitudinal 

sinus are ruptured (Ehrenfest, 1922) . Lefkowitz (1956) states that 

in hie opinion this lesion is usually associated with a fracture of 

the skull which affects one of the branches of the middle meningeal 
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artery; as such fractures are not common in the new-born, neither 

is this lesion. He reports one case of extradural hemorrhage not 

associated with skull fracture. Perhaps the mechanism previously 

explained was here_ responsible. 

Meningeal Hemorrhage: 

In considering the subject of meningeal hemorrhage from a 

mechanical viewpoint, it is clear that the most frequent cause is 

rupture of the superficial veins which pass over the surface of the 

brain into the superior longitudinal sinus (Warwick, 1919). Licht

field and Givan (19J4) state that one is forced to conclude that in 

the vast majority of cases the defect is to be accounted for on the 

basis of trauma. Overriding of the parietal bones and resulting 

displacement and laceration of the veins, as discussed under ETIOLOGY, 

is one of the most important causes of this type of injury. The 

relative changes in the position of adjacent cranial bones is great

est in the sagittal suture (Ehrenfest, 1922). Inasmuch as this over

riding is greater on one side than on the other, one would expect the 

damage to be correspondingly greater on one side (Warwick, 1919). 

Only if unusually friable does the sinus tear; more ofte.n the veins 

of one ~ide just as they enter the sa~ittal sinus give way from the 

combined effects of traction plus any superimposed asphyxial factor. 

If the parietals overlap the squama of the occipital bone the veins 

entering the lateral sinus may rupture in a similar manner, especially 

in a breech delivery (Warwick, 1919; Ehrenfest, 1922). 
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The hemorrhages which occur in the dura only may be accounted 

for by injury to the tentorium and dura, either by laceration of 

their fibers or of their capillaries in the twisting or elongation 

to which the head is subjected in its passage through the birth 

-58-

canal (Warwick, 1919). · The 11 suction effect" emphasized under ETIOLOGY 

should be stressed here also. The factor of engorgement of the 

vessels by this pressure effect plus asphyxia is regarded by Schwartz 

(192o) as of primary importance. 

~upratentorial hemorrhages are more common than infratentorial 

(Ford, 1927; Lichtfield and Givan, 1934). Either type may be assoc

iated with tears of the tentorium. In von Haam 1 s (1954) series of 

50 cases, tears were present in 22%. The tentorial lesion in supra

tentorial extravasations is usually a tear of the upper leaf of that 

septum. The source of blood is injury of small vessels (veins) cours

ing along the fibers of the tentorium (Capon, 1922). The blood may; 

come up from below and extend over the surface of the brain around the 

Rolandic fissure (Lichtfield and Givan, 1954). On the other hand, 

it may follow the tentorial surface and drain posteriorly around the 

occipital lobes (Capon, 1922). Another source of blood in supra

tentorial extravasations is provided by injury of cerebral veins 

near their termination in the superi~r longitudinal sinus (Cushing, 

1905; Capon, 1922). The subdural space is crossed by these vessels 

with no protection whatever in the fetus, as contrasted with the 

fibrous support present in later life: thus rupture is easy (Cushing, 

1905). Stretched and torn tributaries of the great vein of Gale.n 
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are responsible for mapy supratentorial hemorrhages (Chase, 19?0). 

The effused blood flows downward along the convexity of the brain 

(Capon, 1922). Ford (1927) states that a review of the literature 

reveals that these hemorrhages are usually subdural, less often 

subarachnoid. The latter type are more frequent in premature in

fants (Capper, 1928). The hemorrhages are most frequently found over 

the parietal region, and may be slight or extensive (Lichtfield 

and Givan, 19?4). Usually they are unilateral, but occasionally 

bilateral (Capon, 1922; Ehrenfest, 1922). 

In infratentorial hemorrhages there is very frequently a tear 

in the lower portion of the tentorium. A hemorrhage then takes place 

over the cerebellum (Capon, 1922; Lichtfield and Givan, 1934). The 

cases reviewed by Clein (1929) were not associated with tentorial 

tears. He found that the anterior cerebellar surface was most often 

the site of extravasated blood . This would indicate that the great 

vein of Galen was probably the source (Capon, 1922). Frequently the 

mesencephalon, pons, and medulla are invol ved (Capon, 1922; Clein, 

1929). Clein (1929) found that the blood was subarachnoid in all 

of his cases, but this is contrary to the usual situation (Ford , 1927). 

The part that injury of the tentorium plays in these intra

cranial hemorrhages was investigated by Chase (1950). He injected 

the great sinuses and their tributaries in 10 cases and reached the 

pertinent conclusion that extensive hemorrhage from an intratentor

ial source is only probably under two conditions: definite prematur

ity, and rupture of the intratentorial tributary of the straight 
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only in very extensive or perforating tentorial splits. Thus the 

amount of hemorrhage from intratentorial vessels depends in part 

upon the site of laceration. 

Brain Hemorrhag_e: 
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Hemorrhages into the ventricles are very much less common than 

either supra- or infratentorial hemorrhage (Capon, 1922; Lichtfield 

and Givan, 19)4). The veins of the choroid plexus are responsible 

for t~is hemorrhage (Ehrenfest, 1922; Capon, 1922; Hemsath, 19,4). 

