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O NE encounters in active children's clinics, more often than in private 
practice, children with developmental abnormalities or who have suffered 

injuries to their brains, which have resulted in mental retardation, convulsive 
disorders, or spastic paralysis. Referrals of such patients to medical centers 
is of frequent occurrence, either because of reluctance or inability of the 
physician to explain the situation to the parents or because of the unwillingness 
of parents to accept the verdict of their physician. 

Whenever such a child is seen one seeks to ascertain the cause of his trouble, 
the time of deviation from the normal, and whether the condition mig'ht have 
been prevented. The consensus has been that most of the serious childhood 
cerebral abnormalities are the result of hereditary or of intrauterine develop- 
mental defects. Thus Yannet 1 found in a survey of 1,330 children with mental 
retardation a 38.5 per cent familial incidence of defect and a 21.5 per cent 
incidence of congenital defect. Only 3.2 per cent of the cases were attributed 
to brain injury. Nevertheless, a recurring viewpoint has been that birth injury 
(including anoxia) may be a major etiological factor in these difficulties. Cole 2 
has estimated that mental retardation, with or without associated convulsive 
disorders and spasticity, may be due, in as high as 70 per cent of cases in chil- 
dren, to brain injury at birth. 

Several exhaustive investigations have been made into causation, nature, 
and effects of the various forms of injury that a child might sustain in the 
course of birth. These injuries, traumatic or anoxic, are of significance in 
neonatal morbidity and mortality and may play a more important role than is 
generally suspected in etiology of later defects of physical and mental develop- 
ment. 

Even the so-called "spontaneous deliveries" free of apparent complications 
have been associated with every known type of brain l e s i on .  The quickly 
progressing and short labors, that prove so satisfactory to the mother, on the 
whole appear more dangerous for the infant. In  every labor, and particularly 
in the case of the primigravida, as a result of necessary configuration of the 
infant 's skull, brain tissues may be traumatized to a certain extent. In  the 
majority of cases strain on the meninges and the compression of the brain 
remain within normal limits, although Russ and Strong ~ have shown that 
transient signs of minimal damage are not uncommon. Such signs include mild 
spasticity, nystagmus, opisthotonos, and delayed initial respiration in the ira: 
mediate neonatal period. Our studies indicate that minor and seemingly in- 
significant changes may later attain a serious character. 

]t'rom the :Departments of Pediatrics and Surgery, Western /~eserve University School of 
Medicine, and the ]~abies and Childrens Hospital, Cleveland, Ohio. 

This s tudy was  supported in par t  by a g ran t  from the Association for the Aid of Crippled 
Children. 
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A N O X [ A  

Cole 2 and Schreiber 4 suggest that the most important cause of birth injury 
is anoxia and state that too much emphasis is placed on intracranial hemorrhage. 
l~aber 5 supports this concept based on careful study of 99 cases of brain injury. 
He states that 75 per cent of the children investigated had the o r ion  of their 
disorder in the prenatal or paranatal period. Thirty-five per cent of the injuries 
were a result of anoxia due to prenatal difficulty. Premature separation of the 
placenta was an apparent cause in 20 per cent of the patients whose difficulty 
arose in the prenatal period. The rapid onset and severe degree of anoxia 
resulting in marked brain damage due to this disorder have been pointed out 
by Clifford, 6 who also attributes the anoxia caused by placenta previa to pre- 
mature separation in the process of labor. 

Outstanding, as causes of anoxia in the paranata] period appear to be over- 
sedation and excessive anesthesia during labor ; a chief offender has been pointed 
out by Eastman 7 to be nitrous oxide anesthesia. He states that an 85:15 pet' 
cent nitrous oxide-oxygen combination, if inhaled by the mother for three 
minutes, will give rise to advanced anoxia in one out of three infants. Other 
forms of anoxia come from use of anesthetics that depress maternal blood pres- 
sure. Caudal and spinal anesthesia may lower the systolic blood pressure below 
80 in 10 per cent of cases. Resting and contracting uterine tone is greater than 
80 systolic so that fetal anoxia may result. Systemic disease in the mother, such 
as cardiac decompensation, pneumonia, and tuberculosis may give rise to lowered 
oxygen tensions in the blood reaching the placenta. Although anoxia in the 
mother may be "anoxic ,"  stagnant, anemic, or cytotoxic, the end result on th~ 
fetus is the same. Eastman ~ also states that fetal mortality with placenta previa 
and massive placental infarction ranges from 65 to 90 per cent depending oil 
the severity of the condition. Cases of survival would thgrefore show a high 
incidence of anoxic damage. Danger to infants of posterior pituitary extracts 
to initiate and speed up labor has been pointed out by De Lee. s They are still 
commonly used, and in case of overdosage and idiosyncrasy, produce prolonged 
tetanic contractions of the uterine musculature, resulting in collapse of uterine 
circulation and fetal anoxia. Conservative obstetrical opinion is that the drug 
should be used only in cases of true uterine inertia. 