Most writers think that this is a result of the congestion of the 

vessels of the chorioid plexus, and is therefore seen only in deep 

asphyxiation of the new-born (Ehrenfest, 1922). It seems, however, 

that such congestion could as readily result from the 11 suction eff

ect". Beneke (1910) feels that the tension on the tentorium as the 

result of lateral compression may be responsible for a certain pro

portion of these hemorrhages •. Hemsath (19)4) studied 20 cases of 

ventricular hemorrhage, and reached the conclusion that a 11 develop

mental factor is frequently a predisposing cause and is of great 

importance in the _production of the lesion11 • 

Hemorrhages into the substance of the brain are not as common 

as the other types of hemorrhage, averaging from 4 to 8% of all intra

cranial hemorrhage (von Haam, 19)4). Basal fractures may be respon

sible for intracerebral bleeding, infiltrations frequently taking 

place into the basal ganglion area (Cushing, 1905). Stasis and dis

tention of the internal cerebral veins as the result of the 11 suction 
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effect11 is stressed by Schwartz (1926) as a common cause. Asphyx

ia is also an important factor (DeLee, 1936). The injudicious use 

of pituitrin, in which tonic contraction is substituted for the 

alternate contraction and relaxation of normal labor has oeen held 

responsible for much of this type of damage (YlppB, ,1926). Warwick 

(1919) compares the mechanism of intracerebral hemorrhage with the 

apoplexy that results from a paroxysm of coughing in later life. 

It is the tributaries of the great vein of Galen that are 

affected, especially in three places: 1) Frontoparietal region, 

drained by the vena terminalis; 2) Parietotemporal region, drained 

by the vena lateralis ventriculi; 3) Posterior horn region, drained 

by the ventricular branch of the vena basalis (Schwartz and Fink, 

1925). These vessels undergo dilatation, thrombosis, and perhaps 

rupture (Schwartz, 1926). It is seen that the caudate nucleus and 

also less frequently the lenticular nucleus and thalamus are prone 

to be affected by this type of injury (Schwartz and Fink, 1925). 

Microscopic examination of 127 cases by Wald (1950) showed that the 

lesions consisted chiefly of hemorrhage, fatty degeneration, soften

ing and necrosis. In 64 of these cases pathologic changes were found 

in the basal ganglia; in 22 only in the .adjacent white matter. 

The cortex and stem ganglia usually escape, due to the fact that 

the circulation affected is distributed in the main to the medullary 

portion of the brain. The possibility of anastomoses must be borne 

in mind. Furthermore, these regions are supplied by what amounts to 

an independent arterial system. Mature and premature infants bleed· 
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found in the premature (Schwartz and Fink, 1925). 

Late Results of Intracranial Hemorrhage 

-42-

The late results of these lesions from a pathological view

point are very important. There is considerable dispute about the 

reactions that the meninges undergo. Some think that subarachnoid 

hemorrhage causes aseptic meningitis of the pia-arachnoid with an 

exudate of polymorphonuclear leucocytes, lympocytes, and macro

phages . This results in an arachnoiditis with marginal glial pro

liferation and interference with the blood supply and consequent 

atrophy of the cortex (Winkleman, 1931). Others believe that re

action on the part of the meninges is very slight, if it occurs at 

all . Levinson and Saphir (1935) studied 45 cases at autopsy, and 

found very little evidence of exudation. In such instances as they 

did find a few lymphocytes and polymorphonuclear leucocytes there 

was no evidence at all of attempt at organization. These authors 

state that the possible explanation for their findings is that the 

exudate w~s undergoing absorption. That organization does tend to 

occur has been shown experimentally.(Putnam and Cushing, 1925). It 

is believed by some that the subdural type of hemorrhage undergoes 

encapsulation and subsequent organization, and that the subarachnoid 

extravasation is largely absorbed (Ford , 1927). Others tend to 

assume an intermediate attitude, stating that the coagulum is partly 

absorbed and partly organized, so that sca r tissue, with or without 

Association ATIDE 
Centre de Documentation ARIANE



-45-

the presence of cysts, forms the permanent remains (Buzzard and 

Greenfield, 1921). These changes should be unilateral in at least 

half of the cases, and even in those in which bilateral involvement 

is present one has every right to expect asymmetry (Ford, 1927). 

Intracerebral changes are of especial interest. Here we are 

dealing with a lesion that has the general pathology of any hemo

rrhage, with the striking feature that a tissue is being affected 

which has no power of regeneration. As a result, permanet injury 

is done and permanent defec t s are left. Lichtfield and Givan (1954) 

have traced the sequence of events involved. They state that even 

after 24 hours there is a marked destruction of nerve cells and fi oers. 

On the first day after the hemorrhage there are pre sent typical gray

ish yellow areas of necrosis. These coalesce on the second and third 

day; on the third and fourth day small cavities appear, filled with 

necrotic sutstance. The neuroglia cells are the least involved and 

tend to regenerate; the nerve cells, of course, show no such tendency. 

Such areas are later the seat of porencephaly (Schwartz, 1926; ,/ald, 

19)(); Lichtfield and Givan, 1954). The same type of lesion takes 

place wherever the site of hemorrhage appears, whether it be in the 

basal ganglion area or medullary substance. While the destruction 

seems to fake place beyond the area of direct involvement, this is 

probably due to thrombus and hemorrhage in the portion of the brain 

~urrounding the main region affected (Lichtfield and Givan, 1954). 

Crothers (1925) has summarized the late results of tentorial 

tears with hemorrhage from the branches of the vein of Galen from 
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a neurological viewpoint. These results are: 1) Torn meninges plus 

hemorrhage may cause adhesions and blocking of subarachnoid spaces 

about the mid-brain, and therefore r esult i n hydrocephalus; 2) Ven

ous congestion of areas supplied by the involved veins, with later 

extrapyramidal involvement, may occur. The chorioid plexi, mid-brain, 

and subcortical regions of the ce r ebral hemispheres are affected. If 

the midbrain is involved, the motor cells controlling eye movements 

are damaged; squint, nystagmus, and ocular palsies are then manifested. 

11 The red nucleus, the way-station for many paths from the basal 

ganglia and cerebellum, is in this re6 ion. So a relatively tempor

ary change in the midbrain may cause ocular changes due to blocking 

of the transmission of cerebellar and basal impulses. If the cir

culatory embarrassment is more lasting, the tracts passing through 

the mid-bra in may be aff ected. If the circulatory interference in

volves the basal ganglia alone, disturbances of involuntary motion 

will be evident, while more extreme or last ing disorders may com

promise t he efficiency of the pyramidal tract sf!1 5) Pressure upon 

the cortex may occur , as t he result of hemorrhages over the convexity 

of the brain. 
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THE CERE3~0SPINAL FLUID 

Frazier (1915) in an excellent summary of the literature, re

viewed what was known at that time in regard to the physiolo6Y of 

the cerebrospinal fluid. Since then Dandy (1919) has confirmed the 

previous work experimentally. 

The cerebrospinal fluid is secreted in the four ventricles by 

the choroid plexus. It is distributed throughout the entire sub

arachnoid space, both spinal and cerebral; it is absorbed from that 

space into the cerebral venous sinuses at a pressure normally equal 

to that within the sinuses. In the adult, absorption takes place 

at least in ?art by way of the pacchionian granulations (Jackson, 

1922). 3ut these bodies are absent at birth (Browning, 19.16), and 

it is therefore safe to assume that the possible avenues of escape 

for tha cerebrospiri.al fluid from the eubarachnoid s paces into the 

venous circulation are definitely diminished. Absorption in aiults 

takes place at a normal pressure of 8 to 10 millimeters of mercury, 

which is equal to the pressure in the cerebral venous circulation 

(Munro and Eustis, 1922). 

Spinal puncture as a diagnostic and therapeutic procedure is· 

frequently done. This procedure is not without technical difficulties 

in the new-born, and not without dangers. The difficulty is illust

rated by Glaser!s (1928) figures, in which he states that faulty 

punctures (in prematures) took place in 55% of his attempts . He de

vised a new technique for puncture, which he said reduced the faulty 

punctures to 20%. This technique consists of holding the infant 
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in the sitting position so that the lumbar portion of the sac is 

distended. Levinson (1928) obtained cerebrospinal fluid from 100 new

born babies, 24 times by spinal puncture, 64 times by cysternal, and 

12 by combined spinal and cysternal. He stated that cysternal puncture 

was a far more reliable method. 

In new-borne the normal pressure according to Munro and Eustis 

(1922) is 5 to 8 millimeters of mercury. Sedbury (1920) found the 

normal value to be 2 to 5 millimeters. Levinson (1939) set the 

normal at l to 6 millimeters . The pressure varies directly with 

and is dependent on cerebral venous pressure. A rise in venous 

pressure will cause an immediate rise in cerebrospinal fluid pressure, 

due to decrease in the amount of cerebrospinal fluid absorbed into 

the venous circulation. This causes an increase of fluid within the 

subarachnoid space and ventricles. This increase in pressure of the 

cerebrospinal fluid has been shown by Munro (1922) to be the basic 

factor responsible for symptoms in the adult. Munro and Eustis (1922) 

stated that a similar train of events occurs in the new-born, and in 

a similar manner symptoms are produced. 

Sharpe and Maclaire (1926) found grossly bloody and blood

tinged spinal fluid in 9-1o of 500 new-born babies on whom spinal 

puncture was done within 12 to 48 hours after birth. These findings 

are difficult to interpret. It is a well-known fact that adult 

spinal fluids are frequently bloody, due to traumatization by the 

needle. The venous plexus in the walls of the spinal canal of the 

new-born is very rich, and the vertebral bodies contain great numbers 

Association ATIDE 
Centre de Documentation ARIANE



-1+7-

of venous sinuses.· Therefore bloody fluid is very likely to re

sult from a puncture in the new-born, and be misleading as regards 

diagnosis of intracranial hemorrhage (Grulee, 1956). ·Roberts (1925) 