Clifford 9 has found that anoxic injury is the primary cause in 60 per cent 
of the deaths in full-term and premature babies and at least that amount of 
morbidity among neonatal defectives. He has shown that anoxia, by generating 
the lactic acid cycle, causes excess degrees of excitation due to lowering of the 
pH value. Maximal excitation predisposes to nervous exhaustion. This may be 
the basis of the frequent petit real variant electroencephalographic dysrhythmia 
so often seen in infants following anoxia. Acidosis also predisposes to hemor- 
rhage and plasma leakage giving rise to cerebral edema. 

Anoxia in uter6, according to Clifford, ~ causes the fetus to aspirate amniotic 
fluid. This gives rise to further  postnatal difficulty in the form of poor respira- 
tory exchange due to failure of the alveoli to open or due to spotty atelectasis 
and may account for the high degree of fetal mortality and morbidity, following 
cesarean section. Clifford, 9 in 1934, reported a mortality rate of 54 per cent in 
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ir~fants weighing les~ than 5 pounds delivered by cesarean section. His sugges- 
tion was that anesthetic suppression, with ether in particular as an offender, 
was the cause. Change of anesthetic was followed by a reduction to a 16.5 per 
cent mortality. 

Russ and Strong s observed that many infants were delivered by cesarean 
section with the idea in mind that the procedure would afford protection to the 
infant. In a large series of elective sections they found that this was not true. 
The average death rate of infants born by cesarean section at all weights of 
fetus was 9 to 10 per cent. This included, however, elective and emergency 
sections. In eases showing morbidity, the infants appeared to be in good condi- 
tion for several hours except for perhaps slight grunting respirations, then 
cyanosis and respiratory distress developed. Attacks were recurrent resulting 
either in death or marked anoxia. Post-mortem findings revealed expansion of 
alveoli, but the alveolar walls were observed to be covered with a pseudomembrane 
of amniotie fluid and its ectodermal contents. Tracheal aspiration following 
normal deliveries produced from 1 to 2 c.c. of fluid while an average of from 
3 t o 7  e.e. was recovered from babies born by cesarean section. The cause of 
aspiration was thought to be asphyxia. 

Anoxia may cause damage to the respiratory center resulting in edema and 
an ensuing cycle of further depression. The cardiac center may also become 
involved to produce stagnation of the circulation according to Sehnedorf and 
associates. 10 Concussion type of effect, as a result of increased pressure in the 
birth canal or precipitous delivery may also account for medullary damage. 
Denny-Brown and Russell lz have shown that concussion injuries affect pre- 
dominantly the lower centers. A theory of shearing forces (as an explanation 
of concussion) produced by marked increased pressure has been developed by 
Ward and associates2 ~ Such a theory may explain the pathologic physiology 
behind respiratory and circulatory failure in the newborn infant without asso- 
ciated medullary hemorrhage. 

Prolapse of the umbilical cord, occurring once in every 150 deliveries 
(according to EastmanT), is very difficult to treat  and usually requires as rapid 
delivery as possible. Ehrenfest ~3 has pointed out two other forms of cord con- 
striction. Abnormal twisting or wrapping of the cord about the neck is not 
uncommon but cannot be corrected. He does point out, however, the marked 
dangers of holding the head back in the final stages of delivery when the head 
is on the pelvic floor. This common offense of nurses, to prevent delivery until 
the physician arrives, is said to produce cord constriction and therefore marked 
anoxia. 

Depressant drugs giving maternal analgesia also are well-known offenders 
in producing fetal depression and delayed initiation of respiration. These com- 
pounds are still used to a large extent and even the milder sedatives have been 
shown to produce a depressing effect. Smith ~4 has found' that morphine and 
scopolomine will produce asphyxia in 50 per cent of newborn infants, whereas 
morphine alone will give the effects in 33 per cent of infants. Demarol has been 
shown by Black a~ to result in 5.5 per cent neonatal morbidity with varying 
degrees of asphyxia. Hughes, Ehemann, and Brown, ~a in a careful study of a 
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large series of newborn infants by eleetroeneephalography, have found a high 
incidence of electrical depression, and to a lesser degree clinical depression, 
following the use of Seeonal during labor. These workers found that the 
electroencephalogram was a sensitive indicator of cortical depression produced 
by Seeonal sedation. The basic rhythm reflected by such sedation was a low 
voltage pattern in contrast to a higher voltage, I to 2 per second rhythm normal 
for the immediate neonatal period. The latter pattern was observed in infants 
of mothers receiving no sedation during labor. Low voltage rhythm was asso- 
ciated with elinical drowsiness and lethargy and was observed to persis t one to 
two days after return of normal clinical signs. In correlation with a story of 
birth injury, Hughes and assoeiates, 1G did an electroencephalographic follow-up 
study of seven newborn infants with findings of both focal and generalized 
dysrhythmia. These inehded reports of two severely anoxic infants, apparently 
a result of heavy sedation of the mother during labor. Both infants showed 
generalized low voltage depression of rhythm for several days. They con~hded 
that even the so-called more benign sedatives predisposed to cerebral and there- 
fore respiratory depression. 