studied the spinal fluid of 425 new-born infants: 60 cases, or 14.1% 

showed gross hemorrhage which he interpreted as being due to intra

cranial hemorrhage. This author believed that "gross hemorrhage 

not due to puncture established the diagnosis, yet he mentioned no 

way of determining the source. Glaser (1928) found that fluids free 

from microscopic blood occur but rarely in the first two weeks of 

life, especially in the · premature, and to this extent may be con

si_dered physiologic. He proposed the following procedure as an aid 

to differentiating bloody fluids due to trauma of puncture from 

those due to intracranial hemorrhage: take proper precautions to 

prevent hemolysis and do a benzadine test on the supernatant fluid 

after it has been centrifuged. He stated that it is positive in 

50% of the cases in which intracranial hemorrhage is present, and 

negative in every case due to puncture. Levinson (1955) said that 

bloody spinal fluid is not at all pathognomonic of cerebral hemo

rrhage. Of greater value in diagnosis is a clear xanthochromic 

fluid with a·positive benzedine test; thus he agreed, essentially, 

with the opinion of Glaser. 

Glaser (1928) suggested that the van den Bergh test be applied 

to the fluid. He said that a positive direct van den Bergh is strong

ly suggestive of intracranial hemorrhage. It may, however, occur in 

icterus without cerebral hemorrhage . 
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False negatives may also be gotten. Glaser (1928) stated 

that clear spinal fluid may be obtained in certain cases of cere

bral hemorrhage even when the hemorrhage is fresh: the location 

of such hemorrhage may be beneath the pia mater and therefore any 

admixture of blood and spinal fluid prevented . Furthermore, the 

bleeding may be locali- ed by means of clots. Levinson (1935) 

agreed with these views. 

-48-
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SYMPTOMATOLCGY 

The symptomatology of intracranial injury is extremely varied: 

it may r ange from very slight cortical irritation in mild cases 

to severe depression in cases of extensive hemorrhage (Jahr, 1940). 

An explanation for the l ack of signs in many cases may be gotten 

by reviewing the physiology of the infantile nervous system. At 

term, the cortex and its projection fibers are still partially un

medullated, and hence are not functional, it is usually assumed. 

The segmental apparatus of the brain stem ana spinal cord is com

pletely medullated and functional at birth (Ford, 1927). Two babies 

born in the wards of J.W. Williams showed all the reactions of 

normal babies, including crying, nursing, and vigorous movements, 

yet were found on necropsy to have been born without cerebral hemi

spheres. This indicates very strongly that the cortex plays no 

part in the normal activities of new-born babies (Ford, 1927). Ten

don and plantar reflexes are variable at birth and have no value 

in diagnosis (Burr, 1921; :Munro end Eustis, 1922; Ford, 1927). Burr 

worked with 69 normal infants varying in age from one hour to ninety 

days::he found that deep and superficial reflexes may be present at 

birth but that their absence does not indicate disease. It would 

seem that the normal activities of the new-born are all reflexes 

mediated by the brain stem and the spinal cord. However, the con

vulsions and local twitchings which sometimes result from cortical 

injuries suggest that the cortex is not entir_ely insensitive to 

irritation (Ford , 1927). Ford believes it probable that the common 
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signs of intra- cranial hemorrhage in infants result from involvemen 

of the brain stem, either directly by bleeding into the posterior 

fossa or indirectly by increase of intracranial pressure due to the 

accumulation of a large hemorrhage above the tentorium. 

Fay (1958) states that aside from the motor area, the cortex 

of the infant's brain is a vast silent mass of nerve tissues. There-

. fore unless the lesion happens to involve this particular area· 

motor signs are are, and if present probably denote extension to 

the pre-Rolandic region. A localized hematoma -over the cortex may 

compress and soften the brain substance without giving any signs 

of its presence except perhaps some localized twitching or convuls

ions (Cushing, 1905) Ford, 1927). 

The distensibility of the partially membranous skull is such 

that effusions can be accommodated of size large enou~h to cause 

severe elevation of intracranial pressure and even death in an 

adult (Cushing, 1905). 

The symptoms may have their onset immediately after birth. 

This is true in massive hemorrhage (Foote, 1924) . On the other 

hand .days or weeks may elapse before enough bleeding has occurred 

to result in symptoms (Foote, 1924; Jahr, 194o). The latter type 

is especially common in premature infants (Jahr, 194o), and in the 

intra-cereoral type due to hemorrhagic disease (Kaiser, 1922). 

The symptoms follow a: 

1. Asphyxia at birth is regarded by many as being of primary im-
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portance as a symptom (Capper, 1928; Clein, 1932). This is the 

result in most cases of hemorrhage of the infratentorial type, due 

to medullary involvement (Barbour, 1930; Bashinski, 1934). 

2. Attacks.££ cyanosis: these are due to involvement of the respir

etory center directly, or due to decreased breathing as the resurt 

of convulsions- (Moore, 1932). This cyanosis has an intermittent 

character (Clain, 1929). If of the intermittent type, this sign 

is• particularly characteristic of infratentorial hemorrhage, although 

occasionally simulated by atelectasis (Clein, 192.9). 