Clifford 6 suggested that placental pathology in erythroblastosis fetalis, re- 
sulting in hypoxia, might give rise to brain damage. Eighty-six per cent of cases 
of icterus gravis type of erythroblastosis showed placental changes consisting of 
increased size of villi, syneytial degeneration, epithelial vaeuolization, hyper- 
plastic or edematous stroma, and diminution of vessels. A greater number of 
eases of kernieterus from erythroblastosis, according to Diamond and co- 
workers 1~ occur after premature deliveries. I t  was their belief that increased 
susceptibility to brain injury was the cause. 

The incidence of stillbirth, neonatal death, and birth injury have been found 
in the same hospital to be higher in infants born at term to toxemic mothers 
than in full-term infants of nontoxemic women. Brash ~s states that the prin- 
cipal cause is a greater liability to asphyxia resulting from antepartum hemor- 
rhage and placental infarction. He found no post-mortem evidence that toxi~ 
changes in the fetus occurred as a direct result of toxicity within the mother. 
There was a higher incidence of neonatal edema including the brain. Drillien ~9 
has found that toxemia of pregnancy predisposes to prematurity. 

Animal experimentation supports the concept of permanent cerebral damage 
as a result of fetal anoxia. Fender, Neff, and Binger, ~~ simulated in dogs those 
conditions which occur in fetal life and at birth in association with oxygen 
deprivation to the fetus. Pregnant bitches in the last week of pregnancy wese 
subjected to an atmosphere with an oxygen content below 4 per cent for twenty 
to thir ty minutes. Carbon dioxide was not allowed to accumulate. One dog, 
aborted. Twenty-five pups born from twenty-four to seventy-two hours after 
the anoxia died during the first week of life. Several animals developed status 
epileptieus at the end of a month. Autopsies showed only signs that could be 
attributed to anoxia. The authors felt that a definite relationship existed between 
anoxia of the newborn infant and later convulsions. Windle ~1 compared the 
behavior of guinea pigs in which anoxia that had been produced, by clamping 
off the uterine vessels, with that of normal litter mates. Brain damage was 
found to be directly proportional to the asphyxia. 
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CLINICAL PATTERN AFTER ASPHYXIA 

Anoxia of long duration before birth is recognized by golden yellow vernix 
caseosa and yellow staining of the skin and nails of the newborn infant. The 
infant who has had mild asphyxia at birth may appear to be in fair condition 
for several hours. Slight grunting respirations and slight cyanosis of the ex- 
tremities may later become more marked with severe respiratory distress and 
dilatation of the alae nasi. Periodic attacks of apnea, a feeble cry, a hypotonie 
state, poor sucking reflex, or absent deep reflexes may be noted. Many infants 
show peteehial hemorrhages and ecehymoses. Gross bleeding, by emesis or by 
rectum is not uncommon. Increased intracranial pressure, a result of cerebral 
edema and central nervous system damage may be manifested by convulsions, 
coma, and irregular respirations. 

BIRTH TRAUMA 

In the course of normal and particularly of abnormal birth, the cranial con- 
tents may be traumatized without coincident damage to the skull. In the 
second stage of labor necessary changes in the configuration of the fetal head 
are made possible by the bending of the elastic cranial bones and by over-lapping 
at the sutures. The value of such molding' comes not in reduction of the cranial 
size but rather in changes of shape to fit the configuration of the pelvic canal. 
Reduced intracranial size may result from escape of cerebrospinal fluid into 
the spinal canal but also from reduction in cerebral blood flow. In general, the 
infant is free of harm from the standpoint of compression only if alterations in 
cerebral circulation are neither excessive nor unduly prolonged. 

Cephalopelvic disproportion is one of the major causes of cerebral damage 
during the natal process. Excessive molding in one diameter frequently results 
in dural tearing and therefore intraeranial hemorrhage. Reduction in circula- 
tion may give rise to anoxia which also predisposes to hemorrhage. Such pelvic 
abnormalities serve as indication for elective cesarean section. 

Large intraeranial hemorrhages are of rare occurrence and are usually fa ta l  
Small diffuse hemorrhages throughout the brain tissue apparently are produced 
by a suction effect on the head, created, after rupture of the membranes, by the 
difference between the higher intrauterine pressure and the lower atmospheric 
pressure in the area of the dilated cervix. This abnormal pressure relationship 
produces the well-known caput suceedaneum but affects as well the veins of the 
underlying meninges and brain. 