3. Convulsions: The onset of convulsions is regarded by many as con

firmatory evidence of intracranial hemorrhage (Green, 1914). These 

may be jacksonian in type (Cushing, 1914), which is true if the hemo

rrhage is small and well-localized over the motor area (Bashinski, 1934). 

In the average case there is twitching of the lower extremities, 

either uni- or bilateral (Moore, 1932). Twitching of the face, eye

lids, eyes, or lips, on one or both sides may also occur (Greene, 19-

28; Moore , 1932). Hypertonicity is usually detectable in the in-

terval be tween convulsions (Moore, 1932) • 

4. Somnolence: The infant may be too somnolent, or may not sleep 

enough (Capper, 1928; Greene, 1928). He may show extreme restless

ness (Levinson, 1939). His physiognomy may bear an anxious express

ion, evidence of "restlessness of mind rather th~ of body" (Craig, 

1938). The cry is often high-pitched, 11 cephalic 11 in nature (Levin

son, 1939) • 
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5. Bulging of the fontanelles: this is a sign of supratentorial 

hemorrhage (Barbour, 1950). Craig (1958) believes that a 11 spongi

ness11 of the fontanelle is a more reliable symptom than bulging, 

because it can be detect ed earlier. At best, however, this sign 

indicates severe, gross suptratentorial hemorrhage; if the hemo

rrhage were infratentorial, that dural septum would-prevent the press

ure from being transmitted superiorly, and consequently the bulging 

would not be manifested. 

6. Refusal to nurse: this is due to loss of the sucking reflex 

(Moore, 1952). Yet it, too, is unreliable, as many new-born in

fants which do not manifest pathology refuse to nurse during the 

first few days (Munro and Eustis, 1922). 

7. Respiratory changes: Respiration may be short, shallow, and labor

ed, as the result of medullary involvement (Clein, 1952). Moore 

(1932) states that slow respiratory rate signifies subtentorial or 

intraventricular hemorrhage. 

8. Elevation of temperature: This may be on the basis of changes in 

the heat center (Waitz, 1931). It is, however, usually regarded as 

evidence of the inanition which these infants experience (Grulee and 

Bonar, 1926). 

9. Paralysis: this is a late sign (Moore, 1932), and consequently 

not of use in the especially-desirable early diagnosis. 

10. Ocular cha~: : Nystagmus is not very reliable, as it can be 

observed in 55% of all babies born after a normal labor (Ehrenfest, 

1929). Twitching of the eyes may take place as the result of 
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involvement of the motor nuclei (Bashinski, 1934). The eyes may de

viate to one side or the other; a strabismus may be present. The 

pupils may be dilated, may not react to light (Greene, 1928). Retin

al hemorrhages can be discovered in the eyes of 12% of all new-born 

babies (Ehrenfest, 1929). 

11. Protrusion of the tongue: although not always present, adder

like protrusion of the tongue signifies intracranial hemorrhage in 

all cases (Craig, 1938). This sign signifies an infratentorial 

lesion (Foote, 1924). 

12. Facial edema: this sign is presumably due to back pressure on 

the superficial veins emptying into the dural sinuses (Green, 1914). 

13. Prolonged bleeding time: in normal new-born there is a tendency 

toward prolongation of the bleeding time; in many cases of hemo

rrhagic tendency this time is markedly prolonged so as to be of diag

nostic value (Rodda, 1920). 

14. Miscellaneous signs referrable to the medulla: aphagia, eingultus, 

yawning, and frequent vomitting have been described, as being due 

to direct irritative action (Capper, 1928). 

Association ATIDE 
Centre de Documentation ARIANE



-54-

DIAGNOSIS 

This is often quite difficult, especially in the mild cases 

(Jahr, 1940). The symptomatology is very cunfusing. So many signs 

in the new-born are different from those in the adult, and so many 

manifestations are considered normal, that the difficulty .of inter

pretation becomes very great (Grulee and Bonar, 1957). So confus

ing and frequently obscure is the picture that no diagnosis can be 

made in the majority of cases (Grulee, 1931). Yet if treatment is 

to be of any ava il, early diagnosis is absolutely imperative. 

One may gain a clue to the diagnosis from the history. If the 

child is premature, the labor short or protracted, the delivery a 

breech, or the extraction difficult, intracranial trauma should be 

suspected and the infant diligently observed for early signs (Foote, 

1924). The symptoms may occur in any combination and in any degree. 

Where they are pronounced the diagnosis is easy. Asphyxia should 

always be regarded as very important: out of every 100 infants who 

die at birth seemingly as the result of asphyxia, 80 have intracran

ial lesions (Ehrenfest, 1929). Therefore presumptive diagnosis of 

intracranial hemorrhage should be made in any case of difficult 

resuscitation at birth (Ehrenfest, 1929; Kutscher, 1930). 

Somnolence, failure to nurse, and a cephalic cry shoul~ also 

probably be regarded as presumptive evidence. The onset of con

vulsions is confirmatory (Grulee and Bonar, 1937). 

Kaiser (1922) suggested routine coagulation and bleeding time 

determinations so as to alleviate any hemorrhagic tendency before 
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damage occurs. 

Formerly aspiration of the subdural space through a fontanelle 

or suture, as advocated by Henschen was used as a conf'irmatory 

procedure, but this has been a~andoned. The value and limitations 

of spinal puncture ae a diagnostic procedure have already been dis

cussed. 

Differential Diagnosis 

A number of conditions must be differentiated from intracranial 

hemorrhage. 

Other causes of convulsions: 

Sepsis: this condition has its onset at 5 to 10 days. There 

is an increase in temperat ure and perhaps evidence of local inf'ection. 

(Moore, 1952). 

Teta!!l of the ~-born: this condition is rare in the newly 

born. It may be associated with parathyroid trauma (Ehrenf'est, 19-

22). Nesbit (1952) presented six cases of tetanic-like syndrome; 

the blood calcium was normal quantitatively, but the author believes 

that the possibility of a qualitative factor must be kept in mind. 

At any rate, his cases improved on administration of parathorrnone. 

Hypoglycemia: Children with this condi tion are usually the 

offspring of diabetic mothers, and under the circumstances there 

is defininite indication for determination of the blood sugar (Gru

lee, 1956). 

Meningitis: the patient rarely shows SJmptoms before the third 

Association ATIDE 
Centre de Documentation ARIANE



-56-

day, and the condition is usually accompanied by bulging of the 

fontanelle and symptoms other than convulsions pointing to mening

eal irritation. A lumbar puncture establishes the diagnosis (Gru

lee, 1956). 

Congenital defects of the brain: Collier (1924) believes that 

this condition has been far too frequently overlooked, and should 

be kept in mind as a possibility, especially when the late results 

are seen and the case viewed in retrospect. 

Eclampsia neonatorum: this is a rather loose term, merely de

noting convulsions in the new-born. As the name might suggest, it 

is thought that the condition is due to maternal toxemia.. This diag

nosis is obscure, and probably risky to make (Ehrenf'est, 1922). 

Other causes of C_lanosia: 

Congenital heart lesions: Here the cyanosis is persistent, 

rather than of the intermittent type often present in intracranial 

hemorrhage (Clein, 1932). The diagnosis can be usually established 

on the basis of physical findings; perhaps x-ray will be necessary 

as conf'irmatory evidence (Moore, 1952). 

Atelectasie: The symptomatology is very nearly the same as 

that of intracra.nial hemorrhage. Occasionally the physical findings 

will establish the diagnosis, aided by the x-ray. (Clein, 1952). 

The condition often results from intracrania l hemorrhage; at any 

rate it was present in most of the 84 cases of Levinson and Saphir 

(1933). Its differentiation is not particularly important, inas-
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much as treatment of the two conditions is the same (Moore, 1952) . 

T~ enlargement: Cyanosis increasing on exertion indicates 

an x- ~ay film, which may show presence of this condition (Olein, 

19;2) . 

Pneumonia: Rise in temperature, leucocytosis, and physical 

findings provide adequate distinguishing features (Moore, 19;2). 

Abnormal somnolence: This condition may be due to drugs used in 

maternal anesthesia or analgesia, and the infant soon recover 

(Olein, 19;2) . 
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PROGNOSIS 

Immediate prognosis is .extremely difficult and should be very 

guarded in all cases (Jahr, 194o). If the symptoms are severe enough 

to permit diagnosis, mortality is very high----'-t0% in Foote's series 

(1924). In one group of 50 cases investigated by Ford (1927) only 

7 cases survived for two weeks. Foote (1924) believes that the out

look as regards life is good in the slowly developing type, if early 

diagnosis and proper provision for treatment are made . The outlook 

of course depends on the pathology: the region involved and the 

degree of involvement are all-L'Ilportant ( Cle in, 1932; Clifford, 19-

38). Lesions of the brain stem between the tentorium above and the 

phrenic nucleus below will be fatal in almost every case (Ford, 

1927; Foote, 1924; Clifford, 1938). Lacerations of the large veins 

and the dural sinuses are probably almost always incompatible with 

life. ~oderate supracortical hemorrhages probably have the lowest 

mortality (Ford, 1927). The onset of convulsions is regarded as an 

unfavorable sign; change from a convulsive to a paralytic stage sig

nifies finis _(Ehrenfest, 1922). 

The outlook as regards health should be similarly guarded. The 

effects may not manifest themsel ves for some time. Ashby, in 1890, 

stated: "The infant's movements are almost entirely reflex, the lower 

grade centers are the only centers functionally alive, and it is 

only as the child ought to be developing, learning to stand or walk, 
. 

that the mother notices some backwardness in the use of its limbs 

and some waywardness in its mental attainments. 11 
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Roberts (1939) studied a series of 66 cases of intracranial 

hemorrhage that had survived the II initial period of shock11
• The 

length of the follow-up period averaged 5½ years, none was of a 

shorter duration than 10 months. 4o cases, or 60%, were perfectly 

normal; 14, or 21%, had some mental or motor defect. 

Fay (1938) says that it has been his observation that only 

2% of birth hemorrhages diagnosed by spinal puncture suffer injury 

sufficient to cause neurologic signs or convulsions in later life. 