Gross evidence of intracranial trauma is present in only about one-half of 
the post-mortem examinations of infants dying as a result of prolonged, difficult, 
or precipitous labor. Denny-Brown and associates, 11 and Ward 1~ explain the 
symptomatology on the basis of concussion where visible pathology is minimal 
and physiologic alterations of the vasculature, respiration, and basic neurological 
reflexes have occurred during life. The latter states that damage may be due to 
actual shearing forces resulting from acute positive and negative pressures. 
Damage is created chiefly in the lower centers. 

With increasing use of forceps, evaluation should be made of the possible 
injurious complications resulting from instrumentation. Eastman ~ has found 
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that high forceps operations carry a 65 per cent mortality and midforceps opera- 
tions a 30 per cent mortality to say nothing of morbidity. An investigation was 
made by Ball 22 of behavior at various levels of infants born by spontaneous 
delivery as compared with infants born by forceps delivery, in an attempt to 
determine the relationship of neonatal abnormalities to later physical and 
mental defects. Examination was restricted to full-term infants weighing be- 
tween 51/2 and 10 pounds. Systematic examination in the first two days showed 
minimal evidence of cerebral disorders in 5.9 per cent of infants born by 
spontaneous deliveries and 23 per cent of infants born by forceps deliveries. 
These figures corresponded well with the obstetrical history and the signs of 
fetal distress noted in the infant. Persistent vomiting was noted in 20 per cent 
of babies born by abnormal deliveries but in only I per cent of the normally 
delivered babies. The Moro reflex was found to vary or be absent along with 
loss of sucking and rooting reflexes. There was often no other evidence of 
cerebral irritation than vomiting and poor sucking. Day to day variations of 
body temperature were greater after instrumental delivery. Fever on the second 
and third days, associated with dehydration, was far more frequent after forceps 
delivery, even if special attention was given to fluid balance. 

Subdural hematoma is a complication os traumatic birth that, if recognized 
in time, can often be remedied and its sequelae prevented. Ingratfam 2s has re- 
ported that in a series of ninety-eight cases of subdural hematoma, twenty-eight 
could be traced back to the neonatal period. 

INCIDENCE AND SEQUELAE OF BIRTH INJURY 

The incidence and sequelae of birth injury are difficult to define. True 
objectivity has proved almost impossible to attain. Lack of uniformity in 
statistics of obstetrical technique gives rise to a wide range of estimates, while 
standardization of pathologic picture and criteria for diagnosis of birth injury 
have never been accomplished among various medical centers. The defensive 
attitude toward birth injury on the part  of many physicians is understandable 
but not easily changed, since the condition may carry connotation to the family 
that could precipitate trouble. Furthermore, various neonatal disturbances such 
as cyanotic attacks, absence of sucking reflex, and listlessness often cannot be 
attributed to birth trauma. Obstetricians handle wisely and without reservation 
birth trauma of the pelvic outlet. If  brain injury to the infant could be 
accepted in the same spirit, relationship between such injury and postnatal 
syndromes with early or late evidences of cerebral disturbance could be more 
clearly defined. 

Our study has been prompted by the necessity of developing criteria for 
selection of patients for trial of carotid jugular anastomosis? 4 The procedure 
which is under evaluation has proved moderately effective in 35 to 40 per cent 
of patients. 2s However, one should seek better means of selecting the patients 
who may be benefited before subjecting them to surgery. On theoretical grounds 
less benefit should be expected for children with hereditary cerebral defects or 
with developmental abnormalities of their brains than in those children entirely 
normal up to the time of cerebl'al injury, from either trauma or infection. Thus 
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far, operation has been restricted to patients in tile ]atter category, hence the 
necessity for careful study to establish if possible the underlying cause of the 
child's condition. AIso, from the review of the mechanisms responsible for birth 
trauma it would seem that those children whose brains have been injured by 
anoxia should derive less benefit from the operation than those in whom vascular 
damage may have occurred as a result of direct trauma. 

We have, in the past sixteen months, subjected to analysis 419 children with 
mental retardation, convulsive disorders, and cerebral palsy, singly or in 
combination. 