Spastic hemiplegia or diplegia: Little, in 1861, reported 

47 cases of cerebral diplegia in all of which a history of diffi

cult labor was present. This condition is the commonest type of 

congenital cerebral paralysis. Ford (1927) found it in 235 out of 

280 cases of infantile spastic paralysis. It can be defined as a 

11 congenital condition of spastic weakness which affects the legs 

more than the arms, or (which affects) the legs alone 11 (Ford, 1927); 

it has come to bear the name 11 Little 1 s disease 11
• Diplegia is 

invariably associated with some degree of mental defect, and not 

infrequently with epilepsy and micro-cephaly. Severe forms are 

evident at birth; milder forms are usually not noticed before the 

age of six months. Choreiform, athetoid, flaccid, and ataxic variet

ies are described, but are less frequent than the spastic type (Ford, 

1927) . 

Five principal theories have been advanced to account for 

cerebral diplegia: asphyxia, meningeal hemorrhage, arrest of develop

ment resulting from prematurity, a degenerative process in utero, and 

Association ATIDE 
Centre de Documentation ARIANE



a congenitally defective development of the brain (Collier, 1924; 

Ford, 1927). 
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Many have held that Little's disease is commonly due to intra

cranial hemorrhage at birth (McNutt, 1885; Taylor, 1910; Munro and 

Eustis, 1922; Cameron and Osman, 1923). However, much evidence has 

been gathered to show that the congenital diplegiaa are not to be 

attributed to this factor. Four of the principal arguments, as 

stated by Ford (1927): 

1) Meningeal hemorrhage is in at least one-half of the cases 

unilateral, and when bilateral is almost always asymmetrical. Cere

bral diplegia is almost invariably bilaterally symmetrical. 

2) Heads of diplegics are usually either definitely micro

cephalic or slightly below normal size; meningeal hemorrhage causes 

rapid enlargement of the head. 

3) Children known definitely to have had intracranial hemorrhage 

at birth do not develope diplegia. 

4) The morbid anatomy of true congenital diplegia is such that 

it cannot be reconciled with bi~th injury. 

The cases of hemiplegia and double hemiplegia constitute the 

minority of cases. It is possible that this moiety is due to birth 

hemorrhages (Ford, 1927). 

Epilepsy: Fay (1938) states that in hia aeries of more than 900 

epileptics the incidence of chronic subarachnoid fibrosis as dis

closed by encephalography is very high. He attributes this lesion 

11 in the ma jority of cases to cerebral trauma at or subsequent to 
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birth11 • But as we have seen, whether or not such a lesion is 

due to birth hemorrhage is a much controverted point. Ford (1927) 

says that there is no clinical or anatomical evidence to connect 

birth injury with essential epilepsy. 

Idiocy and feeble-mindedness: Intelligence has been descriued 

as a mass function of the cerebral cortex (Lashley). The degree 

of mental defect therefore varies directly with the amount of de

struction or arrested development of the cortex resultin5 from 

t he hemorrhage. The defect may be very slight, so as merely to 

constitute a behavior problem, or it may be extensive enough to 

result in the lowest grade of idiocy (Hamil). Smith has reported 

50 cases of birth injuries in which 22% had a normal intelligence, 

16% were morons, 40% imbeciles, and 22% idiots. That pathology 

in these cases is compatible with hemorrhage at birth has been demon

strated by Campbell (1905). 

Ohoreo-athetoses: These disorders are ve ry easily accounted 

for on the basis of pathological changes in the basal ganglion region 

described by Schwartz (Young, 1932). 

Hydrocephalus: Ford (1927) says that no final statement can be 

made about the relation of intracranial birth injury and chronic 

hydrocephalus. It is possible, this author states, that in some 

cases chronic hydrocephalus may result from plugging of the aqueduct 

by a blood clot or a bit of necrotic brain tissue, and subsequent 

organization. Intracranial hemorrhage may accompany congenital 

hydrocephalus, because these infants have large heads end thin skulls. 
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TREATMENT 

The active phase of treatment is not of much avail . It is 

the prophylaxis of this condition upon which our hopes must be 

pinned. 

Pro.E!!l,laxis: 

-62-

The principle of .this phase is quite easily stated, yet much 

more difficult to pursue. It depends upon conscientious practice 

of the principles of good obstetrics: administration of adequate 

prenatQl care, knowledge of the mechanism of labor and the forces 

to which the fetus is exposed during th~s process, and sound judg

ment and technique based upon such knowledge. Some of the specific 

factors: 

A. Prenatal: 

During the prenata l period , one should make himself thoroughly 

cognizant of the conditions with which he is to be confrontet: 

pelvic abnormalities should be diagnosed (Taylor, 1932); the pre

sentation, position, and approximate method of delivery should be 

pre-determined (Adair, 1932). An attempt should be made to prevent 

prematurity: Wasser~nn1 s should be routine. Viosterol and also 

thyroid are at times indicated and beneficial (Taylor, 1932). 

B. During labor: Do not attempt to shorten a labor that is pro

gressing normally (Ehrenfest, 1922); restrict operative adjuncts 

to delivery to strict maternal or fetal indications (Adair, 1932). 