]VIETI:IOD OF EVALUATION 

A total of 419 children ranging in age from 8 months to 14 years has been 
studied. Special attention was given to obtaining a careful history. Thorougll 
physical and neurological examinations followed. On the basis of history and 
physical examination a classification of probable diagnoses was made. In about 
one out of five cases there was insufficient evidence to support even a probable 
diagnosis and those cases were classified as etiologically obscure. The classifica- 
tion is presented in Table I. 

ridABLE I. ~LASSIFICATION O[~ ~ CAUSE OF ~ENTAL I~ETARDATIONj CONVULSIVE I-)ISOR1)ERS~ OR 
CEICEBi~AL PALSY IN ~]_9 CHILDREN~ ]:~ASED ON ]-IISTORY AND PtIYSICAL ]~XAIViINATIOI'~ 

N0, 0[" CASES I % 0F TOTAL 

B i r t h  i n j u r y  ( la te  p r ena t a l  and  p a r a n a t a l  
]~Iereditary d isease  i nc l ud i ng  pos t na t a l  
Congeni ta l  des  anomal ies  
Mongol i sm 
P o s t n a t a l  i n j u r y  
U n k n o w n  
Kern i c t e ru s  

2:18 52 
]7  4.5 
13 3.2 
24 6 
57 14 
76 18.5 

7 ].8 

Over one-half of the patients had a story strongly suggestive of birth 
injury while in about one out of six eases the difficulty could be traced to 
postnatal injury on a traumatic, infectious or degenerative basis. In only one 
out of six in our study did the finding suggest an hereditary or congenital 
defect as the cause of neurological difficulty. Mental retardation was found in 
89 per cent, convulsive disorders in 47 per cent, and cerebral palsy in 42 per cent 
of the patients. 

Excluding those of obviously severe idiocy, 172 eases Of probable birth 
injury were studied by pneumoeneephalography, electroencephalography, and 
psychometric examination. Forty-five of the eases of undeterminable etiology 
and 13 children with a diagnosis of postnatal injury also received this type of 
investigation. Pneumoencephalograms were examined for signs of generalized 
or localized cortical atrophy. Without some evidence of atrophy one could not 
assume that the brain had been normal up to the time of injury. Moderate and 
marked degrees of cortical atrophy are illustrated in Fig. i. An attempt was 
made by e]eetroencephalography to ascertain the presence of so-called cerebral 
dysrhythmias on an "organic" basis. A marked delta dysrl~ytbmia or a petit 
real variant dysrhythmia, as illustrated in Fig. 2, was selected as probably indica- 
tive of cortical damage. Epileptogenic feel were deemed more definite evidence 
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of cortieal damage. Psychometric examination included measurement of intel- 
ligence with the use of the Gesel] developmental schedules in children below a 
mental age of 2 years. The Minnesota preschool scale was used in the mental 

range  of 2 to 4 years and the revised Stanford-Binet test was used in children 
above the 4-year achievement level. Where practical in the older children, the 
Cornell-Coxe performance ability scale, the Thematic apperception test and the 
child Rohrschach were used to help detect the presence of an organic rather 
than a functional cause for the retardation. Cerebral blood flow and cerebral 
metabolism studies were done in 22 cases of probable birth injury, 8 patients 
with postnatal injury, and four children with unknown cause of their pathology. 
This was done after the method described by McKhann, Belnap, and Beck. ~5 

i 

~. Fro~+o - pm,-ie~-L( 

Pig'. 2.--Petit rnal variant and severe delta dysrhythmias indicative of organic brain change. 

Solomon, Jasper, and Bradley ~~ reported a high incidence of eleetro- 
encephalographic dysrhythmias "on an organic basis" among behavior-problem 
children. Rosenfeld and Bradley ~7 have suggested that the majority of these 
children have a history compatible with the diagnosis of birth injury. These 
reports prompted a careful study of our own of thirty-seven severe behavior- 
problem children. Eight of these children had pneumoeneephalograms and all 
of them had electroencephalograms and complete psychometric studies in an 
attempt to ascertain the presence of an underlying' organic cause. Most of the 
children had been found to be refractory to psychotherapy. 

RESULTS AND DISCUSSION 

Tile incidence of diffuse and localized cortical atrophy rioted in pneumo- 
eneephalograms has been classified in all eases. In electroencephalograms only 
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the so-called severe or " o r g a n i c "  dysrhythmias were accepted as evidence of 
organic disorder because patients with practically all types of amentia may have 
an abnormally slow rhythm. Findings in patients with a history of neonatal 
cyanosis, in whom etiological basis was not clear, were classified separately from 
those of unknown etiology without a history of neonatal cyanosis. These find- 
ings are listed in Table I t .  

TABLE II. PNEUIV[0ENCEPHALOGI~APHI0 AND ELECTROENCEP[[ALOGRAPIIIC ]~INDINGS 
IN THE 230 CASES 

�9 CORTICAL ATROPIIY 

NO. ON ( % )  ORGANIC E.E.G. 
eASES mFF~SE I L~ I ~O~AL % (%) 

Birth in jury  172 79 21 87 89 
Cause unknown with 24 76 17 81 88 

neonatal  eyanosis 
Cause unknown without 21 51 15 56 69 

neonatal eyanosis 
Pos tna ta l  in jury  26 82 29 93 94 

A total of 87 per cent of patients in whom a diagnosis of probable birth 
in ju ry  could be made showed signs of either diffuse or localized cortical atrophy, 
and in several eases, both. I t  is interesting to note that a similarity of statistics 
is to be found between patients having a history of neonatal cyanosis without 
a history of definite bir th in ju ry  and those with such a history. Perhaps  just 
as important,  however, is the observation that  over one-half of the patients 
in whom a diagnosis of bir th  in ju ry  could not be made by history or suspected 
by presence of neonatal eyanosis had signs of cortical atrophy. The presence of 
postnatal cyanosis suggests tha t  even a larger percentage of patients than 
indicated by bir th history alone have a probable origin of their  d i~eu l ty  in 
bir th injury.  We are supported in this view by the close correlation between the 
x-ray findings and eleetroeneephalographie results in eases definitely and pre- 
sumptively due to birth injury.  Moreover the analogy with observation in 
patients with postnatal in ju ry  is striking. More than nine out of ten patients 
with postnatal in ju ry  had signs of cortical a t rophy and an associated severe 
dysrhythmia.  

Cerebral blood flow studies showed a marked reduction of flow in cubic 
centimeters per 100 Gin. of brain tissue per minute f rom an average of 72 in a 
control series of ten normal children to 43 e.e. per 100 Gm. of brain tissue per 
minute in the twenty-two children with a diagnosis of probable bir th injury.  I~ 
all but  two eases the flow was subnormal in the above group while seven of the 
eight children with postnatal  brain injuries demonstrated the same findings. 
Although not a statistically significant series, two of the four eases in which 
etiology was not determined gave similar results. This marked reduction in 
total flow may be explained on the basis of gliosis associated with and subsequent 
to brain in jury.  Penfield 2s has shown a marked deficiency of capillary bed to 
exist in the presence of gliosis, thus resulting in a diminished circulation. We 
have been unable to find any reduction in blood flow with similar studies of 
five children with mongolism. 
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Psychometric examination excluded the diagnosis of functional or pseudo- 
retardation from the series and supported the concept of a high degree of 
" o r g a n i e i t y "  in all eases. The ranges of I. Q. in the eases of probable birth 
in jury  and of unknown etiology are presented in Table I I I .  A very close correla- 
tion was observed between the reduction in I. Q. and the severity of the in jury  
as indicated by cortical a t rophy and eleetroenccphalographic dysrhythmia. 

TABLE III. 2. Q. DISTRIBUTION 0D ~ TI~E 172 PATIENTS VV-ITK ]~IigTH INJURY AND 
~5 CASES OF UNKNOWN I)IABNOSIS 

<" 30 30-50 50-70 70-90 No. o 9qs% 
~o. oF % o~ No.o~ i ~ o E  ~o.o~ %oF NO. OE %OE OF 
CASES TOTAL CASES TOTAL CASES TOTAL CASES TOTAL OASES TOTAL 

Birth 
Injury 31 18 51 29.5 47 27 39 22.5 3 1.7 

Unknown 
Causes 3 6.5 18 40 16 36 7 15.5 0 0 

On the basis of the supporting evidence we assumed the probability of 
birth in jury  in the 172 eases. They have been broken down into prenatal and 
paranatal  groups depending upon the time of possible onset of the trauma. The 
number of eases in each group and their percentage of the total have been 
tabulated. In  Table IV are listed the probable causative and contributory 
factors in the prenatal period. 

TABLE I V .  PIIOBAt3LE (~AUSAT1VE AND CONTR1BUTORY ]~ACTORS IN TtIE ~RENATAL IDERIOD 

I ~ 0~ TOTAL 
NO. OF CASES (1~2  CASES) 

Premature separation placenta 7 4 
Placenta previa 5 3 
Kernieterus 7 4 
Prematurity 27 15.5 
Oversized infant (greater fhau 3,800 grams) 6 3.5 
Toxemia 9 5 
LVIaternal illness (anoxia) 6 3.5 

Although prematnr i ty  is mentioned as a prenatal faetor, most of the 
difficulty contributing to brain in jury  in this group probably arose during the 
birth process and in the neonatal period as a result of anoxia secondary to poor 
control of respiration. In  the active prenatal period placental separation ranked 
highest as a cause of injury. Toxemia of pregnancy and kernieterus, the resulting 
mental defects of whieh may be secondary to placental abnormalities, also ranked 
high. We found that oversize (over 3,800 grams) may have been a cause in six 
of our eases and maternal illness resulting in anoxia, the cause in an equal 
number. 

Table V lists the probable causation and eontributory faetors in tile para- 
natal period. 