Proper management of labor demands that one be in strict touch with 

its progress at all times; fetal heart rate should be taken every 

Association ATIDE 
Centre de Documentation ARIANE



-63-

thirty minutes (Taylor, 1932). Violent labors should be controlled 

with sedation (Taylor, 1932; Adair, 1932) •. Prolonged labor due to 

a rigid cervix should be assisted by hysterotomy, cervical incisions, 

or other appropriate means. Episiotomies should be done in cases 

of a rigid perineum; Taylor (1952) recommends their routine use 

in premature labors. Low forceps should be substituted for pituitrin 

(DeLee, 1926; Taylor, 1952). Forceps application should be cephalic 

and biparietal; Taylor (1952) believes that this is the least danger

ous position. Pressure should be intermittent, to allow the 

congestion to subside and thus simulate normal labor. Adair (1952) 

stresses the prevention of damage due to displacement of the occipit

al bone: it should not be stemmed too forcefully under the pubis 

in attempting to preserve the perineum, nor should it be used as a 

fulcrum in delivering the aftercoming head. 

c. After delivery: 

If there has been a prolonged or difficult labor, perhaps 

blood should be given intramuscularly routinely (Taylor, 1952; 

Gareau, 1937). ~outine coagulation and bleeding time determinations 

have been advocated. As mentioned under Asphyxia , any baby who 

is difficult to resuscitate at birth should be considered as having 

intracranial hemorrhage and treated appropriately. ~specially should 

rough means of resuscitation be avoided (Ehrenfest, 1922). 

Active Treatment: 

A. Stop the hemorrhage: 

It should be remembered that the bleeding is by and large venous. 
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Therefore bleeding will stop as soon as the congestion subsides, 

(Keegan, 194o). Reisenfeld (1931) utilizes this principle by 

the method of postural drainage which he advocates: the infant 

is kept in the vertical position for eight to ten days, so rna.in-

. tained by means of pillows. 

In 1911, Schloss and Commiskey reported the successful treat

ment of spontaneous hemorrhage in the newborn by the injection of 

human blood. Since that time, most authors have advocated its use 

in small quantities intramuscularly, especially if clotting time 

is prolonged. 10 to 20 cc. of untyped blood are recommended to 

be repeated in 12 hours if signs of hemorrhage continue (Moore, 19-

32). However, Jahr (194o) says that Sanford has cast doubt on 

the efficacy of this treatment • 

Rest seems to be one of the surest means of combatting bleed

ing (Foote, 1924; Taylor, 1932; Jahr, 1940). The baby should be 

handled as little as possible, permitted to remain in his crib 

unmolested except for diaper changes (Grulee and Bonar, 1937) 

Small doses of sedative, 1/8 to 1/4 grain of luminal hypodermically, 

may be used to relieve convulsions and to enforce rest (Moore, 1932). 

B. Maintain respiration: 

Rough attempts at resuscitation, as before mentioned, are 

strictly contra-indicated. The most e: fective means, as pointed out 

by Henderson (1928) is the use of oxygen and carbon dioxide. The 

latter is the physiological stimulus of the r . spiratory center. 

C. Control pressure and convulsions: 
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Sedation is often recommended, but its depressing effect on 

respiration should be remembered; depressants are often considered 

contra-indicated in cases of elevated intracranial pressure (Keegan, . 

194o). Hypertonic glucose (25%) intravenously may relieve con

vulsions (Jahr, 1940) through its ability to dehydrate the brain 

tissue and consequently relieve pressure. One ounce of magnesium 

sulfate (1%) rectally ia advocated by Pahlos (1935.). Spinal drain

age is often instit~. ted. The indications for such a procedure (Keegan, 

194o): 1) There is no indica tion unless a tense, bulging fontanelle 

prasents itself; 2) if a bloody fluid is gotten, drain aa often as 

the pressure becomes increased. Thia author believes that the blood 

will be absorbed if the pressure is kept at a safe level. 

D. Additional measures: 

Body heat, nutrition, and fluid balance should be maintained 

(Moore, 1952; Pahloa, 1955; Levinson, 1959). These patients are 

in shock, and should be treated as such. Gavage- (Moore, 1952) or 

Brecht feeder (Pahlos, 1953) should be used; direct feeding necessit

ates handling and should consequently be avoided until the infant 

is out of .immediate danger. ~oore (1952) advises three ounces 

of 5% glucose every hours, supplanted by breast milk or formula in 

48 to 72 hours. Occasionally transfusions of 70 to 100 cc. of blood 

are advisable (Moore, 1952). 

D. Surgical measures: 

Radical procedures formerly were sinc~rely advocated (Cushing, 

1905). However, it is doubtful if they were of any avail, and often 
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were directly harmful (Grulee and Bonar, 1957). As previously 

pointed out, localization is extremely poor, and in addition the 

baby is in shock. Keegan (1940) believes that surgical procedures 

are seldom indicated, because meningeal hemorrhage can be treated 

as satisfactorialy by spinal drainage. If other measures fail to 

relieve pressure, opening of the skull and incision of the dura may 

be indicated (Pahlos, 1953). Occasionally, a hematoma will form, 

giving locali~ing neurological signs. In such a case, there is 

an indication for aspiration and drainage through a needle or 

trephine hole (Keegan, 194o). 
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