Marked sedation a n d "  heavy"  anesthesia appeared as possible causes of 17 
per cent o|! our birth injuries. The ehief offender was morphine or morphine in 
combination with scopolomine. In  most eases there was a story of the mother 
being "as leep"  during the eutire labor and of a slow initiation of respiration 
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TABLE Y,  ~ROBABLE CAUSATIVE AND ~ONTRIBUq0F, Y FACTORS IN THE PARANATAL PERIOD 

% OF TOTAL 
NO. OF CASES (172 eASES) 

Prolonged labor 7 4 
Prolonged and C,heavy,, anesthesia 10 6 
Marked sedation 19 11 
Induced labor (oxytocie) 5 3 
Breech delivery 7 4 
Cesarean sectio~ (elective and emergency) 14 8 
Cord defects 

(a) prolapse 2 1 
(b) holding back of head 17 10 
(e) tight about ~eek 9 5 

High forceps 5 3 
Precipitous delivery 9 5 

in the infant. Prolonged anesthesia in the second stage of labor may not be a 
singular cause. Some difficult and possibly t raumatic  deliveries may necessitate 
the use of prolonged anesthesia. A story of neonatal cyanosis was present in 
the majori ty  of infants so delivered. Second in prominence within our series 
was a story of the head being' held back by the nurse or intern until the 
physician arrived. This is a common practice, and certainly if cerebral injury 
resulted frequently, the incidence of brain injury would be enormous. As was 
pointed out in the introductory discussion, t rauma due to increased intracranial 
pressure is probably not the mechanism of this type of in ju ry  but rather com- 
pression of the cord in tile birth canal. We are unable to say that  all seventeen 
of our cases with such a history were secondary to " h e a d  holding," but a his- 
tory of neonatal difficulty compatible with a story of cerebral in jury  was obtained 
in all but  two of the seventeen. With  cesarean section, the question arises as to 
the cause of brain damage. Once again difficult delivery requiring emergency 
section may be the pr imary  cause and the anesthesia only secondary. Nine of our 
fourteen patients with a story of a stormy neonatal course were a result of 
elective cesarean sections in which asphyxia may have been a pr imary cause. 
All five of the patients, in whom labor was induced by the use of oxytocic drugs, 
experienced a precipitous labor and delivery. Noteworthy is the high incidence 
of focal a trophy and focal dysrhythmia among the several eases of high forceps 
delivery and precipitous delivery, suggesting that  localized contusion or hemor- 
rhage may have occurred. 

Careful examination of the histories of the thirty-seven behavior-problem 
children revealed a significantly higher incidence of a story suggesting birth 
in jury  than is true of the normal population. Such a history was given for 36 
per cent of the children and 8 per cent had a story of postnatal injury. There 
was no family history of mental defects and in none were congenital defects ap- 
parent. This classification is presented in Table VI. 

TABLE VI. CLASSIFICATION OF 37 PATIENTS WITH SEV]~RE BEIIAVIOR PROBLEMS, AS TO 
DIAGNOSIS, BASED ON ]{ISTORY AND ]PHYSICAL EXAMINATION 

NO. 0r CASES I % OF ~0TAr~ 
Birth injury 13 36 
Postnatal injury 3 8 
Familial history 0 O 
Unknown 21 56 
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These children ranged in intelligence f rom 80 to 135, the major i ty  being 
within limits of normal  intelligence. All of the children had received some 
psychotherapy and several extensive the rapy  over a one- to two-year  period. 
As a whole, they appeared  to be re f rac tory  to such therapy.  Careful  studies 
were made to determine an accurate I. Q. ; the range of all the children is found 
in Table VI I .  

TABLE VII. I. Q. I)ISTRIBUTION OF TIIE 37 I~ATIENTS WITII BEHAVIOR ~)ISORDERS 

80-90 ._ 90-100 100-110 110-120 ~ 1 2 0  

NO. OE % oF NO. OF % OF NO.O~ i %Z~-~'~ I ~0.0~ % OE NO.O~ % OE 
CASES T O T A L  CASES T O T A L  CASES ] TOTAL ] CASES T O T A L  CASES TOTAL 

8 22 ]2 33 9 25 6 16.5 1 2.7 

Careful  test ing was done to determine the presence of an " o r g a n i c "  com- 
ponent  to the personal i ty  disorder. Electroencephalograms were done in all 
cases to determine the presence of any  dysrhy thmia  before or dur ing hyper-  
ventilation of the patient.  Pat ients  with only a hypervent i la t ion dysrhythmia  
were classified as having an electroencephalographic abnormal i ty  despite the 
known existence of such dysrhythmias  in ]0 per  cent of the " n o r m a l "  popula- 
tion. In  Table V I I I  are found the electroeueephalographic and psychometric  re- 
sults of all the patients.  Prominent  is the incidence of dysrhythmias  and ab- 
normal  psychometrics among the cases with a s tory of brain  in jury.  Jus t  as 
significant, however, is the existence of such findings, even though to a less 
degree, among children without a history of brain in jury.  Focal  dysrhythmias  
in all groups were infrequent.  The total  pat ients  having dysrhythmias  in the 
series of 37 was 65 pe r  cent, and those having abnormal  psychometrics 52 per  
cent. 

TABLE V I I I .  E E G  AND ~:)SYC~IOMETRIC ]~hNDINGS IN 37 BEHAVIOR-I)ROBLE]V[ CHILDREN 

I ~]E({ , c ORGANIC ' ' 
NO. OF % o~ DYSR~YT~IAS rSVCHO~T,~ICS 
CASES TOTAL (%) (%) 

B i r t h  i n j u r y  13 36 84 65 
P o s t n a t a l  i n j u r y  3 8 ]00  66.6 
U n k n o w n  21 56 45 38 

T o t a l  h a v i n g  E E G  d y s r h y t h m i a  ~-~ 6 5 %  
T o t a l  h a v i n g  ' ' o r g a n i c  ' ' p s y c h o m e t r i c  ~ 5 2 %  

These findings suppor t  those of Pres ton ~9 who reviewed the histories of ]32 
children with anoxia at  bir th  in relation to a long range follow-up. One-fourth 
of these were menta l ly  retarded.  The remainder  were normal  menta l ly  but  
showed deviate behavior. Twenty  per  cent of the children h a d  convulsive 
disorders. Many  of his patients,  as well as of our  own, presented feeding 
problems in the first year  of life and were falsely classified as cases of "cycl ic  
vomi t ing . "  Some children are hyperkinet ic  while others are apathetic,  but 
par t icu lar ly  distressing is the inabil i ty of br ight  children to concentrate or 
cooperate. 

Solomon and associates 26 have found that  the type of dysrhythmia  is usually 
generalized and slow and is ra re ly  focal. In  a large series of careful ly studied 

Association ATIDE 
Centre de Documentation ARIANE



B~ILb/~kP ET AL. : CEREBRAL BIRTH INJURY IN RETROSPECT 339 

cases these authors concluded that the abnormality was an underlying organic 
defect. Organic brain damage could produce such dysrhythmias and a positive 
correlation existed with such findings and a history of birth injury. In a series 
of 160 children with all degrees of behavior disorders they found an incidence 
of 35 per cent dysrhythmia. Rosenfeld and Bradley, ~ in another series of 678 
children referred for psychotherapy, found a 40 per cent incidence of abnormal 
electroencephalograms. The majority of those having a history of neonatal 
asphyxia showed a characteristic syndrome consisting of fluctuations in mood, 
hyperkinesis, short attention-span, impulsiveness, fluetuant ability to recall 
previously learned mater~al, and conspicuous difficulty with arithmetic. 

As an aid to further diagnosis of birth injury we have tabulated the seven 
most common signs of abnormality encountered in the neonatal period. They 
have been listed by percentage and in the order of their frequency in Table IX. 
Particularly prominent was the failure to suck and the marked lethargy. 

TABLE IX.  ]~]-EONATAL SIGNS IN OEDER OF THEIR OCCURP~ENCE BY :[-IISTORY 

sIc~Ns I OCC,RRSNCE (%) 
Poor sucking reflex 92 
Poor rooting reflex 86 
Le thargy  76 
Cyanosis 68 
Vomit ing 64 
Convulsions 47 
Variat ion in body ~emper'Gure 36 

SUMMARY 

As surgical and medical procedures come under evahation in therapy of 
children with mental retardation, convulsive disorders, cerebral spasticity, and 
behavior problems, the selection of patients for various types of treatment may 
depend on the etiology of the child's condition. Thus in selecting patients for 
carotid jugular anastomosis, less benefit should be expected on theoretical 
grounds for children with congenital cerebral defects or developmental ab- 
normalities of their brains than in those children entirely normal up to the 
time of cerebral injury either from trauma, anoxia, or infection. Hence, tile 
necessity of better means of determining causative factors in cerebral dis- 
turbances. We have reviewed a series of eases, seeking to determine the incidence 
of birth injuries as a cause of ]ate cerebral disorders. The evidence suggests 
that birth injuries may be a major factor in their causation. Studied in 
retrospect , the evidence does not distinguish between cerebral birth injuries 
due to anoxia and those due to direct trauma. Cortical atrophy revealed in 
pneumoencephalograms is accepted as presumptive evidence that the brain was 
injured following complete formation. This finding, together with changes at- 
tributable to orgasmic disease in the electroencephalographic tracings, was present 
in almost all patients with a known history of birth injury and in an un- 
suspectedly large number of other children in whom the history was obscure. 
Decreased cerebral blood flow was present in those eases studied in whom 
gliosis might have followed cerebral injury, but was absent in children with a 
known developmental defect as exemplified by mongolism. 
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Behavior disorders in children without  retardat ion,  spasticity,  or eon- 
vulsions appear  to be possible sequelae of milder  degrees of cerebral in ju ry  
at  birth. The data suggest that  at least one out of five of b i r th  injurSes may  
have been due to preventable causes. 
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